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The followlng suurces of mformatlork are gra‘cefullv acknnw:aldged fer aliowing ihe

o e repruductlon of certam extracts from helr presentations or m*brmation systems. i i

e fofDa\i!k publlshmg is an on~linaﬂnﬁsrmatlon orgamsat;qn accessed through severar

B

. dutabase forums on Compuserve {Computer and Magazine Database Plus werte used
This provided a plethora of articles (thousands ara- availabla) from leading-
* edae magazines, most of which are not available in South Afrlca. Searching facllities
* gliow anae to cross-reference art!clasf and to “ensura that a gond cross-sectmn af. public,

- primatly).

E and axpert, npinicm has heen gleaped.

ccmputer Datsbage !’lus {Gn CnmpDB} a4 cumprehensive oufraoﬁon of cumpuﬁer- 1
‘I rélatad artinle summaries and/or full text from leading compuyter industry
. publications t:ovsring Kardwars, software, slagtronios, enginesring,.
- yeommunications and techrolpgy applications, Computer DatabaserPlus inoiude&’
-# naarly 208 magaz i, newspaper and journal thies including FC Magazing, Byta,
1 Uigita! Raview, Matbser, PG Weak, PC World and Conamumcaﬂens of thia ACM,

i

Coverags for most titles starts with 1987, Ssarch thewovér 260,000 artiolas hy

] subleet, company name, product name, fenturad penple, pub}!catfon narne and
publicat!nn data, Updat&d woekly, 0 -

-4 Plus (Go MDP}, This valuable recarch taol offers many advantages: over your local -

library beceuse the Datahasa glves you six different methads of finding an articts,

+  §magazines cannot be: vandallzlad, and yuu don‘t hE\fa 10 !asva tha ornfort of your - '
" fown homie or offlce. . . -

| Flnd full-text magaz[ﬁs grticlss In- mure than 90 publicatmns in l'.’:aanzlne Databan I

W"cmmmwa CIM Mmanau}

g«ll articles shown in the references of this report were gatharad from thia servlca, o

-]
. .

« KIS {QData) South Afric:a hmd commendable prasantations in promotmg ‘their lnfurmataon L
Svstem products

Quutes and cuncepts have been utilisad fmm thair Oracla lﬂunch saminar. g ’

f!.

. Professor Martin Healay is intematlonally known as a Ieading industry commentator,
researchar, consultant, writer and geminar leadsr, He is a foremost authorhy in the. flelds
of communication systems, PC's, mid-range systoms and the integration of said. His

. seminars, whilst exorbitantly expensive, are both in-depth and personel. Undoutsdly, his -
#re the semiinars of chalca with attandance being hotly contendad on hls Sou‘rh Afucan

visits.
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Several graphics aﬁd sd’rﬁﬁi_atloris'lﬁ thie report were adap ted from his seminar content
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o Thls report exposes the corporate manager toa new ﬁe!d that, to ihe unlnitlated amounts

o nnthing short of pm‘é '\nsmn'

it outlines thé simplistic power of IT ancl hdw 11: Ban be applied to solve and slmpﬁfy many .

.- information managemént problerng, maves on to explain how this new technology has -
" only recently become availabla to the average concern on 4 sing!e site scale, and how ftis
' Weli \mthln the reach of the non-technical manager,

'(:

_.The more tachn:cal aspacts doal w:th tha iow-lavel imprementatson compleauties that are

B _often glossed over by systein venders, afid attempts to expose the forward thinking

=

. ' maniager to the practical realities, whilst s'lmq;taneously mamtamlng a. posmva stance on
_'ehe feasibl:ty of a workmg lnstallaﬂon, o . '

 Separate sectlans cover the managemen{‘ of change that presupposes such advanced R
- thinking s as well s general. marlagement appl‘cable to the wide- range pf'sklil levels: ¢,
g _I__traversad by husiness svstems. b _ L
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- Each main sat;tion of the report ct:mtains a summarv block {shadeﬂ} that prnv;des a non- .
" technical overdiew of the section. It Iﬁ possible to gain an overview of the report by .

=

o

a

" reading thasevsact:ans alone, but they do notdi dividige-any technical details which appear in

- the text.. This system pre-ernpts the need ;'or ah-axecutive. summary, which would
e otharwlsa be a slmpls compllatlon of’ thege blocks .

'-The disa

antage af reading tha summanes,

.\’J .

d dlgrassmg into the taxt unly when

g

‘99 Yaeuleedt, s that the text may contaln reference t' fetails divulged only in previgus areas. -

. terms énd acronyms ere used right from the word "go”, yet may only be dealt with, in_
" detall, in 8 fater gaction.  In an. attempt to avercame this, a glossary of terms s Includad at
pf the repart, but tha reader mav stil} ﬁnd fhat ;hlngs only coma together on thre '

m:*
S

N

readg o

G

-

o

o Anot ﬂcampucation is that the highly technical’ nature of the subject means that industry

N

A MZs Eng Dissertation Stbriited by Bnrht -

e
Rt



. OBJECTIVE

" This study intends to preempt the problems  *

I associated with implemanting a full blown (T

~_system in'a truly practical enviconment
encumbered: with all the problems of complex
transactions, Aumerous events, a Iargely
unskilled labour forcs, irrefutabie loss of -

- control, and severe financiaf restrictions, n
short, your typmai South African ~ _

.- manufacturing anvlronment ravaq,ad by the
repression of 1992}3. : _

o Tha companv gj;hm which trge éxerclse is to
be conducted isa subsidiary of what ean be
considerad 1o be one ef the largest
- multinationals world-wide, Unilaver. Yet,
" despite the large number of c:perattng
companles shcompassed, mostly of a
. ‘manufacturing nature;, no work in this direction
" has yet been addressed and this project Is
- considered as being the pianeer to factory’
- level IT implementation within the group,
receiving focus from the European based
. 'Unliever information centre. (rechmca!
Information Services).

' Due to the magnitude of IT implementatlon
witHin a business, coupled with the size of the
-Unilaver group, the project is merely to

address factory level transaction recording -

with the aim of attaining a daily mass balance
 {described later} across site, IT strategies for:
- the business as a whole, comprionly referred to | ;

as levels one and two, are being addressed by an Information Systams Task Force at

group level, the current project being considered an essential factory intarface component,

: but ona that had onw been planad for three years hence. .

PROBLEM STATEMENT

THE UNDERLYING A lack of any forward-thinking Informatlon Systems department wuthm the Unilever South
CAUSE Africa group has resulted in a complets lack of appraciation of the power and stmpllclts; of
Information Technology in'a manufacturmg environment. Its potential to address a seérious

- problem.within one of the group's factories hes been overiocked for the last couple of

years, resulting in wasted time attempting other approaches. The problen is ideally suited . -

toIT implementation. & fact that could only be illustrated by such & precarious venture -
- into the dnknowr\} Such a venture had to be praceded bv some serious forethought-—the
purpose of this yformation Survev .

‘@
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PROBLEM and this It deals primarlly with

. ‘extracted from its raw sead state _
e reconcnliation of all the raw matesals raceived 1o the product despatched} hes béen - o
+ ghowing increasingly alarming dlsparltles from 1ts zero datum. The :mmagnitude of these has ~
‘peaked at 240 tons (R 566 000) in a gingle month, with an average of R 100000 = .~ .+

THE REAL-WORLD Vandenbergh Foods 1s a 'mérga'ifg and salad il manufacturing and packaging concarn,

en mass, an axtramely costly. cornmod'ty once -
2’0"3" the last year, the site mass balance (a - . -

becoming the norm. With Vandahberghs producing & characteristically econo}hy

-dependent product, at anhual pro“fits in the region of twanty million ﬂands durlng the
_199213 price war, these ara Iossas that can be ill affprdad . :

' It should be notad that aven when one can be SUre that 8 Ioss ia not actually a phvsic:al
- privation, the financial repercussiqna remair the sare &s the caloulations of costs of

production are obvicusly based uppn the more agreeable figures. ' Thus, ultimately, prices o

““dra set helow direct costs-ex: worlqv,r {DCEW}, an all too -easy occurrence on low margin

MASS BA].ANCE

. time frame. ;-

commodity products, and huge loj

g4 are inctrred--in-fact to thamagnitude of the _
f'-‘:‘Naturailv cost of capital calnulations are also skewed, -

originally perceived misplacemen

o

‘and thus all business decisions {pnrbarlly the capital expendlture .alated onas} based o .

- thls fac:tor are erroneous

hn . \_,‘ . !

To uigress, a mass balanca lnvo!ves Iculatlng' the difference betwean'th.e |ﬁpi|f5 ahd
outputs, and adjusting for opaning a:& closing stocks within a specified time frame, whuch

“should ideally equate to zero. A'negatlve varlance {loss) indicates that losses have ot

.. been correctly accointed, or that they are occurring outsida of accounting controls (such
- - &8 shinkage). Once bne has el&nﬂnatq:q the possibility of large scale theft..and once one I§

“sure that the local lakes are not 1m.;,a§-*bd na threa foot layer of all having inereduiously =

escaped the airtight process systemi&, one has no choice-but to query tha sfficacy of the - . )
accounting ¢ontrol systems. - Mass balances can be performed over an:efitire factory, alss U

over individual departments, and even over.single vessels, However, for every area one

_his to have g complete handle on every Input {date and size}, avery output {including in- '

progess losses), /qu an accurate measuremant of stocks at tha beglnnmg and. and of- aac;h
e | L

'\“u

Vandanberghs stock takes span-an entire non~working day (the last Sunday of the month), :

- and coverin excess of 133 tanks and vessels spread over four plants and totaling over
4 700 tons of oll {5100 litres), Naturally packaging matenals énd chemicals are also.

stocked but these have been excluded as they do not affect the mass balance, Raw
materials take the form of ofl in over 100 25 ton tankers per month, or seed In over 850 °
30 ton rafl and road trucks per month. Naturally each has to- be accountad for, with a
total of 27 facts for each transaction being recorded. A similar pleth=a of informatlon is -
raquired for truck despatches. As product moves through the factor in semi-continuous
batches ranging from 45 tons to 2.2 tons, each transter has to be.recordsd and generates.
at least 18 pieces of information {sometimés up to 31}, all of it being essential to controls.
With 11 000 fluid tons per month moving through as many ag 11 ac?ounted mterfaces o
{(sxcluding rawork], this amounts to a vast deluge of information.. .

s When a mass baiancs" mran sate, requmng the bare minirmum of data far clrcumferential
‘. inputs and outputs, yistds the aforementioned Josses, the immaediate approach to g

~ Naturally, each sub-area requires a similar amount of data as the site, and immed:ately the

eolution is the targeting of smaller areas in order to try and {solate the. sourcé of loss. '

scope of work doubles for a single spilt. When it is discovered that each area gives.
inequitable balances, further splits are required. ‘A Vandanberghs site mass balance is

usually only available two to three weeks after @ menth-snd stock take, the -

aforementioned scénarlo his digressed to a stage where three full-time Englneafs, and the
cooperation of an entira management team, cannot come up with a balance within a -

month even with full-time cumulative mon:torlr.g durlng the month In quest:on.

oo

o

W
i
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The cmclusion is that manual cnntrol systems, despite recent and r:nmpiete ravamping,

are completely inadeqgiate at identifying potential loss of control and erroneeus inputs, but '
more importantly are not cepable of prow.. ' managemment information and guerles with:
less than a significant amount of manual data processing work—alt of which is subject to.

- further eror.. In short, & full blown data capture ancl man:pulatlon system. is requn‘ed to

IT Scobk-

ovarctme these and many more prohierns.

The soope of this data is s:gniflcant enough to qualify its captura as a complete hand'e on
factory level IT. Other, nan-mass relatad, trangactions may be added to the system as-

- confidency escalates, but these typieally represent far more manageable areas than does

mass cont}' and the proven Implementation of the latter weuld be Aassurance enough of
the ubilrty 10 mcorporate the remaining controls, - . _

The converse alsn app!vs, an IT system I8 capab?s of taking eomplate contrul of the datet _ |

'-eapture and handling. e P I }] _

c e

it . A i

mponmmomsunvev . I

One bf the biggast nbstacies in the path of such & new phiIosdpphv is not resistanc.e to .
change, but rather an inabiliiy to comprehend;the practical &implicity of IT, an the part of

. management, and thus a strony resistance an]lsmg from dls[;)ellaf that tirna aqd ﬂfqrt

" The information survev attamp!lka to address the canﬂ:ct bjlween the ne.ad 0 st#ate things' .

- detalls so that the more Iearned raader can be perbuaded q’i‘ the practical realitics. ltls

. can be used to provide very p
- was pcmasble in the days of mﬂlnfram:a computing." - Feooh i

- "Start small, think blg," aboiiniis, 8hd ag in sue
in the right direction. There 18’k véry dafinite p

tnvestad can he made to pay- fqbr Itself. __ | | SR t ;
l' 1‘ - - }
f

simply s6 that it can be camprbhendad by non-tedhnical pdisons, and the riq {o divylge’ i

Imporative that the report cnnxeys the vision of H* and ho'v the simtﬁle bu:lding blocks - o J‘
werful Information Eontrols ln a fracth‘m of the t:rne thﬂt .

i

- Tha ressurch, in itsalf, was nsi wassltated 'm,r tha Ibt that the implar;[ entation m‘ IT, w[thout

at & later point.’ The philoscphy of
"iSases, the small §teps have ‘tui be made

_ ;Eibllity af studying a small partion of tha .
underlying principles, and thereaftsr feafing fair y7 prfident that ad'tg-'a knows all.there isto =~
kriow, other tHan that which indusiry vendors &l he able to catdr Jor. ‘In othﬁr wcmﬂs, '

a long term plan,, can only result in:ragelfided waf

-

~ the prtnmple of "A llttla knowledge i3 dal,garauﬁi‘ also features. /r ,

' rdistributed" and bther esotgric adaptatians o

This arisey fl'om Wndor assurances that their | *aduct can addreys) ‘all the ffrm s concerns,
using such phrase# as "Integratton”, "open sy:pems“ "commumcﬂtion protgeol diivers®,

real.definitions i feassure thy uninitiated.
A loser examination wilk start to gxpose the ¢ ffarancas batwdan integration and _
Interfacing, the extent of 'opennass’, the con*{n!exl’ry and downfxsldas of prqtocals, and the,
as vet, unattainability of truly distributad syst;iams.a .

Wh:lst the raport concentratas on axpoalng‘ q*ﬁssa qomplicqtmns, the bottom line is that

- the techridlogies are moving in the gight derUEﬂOl'l, the IT philosophy has been enabled, and

impiementation really Is falry simpiey rov:da one avolds the plifalis, ard starts off on the
right platform. The waighting towards the ffontraty arises from the vast array of critical
information that abounds, and from the fact that "It can be done" can nniy be sald i so
many ways before repatition kigks in. - ’ : o _ _

The summariaa throughout the survey attempt to ﬂ:onvey the more positiva meSsage in.a- /‘w

‘format that the (nanager can undsrstand, the detalls digress into the technical acropyms,

that abound In an industry where descriptions such as "Transmlsslon Control
Protocol/internst Protocol” abound, and the bit size nature of informeation means that

manipulation rﬁt involve a vast array of permutations, all of which need alighing.’

o
.
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L -The SurV v has been approached from the polnt of view eXpressad by d manufacturing
.. - concern, e describdd later, implementing such a philosophy and sttempting o recor*c:i_lg_g
c ~ alt the di parh*és. it is not Intendéd to address the level¢ that a programmer would have % P
o to’'be fanjiiiar with; yet it is niot so shallow. that the concern would have to look further for ~ ~
- .. & compldte understanding. This middle road has not been attained through the butk text, -
« . which wanders from one extreme to fhe other, but hOpefu!Iy through the camhlnation mE SR
' - the sum ariesandthetext. . _ o eI T

_ ‘i‘ha rapqrt dags riot attempt to Iay out the speclflcatlons for an ey systern de‘klgn-thasa

would b spacific to each site, nor dass [t attempt ta document the actual imp[emanta@on

- - pathi-this falls within the scope of company reporting. These twe phases have. howaver,
T bean comﬁlated subsequent to the sucnessful implamentation. of the project L

This report was compllad n mid 1993 and hance all absuluta refarancas 1o dates
\\throughout hrmst be Inda:{ d from’ th!s period. _ Lo _
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T e 00
SN INFORMATION TECHNOLOGY (IT)

L
W

DATABASE POWER AND smnmc:w e

TI-IE Vlsmm Accaptance of iT tequites | an understandmg of
the *vision)"--the simplicity of the cohcapt; and
the power of fts.establishment, It is impartant
. ?- 1o realise that af businegs control systems are
~_based on & database platform--aven if it is
some propristary model not conforming to the
database definition, but storing records and -
flelds Just the sams. The database
-bompanents include & file {fable) cortalning
. mcords (rows) and fields {columnhs), each cell
{ltemi containing data jna pre—spanlfied formra_
-{data, integar. taxt, ete.), '

o Lo

Ina bank, a tahle niu\/ represent all thelr .. = -
“gurtent acoounts.  Each record couldbaa -

- ‘transactiorn, with fialds for aceount number,
dete of transaction, place, amount involved, étc. Anv rsportfquarv eould quickiv BNLract

* all rocords for & given account Nurbet over a. given period. - Another table may:contain all

accaunt details, with fields for account number, owner's name, date opened, credit limit,

. oetee A retational reference between the two tables, on the account number, would allow
“one to combine the acocount detall informatiof with the account repart, using running "‘i"‘ _
totdls and gome calculations for each record, producing a stétement that showed. 'gyhen“l

«the accouptzbalance droppad helow the credit limit, and ‘what the interest charges were -
" for-each pariod in the red. The simplicity of this lies in the tabls analogy, its practica!ltv
arises fram the abdlt{uc fink computers.and their database tables through a

- nietwork/motiem.- $uddanw ATMs become nathmg more thari dumb terminais sendlng and L

recelving requests fer reparts. - In fact, the limited ranga of reports the bank is capable of
pfhﬂuu’ng Illustrates how simple their. setup is. ' : _ o

o Ssemmgly complex systems that draw money from one aceount to pay nother are rnerely
triggered pruceduras that occur on a-given day {actuaily when afl ;ha,r cedurss are
runhing that night in a batch job--the raason. B % close 50 éarl;{, 7, that add a negative
record to the one table, and a positive to another, both adual 16 the negative balance in

 Ihe second table on the specified prior date. All the information™for this procedure is -
stored in a Tmrd*mbie that specifies the date the procedure shoold run, what account

~ tables it should logk at, what dates to use, and ahy other required information, The
- procedural batch job just runs through this third table svery night looking for something to-
do.. All extremely-simple jet stunningly poWer’Tui and beneficlal--all those raduced man-

: hours, and the wonder fagilities now avallable to the man in the streét«stataments in a

o flash, dally interest calculations, account pavmqnts, the list goes on.

Ossmcms Thfs examp[e also iIIuatrates tha downslde--saﬁtmty. Wlth lines (ususily messayes are
passed through the telephone services rathar than dedicated communication lings) to
-ATMSs and geross banks throughout the country, what stops. criminals tapping in and
sending credit messages to the database? The answat is socurity ot tho database, The
database snglne {controliing tebles] must request a passward for avery Instraction, yst .
thls password must not be raadahle off the communicatuon linas alse it mav ba duplicated.

So, here we see the power nf IT, yet the undarly:ng awareness ane must have of its -
oomplicatlons. Many mare fie in the communlcatmn protocols, and even more in the

ol




B o ." e
SRR hardware raqutremants‘b, ut the phsiosoﬁahv Is suund, proven, and can b8 ﬁpiiad to any
bumnesawfew are as. compiicated as‘ﬁanks and aven they are childishiy 8 tla. L

)

o

. -'INFaRMATmN TE;CHNQLOGY vs svsmms R ’ g

j‘ Tm distxnction betwean IT and IS ﬂnformation svstams} seems o Iie in tha software and
hardwars. IT is a combination of the two, whilst 1S Is the software. aspect only.” Other. -
. . views point out that distinction of tha two.is not possible, and that thay’are oo closely. !
o0 o intérwoven to treat separately. (In this report the latter view hag bsen adoptad, but at the .
., risk of infringing ot the company's: tong teirm 1T stratagy {a 5.yaar plan, another - -
" distjnction has been Adopted that allows the factory level implemeéntation to proceed
Llnhampered by company objectlves, whflst st:ll com‘orming to this u!tlmﬁte plan.
'lT is cons:derecl tn be & cuntrol and !nformation system govarnmg the whiole- Unileyer R
" gloup.” Throads ara extended into the factories to glean relevant dats; but bavpnd that the :
... osystem uperates Independantlv* 48, on the other hand, operates on a factory Jevel and-.
" culminates In the data thit the IT system pulls cut. It also spans all other transaction
- .systoms, where most may- not be appitcahle 1o the !T svs’tem but arg assentml tu factory
S repcemng ‘and ham:a contml. i

B L S o

T Tha ﬂnk Iies i the threads appl:cabla to tha IT systsm. An IS allows ali data on sife to be
B _ checked and balanced, provide a high level of credibility te.the IT data; Without ISthe IT - |
ST o v duta'is-comipiled through un¢hecked systems and may be flawed, allowing/}?\accurata data :

--to-extend into. the group restilts. An |S-system links the IT bottor-end £b the plant -

B Supervisory Control and Data Acqulsition {SCADA) systamsLallcwmg datd to be'derived

fromi-the source raducing the number of manual srror entry-points. In addition, the IS

- checks and-straamlings data throygh algorithms that help reduce any errors arising. in; the
ST control svstems.tnﬂt’t ayv oifjerwise have passad unnoticed through ths n;anual Ce
Y .:-asszmi!ationsand mto the !T system. e _ e

. This ana!ogy nonforms to the varioua schemaﬁcs on lT and CIM tComputer !ntegrated g

~ Manufacture) that show the IT/CIM ‘gap} betweern plant control systems and management
. Information,! The many variations on thla schematic can all be’ aligned with that shown

below. o

o
]

E
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' Despute the oompurison betweon IT and CIM gaps, ‘the two should not he confusad The _ '
pap refers to the: flow of information through an orgarisation, the arses covered by the

two philosophies are quite different,? The following diagram illustratés the scope of each,

"~ where {T spans the c,onceptual svstem, and CiM the physical svstams‘ _Tha acmnvms o

_refer to the following:
- % CAM: Computsr aided menufauture

*CAD: Computer sided design -
«MiS:  Management information system *

SEIS:  Exsoutive information system .

An M8 Eng Disusrtatich Subrittad by © Barkse - : XTI
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Despite the disﬂnction between 15 and’ lT, the rest of this report will rafar to IS a8 IT; as’
_another acronym for Information Sterage. may result in comphcatlons Howaver, the
2 report does addresd the lasser scope of IS rether than cprporetien—w;de fT, yat. ls an ﬂ‘

_ mplementet;on in. the trua sense ‘of the defmition.

ENABLING TECHNOLOG!ES o

: IT has heeqme a practicai realitv !n the menufecturlng environment ae recantlv as 1992

SYSTEM
ARCHITECTURES |

Evidencs of earlier installations iparticular!y in banks) arose fror proprretery mainframe
systems-—not a practical reality, in the manufacturing envirénment whers an entire -
department would have 1o be dedlca%\to cantrol and mair.enance of sald computing
power, and transaction control doas ndd merit such eut!evdx Only recently, with

'_Incraasing {international) competition, shortening time frames, more complex plants, anda
genaral inability to cope on gut feel and rnanuai systams, has the need for IS really arisen, -

Actual Installations are facxlntated by reduced costs resulting from the clientfeerver

architecturs which provides a very high power to cost ratio. This, in turn, has arisen from -
_inereasing desktop computing power and decreasing costs, and servet power that allows a
-slmilar desktop machine, with a bit mare memory, to doal with the network menegement

and databese contrel that & mainframe would otherwise Have to do.

File server archltectur_es are standard network conﬂgurat-:ons where data ls storedona -
centrally accessible place (the file server), and the server control routing of data from and
back to each workstation. Security is limited to ensuring thet a flle.is not openad for

change by more than one workstatlon ata tirne. _

When & datsbase ls ueed et:ross the flla sarver. Lecal Area Network tLANL the whole
database must be pulled to the workstatlon, used, and released after results have been

" obtained &nd changes made, Apart from network loading and several other disadvantages

- that will be discussed later, this system severely restricts muitiple use by different

‘workstations, who have to queue for access and use. -From hers a philosophy arose of

leaving the database engine on a'single mechine called tha database sarver, wWhich would

A MS? Eng Dlsssetation Submitted by  Berker - T TR 1
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" Research {an urganisatloff dedicated to gathering and marketing information on business
" systems and straiegies) found that 89 percent of Fortune 1000 companies now use server_ o
. databases, Jcpm;rad with oniv 28 percent a year agot j‘ - _

L : . e R . -, e P
nlymantation of isfeirnatiorTachneiagy in 8 PeslWodd Envlosiment .. w( ' 0 .

then- comrohccass from multipia warkstat!ons tncw called database chants}, and would
alsp process queries as they came in returning a minimum of data across the LAN. This

.- concapt had besn widely exploitad in mainframe snvironments, where.clients were -
. typleally “durah terminals {Hitie power) and'the sefver was an all powerfuf; high.
 mamtenanse, and very unfriendly CDBAL propriatary. package. - New movements have.

facﬂitated the miminking of this architecture within a mini {PC) anvitonirent gleanlng

_ numerous advantagas ovor and above ths typical cﬁantfssrver henefits.

=]

ctuentfsarver computing has evoived from concept to realaty at's sarprislng numbar of
) companias, maindy bacause of tha convargenue of three key technologles

_ ":E\LAN servers, Databass—Managemant SVStﬂms iDBMSSI and highsspee& “e"wmks“the :
- lient/server building biocks--have matured enough in the past Véex to give companies the'.

confidence thoy naad to erect new computmg archltaqtures. acc-«‘,.. }ag 1o industry

_armhfst&*.s e _ S "-vf’-r }1‘-*-?-_--_

“These techncﬂogms hav& converged 80 quickly that avel somg analvsts have haen

surprised by the c!iantr'sawer wedve. in a recent study, market researcher Forrester s

- It's as if corpbrations are rushing” to embrace the technolﬂ‘giss that wIII at last frae them
o from' costly, proprietary computing structures.” [n the elient/server world, the only
. - proprigtéry notion Is that of rightsizing--all of the enabling technologles fitting together ina .
~ "scalable, interoperabie platform that al!ows a‘éch company, to manage, grhwth at fts own
pacs. T _ o _ y :

_ | Bafore jumping headlong into the cﬁentfsarver market, howevar, ohe should riote tha
 gontinuing evolution of enabling technologies. LAN servers ar‘ relatweiy stabie produéts, .

hut database-menagement systems snd high- apeed networkin technolngies are eg:pacted )

1o changa dramatic:ally in the com:ng year. S

After years of margma! growth, LAN servery hﬂve become a lucrative’ market Farrastar IR
Reseafch predicts that US LAN server sales will almoat_ double in the next few Vears, from o

- US$ 700 000 in 1392 to US$ 1 2 mllllon in 1996.

A coupée of forces are drw:ng this trend Firat, companles are puttmg Priore PCE on

networks and may need additional servers ¢ increaée’performance. Organisations are :

also putting more network applications on-line, Rather than installing E-mail, fax and

i database applications on a single server, companies are mstalltng dedlcated sarvers for
'- ';' these types of applicat:ons, . . _ _

. DBMSS .

A5 the Forrastar report indicates, 992 was the ysar Lhat databa&e—managament systems

‘caught on. However, most client/server databasa apglications are still in the pilot stage,

gAusing some raluctance among managers of informatmn systems to raly on the naw
paradigm for missmmcntmai appllcations. : . o . .
f'art of tha problem Is the laok of admmistration tools avallable for clisrtfservar databasa
systems. While some of the more established database engine vendors work on adding -
tools similar to those available on mainframes, many corporate customers are relying on a

-two-pronged strategy of running mission-critical appllcations on mamframes and decision-

-~ Support applicaﬂons on lient/servar databasas.

'\.\ . H

- In addition to the lack of admtnistration tools, database vendors have yot to perrect true

distributed-database computing, in which databases on a LAN are constantly updated to
reflect the latest changes. For now, administrators are skirting the prablem by adding
redundancy to LAN servers. in the form of Redundant Arrays of Inexpansive Disks {RAID}

o




| _ devicas tthese provide on«lme and cunstantly updated backupsfmrﬂ‘g ' of c‘ntical
mformatmnl or ummerruptnble power suppliaar o e JS} .

Most anawsts say tha tnols now lacklng in client!sswer databasa syst ma wili be addad in

the next coqpie of years, and the Holy Grail of diﬁtributed databaaes wdll be umoverad,}w _' )

19&57

HIGH SPEED Svstems admmrstrators in the tﬁroes of ﬁghts:zmg must ¢ nstantly B Bwage cf
NE'WOHKE .tachnology beyond the horizon, Nowhere is thls watch fare ;:romismg--and conﬁising—- :
B ‘thaw in high-spead networking B . o o

(’Jearly, the momentum in the market is toward 100Mbp’s {Mega bits’ par second} -
 spetworking. The question is, how can corporations tap the power of emerging standards
such as Fiber Distributed Data Interface (FDDI) without sacrificing thelr existing .~

 Installationis? : One answer is CDDI, for Copper Distrlbuted Data interface-san alteynative tu

- fiber-optic networking that ailows orgaruaatlons tu keep 'the coppar wire tﬁay have eal
.'installed in their bmldingsr - e R o ; _‘

R

Even ‘triore promlsing Is Fast Ethernat-a proposal for mcreaslng the spﬁbﬂa uf Ethernat coe

A networks ftrom the ourrant: 10Mbps to 100Mbps. At the moment, however;. Fast Ethernet
¢ ... proponants are Split Into two camps. One calls for extending Ethernet so'that :
L corparations can switch betwean 1OMbps and 100Mbps speeds, and tﬁ’a o‘rhar fa\mrs
T : raplacament of g basie Ethernet layar ie ach!evé the higher- spaed ' X
. L

- Many of the is"suas surrounding 100Mbps netwurklng should be worked out wlthm»the

Cyesn Meanwhile, the existing state of the art--10Mbps Ethernet and 16Mbps Tﬁken—ﬁmg '

e networking--ls mure than adequate for pilot cllem!servar apphcations P

£

d w B

- An excellent exampla for thefmeed for the type of automatmn agemplifi-d hv Fl' was tha
' realisation by thesBank of America inthe 1950s that manual handling of checks would

© 7 Callfornia® Other recent implementations include systems to aut\\?nate corpgrate
‘operations (purchasing, inventory contro}, requiremants planning, ete:}, aytomated

checkout systems, corporate information networks (marketing, products; payroll,

employees, eta;}, reservation systems {airlines, car rantal, theaters, hotels, sporss

functions, etc.}, electronic mailing, elactronic fund trangfers in banks {about QS% 9 09 in |

slactronie fund transfers were complsted in 1988 in the US, twa thirds of the globa) -
- GNP)'%, stonk brokerage transactions, credit card varlfications, and inte. corborate )
' .networklng 1o nama a few. . _ —
The followlng marlts ara not thase listed ina standard text boak but those that have been
realised, or thelr definite potential fdentified, through the implementatlon of IT within
~ Vandenberghs. They may thus be Iesser than those pl‘Dmlsed by Vendors. but all: are
reallstrc . _ . .

The first advantage of ITis undoubtadly reduced manntng in maintammg outdatad manual
systems. Retcnciliation of said systems, adding tables in vatying manner, and compiling -

- . reports in different formats for various functmns is resourca intensivs, slow, unrallabla, -

~ and uninspiring work,

Another advantage, though not the ona yielding tha fastest retums, Is the avallability of
information. Information ‘glut' should ot be too much of a concern s reports and
‘queries can be easily configurad to visld only the desired data. This data, belng sourced-
from the lowaest possible level, is bound to be more reliabls than reports prevlouslv
configurad thruugh rnanual systams. _

il .'I.A.' . ¥ alyl Wil 1] " ) - - o -.. . ;.. " . B o
e g B I .
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require, In the foreseeabls future, a work force’bquiveiant to the total adyit pcrpula'uun af E )
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" “decred

Problem solving capabilities are [mpfnvad when a large, mstarical, mforrnatlon base has .'

~been eompited. Rapid reports and nested Gueries allow: one to delve ta & level not- possible .

‘throygh manual systems, and triggered raports can highlight new problems {outside of
spaéﬁﬁd parametars} -A competitive advantage can be gleaned through information. .

- asslst g decislon making, but more realistically, rapld problem solving and Identlfncation
.. targets the reduction of L83§35 that mav otherwisa have gona unnotlced--laading to .
o radu::ad m‘fmiancias. . A _

o _infarrnatinn stornd ina opan IS 13 available to numerous deektop appilcat:ons rncluding

- spreadsheets, dedicated information extractors (Management information Systems--MISs),
+, argl information diagnosis applrcatlons {Execut:ve Information Systems—-ElSs} Finally, -

. expert systems and decision stpport systems pf he Brought into play to make use of this -
*Information. This natural progression is illustresed halow, showing the decreasing level of

infor Qﬁon apec:a]fst support required, the increasing probtem solving alilities, and the -
asing user group size fi.e. the most advancsd {avel is uzable by a smgle user rather

than being requested by a departmental manager}

>x _;

Stuctwe

-

< vudew

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, piotures and text

' distrlbution.

dacuments/reports for input from sach individual. The first major vendor application to
make ts mark in this arena is Lotys’ Notes for Windows, . A simple dstabiase capable of -
storing any type of information In a field (from & number to picture, or sven multimedia
video), the data can be mada avallable to aother users for thair augmentation or simp!v

. ‘.

k4




Gnoe IT has been embodded ini the oompan\r, Its expansion mto other erees is very eesy to-
Justifv, further euymonting Its oapabilrtiee, and hence its power on an exponenﬁei Scala o

Fmaﬂy, ex;ending the philos hy, the Wriking of the IS to pIant oontroi SCADA systems s
not at alf impractical,  SCADA systems typically hold a faximum of two day’s worth of -
data in their RAM. 'If: thlseyere I;Iumped {throtgh a gatewevwmore later) to & database,.

* not only would all this infanmation be immediately avaitable to the IS, but it could be fed
‘back to-the control systam, through an algorithm, to keop the controlo in Ilné with S
desirahie, historrcal, porformancee. o i

Numerous athar beneflts af iT are: gleaned from the clieh‘t!aerver architecture, but this is o )
covered under the seotlon on arch:toctures Iater. - b

0._-'

A o . o B . o

The demerits of IT Implementation are hlstorioaily cost and securlty The Seourltv espeot
‘arises from the new plathora of information relating to tha business, that may become .

- &vallable to compétitors. This congern can be negated by the fact that whatever form the

- intormation Is in, if it is avallable to management, then it Is avallable to competitors e
*through whatever means. Natural!y, if i 1s unave:leble, the ontire beneﬂt of IT 13 negeted, _

The forrner conoorn of oost Is vlrl:ually elimlnated by client!seruer arohltecture, doing awav
_' with large malinframes and supporting departments. Further, the client/sarver oomponents :
“are malnly PCs which have to ba procured for the sompany's day-to-day business: - -
. lrrespective, Oh the other hand, client/server introduces some new oomphcetrone of |te o
o own, but these are discussod In tlg;slater section on arohiteotures - .
o | e
Other disadVantages relate not 10 the pnrlosophv of IT, but to its failed mplementatlon
-.when attempting to incorporate the advantages of advancing tachrology, and e
- goncentrating on scaling down 1o exlst!ng resources.“ These are issuss that the report will
address, and run as follows: O
.+ The IBM PC, as utilised In many IT Inetelletlon attempts, is Inadequate for both hardware
~ ‘and software redquiraivients below the 388 fevel; .
. lndustry progression form Intel 286 machines to more edvaneed chip arohiteoturos haa
- 8tilf besn tied to PC DOS, which is inedequate without an overlaymg operatin,g system
. guch as Windows; - S
« The commercial fallure of IBM's 0S/2 has meant that oornpetlbliity and support was - L\
‘overestimated, and cross-platform Integration requirements severely underestimated; '
» Tha ethos of network users sherlng a gommion filing gystem i very well antrenched,
Only recently has ‘groupware' (usar group software) Startad 10 hype and filustrate. the -
. advantages of sharing a database rather than & file eerver, and thus clfentlsorver
© grehitecture adceptance has heen hard to instill; -
- » Third ‘generation slient/server instalidtions are badly served by DDS olrents, which further
hampers their acceptance and development; - © o
: _ . *PC to mainframe connectivity is predominantly limited to terminal emulatlon softwero, w
ho ~and file transfer proceduree rather than ‘open’ and transparent integration; o
: o ~« Software gateways that attemnpt to addrass connectjwty isglies operate of an app[rcetion
rather than system level, thus bringing them mto the rea!m of user cemput:ng where
'they can corrfuse and thwaitt ueers‘. ~ » .

. e .

]

[+]

-
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‘An overview of the tompany's problem was
‘discussed In the above problem statement.
‘Following is sorme background into the concern
- with respect to its IT strategy, Its current ~

- 'Vandenbarghs has ho fal ory Ie\fel
_ Managem%{nformatm

- Bystems department respensible for
. malntalning on-site systems guch as MRPH, .
' Maintenance Scheduling, and line schaduling,
"' Non-of these systems are 'open’ and noh -
- ‘provide information for gerieral accass and.

- applications, there is no ban‘“ﬁt to be olaimed
- through *down-sizing', &ddmmon justification
for introducing client/serve “architectures with
‘their reduced costs. Thus the vision of IT is not evldant fo anv {with 6qn:zceptlon)
~senior rmamaugersr and thus its potentlal is not appreciatéd, as was ment[orred earllar. o

B

syﬁamsr' and the dultﬂf’al bppnsltion to 1T,

System (MIS), -

despite hayihg an 'ivory tawer' like Busunesé

use. In addition, as- off-s_rtgx‘ controllad

S ‘Islands of automatlon‘ abound in Vandenbarghs, and with a lﬁstorically rapid managsment
‘turnover rate, these have been repeatediy rpbuilt. That is, until recantly when the plani.

complexity increased to a level that disallowed the juxury of time spant In constructh}g

- systems, gut feel no longer worked in a new plant with new managers, and high lossas .

meant-jots of time spent on fighting 'fires’ rather than addressing the aljrove limitations, -

- Management computer fiteracy, while high compared to other organlsatmns and any
. company a a couple of years ago, does not extend beyond spreadsheets {except for
- totrtrol engineers], A high level of automation has been attained, but this data is ‘not
" retained [n a database, is not readily avaliable to management through information
- gystems, and is thus used anly by the control processes themselves, the proverbial black
- box, Factory level data Is used for group results, potential fosses are exorbitant; and a

Works Accounts dapartment spends a great deal of time complllng data that should ba

_ undar the cantrol of productuon managament,

: .As wlth most companms, Vandenberghs assasses pro]sct viability on distributed caah flow -
~ (DCF} and payback petiod calculatiors. The budgetary constraints outlined above mean
" that any proposals hgve to meet more strlngent requlramants to nvarcome the company s
" Increasing cost of capltaj hurdle.- T } -

]

Ths problem that ariges with IT, is that being totally unpraved wlthin Vandenberghs, thera

_are no cost benefits that one can be assured of achieving. T is usually justified on the

grounds of decreased costs in migrating from & mainframe to a client/server enwranment—- '
no ‘malnframe exists within Vandenberghs factories. The benefits of imptoved ‘

- competitiveness are hard to quantify, and as'such cannot yisld & DCF--beside which,
~ competition in such an environment is currently being dealt with throughr a vicious ptice

war curtailing any further capital resources. Even .the simpler bensfits of improved

‘gontrol, reduced workload, and reduced manning requirements are unusable as no history,

within Vandenberghs, of such achievemsnts exists. Even the team [nvolved with’

implementation had little confidence In the system's abillties to yield such benefits, untn!

implamentatwn bagan to prove that they did arise. \;3_:

In shott, Vandanbarghs is npe for lT Implernantation yet is zgncumbﬂfad by numrrous -
opposmg forcest ' . _




addres

‘not hava bﬁen given to the profac'r., and wyan with this foous It naver want under the guise
‘of esoteric IT, but rather the mors sstablished labei of ‘cohitro} systems®, The difficulty -

- For & mass balance (as dism,lssed ear!ler} tq ba cumplered, avery single piaee of _
. - information must be assimiated for évery fransabtion. - Any bmimitences will result ina %"
- discrepanay. ln additlori, mass balance spans \hrtuaily all site transactiun controls, and in
: -itsalf has wflde annuggscope to constitute IT, . IR S :

E To ov\e; omé the budgetary constramts, the entire prnjact had 1o bs. baaed oh- tha

ing of & critical issue; in this case mass balance, Without this 'fire’, focus would

here was keeping the project runnhg. Ouce the fire.sdemed to have subsided, focus and

_.resources were jost, only to ke re-introdused at the next month-snd crisiss The length of
- time required for IT implementation {at least.a yoar-in the hands of skilled experts), mefint
. that"this focus had to be retained th?‘u.mgh clangestine maans-un gr diffsrent guises and
s “quertime’ work aslde from other projacts during lulls, fn addition, the 1T 'solutipn” was ;
 “onily comprehenidad a full year into the problem, and-thus a year of credit time was Jost -
* attempting other solutions. As it happened, these appragiches wera in I| 13 w:th the :deai T
t and classacal IT implementatlan path, ag outlined In a later s‘bctmn . :
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| ropom.oouesmeome*rmes

a 3 Altheugh _thero'is"p_r’hotioall&_no limit ta the. -

* and goftware thay can be assemhled to form a {

| . are timosharing and distrlbuted prooosslng.ﬂ

| TIvE SHARING

d

'that requlred larga svstoms.- S

DISTRIBUTED
DATA PROCESSING

* processing Is performed by the singls .
computer. This approach enjoyed its paak L

*at thelr headquarters. The first usets ware

. more pressing requirement for intonalvo _

The followmg isa briof overview of Retwork
topologies, and is not intendsd as technical
detail designed to assist in clarifying decision
making-as is the rest of the report, butis
provided simply to facilitate a rough
understanding of designs so that the rest of .
the text may be readily understood. .

number of combinations of datacom hardware

network there sre~only two.baslic gpproaches
to computer procassing in the notwork These |

'A tnme—sharmg ne_twork is ona_ that oonslsts :of
a single computer shared by multiple users - -}
who gain access by means of terminals, . -
Dumb términals will suffice singe .all of the

populerity during the late 1960s and early
1970s when firms sought to maximisa thefr
‘computing powaer by inetalling large computers

scientists and mathematicians who used the
eantral computers to. perform computatloos

This oonfiguraﬁon rooeivos vasiz support today, £
but by most It Is considered & technology more
sulted to. the future {6 years henca) as current |
networking spaeds do pot readily support the |

graphical displays.

When sraly -'omputers became popular, tha
firms changed thsir strategy atid hegan
distributing the minis arid micros throughout the organisation. Whan thaso systems are -

interconnected, the technigus Is known as distributed processing ar distributed data

processing {DDP)--not to be ccnfused with a distributed server architacture., Even thoughﬂ .
smell computets stlmulatad tho njalul approoﬂh, such networks narn Inoludo computers of -

“all gizes,

Whan the network 13 used for distributed prooeosing, the prooessoro san bo '

- Interconnectad In one of six typical patterns, Tho term topotogv 18 uged to. desorlbo a

particular natwork pattern: . _ o o

STAg A star network includas a oentral nomputer as shown in the figure. The contral
oomputer is called tho oontral node, A node is 8 point tn the network whore the circults

Al
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are lntarconnectad by oné or more units. .The other nodes of the network can bs
. computers of any slza. ‘Some nodes can be terminals. : :

Bmg When the network does not include a centra[ node, the nama rmg network is used.

Bus In addition, ths workstations and network server can he attached 16 a bus—a snngle
circuit of Hmtted Iength

‘Mesh/General

Fu[ly Integratad
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Emu:r_m,]:ggux Somatimas raferred to &g peer—to~paer nthorkmg. thus hardiv constl’cutea a
network until more then two compiters are introducad yet it does raise the subjact of .
cbmmunication dlff:oultlas : e

QEEEML,MESH Where sevaral pussibla commun‘lcatmn paths exist; natworks have to have .
* the Tacility to determine the optimal routing taking distance, link capacity and load,
connactlon Spead, and warkstatlon speed lnto account, - - E

EuLI.LQQNNEnIEn The most fault tolerant of configuratlons, lt is Impractmal for large
- networks as there are m-’n’-‘-“l links for N nodes. Each node requires N-1 ports for

_connaction to other machines, and routing a!gunthms c& take lungar to run than the Ieast
- optimal route would have taken, 4

- Natworks such as the star, and ring are commonlv called V\{LN&, for wide area natwork
.7 Smaller-acale networks dan exist within each of {iiess threa WAN topolagles, or thefy caa. :
s .- existalone. Two of the smaller network desidns are local arpa networks (LANs} and -
: ' _ privats branch exchanges (PBXs). Although PBXs have abhleved wide acclaim for thelr
abifity 10 handle both data and volces simultaneausly, they are not a fayourad system of

~ . thefuture due to several Iimitatiuns and the ability.t. @*“%pologim to cater for these
' - faollities and a great deal more. Both LANs ang” - 4. “epdo tonsiderable .
compatibility problems when it womes to rz nc:l?‘ P qj.ion Iangmﬂae, as iy
o discussed later, ; KT ,_%q_ e ey

s "I'
EE
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A

Locm. AaVNs tYplGB"V cater for the grod bs of aof-*v. are h..,d’rcannectlvi% shcwn below. ?P

NETW’OHK . — T
T

o

-

b BiSTANCE e ‘ aﬂ

While thare is no off'clil classlfication of LAN systams tha nomenclature in the fallowing
flgure Isa gaod rstafnearunce.“i _
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'First genaratlon LANs p'ew;dud arn image of a Iocal disc on & common server, ”l'odav this

-+ concept Is anly used for bootstrapping diskless wotkstations. The second generation

networks, dominated by MS Net, Novel Netware and more recent products such s
Lantastic, map the basic PC DOS flie and print facilities onto a communal, shared gerver,

This concept is fine tor multiple lndividual PC users since the shared file server can bs - o
made more reliable and more mansgeable than muitiple independent discs. Access controt

“can be’imposed and archiving and mirroring of discs provides a more robust service.
: Sharing a "logical’ printer vid a print spooler is also invaluable to- multiple Pt’: usars asd ts
- aceess to comrnun!cation gateways. ' _ _

: The flaw with second genertltuon networks is that they. only attadk the muitipie. aingla-
. user conceapt and not & multi-user architecture as is nowadays ¢

imon n minig and .
mainframes, Indeed it should be realised that early mirdcomputer operatmg Systams such

‘a8 DEC RSTS/E also failed to provide shared data tesources bafore varsion 6. The

dramatic improvement In quality that ensued should have been & lesson for toclav but the

PG industry Is too arrngant bv far and never learns from past experlenue.

The requlraments fora multi-user tem is to share the database, not the luwaMeval file

system, It must be recognisad thist DOS {or Urilx, concurrent DOS, ete. for that matter)

© file 1s simply & byte string. it is sub-divided into records and flelds, with appropriate ;
. indexing schemes by a data management system, The database management system can

range from a simple Indexec acoass methiod (1ISAM) such acC-ISAM or B-Trieve, through a
multi-keyed access method such as dBase or IDMS to a fuil relational database system
such gs Sybuse, Oracls, Ingres, etc. The requirement for a multi-user system is to share -

‘the DBMS, as in the third goneration network configuration. With a shared file system

there is no seourity. {(or access control); once a DOS program Is granted access 1o a flle it

* can corrupt it. There is no . 'roli-back'--s0 essential 1o transaction processing, and there is

no access control st the record level, i.e. one user being able 1o updata a. filed whare
others can only read it or not even see it. Thus client/server is cssantial to bring sacurlty
back to PC networks ag Is found in mini and mainframe syst. 1s. - A :

Thls coneept of a workstation Bxaeuting tha appllcatlan wlth | graphtéal’ Ente'rfaca

-, connected to a sharod database server in the most common {but not by any means the

only} axample of client/server computing. It is also common to think ot a Sun or H- :
P/Apollo as & workstation and.gn Intel X86 ISA machine as & PC. This Is not true. Fora.
workstation, sonnection to.the LAN is a fundarnental facility and must be part of the
systemn software, in contrast to a persohal computer where communications is an
applivation option, _
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COMMUNIC&T ION FROTOCOLS

_ ' PCDOSisa kmer in c!lantr'sarver syatems. Smce the client niaeds mhust, ﬂextble and _

transparant connect:crl 1o the server, & Protected made multi-tagking workstation - .
operating systam is neaded, Thus 0S/2.2, Win32 or possibly Unix {but most unlikely on

" ‘PC platforms) ore the tandidates. Windows 3. 1 I$ an enigma; it is a DOS extension and
‘tashnically inadequata so that its inherent fimitations will be Inevitably and painfully -

exposed by client/server computing. Windows 3. 1 is not really a produet, it Is creating a

_~market for a replacement product which Microsoft__hc)pe_'_.will_ha Win32 ({the PC version of
Windows-NT} but, soms say, Is morg’ Iikely to be 08/2.2 going on Microsoft's track record -

for missing dalivery dates by wide margins. Jt doesn't matter though whether its 08!2-2 '
or Win32 as long as DOS and Windows can-be raplaced, The general recommendation is
that for users starting with GUI interface and client/server computing, to bypass Windaws "

atfti go straight to 05/2.28s 1t wiIl be far cheaper in the long ran. .

g

| f'%.._ |

BAckanuuun If two davlces arg to succsssfully cemmuni’cata w:th each other, the:r commumcatmn

a

must be coardlnated so that one knows {or can learn] wheh to talk {transmit) and the '

- other knows [or can learn) when to listen {receive). No useful communication takes p!aee -
" if both are only lstening or only talking. {Data processors may ndefully transmit and
- racaive at the same tima, but techniques for doing so requlra coordinationt. 4

Thera must be adequate aynchranisatlon of basic slgnal glaments--for exampla, sinusoidal~

" ike wave forms for some typss of communication and pulse strings for others--so the -
~_recsiver knows when 1o look for data. This involves clocking at the transmitter and. clogk -
" recavary at tha.receiver. “Signal elements must be processed to yield bit patterns, with the

transritter Kriowing whan to transmit and the recelver knowing when to look for then. .

' Next, bits must be assembled Into-chatacters, with the receliver able to determing. when
" gomplete characters are avallable, Characters mOst be assembled into frames ot

messages, with techniques to da‘usrmlne beginning and end of frames, Furtherrnore, it Is

_ comimon for differsnit types of infofmation, such as control, address, data, and error
protection overhead; to be included’ ln one frama 50 mathods for locating dlfferant types

are neaded. _

Determfning witiich dawce has access to, or control over, a communications medlum ate
- given time [s another type of coordination. Initiation, use and termination of a connection, *

or of a dialogue using & connection, must be synchronised, Connsction establishment and
termination can be required at virtually any lavel of an architecturs; it may include

- gstablishment and téemination of connections between data sources/einks and’ :
~ gommunication fadllities, of connectlons over physmal Iinks, and of ucnnactions at the
data transfar level or at highet Iavels. . :

. Another catagory of related problems soours In error recavery, which often mvolvas _
- putting both gnds of & communication link back Into & known state. Synchronisation _

points established in some of the highar layers of’ protocol architectures e points at
which the states of both ends of a link are known {at least with high probability), so the
systern can be restarted from thess points if problems oceur, Major probiems for -
coordinating sender and recelver arise from the fact that they must communiuate over

_communicatlon links that are not psrfac:tlv reliable.

A clagsic problam in distributad oommunioatlons Illustrates the difficultiee. Analogous
situations occur in compucar networks. The problam is known as'the three army .

. problem, ™
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f There are three arm:es, two orange and one black pos:tlonad BS shown in the figurg The

black atmy is larger than elther orange army but nat as large as both combined. In this -

" simplistic model of & battlefield, the larger army always wins a bettle, Hence, the orsnge .
armies ¢an be assured of victory il both attack the black army. slmuitaneouslv, but either

orange army is assured of defeat if only orie attacks the black army. The only method of
comrmunication between the orange armies available to them Is via messengers who must.

B go across black srmy: lines to reach the other army. This type of communication is far

from being perfectlv rehabia. since the black army wIll try to capture anv massengers
passing through : S o . .

- Assume that the commandar of the two orange armios, with haadquarters in the area
- posupied by Orangs 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 thig, Orange Army 1 sends a maessengar throtugh the
lines to Oranga Army 2. There is no guarantee this messenger wlill gst thraugh, however, .
‘g0 nelther army will attack until recelpt is verified, Hence, after recelving the message,

Orange Army 2 sends back a messenger to notify Qrange Army 1 of receipt. If the
confirmation message gets through, both orange armies will know the schedule for an

attack; but neither attdcks until it is absolutely sure the other will attack simulteneously.

The exchange of messages so far is not adequate, sincé Orange Army 2 Is not sure its
confirmation message got through, and-knows Orange Army 1 will riot attack if it did not.

* Orange Army 1 can, of courss, return still another message to indicate the confirmation
- got through, but It as no way of guarantesing the confirmation of the canfirmation will get
through. Without this, Orange Army 2 wull not attack on schedule. _

Although the two armies cari continue indeﬂnitelv to send messengers hack and forth, _
thara is no way to absolutely guarantee a simultanevus attack with this approach. This

_can be deduced from the following reasoning. Assume a finite humber of messages is

sdequate and that the most recently sent (or recsived) message is the last essential ohe-~
that s, a simultaneaus attack is guararitesd if and only If it has been racelved. 'fitis
known to have beean recelved, no more massages need to be exchanged, However, the

“army sanding this Tast message will not attack unless It knows the message got through,
This impligs another (acknowledgment) messags is also essential, This gives @ :

_ contradictlun, 50 the assurnption that a finite sequence of massages Is adequate muat be

- false, : '




A There arg technlquas for guaranteeing 8 very. hlgh probahillty of 2 simultarteous attack, but -

- howay. of gaining an absolute guarantsa,: Similatly, there is often no way to absolutely
‘guarantes coordination in a natwork, However, this i5 not & life-or-duath situstion in o

~ networks; and a high probability-Is satisfactory, a goal facilitated by protocols: dictating =

the simultanieous coordination of both machines. The catacom devices follow the
prd‘tocols In commanicaﬁng wn:h ons anothar. This has baEn called ahakmg hands.

' ._A protocol ls a set of mutuailv agraed upon rules of pmoedura stating how two o mora '

parties are to interact to exshange information, - Relatively informal protocols may be’

" satisfactory for some situations, such as the gxchange of information between peopla, but
_ . they néad to be carefully defined fér communication among machines, Whatis =
. communicated, how add when it is communicatéd must aff be specified.’e .

-mads available a wide selection of

*

Une of the charactaristics of tha datacom ﬂald since fts mception, has baen tha wide

blessing for datacom users since itjhas stimulated competition ambng the supplisrs and

- variety of hardware and software Er:ducts on the market. This variety has been a |

odels, - Howaver, the variaty has been burden in

- that’ u: has made It difficuit to !nterconnant the d{fferent suppliers‘ products.

. With all tha naw poss:ble client and,semar operating systemsp compamas w;l[ éobn gain an .

" unpracadented afray of options. If the networking world were petfact, any. combinatlon of

these would work together and mesh smoathty w;th mstalled networks. p .

L

R An__analogv_of data corm'numcaiiqn to a _trafﬁc_ pattern-hetp in an unt.!ers_tanding_ of L
" ..protocols and whare thay fit In. If the road network {grid pattern, ring roads as-in UK,

completely random as.in SA} can be thought of as the network topulogy, then the cabling

. eans can be thought of as the road. . The communication protocol can be thought of as :

the cars, and thé destinations as peripherals frunininig In certain operating
environments/systems. The passengers would be the data, and a traffie poilceman the
network server. Finally, the managamant protoco! would he tha format m‘ the address
book for all destinations, .

- Te Idantlfy a perlpharal jdestlnatlon} and it'a running state; tha network management '

. protocol (address hook) would provide the nacassary information. Passengers {data)
* -would be loaded intoa car {protocol) at the source {by the source peripharal); and either
- directed (routed)-by the pelice-man (server) ta the destination (destingtion peripheral), sise
~ would just drive dround the roads in‘a fixed route until the destination was reached {asin -

a token-ring topology}. Provided th ﬁ“astmation had a road and accepted cars, br a-

~ raitway and acoopted trains e ad'a protocol d‘}iver), the car would be unloaded and
~ the passangers {data) acceptéd. _ o . .

) MmnknnﬁlamtuﬁéﬁEuhmm_adkycﬂmlngr Y . : ) a o @25
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GURRENT Luckﬁv’. soma n:ff the suppiiers saw the probléms coming beforé the situatlon got aut of
swumou hand. - IBM was among the first. In 1970 {8M was marketing 200 different datacom -

-~ products that could be Interconnected fiftgen different ways. IBM management. dacided
" that & set of standards should be defined that could serve as 8 gulde for future
- davelopments.” . _

]

- .IBM hamed its sysrem of protos;{ols Systams Natwork Architectura, or SNA. In dasngning N

SNA, IBM considered all of the activities necessaty In transmitting data through a netwark
with & user &t ono end (callad the user noda), the host computer at tha other {called tha
host hodea), ard several intermediate nodes that consist of such othef devices as the front-

- and processor and cluster control?nits. 1BM separated the physical activities that - &y

transmit the data from the logical activitles that control the physical transmission. SNA
was almed at the logical activities. SNA clessified the Jopical activities into layers, The

. purpose of the layers was to. Insulate the user trom changes In the datscom hardware and .

software, For example, the firm could canvert from & network of dlal-up Imes toa LAN
_and the change would rmt affeat tha user or the nser's software. : =

SNA was’ raceivad 50 well that other cdmputer manufacturers devaloped their own

_standards. For exampls, Burraughs announged its Burroughs Netwark Architactura {BNAL o
- and Honeywell deviloped.its Distributed System Environment {DSE), However, users did

not regard the lerge number of manufacturers "standards’ as the solution to thelr problem.
For example, IBM's SNA mada it easy to interface IBM hardware arid softwars, but it did

not halp tha user who wantad to mix IBM products with those of other datdcom suppllers.

IHE._QS_LMQ_D_EL The prnblam of incompa‘tlbihw among <datacom products aﬁacted users on
a worldwide basls, so in 7978 the international Standards Organisation (IS0) announced a’
system of network protocols and named it the OSi madel. OS! stands for Open Systems

_Interconnection,. like SNA, the OS! model uses layers to define the logical and phvsical

activities, Because of IBM's large customer base, SNA quickly became an unotficial
standard, especially apiong users of 1BM mainframes. However, DEC's network

' 'architscture, callad DECnet also has achiaved ‘a large following, primarily among users 6f




- with the osi modei._ :

witation af Infosriation Technotony i 2 Banl-World Enybronment . 0 0 O
N BN . N . - .o B

The QSI model haa plckad up support rather slowlv Qne raason Is

s, 'f scale systems.

: _ttm protocols for all of)the layers have evolved gradually-devel by lavel, Protocols for the - .
. first three layers were/announced In 1978 but did not xeceive widespread use until the .

mid-1980s. By ali: ru;;"l'lts.r tha 051 model stiould bacome the true datacom architecture
standard. In the meaitime, many users will continue to support the computer
manufacturers® archetectures, whfch may incorporate gateways to make. them compat:bla

R

The baslc idea of a layered architectura is to divida the: arch:tacture itito small pieces. o

"EBach Iayer adds to the services provided by lower {ayers in such a manner thet the highas't
layer Is provided & full set of services to manage communications and run distributed

applicatong. A basic principle is to ensure independence of layers by defmlnq sarvic_:es '

~ provided by each layer to the next higher layer without defining how Servicesiare
‘performed. This permits changes in a layer without affecting other layers, Privr to the

use of laysred protocol architectures, simple changes such as addirg one terminal type to -
the list of those supported by an arnh:tectura often: reqmrad changee to sssentiallv aII
commlinications soﬁware at site, - o .

The figure illustrates the O8I modl. 1

The hust nads [s at the right, tha user node I8 at the left, and the Intermadiate nodes,
which includa the front-end processor and the clustsr contral unit, are in between. The
hottom three layers appesr In all nodes, but the upper four layers appest In only the host

" and user nodes. The brackets at tha right of the figure indicate which hardware units are

sed in performing the functions of the varlous layers. The brackets at the left indicate -
whather the functions are performed by user actions, terminal software, routines in the
terrinal ROM, ot by protoocols. The arrows linking the nodes at each layer are labeled to

- indicate the form of the Imkage--application programs, systam programs, and protoeols




{P} A layer It one ode 'mlksIr to the correspondmg lavar in- another node. Each of tha
layers is describgh nefly below. The numbera balow match the;,laver nurnbers inths -

o SR figure, R L . I u
B . thsic"al'la{rér: ' " _ ' !‘ ransrnlts the data from one. noda to another. Lo AR
2. Data link layer: - Formats the data Into a record called a frame and performs arror
oo deteetion, . < R
3. Network layer; - . Causes the physrcal Iavar to transfar the framas from noda 1o,
B . finde.

© 4. Transport iaver: - - Enables the user ahd host nodas 10 commumcate wiih eath other.
L It alse synchronises fast and slow speeﬂ aquuprnant as well a8 - -
L ~overburdened and idle unfts. = -
. B, Session jayer: - Initiates, maintalns, and terminates each sasslon‘ A aassion
B~ - . consists of all the framas that comprise a particulsr a Jvity, plus
o . slgnals that identify the beginning aénd the end. A sessian is like a
I . telephone callthat bégins with ‘hello’ and ends with *good bys.". -
R T  Standatd log-on and user identifucatlon routinee are used to lmtlate _
L e datacom sessions, .
-6, Presentation layer: ~ Formats the data so that it can be prasentad to the user or the
- : - host, For example, Information io b displayed on the user's: :
o ... -screenls formatted into the propar numher of ilnes and numbar Df
= . charasters per line, .. ;
T h 'Ap‘plicatian___Iaver: _Controls user input from the tarmmai and exacutes tl'&uae?'
' ' o appllcatmn program in tha host. " . :

Let's assurna that the user wants to use & mathematlcal model Iocated In the host to e
select the best pricing strategy. The user indicates that the pncing model Is to be used by -
- entaring instructions in the terminal, under control of layer seven (the application iayer).
Layer six {the presentatior layer} changes the input data into the format used for -
transmission, and layer five {the session layer) inltiates the session. Layer four {the :
transport Iayer} selects the route-the message will follow in traveling from the user to the -
host node, and layars thres &nd two (the network layer and data link layer respectively). -
sause the data to be transmitted through layer one [the’ physical layer), When the -
.+ message reaches the hpst node, control moves up the layers to the application prograrq
~ % {the model} in the host. ‘Communication from the host back to the user follows the same
pattern--down the layera in the host noda, across 1o the LL 7-8 noda, and up the Iavers in .
the user node. _ o _ : '
S : o muﬁumnm.a Saveral other iavered stam:iarda axl":t, as»rnantioned above. The prirnary _
= a - - ones are OS\ (coversd), ISPN {Integrated Servich § Dig 1911‘“‘ “tetywrark), Dol (US Departmant.
: -of Defense}, DNA {Digital Netwerk Architecturg),-SN Network Architectura), and.
-JEEE 802. These afe comparad to the 0S| .nﬁ&al in sm -~ Jing figura, but it must be
‘emphasised that the figur& should be intefpreted with e nan aé the architecture differ -
- considerably enough that it Is impossible 1o give a potiple Qly valid, compansun in this SR
manner,’ and any more detail Ja beyond the scope of this fapcaft. : .

- Thers are s:gn:ficant dlfferencea in the general orientatron of the architectures, in f?ex:bllrtv o
. for intarfacing with d:fferent iayers, ln bvpassing tavers, in approachas 1o natwork control,
and so fo:th LLA :




~ For'the purposes of the fol!owing discussion, an illustration of some of tha components
typically found in each layer Tollows, Whlist a certain amount of component
intérchangeability is supposed to exlst by virtura of the laysted architacture, 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 Iummam_q Vendnrs new provide thy pecessar\r hooks for unklng toclay 5 natwork e

operating systems with other envirdhments (though often at extra ¢ost). . The most

- common approgch is to enable a clhent or setver to communisate over multrp‘le neiwork

. protocols simultaneously. A NetWare server, for example, can speak SPX/IPX or TCP/IP
. imiddie layer communication protocois) with equal fluency to other servers, - Soinetne

- sitting at & PC lugged on to the network, for exeme!e, can see a NetWare eerver as the F:

drive and & LAN Manager server as the G: drive

The key to thIs capability llas in the devlce driver speclflcetrons espoused bv Microeeft and
'Noveli: Microsoft and 3Com's Network Driver lnterfece Speciﬂcation {NDIS) and Noveil 8-
Open Datalink In’terfaca IODI} 20 ' _ .

4

Device"drlver speciﬂcations also frea hardwure devsiopers fram the need te wrlte separate

K " drivers for each protocol stack. They can write ona driverto & given specification, and

“the driver will work, at least theoretleall\r v with Bvarv protocnl atack supported b\r that
speetf’eation. o . e o _ .

: l . . :!'J . - . . )
Sume systams use IP‘tunneIing to c\hmmumeate with othars Networkmg eoftware in the

 tlient takes packets with the native:prfoplf etary protoeo! of the oparaﬂng ay& em, aitber
Novell's SPX/IPX or Banyan's Vines int\e"‘het Protocol (VIP}, and wraps the {ckets Insade

IR packets. The networking software then mioves the encapsulated packets scrossa .
« TCPAIP backbone for defivery fo a node that can strip awaxg the outer envalope and use the.
iPX.or VIP patket. -Alternatively, some use another type of tunmyling to move FIP/P

~ fraffic across networks by encapsulating IP Packets within-native packets. Tunneling -

allows TCP/iP applications and dewces to use the standard IPX or netive routars and other
1'ret\.'rrerkser\ricee21 '_ T . PR

Unfertuneteiy, net all proteeeis have standard headers, X bemg particuialry troublesome, :
a;rrd this form of WAN intereonnectivity fel[s\pver. S .

pma:[m_ﬂgm:ﬁﬂe LANS wera never deergned to be !nterconnacted, there is no

- mechanism for flow contral, They can Y5 dridged togethar {a join where all trafiic passae
_ between bothrnetworks) but the lack of Hlow control causes unpradictable responses and -

~ often "otal block-out. Bridging is also Inflexible, ' Thus routets are becoming the norm,

~ providing store and. forward facifities to all individual packets to be diredted to various. -
“destinations {like bridging but with a inteligent fitterrng and reuting allewlngjt to pass oniv
the desirad packets Heross the gep) 22 _ _ _ .

Routirig ts relatively straight orward i only one proteeoi is. ir,r use but with multrple -
protocols they have either different network layer pretoeeie or, with some LANs, no
routing prOtocol at all. . : .

“Muitiple Independent networks, ong for sach protocol Is prohlbitive{y expensive, so that -
* organisations nieed to-lay in 4 single, common, backbohe netwark and to uge this to carry

~ the multiple protocols.. Encapsulating protacols intd the protocol of the -backbone 8.4. XI -

routes X.2B over an SNA backbone or OLC routes SNA ovar a X.25 backbone, is practical
but inefficient, particularly in handling polling and and-to-snd flow control and pacing. -
-This is very much a lowest gommon denominator apprrw:h with pretocol-s:pecif' ie
“anhancements being lost in most ©as3s, o : _ ' -1_)
G ] .
The current answaer ls to install mul“l~proteco! rotiters, These dommantly use an SNMP )
managed IP network &nd transiate various Inbound protocols, fully enabling tha routing of
the originating protocols {there are 3=~hlems with protocols with a limited network:layer.
such as IPX~thus sliminating the possibility of connecting Novell LANs in this manner].
Unfortunately multi-protoco! routing does not offer any inter-operation between the
diffarent systems and thus mersly perpetuates the basic interconnection problems. By
replacing all the different protocals with TCP/IP then only one protqsol needs,routing. In

£
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THE RIGHT TRACK !

- preet!ce SNA is the most viable suite, though DECnet will have to continue for curent

users g0 thet two pro‘toeele will have 10 be eupponed, but not numerous optlens as et
present, : -

i . :
_Mult:-proteeol routers &im to creete a cornmon wide ares hackbene netwerk which cen.
handie the connaction of SNA to SNA, IPX to IPX, etc. Thev do not prowde any
interconnection betwesen tha gonflleting systems. This is not & solution, it is another. ghort

O term step gep, the Open Systems concept is the only way forward. Fortunately the

- . now avafiabie on all systems from PC to mainframe. It has achieved the intereonnection

solution is 8% hand due 1o the unprecedented universal acceptance of the TCB/IP
protocols. This older protocol has come to the fore on the back of Linix systems, but is

" and Intermperetien of heterogeneous evetems promrsed bv DSI.

—

" The reasons that TCFHP has succeeded were O8I faiied are twofo}d -23

+ it is compaon and not plagued by endless options;

+ Jt provides a common set of user related services, talnet {a virtua! tsrmlnall, p {file :

- transter):and smtp (a mail service). To this the Sun NFS file server) and RPC/XDR

{remate procadure call) have now been added and so at last we are eddreesing the real

. fss $ of. mterconner-twuty as ssen frem a users viewpoint.

The hasic 1herne thenis that TCPHP should becoms the dominant systern, repiacing all

. others whorever pogsible, It is not satisfactory that TCP/IP should be addad alongside -

athar protocols. Clearly this sannat be. achieved over-night, If ever, it is unreallstic to.

‘expect larjje SNA users to ' andon SNA, in favour of TCP/IP, aven though this option’is

... available, DECnet and possibly APPN/AS400 users are mare likely to change, but still. -
-.glowly. Unlx systems are no problem and so the practical foous must centrs on LANs.

Hera algo there Is a huge installed base but these ara ngt very satisfactory systems -
{despite ke ‘religious’ favour that they attract as with any immature tectinology) and the

- time Is rino for replecement, The magin difference betwean the LAN and miniimeinfrarne _

systems is that the latter can run multiple concurrant protecols byt thls isa major
headache wtth LANs becauss of PC DOS Ilm}tatiens.

Slnee PCs tave faster st,reen-fili rates than. ASCII VDUs they heve & be'&er user Interfaee.

‘However. thay alse encourage 'playing' rather than working and present a high cost of
_awnership due to the uomplexitiee of networks comparew. ta minicomputers. Thus LANS
‘are the better solutlon 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. - # Is alinost immoral to inflict a PC LAN on small

if

- SoLUTION.

_ hardware depundent that they must be eliminated. It is a matter of bal nee

euslnese system user when multl-uaar PCs are readily aveilable. : o
The problem with repiaelng existmg LAN software, still using the same hardware, }s quite
simply- the scale of the installed bass but It can and probably should be dona. The method
adopted must ba to build pilot systems first in order to establish preference for
applications and development tools and to filter out those DOS programgy/which are so

The apportunity to raplace LAN softwaers is ripe now, although some would prefer the

~focus to be on pliots untll the end of the year with major replacement pragrams the

foflowing year. The winds of change are fanned by. two major events: one is the evantual
arrival of 0%/2.2 and possible competitors to replaca PC DOS whils the sacond ls'the
general reahsatlen thet client/server computlng Is the way forward.

The salutlon sesms to lie with IBM‘s new outiook on life--the reeiisetlon that they ate no
longer the only suppliars and that irying to force their propr!etery systems on: e market
plice is rib Ienger eceepteble. _

A combmatlen ef & new protocol suite.' as well as a hetwarklng sturcture eomb!ne In what :
- seams to be a vary likely working combination, Both are discussed separately.

o

An Mo Eng Distariation Submitisd by G Barker o R ¥ T)
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IHEJEM.HEMQBKM&EEHM“ it is difficu!t for apeclftc dlmsicms u‘f !BM to croats &

personality of their own.: PCs and perigharals such as printers and dise drives are

- relatively sasy, but the other divisions.sire more tightly goupled. ' And they are stronblv

centerad on mainframe computing. This-of course is the key.problem IBM hava to face up® "

+ to, thet the mainframe is no-fonger the major cantre of the computer warld, but ong

alement {albeit a very significant one still) Distributed systems, both midrange systéms

- and PC networks are «qually common, “Thus there is a general trend from 'malnframe«
. centrie” to. 'natwark-_;:antric‘ soncepts. -Properly controlled, this new focus éncourages

"Hghtsizirig® as opposed to "downsizing’, with systems being built around the most
appropriats taqhnalogv. This is a far ory from the current lslands a Tachnolngy whlch
now existr’! iwith littla to no integrat:an.

&

It follows then that IBM Natwork Systams division must plav & ever mcreasmg rols ln

IBM's future, Further they must establish an individual ideritity since they must sontinue
to support the huge existing IBM custome: base but they-must also establish thamsalves

. as "open connectivity solution' vendors, without detriment ta their SNA users.

Establishing an.identity not tied to the old 1BM will be more difficult thar: supplving'open
produéts. Indeed IBM Network Systems already provide as wide, if not a wider range, of

" . -connegfivity products than any other supplier: The range of TCP/IP produets is amazing.v
. comprehensive and support for Ethernet {as well as token-ting) Is good, which is mora

than can be said for Ethernet specialists in supporting tokeni-ring. The 6611 for example

" . s a general purpose. muitl-protocal router aimed av nenlBM as well as IBM customers, .

although the latter are naturally favoured. IBM Netwaork systsms aven support OSl on _
mainframe gystems $ince some usery stil exist, thla is a thankless task with all tha various -
Optlons and profiles to support. _ : -

The kay to creating a uniqua identlty for the Netwurk System dlvision lew ln the Network

- Bluaprint. . This modsl, produced shout a year ago, is in fact quite revolutionsry, because
- while it starts from an existing SNA model, it Is dirsctly eimed at providing a flexije

mathod for providing all existing services such as CICS, across the dominant protocols of
SNA and TCP/IP. It is also clearly defined to Uncompass APPN as an upgrade for SNA
users and provides support, where puossible, for the troublesome LAN piotocols Netbeui
and PX, S _ ; = L 0

-".‘a

It i very easy @@‘ miss the slgniflcanca of the Biueprint, particularw for 1hB mass of st@ﬁx
- users, in that It integrates the communication models in one architectura, Thus both SNA
and TCP/IP protocols are embeddsd In new releases of VTAM in contrast to the separite

SNA [VTAM) anri TCPNP protocol stacks n current use. “The concept of separate stacks

means that ‘extra nofmmne produicts are neaded to provide access to applications and .-
services which nam]__;a!iv regide with an alternativa communications system, As an
example, an interface product is required to provide a telnet session from the TCP/IP -

atdress space into VTAM In order to run CICS applications; access to enhanced CICS

- functlons is not normally available. However with TCP/IP new Implemented in VTAM
“alongside SNA protocols, 4 common API Is presented {CPI-C} to ali the normai VTAM

aupported systems,

.- The opan concept does not stop here, however, because normal TCP!iP appllcatians are
- now supported on the SNA protecols because the Berkeley Sockets AP {the common orie

i TCP/IP networks) s implemented alongside CPI-C. This is referred to as Multi-protocol
Trangport Network (MPTN), Clearly when APPN is establlshed for VTAM it ) wHI ha
integrated alongside . TCPIIP with the same consistent APls. _

3

Intagrating axisting systams with open standacds has been a goal 0‘ many suppﬁars for

- years with litile sucoess, now 1BM have a much maze satisfactory product for their

customers. They key to this rather startling success by IBM {apart from’the new

“commitment by Network Systems) is the three tlar archltec‘tura of the Biveprint. The
“sevéh iayer model of the 1SO Open Systemn Interconnect {081} condapt has been too
‘complex to integrate with existing, incompatible systems. IBM now conceive(l madel
_with appllcatlons interfacing with communications via the common APl of GPbC, St)ckets

R e e
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-arid Mm as the top {ayer {Applicatlon Support} alternative prutocol stacks troughlv the
network and some traniport layering from.the OS1 mode!) at the middle layer (Transport

. Network], with a variety/ of datalink sarvices such as Token-ring, Etherpet, Frame Relay,

SDLEC/HDLC, ete., (Subrntwgrksl This modsl is achlevable in practical environments and
both support exisiing svstems and. i!i open to adding naw technolugiev ' :

iBM have often made claim to ‘openness’ whigh has equally oftan baeﬂ chal‘lengad in the -
past bacause they did rot intagrate systems. Now it will e very difficult to provids a

' myore open gommunications snviroriment thgn that offered to mainframe users. [t now - :

remama 1o see what is implementad far other sysrems along tha same Iines.

Al n P i KNG PROTOCOLS Advgnced Peear tn Pea? Nstwork!ng tAPPN} -
s IBM's m:rategnc commumcatmn protocoi for the future, 1t will eventually replace the ~, -
current hierarchical form of SNA but it remains to be seen whether It ¢an ever gain the
market dominance achieved by the older protocols. This is not relatad 10 qualiw but to -
lBM's lass than dominant position teday. L X .

[

' Supe\‘ﬂciaily tand In most peoplea mmds) APPN is the AS/400 communicatmn protocul

‘the fact that it is strategic and far more ali-embracing is not yet accepted. indeed some
~currant SNA users may well pe thinking in terms of staying with their current produc’ts and
awitching to alternatlves othar than APPN v:a the downsuzing rc~ute.

lmtially APPN wazg Introdu"" on Svstemlaﬁ machlnns tip a mueh rsducad form to the
surrent products), as‘a 1€, wubni'e DECret. Historleally 1BM made mainframes and DEGC -
‘minfcornputers so that it followed naturally that SNA was hlerarchical {focusing on thé
. Gentral mainframie) while DECnet was peer-to-peer (creating a bl system from a set of -
smaller.ones). Thus as first minls and then PCs bacame mora attractive, so the demand

' for peer-to-peer communlbauons grew.

Tha flrst major APPN products were. emhadded In 0"53‘400 ta enable networks af ASMOOs ;
to compete with networked VAX/VMS systems. All these mid-range machings could still
‘cornect Into an SNA network by emufating end-nodes suth as 32708 {PU2fLU21 and the
key converfsation protocol LUG. 2 via a PU2, 1 noda, Here howsver APPN has a big
advantage over DECriet for SNA users since while the SNA and APPN netwotking
protocols are different, the same Lt.la. 2 user protqcnt is emplnved in both network types
{not so however for tarmlnals o . o

\Nhile the battle raged between AS/400 and APPN versus VAXNMS and DECnet, PC
networks grew apace, with much simpler protocols inspired by the oid Xerox XNS,
dominantiy Netware IPX/SPX and [BM/Microsoft Netbeul. Neither IPX nor Netbsui are

© suitable for corporate natworks, which would in theary be much batter 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-far IBM; neither has wah any market share,
despite the ssrious currant problams with inter-networking PC LANs, But probably the
magt significant impact oh communications has coma from the Unix world. They adopted.
the old Arpanet TCP/IP protocols--older than elther SNA or DEGnet-which then lead to -
inter working of equipment from vatioud Unix vendors inpluding 1BM and DEC, ~This then

~ had the, kpnck—on effect of support for TCR/IP on most ‘other- pmducts, 1nch@ng the .

. exlstmg mainfr;’ime ard midrange systamis; bt probably of m g?e lortg térm significatice in

--the PC LAN arena. Thys it is TCP/IP tiiat"has become the ch flenge to SNA and'not - e
DECnet. liideed both SNA and DECnet rust be usurped by TCP/IP which Ig meranfa
- problem for DEC than JBM, The relative failure of OSi 15 a further blow to DEC sincs with
DEGnet phase V they backed the loser {osi) and mlssed the winnar (TCP/iP). Today IBM .
are well ahead with a vety cotdprehensive TCP/IP product sat,  With the [atest release of
VTAM TCRIP now avatiable as a direct alternative to SNA for all majer 5/390 services. .

, TCP/AP Is thus IBM's ally. Now thev ean cd"ittnua to anhance tha traditionai SNA svstems
by replacing the old higrarchlcal networking with APPN, In othsr words making futdre

'_ teleases of SNA basad on APPN, mak{ng mainframes a pear raember of dlstrlbutad
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MANAGEMENT PROTGCOLS
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| . netwvrked APPN oould aven havo a oigniflcant irnpoot on PC: nstworks yet, whioh nead

. the poor~to~poor networkir&for simplicity and stand-alone subsystems, [BM made soma
- sarly mistakes in positioning APPN by refusing to publish the protooois but now they are
: Iicensing them out, encouraging other vendors’to fully implemarnt APPN. Note then that

whole natworks could ba running on AFPN without sny {BM kit in the network singe the

“central host is no longar mandatory, in direct compatition to TCP/IP. IBM can exploit this
" -concept to keep thelr existing 8/390 customers happy. Full APPN on & mainframe, in’

VTAM, wilt appear sometime in 1994, infagrated with the TCR/IP networking; intetim

_ products may woii appear beforo the fully multa-protocoi intagrated version Is roioasod

: Curront!y tho IP routing. protoool RiP, has bean adoptad Tor the backbohe of mult|~protocol

routers, includingthe IBM 6611. Howsever APPN is also used as a backbone by the 6611

 and tumour has it that [BM have i-ilgh Performance Routing (HPR) integrated with next
rolaases of APPN iAPPN+} which sighificantly outporforms RIP as & baokbono

&

PRDBLEM EvsASwhen the clients aqd sorvors can oommunicate, share data and work togothor, one
. challenge remains: network managerment, The need to manago a variety of client and

serVar systems introduoes oomploxity at overy level, . - ,r'z -

in the traditional notWork manogernont approach & network oomprisos rnany insf’ancss af
many types. of managed objeots. There are p hysically managed objetts, such as modems, .

' muitiplexos, bridges, and routers, and Iogioally managed objscts, such as the IP éodo that -
. runs In the routers or In the host nodes. - -

i

: Administrators oi‘»such hatorogoneouo networlrs oiso face tha probfem of meinaging an
-assortment of user directories, If all servers cannot; for. example, share the same set of
S uger namos and passwords and automatically propagate user changes dcross all servers, -

then avary new user or aven new password wiii sond administrators scurrying 10 ohange

" directory databases.

" Users olso wlli pay if the diﬁoront types of sarvers r-armot shara directory informati‘on.

user who wants % work both with files on a NetWare server and with data In a database
-server on & Unix system might have to rernembar and {maintoin i_ilfforent fog-in IDs and_ o

o passwords for each environrnent

:'F‘:naiiy, adminlstrotors who have to deal wlth & variety of servers face the usual range of

server management problams, Such fundamental procedures as hackup and periodlc
maintenance will be necsssary on svery server, if sach server provides different toolg-and
procedures for those tasks, administrators will soon ysarn for slmplor tdays when options
were fower. ' _ . _

e T

For most network managets, the PC,}emainoo tantaiusing but onroaohsbia Y A

eruclal infarmation that wauld help galve many natwarking problems, Without this .

* Infarmation, the network dats gathered from a sundry. u{govioo Hufidges, routars, UPSs
funinterruptible:, powet suopiios), Epd wiring { ;ubs to name'a fownrenﬁéins dooidodiv

incompiets, _ o ‘
- Proprietary meglods are ovaiiablo for mariaging tho dosktop, but no propriotary method o ®

 adequately integrates desktop informatinn with data collected from other netwirk devices.

N
i

Withaut the ability to correlate information: from &li notwork devices, a manage?‘s view of

- the natwaork is imperfact at best.

Al the simplast lavel, all the systems should. support some b@sio nstwork-managemem
. protoeol ithe upper layers of the layered protocol architedture), such as Simple Network
Managomsnt Protoool iSNMP}. This Is noc.essory to a!iow adminls‘trators to spot and

e
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' handle such basic prob!ams as whmh servers are down, which cliants or wrvers are _

cunn'Eu'r

~ BITUATION

placmg unraasonah!y large Ioads on tha network, and soon., _
The management prohlem is solved by a cornbinatlan of managers and agents An objact

is managed by sssociating agent code with it, Agent code consists of management '
instrurentation (such as status variables, counters, timers, and test routines) that lets the .
managed object be monitared and controlled, plus an implemantation of stme '

- management protocel (such as SNMP and CMIP Commen Managemenit Information:
- Prototol). The management Instrumentation typically conforms to a particular Structure of

‘Managemaent Information: {SMIE_An SMi spacifies tha rules used to define the Information

" in'a maflagsd objant 50 it can be monltored and maniputated through the management

protocol. The SMI is analogous to & programming Janguage that g pragrammer uses 1o -

. declare data structures and to permit operations that d‘an be performed on those data
© structures Isuch as the functions and procedures}. K

: The combinstmn of a parhcular protocol with an SMI forrns what ts calisd | net\nrork

‘mahagement framawork. The interriet community has defined the Interriet Standard

Network Management Framework (ISNMF), which is used by neatly everyone in the SNIMP _

“community, The Network Management Forum (NMF} has also defined a'management

* framework with the NMF Releass 1 specifications. This framework uses CMIP, and it has

been implemented by sevaral vendors (AT&T, BT, HR, {BM, DEC, Timeplex, Unisys, France_a -

- Telecom, and STET). This broad support allows Interoperabiltty amang the diffarent:

'\rendors‘ network managament systema.

SNMP and CMIP define three cotnponsnts; an agent, a console, and a protocol. The agent -

-Is ¢ode daveloped by the vendor that resides in 3- perticular davice. it gathers network .

information from the product and stores that data in 2 databasa. The format for thie -
database, called the Management [nformation Base (MIB] in SNMP parlance, js specifled o
by the SNMP specification. The console is wherg natwork managers request and display

. Information frem the agent. Connectlng the vonscle and the agent is the protocol, or the

Ianguaga for requesttng networklng mformatlon from and returnlng it back to tha cqnsula.

Although SNMP and CMIP let network managePs gather Informatmn across the enterprise o
from a range of devices, neither have been sufﬂc!ently lmp!ernentad at the deaktup, partly '

- hecause’ thay congume tm much space.

o

These oompetmg standards are. sach designad to managa netwcrk devioas frorn a single

application or console, Although the mast widely used, SNMP lacks many of the

sdvanced features offerad by the US government-endorsed CMIP, Howavar, new SNMP

. ~ standards under davatopment should help it catch up wlth CMJP: :

T

Comlng to tetms with natwork managemant svstarﬂs teans understanding thesa

~ aoronyms, Manufacturers tout sipport for a stadidlard ab a'major feature of thelr prc;du'cts,'- '
- but the question of which standafds will domiiate the market rémains to be answerad. if -

one plaris to base buying dacisionis solaly on standards support, one runs the risk of not’
getting the best tool for )tha job R ’ S

-
\”‘

S.NMB SNMP dominata§ today's market. _ In 1:3 survgy of 400 natwork managsrs 8ty .

- Fortune 1000 and government sitss, the Business H’asaarch Group {BRG), found that 34 '
_percont of the sites Ware uslng SNMP.27 Only 14 percent wers. us]ng CMIP.

" Developed in 1987 to manage routers on the Internet, SNMP wHS used in commariial

products bafors CMIP hit tha US market, SNMP was built oh TCP{IP,. a ﬂanspol’t protncnl

_that is still widely used in hetarcgeneous networks.

--Jdeff Case, presndant t‘.tf SNMP Research, and-one of the original authors of SNMP aays fts

' "Right now, there are st least nine diiferent proflles for implementing CMIP, With SNMP -

contihued popularityds no accidant—-lfg: easier 10 impiement than CMIP.

there's one way to do thlngs--nu optl s, ho alternativas.” Asa msult. buyers ot\SNMP-

rajr o - ey
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- the violation takes the fomi of prvate extensions to MiBs and incomplete standard MiBs,

eI

a version 2 (SNMPH).2

based oonsolss, agonts, aqd rnanagement Informatlon bases (MlBsI can bo oertam these :

: oomponents will ba capsbla of oxohanglng mforrnatlon.“

Slmplicltv can also be a drawback, bacausa it invites olaboraﬂon. Even when standards
are created, they are viclated as soon as a new feature i3 -added by a vendor.® in. SNMP,

A MIB is &n object-specific database that defines what can be monitared or.gontrolled on
a device such as a router or a server, SNMP dofines a standard MIB that, in theory, lets

any hetwork management consola work with-any agent and MIB, Byt vendors rautinely

omit parts of tho standard Mg or use ox"tsnsions that othor consoles can‘t support.

Porhaps tho biggsst strike sgainst SNMP is its Iaok of soounty Passwords for conﬁguring
touters, hubs, and servers are passed across the network in a single unprotested packet. -

That means anyona w:th a mischlevous or malicious bent could gain access 1o those
~ passwords and wreak havoe with the network davices. Another limitation of SNMP is -
-~ that it currantly Includes support only for TCP/IP networks, although vendors have - -
“tweuked ‘SNIMP-to run on other netwark transports, notsb]y Novsll 8 Intsrnetwork Packet

Exohango {iPX) and Apple s AppleTalk. -

Analysts, fvendors, and users agrea, therefore, that itis unrsalistlo to drsmlss CMIP.
"I think the reality of the market is that both of these protocols will exist," says. Sanjiv -

© Ahuja, manager of notwork—managemont sorvioos for IBM

question Mt

"‘It 8 not an elthorfor

QM!E Establishad hv the Intsrnatuona! Standards Organisatmn, us government approvad

. CMIP {8 part of that- group ] Opon Systems intsroonnactmn {OSH suite of. sommunios'uons '

protooola.

o

CMIP offars manwfsatures that SNMP Iacks. Ono version’ callsd GMOT, for CMIP over _
© TCP/IP; rutis on TCP/IP, and a transport-indapendent version called CMOL, for CMIP over

Logical. Lk Control, rups at the Logical Link Centrol Iavnr, frsemg the protoool to run on

_any ne, ~vork, tegardloss of transport. 3% i

- which is still incomplote.

e

| A security feature Is also included in CMIP, bui: it is t!sd to tha OSI gonarat security model,

A CMIP console also can establlsh 4 sesslon with a dovlce and download manv dlfferent
~ pieces of Information-«all error statistics, for sxample-wlth ohe command. in contrast,

SNMP must quory for each piece of inforrnatjon.

Degpite the appeal of it§ feqturss and the backing of the federal governmont--whish
specifies that all oontracfors must eventually support OSI--CMIP has found little
scceptance among vendors and users. One reason Is that the specification Is very broad

and leaves lots of room for intorpreta}}mn whaﬁn it comes tIme to 1mplomont the protoool

St:l‘, CMIP is likely to becoms popular inat Iaaézt one ares: the lntooration of network and
‘tslscommunications managoment. Telecommunications equipmant makers wh prohabiv
standardige on CMIP bosﬁuso of ths foderal govemment ] involvamont in tolophon\s

raguiation.

Part of SNMP' oontlnuad dominance over CMIP and othor protoools is Its flsxlbllity.

Missing featur can be added to SNMP through a standards process that typlcally takes a
yoar or two. ianges 1o thé Bore CMIP specifications, on the other hand, must wiit on
LI cycles, which take a minimum of se\un yoars.m _

- OSI's approv.

In fact, the Intsrnet Englnbaring Task Forca (IETF)}, which overseas SNMP, is currsntly
formulating two additions to SNMP the Romoto Monitoﬂng {RMON} MlB_and SNMP

AN
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SOLUTION~-DMI
- increasing interest in managing PCs and the applications running on them. As & rasult

RMON defines & MIB that lets actwe natwork maoriitors continuously fead lnformat!on '

.- about network heaith and trafﬁc into an SNMP—hased console withaut warting fora = .
o requast. e . : _ o

Sl\MPI! now pandmg before IETF adds sacurlty through encryptien and authent:catlon,

¢an run on multiple network-transport protocols, and adds bulk data retrieval and features o

for h:erarchicai management but Isn’t axpectad befora iata 1994. .
SNMP now manages mostlv network da\uces. such as routera and hubs. But there is

several vendors, headed by Digitel Equipmént, IBM, latel, Microsoft, Novell, Sun

~ Microsystems, Synoptic Communications, and nearly 200 other vendors, a consortium
- whith may just have the clout to turn out an industry standard, formed the Desktop

Managsment Tagk Force {DMTF) last year. The charter of DMTF is to dsfine a standard

~way for FG hardwarae, operating systems, and applications to share information with LAN
1 managamant programs, whethar thosa programs ara proprletarv or based on SNMP ad

Dubbed the Deaktop Management Interface {DMI}, the spec!flcatlnn alms at craaﬂng |

- standard managerment agent that can gather from data any DOS-based PG, Ata . :
© " minimum, DM will identify the manufacturer, hame, version, sertal number (if appropnate}. _
" 'and installetion.date and time.of a component. More extensive implementations will s

extend these entries and provide a host of Infurmatmn such as tha amount of memorv
mstalled and prbblems with tha devtca . _

| .With thls lnformat{on, netwmk managers cah. he srnarter about tha way they tmublashoot
‘and maintain PC-centric LANs. By combining this information with data gathered from =~ - -

bridges, routers, and wiring hubs, network managets can for the first time bagin to
diagnose enterprise-wide problems without leaving their desks. They will, for axample, be

" ahla to determme “why two users on separate natworks can 't communmatew 2

The current draft of oMl {raleased in March 93} daﬂnes a8 managament agent for DQS
and DOS/Windows workstations. Drafts for Macintosh, 0S/2, Unix, and other

B anvlronmants will follow. The ﬂnal spenlﬁcatlon s expected later this yaar.

. ""he potential benefits are snormous but not withotit cost, _Though managers won't have

to pay. to gain DMI functionality, they will rneed to upgrade their existing clients, which wilt

- be 8 substantia! investment. What's morg, buyets must be carsful ghout the level of DMJ'
~ support they purchase, - Soma DMI xmplementations will gather miore dats than others. :

R Vandors will also find: that avan pruf!olent assembler programmers may have qlfflcu!ty

writing the code necessary for buliding the agent. This could further delay DMY's

_ acceptance, though with DMI s potentia! benaflts, most. Vendors expect to support DMI by

year's snil. . : : o

R

. D hopas t0 change that. Like SNMP and LMIP DMl presupposas three elemen!:s. an.
- agent collecting network management information inside the user's PC, a management
.consoie where the data is displayed and requaests are issued, and a cornmunicatmns o

: protoco! that ailows the management station to query tha agent. 3 s

"J

Unllke SNMP and CMIP, however; DMI only defines the architecture of tha agent. -And,
different from SNMP or CMIP agents, the DMI agent gonsists 'of a maln component, 8

- TSR, and overlays. The main component resides permanently in mgmory ‘and consumes
. shout 6Kb. Overlays are individual modules that ars calied by the main agent for _
managing the differant components Jn: the PC, Thasa components may be hardwaré (such -

as a hard disk) or aven software {such-as & specific applidation}. When s LAN

“administrator lssues a DML command, the main agant in the PC automatically loads the .
) o\rerlay for the spaclﬁc component.® _ S o

. _ 7
.“ - P .—;-’I‘% .
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Althnugh soﬂware, hardware, and other alements of & Pc dre impo[tant network adaptars

~ remaln the prime candidates for LAN management software. This is primarily because

most client problem-solving begins-with determining whether the PC Is connected ta the
LAN, With DM!, LAN administrators will be able to query the gensral health of all network -

o adapters on the. LAN, as well as query their traffic statistlcs. .

" There are thrae portions of a main agent First are the fllas storing mformatinn abont each .
" womponent., The.specification for the way In which this information is formatted Is called .
- the Management Infotmation Format (MIF]. This Ia roughly equivalent to SNMP's MIB
~ definition. Below the MIF files is the second component, the Compaonent Interface {Cl), _'
. which defines how the main agent can igsue commands to query, resat, or control

components. - And above the MIF filgs is the Management Interface (M), which. lots '@ LAN

product vendor query, centrol access, and be notified when a threshold Is exceeded (this

is calied an Event Notr’hcat:on in DM! parlance and an Alert 1n SNMP Ilngo}

o allows the managamant station 1o altar that statistlc

"A mansgarment console can usa thres commands o query an .agent: Llst Gat, x.nd Set. .
management application will use one or more of the List commands to query a PC's MIF
files to detarmine what components are Instalied in that machine. Other List commands
lot the managiement application discover the functions of a particular component. Get -
aflows the managsment station to request individual statistics frorn a component, and Set :

Yor.

While DMI deals with MIF f:les and component~managemant commands in great datail, it

. doesn't spacify how the Informationh and the commands cross the LAN, Information and-
 gommands will cross the LAN.In any number of ways: via SNMP or CMIP; or aven by

writing dlrectly to ¢ network layer protocol such es 1P or NatWare's IPX. fany users will

7 want same kind of mapping betwseri SNMP and DM so they cail query DM aggnts with
“: thelr existing SNMP-based management stations. This will then allow ristwork enagers
* to integrate data collected from the PC with data collected from other notwork devices.

CTHE Dmméks

.(J

__ oFDMI

" To date, thIs !avar hag nat haen deﬁned, though it is expacted tc beﬂ t.ompletad bv yaar §

ang 3 N

As one would axpa:t:tr LAN managemant sof‘tware wlll naad addjtiorra! F{AM over ancL

above the 8K used by the' TSR in-order to send and recolve management requests and .

tesponses, Even then, frugal desfgneré apd skilled assembler programmars will be needad B
to kaep tha size of the MIF transport sottware to a miimur. -

Even a skilled assembler programmer, though, wi[{ find the TSR overtav management
schenie & trickv environment in which to implement the processing of MIF language .
gommands, although the DMTF will supply program templates and sample source code. -
DMTF's TSR speciiication may present problems, The TSR, for example, will have 1o

- sarialisa access to the program's overlay area, which is where the agent loads and unloads
- modules for managing individual comparients. This is important to pravent two requests

for component module. information from colliding, with each other. Prograthmers aren't -

' parfact aivd nefther dre'the software modulessthay write, Aftar LAN yendors iron out the ©
initial wrinkies and fine}una thale-DM! software,however, ong'il most fikely find, DM} '
aware-LAN praducts tha rulu ratﬁer thas:q the excapj‘-lon in' most organisations.a"

What's rmore, not ail the lnformatlon in tha MIF files will ba ganeratéu complately by the B '

: eomggtp? And the amount of worlk it will take for one to enter manually the rearns of

Infofifiation about the networked PCs is daunting, to say the least. LAN vendors will be

- #ble to supply component-spacific MiF-file data when one buys naw products, but the PCs -

o )

will have to be ugigraded, as will natwork adapters, hard disks, and other components the
compahy already owns, Morgover, the company will heed to design and implement a plan
for gathering. and enterlng MIF data it it wants to take full advantage of DML, A remote--
control text editor would bie helpfal, hut such a progduct has not been defined by the
-spaciﬁcatlon, o _

d
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-The suocess of the DMTF'e efforts will dapond on two factors. Supphers of LAN produots-
will need to update LAN driysrs and perhaps redesign hardware so that they are DMI-
-aware. LAN msaragement softwaro vendors w:ll reed to add MiF iangt:ago prooassing o
thalr produots. : : S W : .

L Both cnteria WIIE be mot if the DMTF vendors support the speolﬁcatlon

cc'{juc].osmu DM fills a Iange, gapmg hole in network managemont' the admlniatrat:on and control omPC' '
‘workstations. Alf LAN verndors will eventually have to support DML t‘%thay axpaot 1 7+) sell
hardware and software 1o compames \mth PC-basod LANs :

- With those sent!mants and the bagking of tha Ieadlng notworkmg vendors, DMl w Al almost'
oertamiy oatoh on as 8 standard A batter alternative doesn't exist. -

in ordor for DMI to succeed fullv, however, NT, 03!2, Unix, and Wmdows c!ients must be
* -supported. With these environments, as with DOS, one can expeot to find tha DMI l‘SIH
_ o functiorls ineluded in the oruratmg system, R
Y L : i")
- Not everv devloe and. coﬂ.ponent wm be Instantly DMl—compiiant and. DMIﬂawaro of .
" courss. At first, the PC will load thé DMTF-supplied TSR and only a single compohent’
maodule, perhaps one for the PC itself. Later, one will install a new driver for the network
. adaptar that is DMI-compliant. Eventualiy, if DMI catches on, orie will have component
- modules that DMI management stations can use to gathar Information on every device in
the PC. When that day arrives, the LAN administrator will spend Iass time walking amund :
" the office and more time actually sotving problams.

G

NETWORK G °ERATING SYSTEM (NOS)

o

BAGKGRGUND Tho oxtont of. tha natwork operatlng system's control over the hetwork has\progressad
.. over tithe. . lnitfally starting as a central file storage polnt accessed by workstations
{typifled by +he Novell NatWare LAN}, it has now progressed to fecilitats client/sarver :
. computing as well as fermingl/host computing as initially typified by rna.nframas. Thase -
_ --c&pabllltles arg a function of the NOS and are illustrated belowt : _ :

THE NOS vs tHE Network operating systems, as we know them today, are in the midst of a fundamental
' PC 08 change. Instead of two distinst products-the network operating system and the operating
« system~the next-generation operating systems will affer built-in networking hooks. The -
©  network operating system may become a server solution only, while one will get the client
. “ PC hooks from the PC OS. Micrasoft reportedly will Include intrinsic networking

~ capabiiities [n & future verslon of Windows, taking-advantage of a Windows feature-called

" Setvice Provided Interfaces to create dynamis link Iibraries '"DLLs} that support the

dlreotory services of Varioua network operating svstams. :

-
i . . J
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o Today, fullv Integrating the LAN Manager NetWare, or Vrnes ctionr PG software mto a PG
“runring Windows involves loading patches, using third-pany products, and many other
“.work-arounds. The ldea of a upiversal Windows client, perhaps integrated into tha server
software with & special software option, as in the Macintosh today, oertamly appealsto
.. Microsoft, and it presents ho probleéms for Banyan Systerms with its unique entarpr{se o
o architooture. To Novell however, this approach meahs tosing ahy presanno in tha cllant

Whala the cllant mav undergo a rad!cal face- Iift., sefver software wull likaly und&rgo it owrt
changas. ‘Most radical of these will probably be the introduction of nstwork operating '
svstoms that can taka advantage of rnulttple processors. S

" Taday a network operating svstem s fila and prirt servar functlons wpioalw do not stress

- the server's CPU. Instead, servers are limited by the time needed to access the hard dlsk

‘and mave the data to and from the adapter cards. But when ofie adds network

- - _managamant functions and database managomant softwaro to the server, tho CPU can :
- become the site ofaha bott!aneck. _ T _

Ono approaoh tq the probiom s to dovotop faster CPUs Intel's 586 (thoir iatest advanoe
on the x88 chip-set] is surely a step in this direction.. Anothar appraach is to move the

_network operating system onto a computer with multipla CPUS, such as one of COmpaq 3

- Systempro line. But the devalopers of LAN Manager and NetWare have almost fgnored -

this hardware capability; only Vines can halance the processing foad between two CP‘U%
on. Speciflc hardwara platforms. Microsoft states that its plannod Wmdows NT oporatlng

. system is designed for svrnmetrical murtrprooossmg. .

' Another area of performance Improvament cons:deratmn is that of 32»bit opsratmg

'-0

. WhHa both NetWare and 0S/2 2 0 support 32—bit operatiuns, most DS!Z hosted SQL
_ datahases aro currently based on the 18-bit 08/2 1.x APl (Application Programming -

Interiace). Most NetWare-hosted SQL databases are true 32-bit applications. Theq are

- other fundamental differences betwaen the twe platforms. SQL databases dosrgnoa g8
- NetWare Loadable Modulas {NLMs) Yend to be faster than those that run under 0$/2. One '

teason Is that they ara dynamically linked to and becomg part of the operating system; . -
there is no layer of software batwaan tla application and the hardware.; But-a C

misbehavifig NLM {NetWsre Loadabls t.oduie) can crash the entire system, On the 03{2 _

platform, the operating system sits between the hardware and applications, servicing
requests for resources. Tha mediation of the operating system"adds overhead and 0

' e;caots ] spoed panaitv, but it doasg protaot against - behaved applications.3*

Anothar raason NLMs are faster is that NetWare rs non-preamptiva, each | procass is
sllowed to. run to completion, uninterrupted. If is the responsibility of the NLM to release
contro] of aystem resourtes at convenlent times ta-give other processes dccess to those .
résources. - In fact, this Is a formal requirement for Novell certification of NLMs. 08/2, on
the other hand, is a presmptive operating system; 0S/2 has responsibility for managing
system resources. - There is nothing to pravent 08/2 from interrupting. a process atan -
mponvenient timo, thereby slowing the completion of the process, The diﬁerenoe '
between the two approaches bails down- to gpend versus safety

4

i

Unix is & 82-bit operatrng aystem that's been available on PCs for nearly a decade. Highly

. ‘scalsble, thera s a version of Unix avallable for almost any processor ohe cari imagine,

‘from a desktop computer to a room-filling mainframe. In addition to maturity and

scalahility, Unix also boasts tha unfqua advantages of multipie-user and multipia-procossor
support. - . .

The ubiquh‘.ousness of Unix on computers of all slzos makes the mova to & blggor box
relatively painless, since virtually ail the same tools and procadures can bhe retatnad Just

o

- systems versus older 16-bit. The former providos moro power, spﬁad, pra_cass contml and
'data accossimlity. : _ R L
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o about every ma}or sQL dats'nase vendor, Including Gupta Teohnoiogiss,, inform:x, ingrss,

Oracle, and Sybase, has a version of its preduct that runs on Unix. In many cases, Unix

" was the SQL database's first platform; versions for NetWare and 08/2 were later -
~ additions. 1nfact; vendors often update the Unix versions of their products before nthsr_ B

@

versions, with the result thst the Unix product supports-a rnors advanced feature sat.

Ty

Mult:ple~proesssur support is the msin ksv advantage offsrod bv rnany vsrsions of Unix.
For a well-tuned SQL databass, the processing power of the server is often the fast

_remaining constraint, On 0S/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. Microsoft's NT operating

- .. system, released in the second half of 195 ., also supports multiple processors and-
. muitiple platforms. But untif NT proves its viability, Unix is ths oniv PC operating systsrn

with these capabilities.

W

Liks 08/2, UnIx s a preemptive, multitasklng ooar—:thg system iNotWars is not
presmptiva; the NLMs. themseives are tesponaible for relinquishing system resources so -

other applications can have access). But unlike either OS/2 or NetWars, Unix is also a

B miulti-user operating systam.  With Unix, one cai store both the ‘back end® and the. "front

end' on the same machine, and access both via a dumb terminal. This can be a very

-efficlent configuration when a user must connect remotely and the client sppiicatfon is

passing & lot of data back and forth to the server. Whan mult’ipls procsssors are used on' :

~ the servsr, the lncreased load can be hsndied easiiv.

-__Whiie ..hera are edvantenss to Unix; they come at E: prioe. Unix hardwars snd software is
usually more expangive than systems destined for either. 0512 or NetWare, Beceausé of

< the complexity of Uniy and the arcane {by today's standards) administrative facilities, the
" same can be safd for the adminlgtrative and training resources necassary to run & Unix
- system ot peak porformanoe -However, for state- of-the-art SQL dﬁtsbsss systsms, Umx
_-warrants a sarious- Iook o S

.’ CRITERIA

The .najor criteria ara listed below. SBVerai iesser features are iiiustrated in the ‘Rewews‘
ssotion 83 : _ o

Eaui.:r_]'_etm Going global means that resource"s-must be a’vsiiabie when a user nesds
tham, - It also entails ensuring that the network ¢an function with the reliabllity of a phona_
service. At the haart of that service is setver reliability. Fault.tolerance is an smsrgmg
toature for all thras network operatinn systems.

Safetv features range from momtoring the operational status of an unlnterruptible power
supply attachad to the server, to mirroring disk drives or drive controllers to ensure '
continuad operation i one falls, to server duplexing, whare one runs a separate computer

' 85 8 constant hot standby for faii-ssfe operation.

“certet of many Ethernet and Toksn-Rtng gabling %fhame%g % nq t“n} fr'is ssi‘{st ints e
: oomman dsvice. ' o : R S

NEBNQB&M&&MEMENI With networks growing in size and com exity, netwo k maragsrs
néed a way to control and monitor an enterptise-widgme work? tter. One ﬁ the
developments during the past yeat in network mana ,Lg‘:q wasdNoy sll's hlu i C
Managernent Interface (HMI}, HMiis a spsoifioatioi)/t togra 5 t X Jrinﬁ hbb, the

| o
l . . .
-::

Puttmg the wmng hub inside ths server rsm,/éss ca\ts besause thsrs ia no cabiriet or

~ powet supply and the server's CPU runs thf} buly méqagsmsm softwarg. 'Wirlng hubs also |

make it easier for vendors 1o ship rsady~to}?irun networtis, complete with pre conflgured fale
SuIVers. ’ o T : .

nepsnding o the configurstion, howsver, there mav be tirawbacks to integrating the hub
and server: The hub/server gan create a central point of fallure, Nevertheless, wiring hubs
anable the oorreletion of ﬂetwork operating system inforrnation with information ebout the

Ak e om




physlcal infrastructure. i the network is ‘fall% 4 management applicat‘ion wiII ba abla to
detsrmine whether it is tha servar or the. network Itself. that is caus:ng the error.

' BsuARwTY & BESLENCY, OS| tcpan Systems Interconnaction} is & set 6 standards for

commun!catlon of data, It is often better If one can standardise on one protocol suchras .-

r\} » (=TCR/IP (Transmission COntrol Protocol/internet Protocol) end IPX, {Internex Packet -
Exchange), but there Is often a need for DECnet and SNA (Simple Network Architecture]
" _protoeols, In connactmg any data statlon with any uthar, it is vital that it is secured _
_ ugainst fajlures or problems. This eould be cavsed by Iine congestlon and it is necessarv.
. 1o ramv*e without any intarferance by users. . G Ce
HE:I]&QEK.DE&BH It Isvital to adopt g well fhuught gut stratagy for the network This
should involve decisions at four levels. Tha-first is the access level, the level at which
- users gain access to the system. The sscnnd Jevel i that of 1:hgil work group, how users
~ who work togethér share duta and resources, and how'tl.uy are linked for this purpose. -
‘Thirdly the distribution:igvel, which Is how the’various work aroups, perhaps downsized -
- divisions of the new orgnn.aatton, connect w {h each nther,‘ posslbly across rsmota
gaagraphic areas; : _ '

e ,‘_z_,.

A
" Finally, the core systems, that suppart the basns un h al! the ne‘twarking wtaysé plaga,
It Is like the vision of & totally automated country in Which any ingividua _,a:Lhﬂiffa can get
_Into & local suburban system, then into a city-wide system, thep-iskiH Hiational
~” communications grid, 4nd finally into the world grid,” At-each lovel there are differeit

‘eommunication neads, in.terms of speed of tranafer and the amount of traff‘o that can ba - | _

supported. - ) _ _ )
BQDIINE.AL&&BIIHM& With the growth of networks and thelr interconnections at the

- distribution level, there are often many alternative paths for a messaga to move from. one
usar to\nother, “The mechanism for choos!ag which path is best is-called the- routing

- algorithm and shoyid be based upon the cholce of the basic carrier, the number of

~ alterriative paths, the congestien on the llnes, and the speed of the different paths -
availabla. _ S _

i ' Mlﬁﬂﬂﬂgu To movn from maln frame communucations to the networked envirofiment N
: - means planning carefully, Often itis requirad to integrate the SNA mainframa network

Toto the LAN through muiti-protocol cohverters and routers. And It 13 generaﬂv advisable :

% to plan for parallal aparations as far as 1s possible. S
) "'-\.'
RF.vnEws 85% of the LAN {Locat Area Network) market Is dOminatad by Nove!] 8 Netware. ;',:'
Microsoft's LAN manager, and Banyan's Vines. Digital's Pathworks js fast bacoming™
force capahle of uniting NOS digparities, and Is also a strong contender for future market
dominance.*® This limited tange, the import of. thd NOS to a systam's functioning, .

malntenance, and power, ard the fact that NOSs are widely divergent, makes it easier to

 provide B comprehensive review of each product, than to complle & feature chart that

would be able to convey the meanings of the complex terminologies.. Herce the following

s a list of the more widely reviewed features found in each system, followéd by a chart
~ that is possibly over~slmplisﬂc whan read aione, but summarlzes what is stated [n the
mein text.® S _ :

ms:m[aagld._.g Intraduced by-Noveil in 1983, the f!rst version of NatWara ufferad basic o

" filé and print services for small departments. Several years and revisions later, NetWare

- ¥2.x &nd v3.11 dominated tha market with improved security; high relfatliity; support for § N

R - - . many workstations, inclutling DOS, 05/2, Maciittosh and Unix roachines; and support for-
0 D © ' many protocols, including SPX/IPX, TCPJIP OSl and AppleTalk., NetWare v3.11 provided

' _ the highest parformance of any comparable natwork, but 1t lackad server domains,

- direttory services, efficient W.p“ support and protection against server applications.

Noveli also faced strong compe .aon from such vendors as Dlgntai, M[crosoft and Banyan. ,.

=




| With NetWara vd}.o, Novall ié attemptlng to address‘tha concerns of corporata users and
ensure its market domlnance T :

' _,y

S /ﬁ‘ ' Sarvar Arch‘n‘tacture' At the haart of Néth;rh v4.0 is thg NatWare Qperegmg
ST _.f a System, whinh  provides a dedicated server arrwr,t‘mrn-mi“, The NetWare.08 performs baSI'{t
' operating system funetrons such as allocattng résemoty for processes, scheduling tasks alid-
providing access to the fils system. -One of the bidhilghts of the NetWare 08 is Its
modular design. XThis arghitecture allows tha dynamic loading of software modulba cailed
NLMs (discussed earaerl _ o _

i

o Flle Sarwce Protocols: NB‘tWafe V4.0 supports DOS Windows and 08!2 clisnts bv
.- using the Internst Packet Exchange {IPX) protocol and the NetWara Core Protocol {NCP). .
- NC funetions at the upper layers of the OS] model and is used to establish, ‘maintaln an d
tarmipate network sesslons. NC messages are routed by IPX, which uses a data gram: .
delivéry system. IPX does not contain error-checking functions, Applications caf usa the o
© .. - Seguenced Packet Exchange {SPX) pro':or:ol, whlch prowdas vlrtual sesslon and srror~ o
o _chackang functions _ S 2 :

" NetWare sorvers use the Service Adv;ertising Protocbl_-{SAP} and tf';e H‘o)utirig-lnformatiun _

_ Profocol {RIP} for service annour. jements and server-to-server routing updates, NetWare

: - also supports the Open Datalink Interfacy (oD, whlch gnables muitiple protccois to W '

RN functlon aver any netvb,brk card that supports opl, - _ T
Navell prowdes NLMs for supporting Macmtush clients over AppleTalk, Unix WQrks'rat[ons

over NFS and TCP/IP, and OS! systems using FTAM, NetWare v4,0 provides an intagrated

envurcmment for all thess chentsg anablmg them to share fllef’ and print sarvices. :

o  NetWare D:rectory Services INDS): NatWare v4.0 oal treat multiuserver hetworks
: o . gs @ single entity, This enables users to log onto the network onrte rather than onto
individuat servers and lots supervusorn manage ong Iogical network rather than Separate file
setvers. - S _

_ WAN Support. Novell has Improved WAN. support in NetWare v4.0 The packet
‘burst feature of NetWare enables server and cllents to exchange .,af\feral’ data pqckets a
 bufore sending verification. ‘Also Jmplemanted in this release is the' Largs Internet Protoen!.
{LIP), which enablas servers and clients communicating over a WAN to negotiste the
packet size rather than use the defaid! size of 512 bytes. Both featured.improve NetWare -
. - performance over a WAN, Howaver, IPX still is not ag efficiant in & WAN enviranment as
-i' . some of the other protorols, such as DECnet and TCP/IP. Many custgmers are gsking

a _ Novell to inserporate file and prmt servicas using TCPIIP rather than ¥ 4 nnaling IPX packat‘s "
' o through TCPIIP. : :
7 o a !INESJLM One of NatWara s major competitors is Banyan's virtuai Netwurk Scnlutlon

. {Vines), Vines is a NOS that rung as a dedicated file server on ap x86 piatform, The
© Symmetric Multi-processing (SMP) version of Vines can provid: “supetior parformance by
taking advartage of SMP machines ruch as the Compaq S!,rstnmpm However, Vines' real
strength Is its ability to sithplify the task of using and managing a natwark of rnult:pla
- servers by integrating them into a single log:cal network

7 S Vines vB.5 Archltecture' e Vires server rung on to of & Unix opsratlng aystem
- : e - shipped with the produst, Users, howaver, heedn't be famillar with Unix set up and -
manage a Vines network. All network services on a Vines server.iun as pr royesses
_ _ - performing varlous tasks. Tha Vines servar service executes on every server and handles
" _ _ lntarnal communications, monittts the status of services and synehronises time with othar
: petvers. The Vines Vangusard service Implements netwark sacurity. Vanguard
authentlcates usar names and passwords bafore allawing gccess to the network.

e,
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Protncol Support' Vines uses the LAN Manager. pratocol for *II& ‘and prinit gorvices,
Messages ara exchanged between cliénts’ and sarvers using the Vines Sequenced Packet
Protocol (SPP), which provides virtual connaction services, Vites also provides ths .
« Network Remote Procedure.Call (NetRPC) interface fér developing network applications.
StreetTalk and other Vines Services, such as mall, use NetRPC for communications. Like

NetWare, & limitation &f Vines is the use of proprietary protocols for flle and print sarvices.

However, Vines supports such protocols as TCP/IP, Net 8108 and X.25 for other
furetions.: Vines can aiso tunnel tha Vinas protocols in TCPAP packets

o StreatTalk Divegto» _%rvices* Vine#" provldas baslc file and print services s:rdélar o -
- those of othat NOSs, Wt at separates It from tha rest is that integrated into the Vimsg 08

is StreetTalk, Banvan s kig, ¢ acclalmed distributed global dlrectary service. Street(s X
dilows resources to be uniquely identified on the hetwork, making ther easier to acce

and thanage, Afl resources, insiuding file services, users and printars, are defined as -
objucts. Each obiect has k] StreetTalk namea assoclated with It. N o
MNEOJNE.NLLJ _M.&n!anmm Microsoft's LAN Managar server is avallable an the Dsh"\
“platform, providing file and print services to DOS, 085/2 apd Windows clients, The 0S/2-
based sarver received limited acceptance becausa of lowsr psrfor ance and just bssause

it was 08/2. . However, LAN Manager will suoh be available in the base Windows: NT

pmdur‘t and-in the Windows NT Advanced Servar, which wult ma\te ta \uable option.

Natw::rking Capahilltlas. Windows NT featuras huilt—ln pear~tn—paer netwarking, “ |

- whieh allows file and printer sharing among work groups, Windows NT usas LAN

- Manager technology for fils and print services and can function as'a server and. client.,,

Wlnﬁuws NT offers LAN Manager servicas, using the proprietary NetBEUI protaco! for LAN

a, cess or TCP/IP for WAN access. Windows NT Teatures bulit-in support for DOS,'08/2,
ndows and. Wlndows NT cllents. Appllcations support is prqvlded uslng a Variety of

atandards. . _ _

Many vendurs are \ﬁrorklng to integrate. thexr NOSs with Windows NT. Dlgitai has

" developed Pathworks fbr ‘Windaws NT, which enables a Windaws NT system to function

as a Pathworks c!lenf or server over DECnbt. Noveil and Banyan are also developing ciient .
- ghalls for ‘Windows NT, which will make Winans NT one of the most cnnnented NOSs in -

thé Industry, -
£
. One feature Iack!ng In LﬁN Managar is a global dlractory sarvlca such as Straat‘l‘alk or

NDS .
ks ?\ T ’ +

- ; wlmiows NT Advanced Sawer- The basic natwmklng featuras in Wmdows NT are

sul‘fficient for small work-groups. For lprger networks, Microgoft recommends the
Wikdows NT Advanced Server, which offérs POS, windows, Macintosh and NetWare
~cantgotivity, SMP support, advanced sequrity, and setver domains for enterprise
netwsarks. Domains can be used to group & logical collectian of servers, Users cant then
log anto the. domain once ang/fiave aceess to all the authorised resaurces. Trust
relationships allow domains to shure user and gronp lists to enable usors to acness

\':

e
A

i

resourceg across all domgjns in the network. Domains also provide m‘htwork pdminlstrators -

with cenvralised management napabnl]tv. :
\.

One can afeess the Windows NT Adva:.ced Server frof' a remote dffice via thodem, using ™

ihe Remote Access Service {RAS) module. Macintosh support is expectsd to ba insluded
-~ in the final release, with the- Windaws NT Servicss for Macintosi (8FM), The Adviinced

Server also offers extensive fault-tolerance featuras, providing enhanced dats rellability
uslng the NT-File Bystem [NTFS), disk mirroring, disk duplexing and disk striping (RAIDS),

The user acceynt database Is automat:cellv repiicated thereby eliminuting any smgle promt N

o{ failure,

1

PATHWORKS While Mlcrusoft and Novell battlo It out with NetWare and LAN Managar,

, Dlgitai hag ahoﬁ\gn a different phnb‘suphv for desktop dommana@ Digital's atrategv is that

M
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i ol:ents. And Pathworks servers are also a\zailablo o1 the
. ﬂavours of Unix) and os;z plaﬁorms.

- whathor uaors ohoose NetWara ar LAN Managér, Dlgi:tal will provido the software tools _ |

necessary to integrate and manage thoir networks on ono of the fastest hardware
platforms in tho industry. . _ o

This® philosophv is evident in the avaalab:lltv of Wndows NT on A!pha AXP {a hardworo
platfarem for whose acronym the author could not find a translation). Digital #lsn has-

- announged that native NetWare v4.0 will he available on the AXP platform. Furthar, tho
upgoming Pathworks product line for OpenVYMS will offer orie bf the bsst cholcas for

imtegrating and managing the various network technologies. Future Pathworks releases
will enable 2 single QpenVMS system to support NetWar-.LAN Manager and. Maomtosh
}IL R, 1%, SCO Unlx (vorfous

o 3 .f‘\

5 Gliont Support' Digital offers softwara to anablo DOS, Windows and 08!2 systams

"t funetion as LAN Manager-based clients and nccess the services of tha Pathworks

~ servers. In addition to standard flle and print services, the softwérs includas applications
“for terminal emulation, mall-and the X Windows System. For file and print services, no

additional software is required.on the Macintostr clfents, since thav have built-in

- AppleShare. The Pathworks for Macintosh client software includes software that provides
. Maointosh clients wfth DECne“t, tetminal emulatton, mail and x gupport. _

OpenVMS Server A;ghitgcture‘ Unlike NotWare and Vines, whioh rut ln a dedicated
sarver environment, Pathworks servers Fun. as OpenVMS detached procedses, An
OpenVIMS system running Pathworks can dimultansously support networked cllents and -
interactive OpénYM$ users, . “his design provides a rich environment in which PC,

| Mao}otosh and OpehVMS users oah share data, rnail, pnnto“ﬂs and nthet‘* rasources, -

v

- }1 o servors and Proiocols. Tho Pathworks for OpanVMS?l.AN Managsr server offors ﬂia’”
and p

rint services over DECnet and TCP/P to DOS, Windows, Windows NT and 08/2 1
* tlients, The TCP/P optlon aliows the server to support not only Pathworks clients but
‘also any LAN Manager client that can use TCP/IP. Both the DEGnet and TCP/IP transporta-

_ provide efficient LAN and WAN capahil;tv. '

The Pathworks for Macintoah server js compatlble with-the AppIeTalk Filing Protocol (AFPi

v2.0 anid supports Macintosh clients over AppleTalk, Included with the product is an

- AppleTalk-to-DECnet gateway that enables App!eTalk-onIy Maclntosh svstorns to .

: -.,ommumoata with DECnet svatams. .

Futura Enhancements; Ore of the most lmprosslvo Pathworks vB.0 componants Is

" unofficially called FramaWorks, This multi-vendor Integrated managament conscle system

snables ohé to simultanscusly 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 menagement tasks, such as adding users, creating services, setting up printing and

_ managing security for both network environments, Fyture enhancements will’ support

managbmiit of OperVMS - «d Windows NT servers, . Hooks are provided to allow
develapers to add managerient interfaces. A key design focus of FramaWorks is to keep

~ the tarminoldgy Intact when one Is managing a partlsufar environment, For example,

. whan one adds users, the same screen will show the appropr!ate flolds, depending on tho _ |

) servar--NatWore or LAN Manager»—bomg managed

The Pathworks vB.0 client software is also undorgoing a face~lzft., Tha softwara will be. -
available as separate products for the DOS and Windows platforms. The DOS platform -

" will support a command-iine and a character-based Windows interface., The Winclowa _

product offers all utllities and applloations with a Windows intorfaoe.

Pathworks v5 0 ollonts will be able to use NDIS or ODI drivers for communioatmg with tha
network cards. The clients will also be able to use DECnst, TCP/IP, NetBEU), IFX, LAT

- and LAST slinultaneously, and load and unlvad the protocols dynamicollv, all without

. having to. reboot. Digital 1y rowrltmg the TCPIIP staok, which is expooted to be smaller
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' and faster ﬂaan in the pravious varslons. The comhinaﬂon wlll halp nallava tha FIAM cram -
in Dt}S workstations as mentioned aarher. : L _ '

o

: t:ogc_i.usmu Dutside nf PC based appli&ations, the LAN oparating systam becomas a choica af threa. _
e - Novali Nestwate is the current PC LAN leadar, but tha Netware ssrver operating system .
© . only.rung on PC hardware and since It is not a general OS relies on Netware Loadable -
o © o r 7 Modules (INLMs) Tor sarvers. This is obsolete technoiogy. Microseft Lan Manager- '
| o8 (MBILM] uses D8/2 for the server, which is general purpose ang:otfers mare seope,
' © Tt particularly for trangaction processing with stored proceduras. Furthar MS/AM includes
e _'mu{t:pla protacol optioys, including TCP/IP, which should be the primary cholde since it s
s sugported on all systems, . Unix can also be used in MS/LM nétworks with NCR's LM/X
T vs:rslon 2 sarver prcduct. Noveil may yat produce an acceptable Umx server produot. S

C Tha third choicze is Sun UNC effactwelv taking PCs to ‘Qba estabhshed anginaarmg LAN
L .-« world. Here there is anly one protocel, TCP/P, and it I supported by all systoms from’
R T mainframe thesugh mini to PC. The NFS file server is not as afficlent as Netwate (nothing
; TR is whian it ¢oines to pure file sarvmgl but the range of choice of servar cperat!ng svstems
makas |t wav ahead for clientfserver systama. oS B ; S

oo - : R

)

oo bae

a ’ : - . . E . S

B b AEE L B BT ik % L aTde 4 b e b b n . . % A



|Pesswords can be assigned to resouroes

ANDIS _- ‘ o : M
Joni T -
5
istributed database . i
Bobal naming abifties )
Hyslcal iames mapped to fog[cal names
X500 Compiiart naming conventions H R
|Glrsitory of resources T " . 7] i
Synchronisod bhanges 1o difectory o [
ﬁ Drmctory of users avallable across WAN _' _' > _' . ' n:__ ' m_'
=
|}

faoks simultanecus fog-ons

an cragta a system wlde tnn-an scrlpt

|Allows hex fixes o,

Autumatically updates workstatian shali at log-qn

BRiEk

]

L
upports OSI Encapsulation ' '

[Supparts SNA gatawav

dmmistratur 2BN parforrn ramota bout - o
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ln conclﬁsion the foilowlng stratagy should be adopted todav for totally new installatluns_'
or for pllots readying 10 upgrada current LANSs. B e

Install - Unix server with TCPIIP amd NFS. This can be a 486 PC with SCO ar Intaractlve" |

- Unix, an RS/6000 with A4X, & VAX with ULTRIX; a Sun SparcServer; €tc. Itz a flexible -

shoice; all support the NFS, as standard. Just a3 kills have been acquired to install ang '

- setup NetWare, atc. then hew skills are needed for TCP/IP, ete, Install, in a ?C QDS

|  Woglongong, ste. Instali-etandard FC packages e.9. Lotus 1-2-3,/

worksgatlon a TCPAP plus NFS requaster package e.¢. Sun PCINFS- ftp Softward,
ord Perfect (DOS

" versions) on the Unix server and test them. All standatd singleissr DDS programs will-

| StAGE2.

. work wuth tha chosen database. o e

Sraeed.

. STAGE4.

work, - However. many PC programs are extensions to DOS and thus won't Work. Tha
_current developments in PG TCP/IP products sre to add Netbios compgiibllity {sirmlar 10

- the Natbios extenglons in Netware); this will be essentlal cover furt
--_Anv 'DDS' prngrams, no mind haw popular, thatawon't un usgy annad

DOS programs. R

Chmss 8 databasa supphar and Install ‘the server on. tha tnl h:na. han choose R

_development tool to writa programs In the PC o work with the SQL raquester. Mote that

all QL tools don't workwith all SQL databases‘ maka sure favourita 4GL app!:cations

C‘
[}

1mplament one. or more Unix pragrams on the server which can ba Tun uaing the teinat o
featura in the PCora multl-pom.mmms cerd. and ASCIl VDUs can ha addad R

} .
Impiament a gataway to any host computar or wide area network. If at the aanha ‘ﬂm as

" this deva!opment TCPI!P has bean added tu tha ho'st computer then a gataway Ian‘t

needad

A any stage look for paokages as well es davainping progranrs ‘and whsnevér thev are

~ facilities enabled e.g, RISY
wnrth the effort - .y

o Yoo

Bthernat. .

avallable Introduce 08/2. 2, Windows-NT, etc. workstations, . At any §tage existing Unix '

workstations can be simply connecteld to the same network. The choice bf Ethernetor -, *
Tokenrting Is reiativalv unirnportant a[though hlstorinaily there is mare wpport for '

'.-@. 'D . . L 9_

Natworkmg Is néver slmpia and TCPIIP is no easiar than ﬁl,etware. But tha vast Increasa In _
hardWare ;md the interoperabllity wlthnut gatevgavs (s well
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. and the user, The operating system dlso
- sérves as an Interface to tt - yhderlying

_Most operating systema lGSsl are div!ded mto
two haslc layers; the 'kernel,’ which interacts

~ that the pperating system parforms, which
_mav or may not ba hardwarauspemfiu. :'_

" An operatiflg system provides a basic set o_f
Instructions and functions that make the

(%
process easier for the application programmer

hardware, providing a lové: ,:Iaving field' for
everyona who wantsf to use the corﬁputer

SYStem- . o .
& ' ;

diractly with, and is spscific to, the underlying §
hardware, and the ‘services,' the functions

o Strictlv speaking, computers do not naed Operating svstems to work. lf an applicaticm ia

coded diractly for the - lying hardware and then loaded into memory Jn some fashion,

" the compitter can be .. sed 1o 'jump' to the flrst memory address ot the application

and axecute from the Jviouslv, this is not a tarriblv aﬁ%ciant wav of funnlng software

'

| Thare m'& several m*pdels around which an operatlng system might be based “

L Mgmmmmm Tha monolithic: operatmg system mode} Is & structure wharem all the

. functiong of the operating system are allowed to commiunicate directly with one another,

* with no particutar hierarchy or sequence. DOS uses this model. and #t is a part of what . i .
makes POS so hard to. mOdIfV sigmfucantly . . e R

. ,.-——‘z" .
e

' Because the mdiv}dua! elements are interrelated, mod'ifying on “{ like the file structura, o

meéns mudifleaticn Qf othars,. and matntaining cornpati bility with earlier versions is that

. much mére dlfficult. 5. ‘\\

<

L&XEBEQ.MQEEL In this %tructure, each fumcilou"n may only communicate with the function

directly hensath it In the hisrarchy. With regdrd to adantability; this mode! has an - _
advantage over the mohg' ™~ model in tha} each layer communicates only with a singla

- other layer, whlchessent{ i3 ;;.\ tes the individual layers, Modification of any layer,

then, can be accomplushed wnm‘f"iut changiﬁlﬁj the entlra structura of the operetlng svstem.

_ QL!E&I.&EMEaMnnEL ‘fha lnnst mo }q_nzapproach to the deslgn of\Ln operatlng system is
the cllent-server model, 'q this model, vach por- kerna-@E function 18 treated as a server

to the appllcation 'behind' it. Theee servers communicataiwith the cllent and the kernei
independently. The client-server model also combings the best features of the other

-maodels, in that each function Is indapendant, for aasi of mudifrcation, vat each is duractly

anad to tha karnel far spead 0 }
q- SN N - b

._' The uauatagnm now ﬁrlses ts what 08 to choosa for jﬁéach wnrkstatlon

.
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9 CRITERIA®
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h Unllka anh applrcatlon, an operetlng systam i& not chosen for the features it offers.
o Operatlng 8ystems are chosen; or designed, for factors like portablllty, adaptability,

" The criteria oparatlng systam deaigpers daern most important detarmines, to a Iarga

robustness, spesd, security, and their develcpment environment. All of these elements
-are In one way of another affected by the 05 design model, which changas from system

to systern. - _
AL

- extent, how the OS is coded.* Assembly languags Is the fastest, but the least portable, .j'-i .

" Portabllity Is snabled by using a high-level language, like C. -Adaptability is the ability of -

an-operating system to accommodate new devalopments in hardware, and is enhanced by

'tho codlng of the OS In 'modulas that are relatlvely Indapendent of ane another. :

Flobustness is also affeoted b\r moduiarltv, and ig the ability of. tho operating systsm- tc'

. survive hardware arid epplication failyres. Security and development environments are’
' alsoa matter of dasign, though not 50 rolatad to the actual struotgre of tha OS

CoMPATIBILTY

Cooperativa work raqulras alther tha]: tha safne applicatlons be avallabla on all the systems
or that the di‘farent appllcations on those systems read & common document format,

a Eva{} true cllsntfserver appllcatlons face similar problems. lf & Windows NT—basad

database server i& to setve Unix and 0S/2 clients; for example, frant ends for that aervar

* must be available on both Unix and 05!2 Wlthout such front ands, those. cllents would
be cut oﬂ‘ from. tho sarvar. : _

The 08 that the server runs on can be quite lndepandant of the opergting systarns each of
the workstations runs pn--esg cially when non-dumb desktops dte used. In fact, itis quite -
deslrable to run on different % as this is often a function of the computer chip set, arid
hetics its power, and one rarely“requ:res the same powar on the- desktops as on the Ca

. server.

t

_ _Frotoools, as. disoussad earlier, can be made av;ai!abla from any 0s, and are the factors

' “anabling disparate OSs to communilcate. Thus, the servar OS receives calls from client -

- statlons on other OSs through & common protocol, and returns lnformatlon ina srmllar

GRAPHICAL USHR
- INTERFACE IGUI}

Mmanner, g

A ot of the ad\rantages assaclated with Windows lDOS Umx, Maqlntosh ot whateverl
based applications, are those associated with Windows ltself; namely a common look and
fegl across applications, quick access to pther appl:catlons, Dynamic Data Exchange -

. {DDE), Object Linking and Embedding {OLE), etc. Many coripanies 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 distinet advantages over thelr

DOS counterparts. . The first is their éase of use~they make excellert use of GUls and -

variGus tools and utilities to provide a highly visible and easy method of developing

~.sophistieated applications, The second advantage ls their sbillty to store graphic images

directly in tables. Moving to a Windows databage product is not without disadvantages,
These products are ganerally slower than their DOS counterparts. Also the fact that staff-
may hava to ba retrained to use the new appllratlon ona Winglows platform also presents
fts own spaoiai bread of problams‘ L _ \.WJ -

These pros and cons are all good and wall but what about those users with existing

applications doveloped under DOS based databases who chooss to migr.te? 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 diractlyl. The problem lies in
the underlying application, Hare users will have to fage a hatd fact. §f one wants to move
to Windows, existing DOS applications will generally have to be re written, This may not

 he ag dauntlng as It first appears. Doveloplng applications on a Windows aased database

3
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cen prove a surprlslngly aasy task, If the existing appﬁcatidn is essantiaﬂv wrltten on &
" .. data entry/query basis, then the move should hot prove too troublagoms, and in fact a -

. platform application facilittes. There is no simpla solution to the probi _
& trade off betwsen the advantages of Windows and the difficulties involved in poiting the *

‘number of applications can be ported without any programining wh Ft—so-euer Also a

nurriber of Xbase applications can-be easily ported to FoxPro which rhagra:owarful eross

* application. For simpler applications real benefits can be detlved in moving to Windows,,

o | Iet working apphcatlons Ile

Highly complex applications may have to ba oompletely ro-englnaored and &t mav be bost

= LA
ko

Systems} under Wndows Is discussad ln moro detail under thoao sections. .

CL!ENT OS REWEWS

that is essentlally _

3

. : Thero are onlv five main oporatlng system worth cons]dering for client applroatlons, Appio,
3y _DOS {ang Wldows), Windows NT, QS:‘.’Z and Unix,49 These options are discuased bélow.+

AL

In the micro worid, Apple was the fitst to intraduce a computor operating system that was
- really for the non-technical user-an O3 that fncorporated a graphicel screen which enabled -

users to perform. many system functions without raverting to keyhoard commands,

The davolopment of DAS tDa‘ca Aoqulsition Systams} and MIS {Managament Informatlon SR

| Sigriificarthi, Apple also required application developers ta maintain the conventions, with .

regard to function, that Apple had established. The result was computer hardware that

- was 8asy to use, consistent in appearance and function throughoyt its sulto of .
app!lcatians, and ralative!v bug-fraa apd aeamlsss in operation. L 4{{ L

_ Appte has malntamed this hlgh standard throughout the devalopmont of its computor Eine, '

to the point that even the most powerful Macintosh avallatde todav has an ease of use '

) 'tﬁat is generally unparal!eled in the teohnical markotplaca.

Evory operaﬁng system manages system memory,; the sum tota! of which is callad the
heap. This is a fundamental reason for the axistence of an vperating system. How that
memory ig made available to applications, though, varies. Most systems use pointers to

. assign a given block to an appllcation. In the Macintosh, wheén an application makesa
~ system call for.a memory biock, the 08" atlooates the raquired amount {If it'8 availabio] and

__asslgnsahandle to the block.

-Essaoﬂally, a handle Is & pointer 1o a pointer., - This allows the Mao 05 to construct blocks

of sufficient size where no contiguous block existed. Separate mermory pointers are all -
finked to a single handle, and the application. never knows the difference. In practice, this.
allows more efficient use of available memary, because indivldual pointors can be

_allocated and deal!ocatad from a handle as nesds dictata.

Resources are another- ooncept that orlginated w:th the Macintosh. _What thay do Is allaw _

software to) manlpu!ate many differant types of code and data structures in & consistent
fashion. Relpurces are data ldentiﬂad by types--types the operatirg system racognizes

' Althoogh reso roes can be’ created by’ the systeni progra’mmef; care must ba taken not to

duplicate any i
efficiency in o
other types of o

xisting standard resource types. Unfortunately, resources may make for -

ating systoms”® classifications, The: pOtentioI for rough transiation
e _

' ma«as portability to BOS, Winouws, or Unix extrernaly diffioult

~ Since the Macintosh 15 a graphioallv oruantod svstem, all screen and printer output {with -

‘the exception of direct PostScript code) is handléd by QuickDraw routines-the official
_ M_ao ntosh method for handling graphics cutput. Under System 7 {Apple's latest offering),

]
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rating system handiing of data structures, but they don't translate wellto



i OuickDraw functlons are raduced to a set of 13 routlnes iwhlch var by davica) knawn .

as the QuickDraw bqttlsﬂeék procedurss. This feature aliows an “application, programmer
to write code that is essentially non-cognisant of the display or printer type, greatly . E
simplifying their task. At the same time, paripheral manufar:turer..\only have to make therr _

- devices recogntze the Quickﬂraw routines.

Finaliy, gvents arg triggar functlrms in the Macintosh envrronment An event is causad by

a mouse click, & key belng depressad; or a disk being inserted in a drive. -Events tend to
change the entlre feeling of the Macintosh interfaca, by transfarring apparent control to

- the user. Appl uations are . fent-based, so that the user guides the appllcatlon nitg . .-

prucesses

¥

' _The main obatacla to system 7'5 dominant.a of the desktop Is its lack of portabilrty to o

.other piatform types. Itisn't-so much that System 7 isn't portable {anything is, with

enough effort) but that it seems to be spacific not only to tha Motorola 68000 family- af' '
processors, but to the Macintosh as well, and Apple shows na signs of changing that ~
stahce. In other words, Apple l&n't trying 10 be all thmgs to all people, but-to be

B everything that some people want. .

. DOS Alb
Wmi_mws

When IBM introduced the PC in 1981 with Microsoft DOS as the oparat:ng system, _
application consistency was not the standard. Because DOS was a more 'open’ system
than Apple's proprietary 0S, applications were developed in a free-for-all fashion that

- resulted In.a tremendous number of programs to choose from, sach with their own

' standards of Oparartion and methods of handling memory, display, and file functions. o

While this was uitimateiy of beneﬂt to iBM and ity competiturs, and to those who chnsa _
“the PC or its "compatibles’ as their system of choice, it:also had the result of producing

very little consistency. Thers was no guarantee of how an application might 'behave

. with-respact 10 the underlying operati g system.

"J‘Originaliy, Windows wal ki attempt to bring some of the features that the Macintosh had

_ mbde so popular into the PC. enviranment. But because of the way software had heen.

developed for tha Intel/IBM and DOS architecturs, there were numfrous difflouitles, riot

. the Yeast of which was an inability of the underlying hardware ta p/ovide the kind of
- memory addressing and processing power neaded for a multitasking graphical
“environment, However, the 386 and 436 has changed that, and now DOS and Windowa

| _ 'wiuoowsﬂ"r

can be seriously considerad as 8 suftable environment for futura migration to Wmdowa NT.

Tnday's micros hava suffrcient protessor power to handle the demands of a corripiex arid

- powerful operating system, and Microsoft is rushing to fill the gap. Windows NT (New

Technology) is Microsoft's first stab at providing a user interfacs as a part of tha operating "
system, hot as an add-on iavar, and as luch i brings several new features to the :

_ env{runment.

Windows NT will bring together support for several different processors and harrlwara

- platforms, and provide an operating system environmerit for application programs that -

nominaily run under DOS, Windows, US/2, and certain Unix implémantations. In addition

_ «to this, It offers security, bullt-y network and distributed processing support, hardwars

and software faiture protectlon, and svmmetric multiprocessor capabiiitias. C

The clrant—aerver architecture of NT Is d[\rrded inta an NT Executive {the kernei} and |
sevaral subsystam modules (the "user’ modes) which handle the various compatibility

. components of the operating system. The exacutive is further divided into, system

services {memory manager, /O manager and fils systems, process manager, etc.), the
kernel, and tha Hardware Abstrantlon Layer {HAL), whinh Interfaces wnh the underlying
hardware, -

Because NT Is written In & high-tevel language (ANSI C and some G4 -+), with pnly some '

: hardware~speclfic modules written in assemb[y for speed and afficlencv, it is portable to

A BT, m THlanr sba il = ihoralibmed by 5% B plmn P . . RO T -~ |
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. | practicaily any tvpa of 32—@;1’: prncassor W|th a mmirnum of mudiﬂcatmn. Mlcrosoft'
- target processars iirclude intel's 386 and 486 procassors, aiong wlth the: Pentium, the

- MIPE R4000 RISC CPU, and DEC's Afpha, - -

o Another Important elament of Windqu NT is the PG‘SIX subsystem. _POSIX {the Portabla
. Operating System Interfaca. axtansions) is a group of standards that define how an .

pperating system interacts with its hardware and applications, Key attractions of -

- standard, open aystems, from sither the developer or system purchaaer side, include - '

“vendor independence, protection from technological obsolescence, pragaivation of

software investment, avallability of off-the-shelf applications software from independant

- suppliers, avallability of software engineers familisr with standard environments, and -

goringctivity between vatlous dissimifar gomputers within the usar organlzatson. Al

 these are in ne with tha design goats of Windowa NT.

 os2

- defined as importarit to the next generation. Vetsion 2.1 Is the 32-bit verston of_ the -

Whan IBM maved away. frorn DOS and brou ht out OS!Z, it represanted a chance for IBM
to predorminata the PC industry, and to coofdinate system activitiss vis-vis the application

_softwarg, Unfortunately, by that time, ovel B0 milion 1BM PCs and compatibles were

merrily motoring alorig'under DCS, and OSAR didn't offar e_nough new funbti_o_n'a'lity for

-'-most people to smtch over, so thev dldn’t. b L

But 1BM has haan one uit of a comaback ever sinde it rollad ot 0‘!!2 2.0, and now, 2 1.
Thevery latest release of this operating syat%m affors many of the furictions we have. -

origina! 03!2 desiq gaals, and n this capacity QS!Z has achieved its intent.

' 08!2 is composed of A Sarnel, device drivers {sirmlar to DOS}, and dynamic fink Iibraries.

Vrsion 2.1 providas APls {Application Program Interfaces) for DOS applications, 08/2 1.x -

~- - progrems, and 16-bit Windaws software, There is also an 08/2 2, 1 32-blt API, and manv -
. programs have a!readv baan develapad for tl‘us envwanmant ' :

@

‘Most af the APIs in:08/2 are !ocated i the kernel, but somre derive support frcfm the

dynamie link lubraries, whigh dre shared ltbraries of madula-based func’tlons that auow for
e;éﬁpnsibihty of the aperatlng gystem, o . . _ _

f-l“In creating the cnmpaﬂn lItv standards betwean 32~blt and 16-bit appllcatians, the 05!2

design team developed two unique pro 9sses, LDT {Local Descriptor Table) Tiling, and
“Thunke’. Thess progedures allow an application based on-16-bit memary atdrasses to .

- fun In a 32+bit environment, though they handle differant portians of the process,
« Sixtean-bit memory addressing ih DOS extenders limits applications to 84K of address

space in sach blook, or page, of extended memory, which maans that an application
running in euther real or virtual memory noeds to swap ag ‘aach 84K. boundarv Is crossed, -

08/2 contsins bath 32 hit and 18-bit code, nnablmg gompatibility of coox!sﬁng flat and’
segmented memaoty models. LOT Tiling enebles an application to bave up to 512Mb of
virtual address space, and physical swapping onlv occurs as the application passes
whatever limits exist In real RAM, Every process, whaether 16-bit or 82-blt, has & local
descriftor table to map the virtual address space. If an applisation Is using 16-bit cods, i
mapsg using the LDT sa‘actnrs- i the program is. using 32~bit addrasseu, it uses the ﬂat '
model..

Thunks are the technology that allows the 1B~ 6r 32.bit API fun'ctions ta”map ona to

another. LDT Tiling enables Thunks io maka the architecture conversion efficient, As far
as the application knows, the- undarlying ;arvice structure ia transparent, regardlass of the
direction of trans!atlon. g C _ _ _

0S/2 Ie also an Integral part of IBM'S SNA (Svstems Application Architactura}, 18M's pian

- - for the integration and rnigratlun of applicatlons across their entlra fine of hardware
systems. ' _ .
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_'Currently, 03!2 runs on 80388 and: 80486 processors, but is slated to be pnrted to other
. architectires, Ote problem that exists in this area, though, s that the RISG engines ot
" most workstation-class systems-are unable to-efficiently emulate 8088 compat:bnhty, the
hasis for every DOS application developed to date. Like System 7 for tha Mécintosh,
then, this makes 08/2 v less-than-ideal chicice for any corporate envimnment with a wude
' varlaty of p}atform types, axcapt as one alemant in a network. .

- UNIX AH the operating systems discussed thus. far have or:ginatad with parson i computer
" gystems. On the other end of the hardware spectrum, that i8, in the nq{ icto world,
some variation of Unix had been the 'opsn-standard’ oparating system f P yuite some
time. AT&T’s Unix was developed as a time-sharing, multitg~king, multi-user OS with the
~ .. ideaof glving as many people db possible access to expenstve proceasmg tlma and systam
rasources. . _ o - A LS

AT&T licensed Unix to & wide variety of vendors and unwersitles, and becatise 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 mdivﬁdualism s
that todey there are more flavours of Unix than there are Aylesbury Yoghurts. o

S Ye‘t Unlx, in one varlatlon nr anothar, dnas hold the prornise of providing alf the faatures in
© . the wish list. The problem is, which version, Taday, twa major variarnits of the original
|, Unix structure seem to have dominance in the micrucomputing world lthey recslva the
most reviéws antl press covarage) SVR4 and DSF]1 ' _ _
T s\;stem V Relsase 4, or SVR4, is AT&T's versu:m of tha compiate operating system. S
S .Y BVR4 brings together most of the functions and systams of AT&T, Berkeley BSD, and Sun
T ~ | 0S8 raleases into & single package standdrdizad under the SVID {System V |vterface
- ' ' - Definition) suite of benchmarks. The devalopment of this opatating system is now the .
responsibility of a non-profit organization, Unix Software Labaratories, or USL, for
*commerclalization and standards dévelopment. This "standard' has been widely touted as
Unix's saviour in that it will help aliminate tha waakness of this platrorm arfsing from its
non~standard array of standards. o _

Tha second ma]or'flavor o_f Unix is OSF}‘! . OSF, the Open Software Fuun_dation,'l_s a
. consortium of vendors.led by IBM, DEC, and HE. OSF was founded in protest to AT&T's
- agreemants with Sun Microsystems concerning the diraction and development &6 Unix.
QSF members handed together to push OSF/1, a version of Un!x hased on the \ﬁabh
kamel developed at Carnagie«Mellon Univarsity, S e .

. o The driving forces behmd SVA4--AT&T, Microsoft, and Sun Micro—have baen largely = .
: ' responsible for the expansion in popularity of Unix from thu restricted worlds of high-end
~ technology and university environments to commercial high-volume use 1 the business
_ . _world: On the other hand, 1BM, HP, and DEC are the traditional high-volume veridors of C
- 7 commerclal business computing solutions. Market share, then, will be determined by ;
S " - which combination of oparating system and hardware piatform offers the most flexible, .
furictional, and friendly environment, :

Compat:bilitv i¢ a serious issue, and is probably the primary reason that ‘tha Uiix merket -
- has stayed so fragmented for so many years. The SVID and SVVS {System V Verification
Suites} are ona means ot determining compatibllity, though they are limited to
’ : - compatibility within System V standards and guidelines. Another set of standards that are’
i experiencing increased Impact are the POSIX standards {discussed earller), though thesa
o : .. are not unhrersally accep:ed. ot avan, in manv cases, firmly establishad -
i' . o j’ Y [
: - POSIK sompliance does not spacify - certam type of Unix. it épocifies an HP', 50 that iny
~ operating system which complies with a standardlsed test suite should be able to ruri any -
application with only a recompile. I applicrdons are produced to en AB) {Application
_-Binary interfacel, as they are in the DOS w..rld, then shrink-wrapped software ¥ér
E isparate system types hecomas possible, Unfortunately, there Is no way for & standard - -
A WABA Ertes Dlaxmitattnn Qubbitad bor & Boboy. ) R "mRR
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_ ABI to ha establlshed for limw any other opeﬁqgg systsm, untll cunsumers agreu gn o
. the underlying hardwara that thev will use. - -
) - b \"“\“‘*—-: : : S8
One henaf‘t of Umx, whatav&r fiavour one chouses, is that it can ba lat)d has been]fported
tu just about any platform. +All of the- major vendors have some varsiol Lpf Unix ora
“workalike) running on thelr hardware platform. And one of the nersistent complain'g
Lo - about Unix--its difficult commandsline interface~has héen largely e{:minated hy ﬁraé:hihal
N, ~ front ends that can meke Unix as friendly as t.re Maclntoah. . N 'r
Unix uses'a combinatmn of a Iayared and monullthw approach to cuperatlng aystem =
mariagerhent, and considers the antire computer, from applications to hardware ard -

- Twy - network connections, part of the Unix environment. The highest layer (of five).is e
k = Applination Envrronment Iayer, Nhera 'Eha graphlcal usar interface was. made popuﬁh by
' ; Sun. . o :

"

. The next layar dow::, Lavef‘ Four, is the S\fstam Software iayer, which lncludas th‘slshali.
o the file system, editors and utilities, E-mail and communications functions, dnd So/tware
. development tools and libraries, Layer Three is the kernel, which. supports the syétem call
intertace, kernel functions, network and other extenslons, and the hardware Interipce. L
Lavers Two and One are both hardware. Layer Tiwo is the individual computer sy tem .
., that Is running Unix, andLayer One is the netwbrk cannactions that enable it to Ta
o commpnlt:ate and pr’bcass with other computar systams. T .l PR

fal -d’

‘Ig'
The’ .-‘uitabmty of Unix 88 a cnrparamwuide operating system t.ome& dowh to.a cfibica, a5
with other operating systems, of/ "o types of applications that are avallable, Thi uged to
be a stumbling block for Urix venuors, because there were so many differant ver lions of -
. the operating system that ¢reatipg an application thﬂ\ would work consisteritly aijross
multiple releaces was a software vendor's nightmare, Howpver, the congolidatioh of -~
';'_ features and futiu-ons that has allowad programmam boréiite code fer an. APH{ 5 had a .
balloomng effect an tha prolifara*ion of crosuaplatﬁ:rm app;jf.atlons. - ST

---.a;r_-c

n

Oracle's pew Choperative Development Environment {CDE) is & platform in whict
application ig designed, and then generated for either the DOS Winddlvs, Windovys Mouf
.or the Appla Macintosh environment--an augmentation on 4GLs (4th Genweration _
~ Languages). The decision as to whit 05 to g rests purely with the power raquired {hlgh
- ehoudh to cater for future applications, yet ibw enough to be econamlcally viablq}, the . . *
necessity for a Graphical User Interface {(GUY), and the desired frcmbend app]icatis‘p .
which may well be platform spscific. _

R

Goncwslbnr in short, thers fﬂ vahr little nna need congern nnese[f with as. far as internperabdfiv gues, :

a4

i _
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 SERVEROS | e \

-+

The server is an altogether- diffarent story to works’;atmn operatlng systams. The' PCs
have coped.xjth simple flie serving; but they won't cope with running £ RDBMS éXcept
for small networks, Thus the options for the server aperatmg. system must be mélre open.
Netware-386 is the first possibility with the RDBMS | lemented as a Netware Lodable
Module {NLM}. This, however, Is totally inatlarate fot two reasons:
+ transaction processing applications need 'stored procadures’ on the DBMS server

 are loadable modulas craated with the applicetion; : !

- ¢ a much faster, wider range of hardware musgt be suppor.ada

o,
- A

whlch

The mdustry wm not accept Netware as a standard Qs in competition wlth Unix, aT

. Thus the chnica of sa;ver operating systems Is QS!.‘! (no‘t acoeptable becalse of th

only imitatian), Unix or an existing mini (VAXNMS, ffaM-OOl or malnframa. Unix i:st e
_clear winner on threa grounds' _ . \

mME‘nEnnDIsnmtleUhmlt&uﬁrCBa“ . . 15 [l 58 o



TR

RS Vlrtuallv &l hardware platfarms are avallabla. A msc maghina is. much ﬁattar valus for '- -

money than & PC, excent for small aystems- o e

~ = All the RDBMS vendors have a server versicm implemented and highl\?tasted fnr tha S

common Unix systems; -

o “» Unlike Netware of 0872, Unix can rGn Iocai applmations accessed bv dumb ASCiI
termina!s (or telnet In workstatlons} T . _

" The latter point Is the clinching factnr sinee now the appllcatlon svstem dasigner can mix "

dumb terminal applications with simple DOS workstations or fancy workstations wnth

- 08/2,2, Windows-NT, Unix or the Mac 0S, This breaks tha ‘nermlnals vérsus PC’ )
argument of older rmnl versus Dos LANs T o

A

Unix caf be introduced lnto PC nstwarks by explohing the H-# deve!oped Lfo server -
: - within Microsoft Lan Managsr. This, howaver, would be a foolish move. Why take Unix
| © . 16 the immature PC networking, why hot take the PCs to the robust and established
. TCPAR networks? By using the Sun Open Netivork Computmg {ONC) architecture,-with -
- the NF$ server replacing the MS-Nét SMB or Netware servers, the LAN is now fllly -
' compatible w;th ali othar svstems DNC ls supported hv IBM VMS, DEC VMS, otc. as wall T
s Unix. S .

' . -1 how remains to provide tha TCP!IP ;:urotoc:«nlJ stack, NFS requaster and sa!. raquesters S :
- for the workstations. These must be tisad instaad of PC network pratocels, ot alongalde

“YThere are:a number of gupplisrs of such’ ‘workstation soft-ware for PC DOS,. 0572, and -

. Map. Windows-a ¢an also be used but an intelligent network card is neadad to achieve
. religbility g% a hardware !eVeI ta substitute the precarious iaw Ievel calls in such hvbsid
: gystems. (, o o : S

. a .

. Wlth the TCP!(P system tha PC wIII also get telnar, which wnll snable accesgs to tha Unlx -
: programs on tha §erver and ftp transfer flles for prlvate PC applfcatmns. L a

. ;',- '.

&
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MODULARITY _

'INFORMATION SYSTEM (IS) BUILDING BLOCKS

- modiles, each residing o a cammor. netwark

The iS system can be bmken down into thres

backbone. . .

vThe Data Acquisltion SVstam tDAS} co[lecta
data, screens in a posts it to the cantral data
repasitory;

* The data repository, or Informatnon Storage { 18y module, structures and organisas the
- -data, accepting and answerlng requests from the information presentation module;
“«Tha Management Information System (MIS) module draws tha data from the IS, and

- . presentsitina format: acceptable to the user--a graph, report; or summed figure.

INFORMATION
FLow

TME FHAMES

USERS

_ The snmphcitv of the 17 arcniteature is Illustrated through these three modules

The DAS may gather Information from the plant through a computerised svstem IInkad hy
directly to the piant contro} systems, else it may accept information through a terminal
punched by an oparator who coples data from manual transaction reporting systems, else
from the plant gontrol system reports. The MIS feeds information into *he company-wide

I'T system for group results. Péedback to plant control and operations s genarated by the .
rapurtmg svstam and passed through managemant persannal,

Time frar_nes for aach_ area halp to identafy their pOsition In the IS, .thnt control is
characterised by milli second to second long time frames for informatjo on cycling. The
DAS gystem accepts Information with an indlcation of its occurrance'to tha minute, the IS
stores informatian referring to hours-or days, the MIS presents summaries spanning days
to months, gnd the IT system is us’ually only concernad with weekly to anhual results,

The lower echaions of the IS ara used primaslly by the piant operators, whilst the higher
‘modules are designed to cater for plant managament through to company management.

- The environments in which each module reside and oparate can vary, except for the DAS

and MIS which are usually the same systemfpackage. '
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ABVANTAGES

n

i

.. Firstly, there is & high Ievel of support far each spacifm functmn found in vandar
. pa@hﬁges. A complete system miay well hava limitations.in certain arbas in which the -

. -Th:s modulanty, whlch tvplfias cllentlserver architactura, as discussad latar, has savaral
advantagas. . :

vendor did not specialize. Th¢ issue of compatibility is discussad later. Modularity allows

“any single atea to be upgraded wathout having to atfect any other. Further, several
-instarices of each module can oceur, gatering for divergent naeds and cultural -
- reguirements across the coneerm, - Finally, moclularitv aliows for the concurrent testing of

any package for anv module, and the discarding of antiquated modulas with few (if any}

" rapercussions on the system as.a whole. Wlth a singla dadicatad platform, lt's raplace
) avarything or nothtng. '

All thesa lssues are daalt wlth in mora detail thrnughout the fo!iowmg taxt, which delvas

_ mto each module separate!y

»
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_ARCHITECTURES

 FILE SERVER DATABASE MANAGEMENT SYSTEMS
- (DBMSs) |

- This is the traditional PC _a'rchife_’c_ture, -
. pioniearad by Borland's dBase and Injtlally
intended as a gingle user flat file storage
. endironment, . Progressive expansion of this
" package has allowed it to migrets to a f_ulf
blown multi-user and somewhat relational .
~ -package, yet still only deaigned to operate on
& file .server. o L
. The -'datab_asa ma'r!agement software re‘éldes
~on the workstation (once loaded], with data
files residing on the sefver, Utllising the
- netwarking principle of storing fiies on a file
_sorver, whera they may bs uccessed by any
workstation, the file server database pragram
_- atterripts to implemant locking on the file so
~ that muitiple users can sccess it, The crux,
howaver, is that management is covered by
-t instance of the DBMS running on the
waorkstatlon, and thers maybe several
B lnstances attampttng 4o access a singla file.

This system reduces the efficiancy of Iacking, ' v
of ens secufity o hacking (a data file may be accessad by anv other Instance unless the
- file is. encryptad, but this key may be surpassabla), and also places all the computing
o : power requlramants on the desktop. The server meraly passes the whqle fi le backwards
<. and forwards. which also rasults in natwork. Ioadmg - _
Itis |mportant to note that this architecture is an axtenslon of the stand alone database -
‘v . - system which resided entirely on a single PC, and whose data has been transferred toa
' centrally accessible starage unit. Thus the philosophy js éncumbered by the B
disadvantages of layerad modifmatjons belng built upon &n unsurtahle foundation. -

“File server DBMSs do, howaver, serve 4 Iarge user base Interested only in stand-alona
. applications, unconcerned with corporata- wide information access, and. not Iooking for
mission crrtir:al multiuuser BCGESS. : .
. b ‘.\ \:\:. . .

curgwwsenvmnamss e

W

nmelu As was euverad eaﬁler, c\}snﬂSemar ccmpuﬁng amse from a background of mamframe
’ computing, snd migrated thzough several enabling technologies, to thie PC snvironment,
: o Its gtructure in this anviron-%nt varles somawhat from mainframe computing in that ohe
Ca oy of tha, enab!ing factors Was asktop PC power, and this [s put to its bast pnssible
' ad\?amager _ _ _
al |r L .
DEF!NITIOI\I Client/sarver cornputing means a computmg anvrronment whera the presantation,
_ application prncea,sing, end data storage and retrieval are {potentiallyl parformed on
N .dlfferent computersr POSSIbly in different iocatlons.

-
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The potent!allty ox:ets beoaqse some of those activitres ¢an be. combined and performod <

© on the same computer, while still preserving the client-server idea. For instance, i LANs,

It is common 1o lat the workstation perform the data entry, @pplication, and display

- _proressing;while a server m_anages the file or database svstem {tncluding seourltv

aspects) and print queuos.

o _ Previoual‘% the desktop termmals were 'dumb‘ and du:l ho work, with epplioations rsslding

* and running on the server afong with the database engine, now the feiclity exists to

Coom it

spread the load a little and pass some wark off onto the station chents, thus e;’sw!ng the

.- gerver to cope with more tasks, Tha distinction hetweon the gerver an, whietts aan -
. bacome fuzzy, but the philosophies romain sound untll one stsrts to mig ate |23 n‘astributed o
- gomputing [dlseussed !eter} _ S -y _ _ R :

-

and the server can.sun on a different machine that may be geographically distant from -

- whete the cliant program is runring, Furtharmors, the server car provide servicesto '
multiple clients. A classic example is where multiple applizationseed the serviges of a
~ database management system. Another client-server cafididate has applications use the

sgrvices of multiple servers; and for more complex appllsst:ons, the application itself may
be divided into multiple server oomponents——eaoh with the ab;iltv to run on diﬁe?snt :
machlnes--trua distrlbuted cornputing : .

Often distnbuted or client—sorver computing h\‘; assoclated with an ob]eo’t-orie ' od

' - . ‘programming style that partitions the séftware into modules. Each mpdule p 'ssnts '
. boundaries or weli-defined interfaces to the other modules. - in'the ob;eot-orieritod

approach, each moduls implemspts an abstraction, or & model of some aspsat of the '.

“+ problem domain. A module's user-enly needs to understand the semantics of the. -

Interfaces and the module's essentlal gharacteristics, and npt how the module Is

o constructed, [n essence, the object-oriented module hides the detalls of how tha module
" Is Implemented from the users of the medule. Intelligeny enoapsuletlon, therefore,

attempts to Include within a module those design decisions that ate likely to change. I -
change can be kept inside a module without affecting the weil-defined mterfaoes to the

e o .{\\ o : v X Y o
o . The Pragfles: Implenantat)en of Informsilon Yachnntoow I b Rost-Woeld Eipdron

!J\T;'

I the fight d’stributed cornputing infrastructure is used, the olient can run on olas mashine ' _:- _

moduls, then appl:oation relle“billtv can be reasonably assuiad. o L o

: ‘J

- A relational database management system {HDBMS) is an example of 8 module that
- presents a well-defined interface, such as the Structured Query Language (SQL), 1o its

clients, and where the internals of how the RDOBMS is tmplemented are not relavant to ths

rest of the applioetron.
BN

'. In ohjoct-oriented torrninologv, and termlnology that is.usad by the Gpen Systems

Fhundation (OSF), an instentistion (& rurining instance in a computér) of the program coco
and data structures that implements an object-oriented module js sometimes generically
called an 'object server’, Note that a client is any module that uses the resources or
sarvices of an object server, So it's-possible, even degizable, for oné object server to be a -

. client to another object server. For example, the RDBMS may ba a ¢ Lent to the' operatings\

system, ‘which provides basic file services to the RDBMS. G
fi "y v

Tha ol!entlserver oonoept grew out of thé competitive vgo of open systems‘ "When
" people say client/server now, one can almaost substituty the phrae.. open systom% Qsays

" . Roger Sippl, a founder of database vendor Informix.
- "Opan systams gave entreptenaurs the opening to solve partioular problerns, hioh
.. benefits the users, Clientfservor's openness means that one can choose from varlotm H -
- -vendors products."® . - . . . .;_ . e

i

RN

IL] - .
Eas

."

I sn entarprise movesto chent!serve[ computing, it will change foraver tﬁe way it

. 'apgesses, distributes, and uses date, With this approach data is no longerunder ths

witdlage of the MIS {managemant Information Systems) departroent; it is readily a‘y‘allable

-to users through the network, Consequentl}, users don't have to wai for the MIS ataff to
St thelr report.t They van grab tho date themselves and run lt through a spreadsheet from

v N -

R -4

i
o
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T - thalr deakiqp P;;: usmg tha hrand of compumr and thg softwara tonls that thav re most
e T cornfort’_;.,._ w!th and that gat the Iob dona their way. _ AR _ _

- ADVANTAGES A racent survw of 200 companzes oonductad by Wnrk Group Tachnologiaa, ] market~
. . . research firm, showed that the three points respondents sonsidered most fmpottant in a
e Uclient/sarver environment are better aaceas to information, oogt savlngs and ovarailﬁ -
o Sy _pncafperformance benefitsﬁ’. Lo o T

e NEIHQBK.IBAEE!Q From & hardware standpoint, many of the benaﬂts of chantfservar
. technology tome from the procaasing power of desktop PGs. Whan rapst of the
-~ processing power resides on & host mainframe, there s a great deal of comrnumaftinn N
", 'between the mainframe and users' termingle, in a clra_nt(sarver model; miuch of the .~ &'
malnframie traffic is unloadad by transferring appropriate tasks to client PCs. Managars
originally bought PCs to give themselves some power o tha desktop, independentof g
% mainframa, cllent/server PC LANS give onaithe. bast of bath worlds bs users can get at the.
. processing powet of the ssrvat, and it somathing goes wrong thev stlll ha\fa the autonomv
v ofthe PG” o . : : .
o C_\
' Tha smarter the databasa, tha Iess tha 'front—end programmar has 1o worry about.. -
... intelligenice on the database server, the so-called 'back and'; Is what. distinguishes the . -
.7 elient/server madel from the file server model. In the file sesver modal, the network file
. o - server makes the databige files available to éach workstatlon, but its participation ends
s . .. . thers. For examiple, if one used & file server database * ntriave the revords of 4l people.
: <7 living In Cape Town, the fila server would transmit the antma databate table acrogs the -
S+ ® 7 network and it would be left to the workstation to determine. which records satiaﬁed tha L
SRR query. Thls can Burdeni tha natwork tremandauslv. ' ,',. - _ L

- ~n the chentf'server modal. the sarver plays a mure acﬂvs role, there I8 intelliganc Iy ‘%Qe
¢ back-emd softwars, Network trafflc is reduced becausa the server processes quel g and .
- - thansends tha client what it hsads and nothing more. The Server can alse¢ ‘access
e to sensitive data with a high degree of granuiarity (discussed tater), which provisles better .
' | security than the flle ssrvar architecture car. Moreover, S0L dafhbases prowda myriad
faatures»for protectmg tha intagrity uf data‘ _
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- MopuLasity What may best define clisnt/server corputing is that it lets one pick and -

* choose amuong platforms. Anyone looking for the client or server is missing the point of

client/server, which it the abllity to easily and rapidly customise relatively low cost -~
platforms for specific applications.’s Because of the ability to specialize ones platforms,
ong can:get exactly the type of soﬂmare one needs to. satisfy ones req iraments

Thls modularlty allows the sysfem to expand to meet growing need,s. Growth can ba-

“faciiltated by adding capacity to the servefs or by adding mare Servers to the network;

one can add moré clients, or segment the network if it starts to become a hottlenerk

- There's no upward limit to the scalabllity,5* As hew computing platforms emerge, new

anvironments and system componegnts can bie evaluated in a modular fashion. For
example, when debating future server platforms for Intel architectures, one-may look at
Windows NT, SunSoft’'s Solaris, end Next Computer's Next Step. Some paople belleve In
Uriix, which wﬂl prabably. réamain their choies for large database servers. Some
consultants who focus on LANs. howewr, find diff‘ cuhies with Unix databaeas.

Qﬁummamu Many of the benefi ts of client!server teehnology are achiaved through

' centralisad network reseurces, allowlng for battar management and daplovment of those .

an.MéuEng..muér'_mtlmspbrrﬁmnycnur'uur : o Y



resources. Ail users on a LAN cen accoss thﬁ software that ramdes on the servar, for ’
- example, and LMI managers can updata the sarver s::ftwara rather than havmg to update
aach PC : . :
Placmg facilitias 5uoh as fax gatewavs on the server can also prova more efﬂcient than
-placing a fax mashine in sach department of a corporation. Users save time by avolding
long waits at the fax machine, and benefit from a log f transmissions and receipts that
. help them track lost or incomplate faxes.- ‘A direct resuit:of shorter application- - '
development cycles Is a more streamlined and raspcmslve organlsatlon thﬁt can delwer
Informatron to customers quickly and affeotIVaIy . : .
. fD 1
Bgam_lmmmmu_ggcﬁsa Pravious!y, management computlng was charactarlsod by
Yislands of automation' where eath manager had some form of spreadsheet-control avsteu'_n
~ that he was famillar with. but that on-ong else could understand. This would fall over
when the situation, changod and the spreadsheet couldn't, or when the manager moved ori
leaving 8. naw parson to raate & new systein. AII this was axtremely counter produotiva. % '

lntegrating database applncatmns wrth desktop appllcatlons Inoreaaas produatlvrty, a ma}or )

~benefit of incorporating client/server technplogy.*® Ong can do a.database dquery and paste ~
_ the results into a spreadshest, and continue to work with it. Be:ng abie to take. the data .

~one step further has not always baen §0 aasv. L o ;

Chentfserver archntacture providos as many access points to data as thelr are WQrksta”tions
)]on the network. it also brings to the enterpriss.mare tpols to manipulate data. Not only is

“data more avallable 10 users, bit lt's available through & avstam that can grow and change -

with the company as user needs evolve. User generated reports could not pravroualy ba ..
ganarated on the mamframe, as thls Iimited access to eomputing resources. o A

: Further, bacause chen‘tfser\rer systems are apen and modutar ona can tailor tha system for. - -
. onies own particular applications, picking and: choosing the most cost-effactiva hardware o
and software components for users tasks. S . S
Forrastar Flasearch analyst Waintraut, H005 cllant{sarvar tachnologv becomlng more .
_versatile In the futuré. He envisions a new breed of 'tac'qcal‘ client/server applications; -
. which ha describes as applications that ona can dynam!ca iv modlf\, to meet rapldly
“changing buslnass situations, . '
"Previously, changoa would queue up for months or years In tha MIS backlog, e says,
“precludmg any consudaratron of modufymg appllcatrona Ina padastrlan nuzu'merr."*‘a '

QQBEQEAIEM:E_&MELIEEDJNIEGEAM Finally, cltant!aervor archrtectura provrdes truo

- integration to the business systems. Often vendors cite Jnterfacing as Integration—-without-
the promised resulis. Interfacing involves tranaferring information from one system to
another, on a regular basis, This may be every night, or more frequently if possible. The -
process will usually tie up hotls 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} th this method. Integration is whare both systems access {read and .
wirite to} the same data poo), and save for queued ingtrngctions to the: déidbase server,
information is avallable in real-time. Client/server is inherently intagrated in that ail

. Systems usé & corhmon data repository, thus allowing mission critical ahd real-tirne
applications to(/ﬁn togsther, and to share mformation, R

. The greatest advantaga, is that asa system is addad to the compamf env:ronrnant, it ean

bs readily integrated into the whola architesture with onty-as much wérk as would
atharwlge have been reduired to infegrate it to & single other systein, This coricept ia
llastrated below where the left column shows how ina non-client/server satup, two
applications require the same amount. of #lork to Inte rate ag two in 2 clent/servar
environmant on the right. But as one increases the number of clierts (say to six), the
_nurbat of potantial links, and hence work, increases draméticalh, whiist the clientfservar :
yields an ihcreasing integration to wofk ratlo a8 the syatem axpam‘s. o _

B

MMB:EmﬁmﬁmSoWﬂedeM[ket B '. T @54 _



e

A e .. - . .

el

© DISADVANTAGES
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In the diagram, *Apps’ refers to the number of clients ('C*) on the system l(ihtegratable
~ applications}, 'R/W" to the humber of read and write gateways that would have to bs
written, and *Joins' to the numbar of links created. Naturally, the industry standardisation
. on ¢ilent/server communlcations 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 lndustrv standard: databaae.

A dllarnma manv carporatlons faca when cnnsidarmg a transition to cllentlserver svstams _
is the fate of "legacy’ applications {applications bullt on proprietary platforms in a 3GL. (3rd
Generation Language) such as COBOL, and that form a significant part of the company's
bustnass), which must be ra—engineered to function in & client/server environment. Re--
enginsering ls not a complicated process in a client/server enwronment however, and -
managers, application developers and users alike glean the advantages of the shorter
deivelopment cycles. In contrast, mainframe application-davelopment iead time can be
tWwo years or more, Additionally, re-engineering can be superseded by ra-buildlng, often
. «lesirable in situations where & system has been in place for so leng that Tt must surely
' need bringinq up to speed with advanclng cornpany nparat:ons anl.-! new modas of
campetitive opar&hon o '
L . W
Other prablams are illistrated by the following anecdote:

)

T i TR



AR

SNER

: o .. axcellent. machirle. and he knows exactly how to keep it running.. But whan there's a -

. L6 e
T . -
" ' o '

: 'Jirn Daley at the Housa of Representatives censrders the IBM- ESIQOGD he runs ‘to be en

prohlem in his eitentfserver eystem, thare i a long list of. things he has to cheek. "f
you're sitting at a Macintosh, & database query goes from there td the Sybase database
on Unix.- From theide, it could go to an IBM RS/6000, which then runs it up to'the -
~maipframe. The mainframe turns around and sends it all back. [t's gonis through’ saviral'
. different prnfrlucts that haven't beert rehtioned, Thay all come from several dlfferent
- venders Thian agam, it may ‘be a herdware problem."“ o @
Pl!tg-“. . ’ ) S
"N, This typifsee what rrught be the b:ggest chailenge to succeesful cllent/server computmg' N
Y ..One\“:aﬁ to'ﬁut together a complex system of hardwiére and sofustere from multiple - S
- vendors. - And when snarls devclop, one has to datermine which piece caused the
. proviem. For many, this can be arude awakening. One rio longer has one dominant
~ - vendor holding onés hand, IBM is not there saying, *Don't worry.” - Just as personal
.. cordputer users learned to get outidir serew drivers and plug in camporients, so.too,
Tnust client/server network managers learn how all the pleces fit together rather than
_relying on installation Support experts. - This gives rise to another problem in that
: _._‘_t;hentlsarver systems requlre about t:na rnamtanance parson’ per 50 wcnrl-:zsrtﬂtmnsJSIE

.But the blggest obstacle in brlngmg up a cliaﬂtlsarver system is that one must ra!earn and
retrain. Client/server computing is retatively new, and its development tools are different
- from those that large enterprises are accuztomad to, Many corporate developers have
- been writing big, bﬂtch oriented COBOL programe or interactwe, t:haracter-haeed C
programs. ) .

Such ceneems may he en mdicatmn that uhent)'eerver computmg has left its pluneen_ng
- 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 featura list in hand, . Thus one can expact vendors to.raspond to market .
* demands by offerlng maintenence and *eve!epment tools, end reducing this preblem in the
- Uimmediate future. _ : . <9 _ . .

: DISTRIBUTED (SOCIAL) SYSTEMS

. Vendors tove to solve probiems hy declaring them solved. Declarations dori't requ:re
© w muehvesearch and: develnpment, don't take much time to produce- and don't cost mugch to -
' make. Unfortuniataly, simply saying something is so doesn't make it so. Client/server

database systems, for example, are n t necasaarlly dlstrlbutegldatahaee systems, . No

.; matter what their vendore might say,

. Spettlng 2 ullentiserver database system is pretty oasy, A server machine run< database
server software. ‘Some machines networked to that server run cliont seftWare that yses
the data-management services of the server database eoftwere End of story.

HNow the Ioglc ef some vendors goes: Put a few such databasa servars oh & network
possibly a WAN, and the database servers are distributed. The meve presence of- twoor
. mote gepgraphicaily distributed database servers does hiot 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 mu[tiple machines. The 'leglcally related' part of this
dafinition’is vital. P : ra
I Bne database servar on a natwork, for example, holds empioyee information and another
database server on that network contains unrelated data on items for sale, ona duesn't
have a DL-BMS Cneé juet has two database sarvers on the eame natwork.

But, uf. the d_atebase servar softwars lots one work wIt_h ralated data on hoth servers-say,
employee data on one machine and insured dependent data on the other--then this is a

A Méa Eg Dissortation Submistail by © Barkar S . o0 Bpes.



o DDBMSQ Slightlv\%grei}eoh";ically, if ona can run si‘ngle databass transactiuns that
.. the sarna conslstenov and iotegrity support ag smgla—senrer transaotions, this is a DDBMS. :

"--'Thls archzteuture means, that & company mav have data stored at ssch of Its source srtss,

manipulate data orn’multiplé machines, and if the’ database servers glve those transaotmns

yet accessed from a central head-office. Each-site, in turn, méy be glven access to the

' pther sourges for thelt own use. The advantages include assimilation of data where it

counts; réduced unnecessary movement of data to a central repository and thus minimis_e‘d '

. network traffic and Increased access times, shared' Ioadlng on- workstations, and the -~ .
facility to heave varying servers for val‘ymg situations. This would inclutde mission- crit;cal o
 real-time servers in manufacturmg envuronmen’fs, and sloWer queued servers for .

o aoc@u\ntlng control. . . _ e

|.‘l

= 'ﬁ mofe sophisticatsd distributed envlronm& would moluds tnp abilitv 0 spread

. processing tasks across multiple stations. %\a

* load between multiple processars on'a first-come, ?frst-served basis. Asymmetrical _
‘procassing sends specific tasks, sm:h as printing, to each processor,, But so far network :

raatrical multiprocessing evenly splits the ;

: planners are not. clamorlng for- multlprocessing caoahtiity

o As cllant PCs load muitiple protocol staoks and wa see tha rise of mole unwersal cllents .
" such.as Macintoshes and PCs rinning Windows, all setvers will look and act alike tothe

people whe are using the resources. The developers of server software will focus on’

. comprehensive management capabliltiss, tha ability to add database and gommunications

_ servicas inter natworking betweeri network environments, ‘and the svstem rallabll!ty

faaturas that are nacessary for mission-crltucal applnoaﬂons. B

e

v Distrlbuted database systerns faoa some problems that plaln database servers don't. Two
. sueh problems are perticularly teugh @ .

. 'The first is dealing w:th storing data on mult:ple servers. In the example above, alI the
" employee Informaticn was on one maching, and all the dependent data was on the other,
_ No piece of data appeared in mote than one place. That's a 'partitionad’ databass, and =

it's conceptually easy. for any one piece of data one goes ge 10 only one place to get |t.

Part_t_.tioned dl_strrbuted detabases,_ howe_vsr, can be:expenswe to.-u_sa preolsely because ope - |
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 uged data into a .

- hottleneck.

- To avold those problems, one can dupllcate parts of the datebase on d:fferent servers and
" create a distributed database system with 'replicated’ data. The cost here is that evary

time & data item changes anywhere, the database svstem must maks sure svery eopv of

o that item changes.

- The othar sspactally difficult problem for dlstrlbutacl database systems is.a related one- '

" how to support multi-server updates and melntaln database integr:ty.

"To rernove an smployss entirely ln the axample, one must delete both the record of ths '

employee and the records of all that smployee's depsndents. Daleting only one or the.

. other makes the ovarall database corTupt. (The right answer hsre is to support two- phasa .

cemmit-dlssussed tater),

- Truly dnstrihuted systsms are in thelr pioneeting phass, and are. eneumbered by the

increased gophistication of required security controls and data flow control. Further,

Joining multiple relatiunal tables on a single machine can be a very slow process, joining

" multiple tables over & distributed nstwork, sven when working w:th fast lines, cah be -

' tmposslhlv slow.
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: Ptotooole, eliowmg oommunicatlon hetWeen disparate oporatmg sysiems and networks,
. becomes increasingly complex as the range of varlatibng Increases, As s discussed

further on, standards are beirig warked towards, but pver WANs iWide Are; Networksi as

B opposed to LANs, the problems augment s:gnifioently

_ Pialn oiientiserver database systerns don't heve answers. No metter what the vendors

NETWARE LOADABLE MODULES (NLM‘Si

= _' ' One of the most. important developments tor LAN users is the recent appeerence of

e -databasa server engines which load and run on & NetWare 386 Tile server. The new. : _
_produets are celled Netware Loadahie Modules lNLMsi G

T With eunfeys indloating that 75% of all 1nstolle\<LANe are Novall oaeed, thle opons up

. many possibilities 81

..';5 : _ﬁ

o Because most file servers are far too Iarge—-especially i new LANs where vendors over -

* specify or o tomers buv for antlolpated future needs— using thls power for detobaso
_ onginee isTaeal,. “__ - s

e '_-_H!storioeiiy there have beeo a venetv of datebase server products on Unax end 05!2

- platforms, which nead substantial "iAM and a protected mode operating system-
: _requirements not met by DUS ,H _

- 'Noveli usars faoo eeverel probiems wrth detebese eng,ines, suoh as the foregoing, whioh

e demand expenswe hardware mcludlng a seoond Iasge server and dlsk storage.

| Suoh databese systems elso Introduoe a forelgn operating svstem which requires skilled

staff and a commumoetlons protocol to aliow the database server to communioate Wlth
the workstations. - : .

' Unfertuneteiy these oommunioation interfaoes ere*bulky, unreilabie and elow. ln :3|c:ll:iltionr

database server vendors often lack the axpertise to-handie other aperating svstems,

~ {eading to ali ‘the problems assooiated with multi—vendor installations,

_ s .
Against this beokground there is an impendlng f!ood of detobese server- produots being
ported to the NLM riietiorrn. : . .

NLMs offer a pragmatic solution which proteots mvestment. They funin protected mode

in’a fuil 32-bit environmant, making the most ot NetWere. This strong operating system is -

largely unrecognised and often neglacted, but offers users a proper muititasking operating

© system which Is optimised for particular tasks, s track reoord Is impreseweWith

thousande of mstelled sites, it is stable and mature.8?

. Peripheral benefits are legion, Most users have fast 336 or 486 machines instailed, But

- the file server spends midst of the time weiting for LAN traffic. -In some busy sites with -

_.plenty of surplus powar for the databese engine, . 3

70 to 100 users, real-world cop processing loads typically use 10%-20% of CPY, leavmg

£

Tha file server is usually 1eolated wlth a UPS (Uninterruptible Power Suppiyi—-an ideel

- situatien for a vital database engine, ‘in addition, NLMs offer all the client-server benefits.

For users who already have important file based applleat:ons on LANe, the mtegritv
prowdod by the new produot Is a boon.

In tralditionel ?atabase appllcatuons, file servers are treated as rnere boxes with no o

. _inteliigence, dnd data. integrity is spreed very thinly across the entire LAN. ff one.

" t'nmmmmm_mmmmk o Lo e . BBB
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- workstatlon s faultv, tho rasult-almost without ex‘.aptton-—ts uorruptmn SO to. provide &

. relizble flle based database operation, users have had to stabilise the entire LAN a major
h management eyercise consuming rnonoy and res0Urcas.o?

" The servor mamtains tho database mtegritv c:entrally 80 workstatlon faults are irnma'tenal,

_ T with the database rejecting incomplete or corrupt actions, Relational integrity is another
- . benefit, because the server undarstands rules and talational date--In line with true
clnent!servor RDBMS tﬁa!atm-m: Database Munagement Svstem} al:t:hutaoture

A

including file, print, commun}oatnons, and messaging in addition to database sorvices. A
key featurs is the ability for- the system manager to joad and unload NLMs while the OS5 is
© running. -Some NLMs, such as:flle, print and datebase services, are provided with the -
base product.. Others, such as Macintosh, NFS and 1BM connsctivity, can be purchasad
. as optlons from Novell and othoi third-party vendors. NetWare v4.0 allows one to run

' NLMs In.ring © (operating sys'topl mode) for better performance or r!ng 1,2 or 3 _' o ;

"(pro’cected environmentl for raoab;hty ancL ﬁarotectlon.“

STANDALONE DBMSS

' NLMs, bavond the database architectura conoep’c, provido vlrtually al! network safvuces, _ S

o

g ” — . . " R
A hvbrid of client/server and fi]a i==xanmr arohTtectures is the standaione DBMS Bemg
~ -guitable for single workstation im lementation, orona standard network server, it is mora
- readiy justified for developmant work with the intention ‘of migrating’ détabases to a
- client/sarver platform. More tecerit application {MIS} packages, howaver, include a-

" . standslong engine for stich ;it}w!qﬁment of full ilisation, and thus th}s\archltaicture mpv o

g _ba justified in aiming for the om‘dh'hges acctuabie from thiese recent ﬁeases.“

E fl;l'

_.SQL databaSe systems built on the clientlsarvor modsl are ‘generally used on networks,

but while a{netwmk Is the perfact environment fox a system thet’s up and running, it cah

be less than ideal for developmenit work. A standa one englne can spall rellaf during the -
developmant Qrocess on a number of- fronts -

{ .
'Manv thrﬁw~oan go Wrong during the devalopment procoss AL the very: i6ast, as tables ’
are belng rormalised and optimised there is heavy access to the server, whith can
compete with other client applications. .Under the worst circumstances, bad queries
_gonerated during development could tie up the sorVer and causo work distuptions
alsewhere on the notwork. . . .

'_"'Another consideration is the mobr!ity of the development process. It is inconvonient for
programmers to be tied to a network for development, - With a standalonq engine,
- development can also take placo at home or on the road. :

Standalons ang!nas are not strlctlv for* development; they can provide A powerfu! vehlc!e
for local data access. Evenwheén'the data is not shared by multiple users, there are-data

wi

‘management and integrity benefits to ba gained by accessing data via an englne rather

-than aceessing the files directly. With t'ie advent of multitasking on single-user machines,
It Is possible to htwa rgore than one aprJncatIon actessing the same data at once.
Cancurrency (discuzsad later) is handleﬁ hetter by a central processlng engma than by
oompatlng apphcat:ons.“ S :

There is also a scaiabilitv benefit to standalone SQL. angines, in soma situat!‘ons. it is
.useful to be able to run a networked database application on a Jocal PC: standalone
engines can provide this scalabllity. "For axample, a salesperson inight need to download
contact data to a netebook computer and access the data on the road. The abllity to run

the sarno application un the. natwork and on a notebook can hea major time convonlence. '

Los
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Pratiost Iniplethintation of Titormation Tap 1 REnEWerd oAk, .

. Thus a cormpany restricted by inexperience and limited budgets, can operate in a file
.. -gerver envirdnment, until an application has proved itself and merlts migration to a m
“robust plattorm, Naturally the Justification would falt away if the application failed,
“wouid only ba nacessitated ance its use started to overlead the ﬂle server or mult Ser .
CE securltv hiSame a ctitical i lseue. " . -

AR 0'

R Finalty; although they e;e calied 'standalone angines’, these products cen usually support x
‘muitiple users over a network using the #'s. sgrver rather than the client/server = 7

architectura. Although it is inefficlent, it 6a. e an inexpensive way to gat a networked f/
%

' datdbase up and running bafore investing in mdre expensive client/server hatdware. Mo

importentss thelr ability to be migrated from the file server platfort to the client/server.

S

Standalone angines can take three different forms. o o . o
5 S

| ) |
~ *One common fprm s as & sat of static link ibrarles of which verslens tor Hoth DOS and-‘ .
T Windows efist. This method has the advantage of limiting the number of files that must

. ba distributed with tha application, Alsg, bacause the linker extracts unly thoee hstulas -
‘needsad by the program, tha total memory réquired is mmimlsed. o

" s Aqother possibility is to use a DOS-hosted engine'that runs as.a TSR {Terminate but Stayq- =

Resident application) on the’:slient waorkstation and 1s dccessible via inteprupts, ‘This
method mors. closely mimics the networked architesture found In 'legacy’ mainframe -
environmente. In these, praducts, the developet is shislded from direet interrupt calls. via
'Ihrary of glias functions that-mateh those found in the client/server version e -
~ engine, The primary benefit of this approach Is smaller executabloes. - N

+ Finally, undar Windows, standalons engines are shipped in the form of DLLs {dynamic c
.. libk libraries}, This offers several advantages, Including simu!tanenus rmlti-appiieet:on

support and asvnehroneus queries.

The standaione scu. englne chosen depands largely on whether one’ needs to daveiep an

* application that will ultimataly rur on a network in‘a elientfeer\;er configuratlon, orope
: whleh will be used to access local data ona PC‘ : :

lf ong plans to rqpva an applicatiun tosd netwo !\, than upward eealabllsty will be the prime |
consideration; the APl (Application Programers interface) for thé standalone engine should
he as simllér as possible to the APl for the netwarked verslon./ To this end, a growing

numbar of SQL back-snd vefidors now sell standalone vérsiops of thair databasa enginee #

' for bOs end Windows development. L / R

Third-party pmduets are & good nhulce I: development fo r"l/'nultip{e database forrnate and
bac‘x—end eng!nee, or it ane dossn’t need ‘the power of t : cllentfserver architecture. )

.4
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_REO.UIREMENTS

As the front and to the enﬂre iT svstam, the
' DAS is extremely Ifipartant. 1t is often
o w . perceived @s a very small module of the IT
T .. schematic, but it ¢an represent the most work
“during the System compilation, and any arrors
introduced &t this stage can impact throughout
and be vary cumbearsome ta emend at a later
atage. o RS

_ GIGO, garbage in, garhage out, was already 8
- watchword of systems analysis in the '60s, = § 58

The word of tha '90s is NINO: nothing irt, nothlng out. Anyons who huilds Industnal- -
‘ strength appl!catluns on microcomputers in the 1980s should know both terms B8

Those who attempt to bulid an informatmn system without knowing GIBO and NlNO are
* bound to-falt prey to what is often termed the 'shrink-wrap fallacy's the assurnptiort that
' serious, Iargs~scala applicatlona can ba daveloped without requisite 1S expenanca.

Whan appilcattons are straightforward, the amount of data Is small, and the data structura '_

' is uncomplicated, GIGO and NIND are seidom a problem. Butthey beqome dangerous =~
“when integration gets camplex, the collection of data grows Iarge. and the data structure C
is convoiutad ) o o _ _

GIGO GIGD seems simpla enough Evan a novice user af a basic Spraaﬂsheet program knm.g{s a
that if:the data he enters isn't accurate and reliable, the information he gets out won't be -
accurste and reliable. Egch data item needs to be scrutinised on input to be surs itis-

_ acourate and consistent, It confarms to established code tables or aesoriptions, it-matches
- valid'account numbers, and so forth, Audit trails, rollback and récovery pracedures, /'

' atodunt sum velidations, cross-footed totals, and similar measures must be built into the
-gystem to ensure data [ntegrity, Less obvious, are the small Inaccuraciod that, alone,
spem inconsaquentlal, yet when complled intu report totals tesult in: maxpl:cable '
vaﬂatlons _ o o F

NINQ NlNO is an aven simplar prmclple. Ona cannot get mformatlon based on certaln data If
ohe doesn’t purt that data Into the system in the first place. Howgver, NINO poses mors
_ ¢hfficult problems, because the "nathings! in NINO invalve both the appllcatlon sdata .

fcon‘tant and structura. I That structure does not providi a place for ‘data-or provides a
place in which that data doesn' t fit adaquateiv~—nothing will get n. :
S _ L

- Al applucat:ans requlre sofTia sort of structurad collection of data. Whathar it :s as simple

as an array of cells irv a spreadshest or as complex as a distributed, fully normalisad,

relational database spread over multlpla servers, some data strusture must exist for an
adblit:at'ltm to be pnssibla.

\",' .

4 ths extromely simple case, the database speciflcatlon may not include a tield that 1s
- essential for-all forms of recording, but simply did not come to-tha attantlon of the IS B
person due to all the other data he was aligning. . :

Mora subtly, consider a plethora of information assimitated about a serias of ¢ash flow
tmnsactions. Should the date field he left out of the. datahasua speclﬂcaﬂon, seeming]y

'.Anmq&*ﬂ'mmmunn EtlhmlttudvaBmker o o i : R



justlfiabis? bec&uaa in this case date was not se8n to be of any import. then a loter attempt 7
- to reéongile a report over a small time siics, against anothar figure, will be impossible.

L : Less abviously, if a field for the time &-record was inputted by thie user Is not included, it
S . ‘wilt never be possible to determine what the lag batwesn deta generation and inputis, /%

- : *Also, if a critioal fisld that may not represent a part of the transaction is not verified 1¢ 4
ensure thet it has been dompleted, this fact may not become evident until such atime as -

o someaone attenipts to generate a raport grouped or sorted on this field: Such- grouping or-

T _ _ sorting cén be the be-all and and-4ll of a result, If one is gtiempting to fdahtify the source -

of any problems, and can render the entlra watem, as wall ag aII the data punchmg effott.

. waatect when naeded o _

Speclficatrbn ofa datahasa revolvas around the t)AS input screen and. algoﬁthms, and the
“time ang effort that should be put Into this task shou!d he' givan as much emphasis gs the
. oth_er odules. . e _ _ _ . o

' The functions uf tha DAS can. be clearfy itamlsed‘ L -
e Collect data, qgtt}&r though man-machina interface {MMI}, else gatemy to controi
S systoms; . .
Ci4 ot « Assist user In iftputtlng data accurately through prompts,(famil'arﬂogmal gayouts, ctear .
' ~ requirsments, and pusslblv on-!ine qhack calculatlonsﬁatals »for gu!darﬁ:e and
-confirmation;, S S e
* » Chack integrity of data against pradefined parameters, : R -
» Process/manipulate data a bit to conform to storage data tvph q;} tS mndule,
e Pasa data to ;s module, possiblv conflrrnlng its: recelpt. : _

CRITERIA R P
GRAPHICAL USER A date-entry screen, being the inforrhation gat. way inte a progiam, can make or broak an
lNTERFABE {GUI} spplication. A data entry screen should ericourage quick, asourate inpist of Informe wan,

- with the optinn of redusing errots by verifylng the data--not letting & user leave an
important field blank, or ingisting that the contsnts of a particyler fisld must be unique:
{(such as a batgh number) or must fall within & certain range. Craating data-entry forms
can be painless or pamstaklng, and e GUI can usuailv maka thls all a lot aasier. .

Freed from thd limits of & text interface, the dq;ign tools in Wlndows datubasas ancourage

creation of better screens. Standard equipment for screen designs Include radio buttong,
- ~ check boxes, and scrollable plak liste that drop down from a field as one moves into it. - -
S o o List boxes, toggle buttons, taxt zoom facilities, help messages in status bars, on-screen .

' T graphics, titles and context-sensitive help all make input far more acecurate and reflable. . - ...

With colours, sizable fonts, customised input farmats to force desired inputs, gone are tha-
days whiere the limited number of characters that could fit 'on a screen meant that
messages were usually ambiguous, and users couldn't sBe whara to placa thelr !nput and
why it wasn't being accaptad.

FEL

, L o Most packagas let ona créate custamised menua to halp automate tasks, but &an _

. : : . increasingly popular option Is 1o rely oh the mouse and assign a macro ar programming :
“module to an on screen push button. The mouse Itself helps users to jump to Input boxes
without having to tab through numarous scregns as was preva!ent in the clavs of HP
avstams. ' S _ _

. . !'\
Sophls‘tlcated packages read a vﬁlue as noon as it has been antered, rathef than when the
_ ~ ontire £:rm is complete, allowing the value to be used in other inputs (to gray out an area
- if it ho Ianger appiies under the chnsan salaction allowing the value to be verifiad

.. mmn'maﬁmmuunttwmmmnam S A o
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Immediatatv sa that tha user knows exactlv where he wsnt wrong, displaymg things llke o

. runping tolals and calculated figuras based on tho input, and aven incorporating: sub-forms -
. linked to & value on the main form to restriot dieplayed data.  These packages also have

- avent trxggers for when auser enters a field; changes it, exits: it, or even dcublevchcks it .

wﬁh a mousa--facilitating all sort of asslstagpca optlons.

: Mu]tipia farms on the scraen at thé sams time help eliminaie errprs, hatp scraens that ean )
- sit beside the main form, cue-cards {gulde through help), and various Iavouts atsch as
- _spreadsheat like rows, or’ phge Iike forms. aI! assist in clarify!ng Iavaut. g .

o In all, few applicatlons are more suited to the Gut environmant thar'i DAS mterfacas. "

PROGRAMN.
Auli,g.rv _

© ' AGL that takes all the wark put of scrasn genevation. There &re probably very few: art-.hs _
_ ;1n whmh tha productmty mcreases of a GUI feature more than in screen buiidmg ' o

L0

For sophiaticatad form séraans that provlde all tha foutures. hsted abova, one requ:res -
pither a high level 3GL (SrdaGenera’iion Language} with an excellent cdmmand list, else a.

Q..

S Most ?ﬁhar raquired featuras arg I:sted unda? the GUI dnscuss?on. it is fair to aav tha’c most )
Gl packages feature these abilitias, and most character based onas don‘t. Howeyer, o

o package should be evali:ated for the faore subtle rtems discussed,

stm

DAS packages usua’\ ; comy w‘Eh tha} M'IS {Managernent Information svstem} frant and,

- and thus the veview in this fortiycoming section would apply. Ore should note that whilst *
. 'DASs are nearly always subse
N typlcaily an ES (Exacutwe lnformatlon S’vstam) wouldn't. .

of the RIS, an MIS will not a!ways hava DAS fﬂcilrtles,

om0

o
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INFORMATlON STORAGE (lSl-— o
DATABASE MANAGEMENT SYSTEMS (DBMS)

o

Ty

STRUGTURE -~ .

cumponants.

. . DAt

' DESCRIPTION.

. LANGUAGE

. PROCESSOR.

© . the number,of decimal ph
* data, It is hare that Binary

 PERFORMANGE
STATISTICS
- - PROCGESSOR

| . Mlcrocomputer b@sed DBMSs typically do not

' eould typlealiy consist of the fisld name, the
" type i data {taxt, number, efc.), the size of
* _ the data {text length, nuE?ra! byts sizBL and

- complications in RDBMSs- tFle[ational Database
: Management Svstamsl, I A :

. . forth, The manager in the information sarvic

A typmai database wouid contalrr tha followlng

Toa

Thaﬁda’ca dascriptlon Ianguaga (DDL} processur
trarisforms the data dictionary into the -
détabase schema. Al DBMSs have & DDL :
which defines the data type In each fiold, This

s tor nuerlc
Data (BLOBs-~
-distussed iater) Specif‘catmns start to cause

The parformance statistlcs procassor malntalns
statlstics that identify what data s baing used,
who Js using it, when it is bemg used, and so -

unit named the databage administrator use the
statistics to monitor database use, ¢

" inclide tha performance statistics processor,

BAcKUPf
RECOVERY
: !!!I_ODIJLE

DATABASE
NMANAGER

R

i

The backupfrecovery moduie is used to ret‘.over from a disaster that makas tha database €
uridsable, The transaction log gnables the reconstruction of the database from sald
disaster, and is essential in fragmenting archftectures whera any PC may ga,down

unexpactadly for any raason.

¥

AII DBMSs lncluda & database manager. “The most mportant of the DBMS software, it -
handlos the users data requests. - The guery language and the DM! {Desktop Managemernit

_Interfacs) are & part of the detabase manager, The database manager also produces the

- “performanice statlstics processed by the performance statistics processor, and the
- wtrangaction log processed by the bavkup/racovery module, The database manager is the
only DBMS component that is main memory resident. Thia others are transisnt routines.

An MSo Eng Diseartation Submitied by © Barker
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STRUCTURALTYPE A .

OHIGINATION At the dawn of cumputing, data was stored m a sequential manner on punch cards, tucker

ORGANISATION

tape, and later magnetio tapes medla, Access to this data was cumbersome in that svery -
record had to be read, from the baglnning, until the required point wes reached. Later the

_magnetic disk, a direct access storage davice {DAED), allowad the raad[wrﬂ:s mechahism '
. to be diracted to s parttcular record without a sequanttal seareh :

This opaned the way to informatlon retrioval as charactensed bv databases today, the
problem: that ramained was ona a ralatlng records in computers that people would da

_ naturally.

' "!‘hai co‘nat'ramf was. tmposéd'by the way the'data ﬁras physically arranged in secondary -

storage. Information specialiste sought ways to solve this physical organisation problem,

- and thelr efforis led to somathing that became known ss logleal arganisation. Logical

also & loglcal integration betwaen multiple files.” -

. organisation integrates data from several different physical locations. It is how the user

sees the data. For example, the eredit managar sees the report information as fitting
together logically--alf of the fields ralate 1o a past-due-receivable, The physieal
organisatlon, on thi other hand, is how the computer sees the data--as separate files.
Techniques were developed to achieve a loglcal integration of data within & slng!e fiie, and

Ci

Two approaches were de\.":cped that enabled the

_ selection of certaln records from a sinla flle without the need to search the antlre file.

The two approaches ware called Inverted files and Iinkad lists,
’ o

An inverted flta is a file malntained in a certaln sequence, but an Index hag been prapared

- that enables fecords from the file to be selocted in soma other sequence. Tha type of
‘prablem that the inverted flla was designed to solve was the request by a manager for a

report listing only certain records in & flle, Fer example, a salos manager might want to
see a isting of the sales made by Salesperson 23, Each record in the table had to be
axamined by the Computer ta determing If it has & SalaSperson 23 record lf sn, it was

AnMScwblnmuunsummm_bycnarm_ 3 S _' . B78
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_ .selacted and used to print the report A fila containirlg thousands of records might include
only a dozen or sa records for Salesperson 23, but every record in the file had to be -
scanned,. it was very inefficlent. The information specialists reslised thay could create an

" index for the Salesperson master fite that listed all of tha records for each salesperson.

. When the index is needed, it is read into primary storage and the program scans the
salesperson numbser column looking for Salespersori 23. When that row is found the .

- program can scan across to the right and pick up the needed recoru numbers. If the

.Salesperson master flle [s. DASD based, the naeded recards can be selected without

searchlng the entlre file.
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Y sy e m,;: seriy

L Invarted File

In linked lists, another technlque was used to achiéve the same results. Assume that the -
-sama manager wants the same report. A separate field, the salesperson link, is added to
each record in the flle,  The field contalns a link, or pointer, that serves fo tie together all
of the records for each salesperson. The program selécts the records by scanning each
record in the flle until the first record for Salesperson 23 is found. The link fleld in the -
first record s called the head, and it identifies the next record for Salesperson 23. The
next record Is retrieved {again assuming a DASD capability}, and its link figld identifies the
third record, This process is continued uritll the last recerd is retrisved. Tha link field in
the last record contains a special tode that Identiﬂes it s the tall.

w{iw{wioala] nj ol
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AL INTEGH EEN FILES Invartad ﬂles and. Iinkod Iiats provldo & way to Iogioallv
integrata records that ara physically scatteredhthroughout a single file, but thoro is a!so arf
, naod to ach:eva the same results hetwgen multiple filas, R ; S

tn the mid 19603 General Eloctric qunf:ed COBGL to allow data to abe retrieved from
‘muitipls files, Links were used to interconnect the racords in one fiie to the logleally -
‘ralated records in other fites.’ GE's system was. namad (DS {for Integrated Data Store), '
and it was the first stap toward an irLtegratod database of multlple fllas/ _
Eszmcrr The loglcal mtegration of filas can. be estabhshed expiioitiy or impiicltiy Tho mvorted
S‘rnuc*runes "indexes and link flelds astablish.explicit relationshrps Between logically integrated data, -
: “The Indaxes and flelds exist physloally and must be incoiporated into the files when they:
o are craated. )f they are not, the manager ] raquest for Iogica{ly ;rtj};aﬂg}r\ated informatnon 8
oA oannot easﬂy be met. o . _

w ) . o

AL.SIBL!QLD.EE For sevaral files ysing expiiclt relatzonshlps; relat:onships can ho
defined across the filas, dpi the fi igure, each salesperson has a smgie Salesparson record
that oontams data suoﬁ as that hsted in the figure. iy . _ oo

.{3"

~ EBach salesgerson has muitiple sales statisticy' recerds--one record for each sale. Each
a salespersog also has multiple customer records that provide information about each’
customer in the salesperson's térritory. Fmaliy, each of the salespérson's customors can
,,have multiplo accounts rocaivable records-»one for each unpald purohase. _

Tha retords in *he figure ate arranged in a hlararohy. Each record on one level can be
related to multipie records on the next-lower level. When such a logical relationship exists
‘between the records in different files it is called & higrarchical structure. A record on one
level that has subsidiary records is called-the parent. The records on the next lower level
- -are called childran, In a hisrarchical gtructure, & child can have anly a single parent,
‘Another important feature is the tink'fields establishing the explicit relationships. Once

I
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' '-ona rotnovos a8 snlesparaon rooord {soy for Sa!esperson 23}, the link%can Iéad ono to tha '

othor records in othar“flros that aro Iogroafly re,ateo to that salesporsr:gr

- ﬂﬁIﬂQﬂK.SIH!lﬂuBE The other popular database st(ucturo that uses ex;) ioit rolotionships
- isthe network strugture.  The maln diffarence between the notwork and huerarohioal
' '-struot“uras rs that in tha networ.c structure a chuld cery have rnore thar: one parent

WW WhrIe the hierarohlo;rl and network structures aro

2.glant step toward eliminating physical constraints, ths approach of using: axplrc Sy
reia.tronsh:ps does not offer a complete solution, It is necessary to identify the groups of

- . Hilr's that must Ye logically Integratad bafore the database is craated, This restricts the
o rrénagor from ‘making special ad hoc raquasts for combinations of lnformatlon nm:

# _fsre\nouslv speoifiod.

IMPLICIT

. - STRUGTURES

dne tha sarly 19703 Edgar F. Codd and ¢ Date, workmg soparately, developed an
approach to establishing refationships between records that do not have to'be- stated: .
explicitly, In other words, speciaf link fields do not have to be included In the records.

- Their approach has been -named.the relational structise, and it uses implicit. re!a‘tlonshlps-bi"'
rafatronshrps that oan be Implied from the existmg rscord data._ . _w;«

<

Assume wa wanno use two dat‘a

":'.'tab}es to preparo a report The data in a relational database Is In the fornt of tahles called -

flat files, A flat file is @ two-dimensional arrangement of data in columns and Fows. Wea

- want the repcyt ta list the salespersond In Tertitory 1, showing their salesperson nymbers .
. .and their. namt\ar Both tabies are needed; Table A prov:des the means of identufylng the .
" records for. Lerritory 1, and the salesperson names come from Table B; If a peison were

told to prepare such a report, ke Would need no spacial instruction, and would Iogioally .

- integrata tha oata, aVen though no explicit relationship exists

' The imp';oit rolatronship is ostabliahad by tho salosporson number ﬂold in both tablos._ Tho

salesperson number field ties together the territory numbers in Table A and the -

E F.Codd, the foundar of database theory.” This test base hag since I:noon oxpanded into

B hundreds of rules, but for the oontext of thls report, tha 12 auff:ce. i

Al information Is rapresanted expiioitly at the jogioal level and in oxactly the sama WaV“ o

‘by values in tables;

“+ Each and avery atdmic value in a database is guarantesd to be logically aocosslble hy _

resorting to a comibination of table name, primary key value, and column name;

-+ Null values are suppotted for representing tnissing and inapplicahle mformation in a,
- systematic way,. Independant of data type;

« The database description Is rapresentad at the Iogloal lovel. in the same way as ordlnary

data, so that autherised users ¢an apply the game relational Ianguage to ttS intorrogatlon '

a8 they apply to the ragular data;
« Whilst several languages and modes of tarminal use may ba supported, thero is one :
‘language that can ‘express all of the followlng itarns.
= Data definitions; . :
- Viaw definitions; '
~ Data manipulation {lntaractwo and through programs},
- Integrity constraints; D
-« Authorisation; ' :
- Transaction boundaries {hegtn, cornmit and rollbaok),

7+ All vigws that ara theoretically updateable are siso be updateable by the systom,
-+ The capability of handling a relation as a single operand applies not only to the retrleval

- of data, but also to the Insertlon, update and de!etion of data,
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" salesperson hames inn Table B. This Is the way the contents of multipla files aré Iogucallv o
integrated in a ra!ationa[ datahaae. o "
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e Applic.etion programs remahi 1oglealhf ummpalred whenaver any. ehanges are made In

- alther storage representations or access methods;

- Apph thon programs remain, Iogleallv unimpaired when. inforrnatren—presarvlng changes
C o of en

kind that theoretically permit unimpairment are made to the bass tablss (en-line .
tiatabfser‘table repair and madification is fasilitated}; - :

-« Integrity constraints speclfie to @ particular refational databass are defrneble inthe '

. refational sub language and storable in the engine, not in the application. pragrams; . -

" » The data manipulation sub language enables applications and inguiries to. remam Iogically

' . and passed back. _

‘the same whether data is physlcally centralised or distributed;
-+ If & fow-level (single record at a time} sub-sub language is used, that level cannot be

used to subvert or bypass the integtity rules or constremts expresSed in the higher-level ;

re!atienal ianguage {multiple records atatimol,m o 2 : o
As Ccan be seen, ail these rules are geered towards suppomng a elrentfserver enuirenment o
Zwith ea plety control being iy the -angine, and queries and answers s:mply belng aecepted

Af RIENTE] GEN B B3I The big ergument ln teday s
detabase market is not which Is the best database managemeant system {DBMS), but-
DB'WQ gurys are busy "with another question: Does the futura of datatases le with the
re!ational mode) qr the object~orlented DBMS {OODBMS) model? :

| While the debgte mey have little meaning for the average datahase user, itwill eventually

" letbd t6 fundaméntai changba in how database programmers work with information.  Most |
- of todgy’s DBMSs uge & tabular range based on the telational view of data, The relatlonai -
“model works well with the common ingradlent of databases: taxt strings, numbers, and

" Boolean logic operators. As wa mave through the ‘90s, however, DBMSs are being .

B _raqui_red_ to pack CAD/CAM files, scanned and bit maﬁped graphie Images, sound and .

video ciips, and other pieces of multimedia.. Working with thig kind of data, oftén called
binary large objects (BLOBs), is difficult i the relational model, because a RDBMS must

. include a gpecial set of vules that govern each kind of new data. It doasn't take ‘many of

these before the RDBMS's application programming interface (APi) departs.from the
_essential simplicity of the RDBMS desrgn. That‘s where object«orlented evsngelists ses
thelr window of oppertunitv. _ "

' ln an OODBMS, data pressntatlon fa encapsulated w:thin an object. An object is &

varlable that contains both the data and the code that tells how that data is to be handled. -
_The object is then used as a discrete item, - Instead of struggiing to develop links batwean
the dats and tha user interfizce, the object contains the hooks for diract user viewing and
interaction.  One can't beat the DODBMS approach for displaying and working with
difficult data types such as graphics, but thare may he serlous problems when it comes to_

o searching an OC\DBMS and werkmg with alphanumeric data. -

In the RDBMS world, Structured Querv Languaga {SCLL} has estabhshed ltse!f aga-

powerful and easy-to-use language for data quary and manipulation. There's no such
“standard in the OODBMS world.  Some DBMS designers have suggested that object-
orfented languages might fit the bitl. Other DBMS designers belleve that this misses the
boat, since the- uhiect-orrented Tanguagas are far more difficult to use than SQL for o
database work. Also, since SOl Is designed from the ground up for database querles, it's
highly questleneble that a generic etuet:t«orlentrrI programming language could handle
datebase work as smoethlv as today's 8Ql-based solutions.™ ‘ .

Toclay‘ r,hsre ara uniy a fow companies with true OODBMSs, and nene of them are
'shipping products that work on the Intel x86 platform. When and if PC versions df,
OODBMSs appear, they may find thair path to the market blocked by RDBMS-orientisd =
producte with strong user bases, that include object-oriented extensions. The most likely
evolution of the database model is toward a DBMS that, Just as today's programs mix flat- -
file and relational concepts, eombines influences from both the RDBMS and QODBMS
modeis. » :
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. ‘NON-RELATIONAL -
STRUGTURES

- An Illustration uf the prngreesion frurn sequentiat etorage through to an g
_object-urlen‘ted database is shown. =

- solely for data processing,-a pre datsbase hIeramhy with files as tho

- “requirement to integrata the contents of multiple ﬂlea, thare Is no need'... o
: _to adopt the database concept : : .

' -,EBQEEIEI:AHY.DAI&.SIQBAQE There are manv firms usmg the computer irl
_ avery sophisticated way without a Jogically integrated databasa, In

- ‘i5-process their daily transactions. This is common in the lifa.

"+ insurance industry. The prawritten aystems perform ali of the

.- necess: 1y file mainterance, redueitig the need for an integrated .
daiabase and DBMS, While the mtlgrated database and the DBMS ara

- direction, This is most evident atthe microcomputer level where 2 . . BN :
. -DBMS, an electronic spraadsheet, and a. word processor are consldered the foundatlon for

Not.all ﬂrms have achievad t_\ﬂe degree of ioglca! mtegratlen of their _
computer data described here: Such an abiluty #$ not necessary whar. -
eithar of two cenditions emt; First, i the flrm uzes the computer’

highest level can produce the desired results. Second, if there is no -

soma ceses these firms have purchased prewritten software systems. -

not an absoluts nacassnty, there is no doubt that the trend ls in that-

end—usercomputing e C T °

 FLAT EILEDATABASES Arother siternativa Is flat file databases, These ara s subset of
. reletional modals in that they represent a single tabla with no relatlonsh:ps. They are

* simpla and they assume that each set of information carf be represdgtad on one line. The -

- most common example is the tetephone book. Each person has one address, one name .
. and one telephona number, which all bie Included in one record for that person. In .

" database terminology, each elemen(g‘gf B
' relationship with each other element of data in that lnstance‘ :

dita In an instance. {record} has a one to’ una

o

- | Relational databaee systems are often targe and complex whlle flat file systems can be
ean and efficient for simple app!ieations. “Thus, one should: cansider the necessity ofa

g true relat:onal ,structure before meving 'mto this fleld,

ﬁEBEaD_SI:lEE{s Not to e iaughad off, the. spreadsheet is\orobablv the most famlhar

© computing tool to management today. It is far easier to get managers to use & -

T ‘them ftpm doing thtngs that aspreadsheet was otherwlise deslgned for. - R ‘

spreadsheet than to move towards a database system, especially if the latter restncts

Many pé\ople who need to keep track of data do so with a spreadsheet prograrn rather _

" - than & dédtabase., Orie reason s Lotus 1-2-3, which for years dominated the business

softwara market as no single program ever will again. Another reason is thet, at least at
firat glance; a spreadshest—aspecially a three-dimensional Spreadsheet—-looks like a great
databays. The rows and columns coyfespond to tha fields and records of a flat-file.
datahese, and & 3—D spreadeheet 8 pages resemble the tables of a relational dataoesa.

Stlll the real value of a database is in data manlpuiation and retneval and ft's here-En '
sorting ‘and organising Information and formulating alaborate queriss for retrisving selected

' ~ parts of the data—-that most spreadsheets, at least wuthout help from third-party query .

“applications, fall behind dedicatad databases. Even so, its pussible that a spreadsheet.

with enough bullt In database nnwer can’ satlsfv many record‘keepmg needs, '

_ Almost all spreadsheets can sort data by row or colurrin, letting one specify kay fields, |

o Some allow the design of custom sereetis for data entry: and.some Windows worksheets
. provide for jolning two or more database tables, giving &t least a modicum of relational

functicnality. in short, if ones database needs don't go much beyond keeplng renords of

0; clients or customers, almost any spreadsheet can do the Job. -
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- Whllst a database query avid rehoff" nnot reacltly Handla amurtlzations, i nanc:al eturn
- aalculations, and mota importantly, rapld graph compitation and amendmant, thers are
very deflnite reasons for using them over spreadsheets. e LT e

For any !evel of soph:atleaﬁon and whera reiatlonshlps ha\m any hearing, the above starts o
o fall down. More relevant are the limitations on spreadsheet size. A database.canbe =
virtually valimited tri slze as it is stored on the DASD media; and read from there,
- Spreadsheets have to be loaded into PC memory--and even when this. is possible, the -~
- gystem will slaw down-at high loads (high.bsing considarahly less that a: database§ Iimits)r o
‘Single user hmitat:ons t0 access become dasirable when:ona considars how easily a -
- spreadsheet ¢an be lrravocably destroyed I:w»*‘hg ramoval.of a single columri by ans

‘ignorant.user, hidden foffulas alsa maan thet only the original. designer will ever

w0 understand haw it works--reading-someone else’s complex sheet is a nightmare;” tmlike :
S - . strugtured ﬁlage programs,. Moraover, spreadsheets, white sxportable, ars not -
‘s accesslbls fhrough other applications and ramaln islands of automation bucking the athos:
U . ‘of open systems end data distributions In all, they are defiantiy a step backwards uniess
AR L 'dea!mg wh:h 8 aituation thet cannet warrant a true DBMS. o :

I Spreadshaet veridors don't surrender that aastly, the current trend i to bundfe d, :
- spreadsheet with a fairly complex data query facifity. . Quattro Pro for Wlndows has 1ts

- DataTable‘DeskTop, Excél hgs ODBC, and @A~SuperCatc has Silverado, to name a few,

Allowing read access toagm‘a databases, these do not addrass the storaga ;spects Iisted
‘above, . . ®._. s e
_ : ST T " a ST ';‘;

_ '_In sum, whxle thara qre severai wavs tn‘ use & goocl spregdsheet as a deTaEeSe, when n: e

' 'cemes to senoue ‘data handiing, -] powerful rafatmnal databasa will alwqys win the day‘

. OVERVIEW A decIsidm tree fm‘ determmmg the type of database required Is IIIustrated below. °
Cse 20  Seemingly simplistic, this Is all that is really required to.make this declsion, whereafter tha
' . . actual vendor application will have to ba given considerably more thought, The =
* spreadshaet application leg does not refer t¢ SQL hooking as wilt be discissed later, but
. simply indieates that, as prevails in desktop svstems, a spreadsheet can be usad o store S
Ilrnlted data-as dlsuussad above Co S
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| FUNETIONS_

[

g ' ' ' .
The main functrons m’ a DBMS are Iistsd b\? . Thase are not’ to be confusad with' ‘the
_ _criteria one would apply i in assessing a DEMS as are Iistad in tha fol!owung sact!an.

" » Multi-user acoess control ——

 CRITERIA

* Muttl-user integrity contral through fi['e!record!field lm:kmg ' ' ' e

“* The organisation of data which facilitz.es a tediction In data redundancv {duphcatlana}

* The integration ‘of data from muitiple sourges ree
» The retriaval of dats, often Ina speciﬂad format, and the processmg of quenes ina
- client/ser - T enwronment} _ =

i

. e 3 ~
Choosing the right database server, can be a painful prqces'\s. Database servers ars
cormplex and bristle with high-tech features, and evaluating them can become a full-time
job. Selscting a database server is a process whosa results will aﬁact ali those who naed
access to the data tha servar wili manage. . Lo

Fortunately, by recognising f\e different criterla o databuse server should meet, buvers
ean simpﬂfy and Spaed the database-servar salactlon procasa.

_ Database servers are part of an oversil en\nrunment that lncludes a network a server

system, and one ot more types of clients, Most organisations evajuating database servers
will already havefar—ieast part of thls anvlronmenf in place. Thus, how well each database
I e CraL

e s
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.Cutnts

sarver meshes with the exisﬂng hardware server and network environmenf Is a key _'

._fq

eonsideratien. o

a

Beosuse the data In a database Server fs usa Je only. \_mheri tis availebleite c_:lfent o
applications, the compatibility of each datebhse server withi the cllant front ends being

-considered is another key Issue, In addiilon] as with any product set, a feeture~based

: eempaﬂson is an !mpertent part of the seIe Fon process.

Buyere should also consider tha type ef front-gnd database software the ellants wiil run,

. The elient software must be compatible with the server's database system.. This can lead

toa chleken-anﬁ«egg dilemma- Should buyers choose the database servar or the front-end

~packages first? .

: Fer.m'any buyers, it 'm.akes 58NS io cheese the frontuerid pl"qglucf:te first, Users .n'iight

already be familiar with a particuiar PC stand-alone database systam, so using that system -

as a frant end to the new database server--assuming that is possible; of courss-could

- save user training vosts,” Chopsing the front end first dlso makes sense because most
~ users will be mora concerned with the software they see and use thﬂn with the clatabase

sarver, whleh operates, to thom, lergely behmd the scenes, . ' o - o

Another sensible aption Is to pick a small number of frent ends %0 thep different ueers ean o

" usd the software they Jike best, Hard-core developers, for example, may want powerful

frent ends such as 3 & 4GLs (3rd & 4th Generation Languages), other users may want the '

-~ simplicity and easc-of use of such toofs such as hooks frgm spreedeheete te the dutabase.

- NETWORK

-e’

A typicel netw:;rlc enwronment wlll contaln one er ;ume serVers and one or mote typee of .

networks. Any database server that blends seainiassly with the existlng setup will thus
have a eost advantage over those that de not. . . _

of oourse, i a database server's performenr-e ar features on a pert:euiar pletform ara s
compelling that they make the cost of adoptifig the new platform warth bearing, then the =~ . .

* type of the existing seivers ned not matter. For most buyers, however, the first step in

the database-server seleo'tlon process wﬂl be to Identlfv which products can run oh
existiny servers,

R

Some Gatabase Servers mev,”*nlrp be able to run under different o'pereti'rig-svﬁtem software,

"hut on the same hardwate. ' database server that runs onh X86-based Unix or 08/2 - -

' _servers ahd supports NetWare's SPX/IPX {Sequencad Packet Exchange/Internet Packet |

Exchnage) network protacol, for example, may work just as well as a NetWare Loadable

Module server in a NetWare environmient. The more a database server can ‘speak’ the
same natwerk protocols as its clients, the less work it will take to get that server running..

u -

" The reverse is also trues If a database server cannot use the same network protocols as

FEATURES

0

the exigting clients, adopting that server means thanging all the clients.. if, for exampls, a

" database server works only with TCP/IP {Transmission Contro! Protocol/Internet Protocol),

then either that server will not work in a NetWare enviranment or it wiil require the eliente
to be ehanged so that they, too, can wotk with TCP/IP. . :

.'Such changes can be axpensive hecatise they affect multiple cllents and can ereete a
‘great deal of eetup and configuratlon werk for network edmin:strators. o

The third ares to consider when selecting & database server is the mest obvmee ora: the

-features of the different candidutes. With database servers, featuras that may sound ke
" mere technical widgats can prove to be eritical for cersain applicatians, For this reason,

the mare prominsntly featured ones {featured In vandor blurbs/gseminars, and featured In

. Industyy reviews} are listed below, though several more can be seen In the review table in
- the'reviews sectlon,™ ;

w .
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~ takes plecd in two steps: a prepara-to-commit step, and then—if all the relevant engines
. respond with a ‘ready’ sighal-the actual commitment step, An inabtiity to serve this ~
+ - funetion can lead to incompatibility with ofher databages if more that one server is
- combined in the system, The result Is a necessltated APito brldge this gep—nen
unnaceeserv cempl]catlon. = I

p=a N

B Coom L o S

P & QQIEBX Th % carn often sound hrgh—tach but can translete into bettem—llne

" '- berieflts when somethirig gbes wreng and a'dt “abage gets corrlipted by a system failure. "

When such disasters strike, the ability of the database server 1o roll back, or undd, all
Incompleta transactions is vital, Incremeni:al backups ard also vltal for detabeses ton larga.

to back up fullv ona regular basis.. - . _ T

ZMeny EQL detaeases provrde rolllsack capahrirty o that if both transectu‘me are not
committed, neither will be--the partial chianges wilt be undone. For exampla, when moving
‘maney between accourts, data integrity may demand that a debit In gne: place be

' balanced by a credit in another.  Both transactrons must ba eemmitted*;;o the databage or
' the data will o lohger be censistent. : . :

- Flecovery sheuld not haVe to be facllitated through tne netwerk operat!ng svstem
. providing mirrored disks or copied databases-—facilitles deslgned to eover 8 hardware o
o breakdown. _ : : S

_ M.EHASEMI This ensures date integrrry when updates ara being mede ina

distributed database ervironment. With two-phase commit; the update to the: databass

QQI&LQUEBENEI Any organisatlon that has multiple users slmulteneeusly updatrng a databaSe
- wiil war to examine sach database server's concuirrency controls. Thase contrals - -

manage the locks needed to lat many users work with database data at cnca. The levels
of locking the server supports are important becauss they #etermine at ‘what tevel users

-cah share a database, - If a server locks entira tables, then only ohe user can be updating:
‘any given tabls at a time, The Jower Jevel at which a table, is jocked during Gpdates— Jg

whether at the page level or the record level-can greatly Influence aceess speed. ldeally, o

“gnly the particular, record being updated-s Iecked, since ‘thet glves. uther users aceees to =

as rouch nf the data as peselble. :
_ _ . o
When updates are being pmeeseed for many records, it's rnore efficient to coarsen the

Mevel of granularity and lock the shtire page, tathar than'locking multiple records, This

conserves the number of ocks available to the system as a whole, -Mast SQL databases |
-provide automatic lock wscalation, which changes the level of granularity of the iouk
dapendmg on the amount of data heing updated _ :

nﬁam.ggu_c_qumm. As applications become heavily uaeﬁ the weakness of & slmpIistic :

< rggord-loeking scheme becomes apparant: If the first user doesn't releasa the record in .

short vrder, other users are mada to wait, When two or more users have their requests in,
the threat of a deadioek exists, and sveryone. waits for one of the others to release a 'loek

Qum:u..amme Each datahsse server prevides ahe of more languegee for mampulating .
its data. Structured Query Language (SQL) fs the modern stendard for servers, but there
are many varieties of SOL.. The completeness of a sarver's SQL Implementstion and its '
level of adherence to the ANSI( SOL standard can ba an issue fof o: genlsatlona that

alreadv use mlni or me:nframe $QL-based databime systems.

As covered later, SQL has taken on many enhaheements through variuus Vehdors. The
compatibility of the final outcome, with other applicatmns, and the advantages ofeach -
. enhancement need to be eonsldered.

EMES Aside from the DBMSs ability 1o use SDL queriea, is the tnore

subtie, vet rnore importent featura of how well this works, The goal of optirisation Is to
- ensure that an SQL query returns results as quickly as possiole with the fewest number of

‘\““-e-._.,i
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© hits zgainst the database. Thera are two types of SOL optimisation; syntax—basad

- apttmlsation and the nawar, more effaotiva costubased opﬁmlsation. :

. SVntax-basad optlmlsatlon exploits the, fact that in 8QL, the way one spaciflas 8. quary :
car’drastically alter its efficiency. With svntax-i;ased_ optimisation (also called ruls-hased .

optimisation) a set of rules based on the physicd) position of expiessions in the WHERE
clause leta the pragrammer know exactly how a’query wlil be implemsented. It takes skill
on the part of the programrier to derlve benefit from this knowledge. The advantage of
placing the enus on the prograrmer rather than the database software is low wverhiead on

ot expensnced, there. will be no d“ :in.

Wﬁh cz.st-basad optimisation, statlsﬂcs ara gathared about the database--number of )
‘tables, number of Tows, types of data in each row, avaliabliity of indexing for a particular
. golumn, and so on—and the optimiser makes uss of this knowledge to determine the best

' plati for guery execition. if the optimiser determines that a full {able scan would be more -

. efflciant than using an Index to process a particular $OL statement, then the Index would

1
S
SR

i o#n be so many ways to implemant & quary that a sompldte avaluation of aII of them

o

o

i not be vsed ho matter low the SOL statement was wordaed. The advantage of the cost-- '
. i based nibthod is obvious: The experlise for determining ti:e best way o Implemaﬂt a

query is. transferred frorn the user to the databaSe engsne..

Tha disadvantage ia that firrdmg an optlmal solutlan car ‘rake a Iohg time; fact, there

- pould take longer than the longest-executitig sclution would take. The search can be
ahortad by setting a tima limit or the optlmlser cati ba' programmad to accapt d gond

. anough' sulution.

ﬂze_c_auﬂaamr_s W Ia most mudarn databasa servers have more. than endugh capacitv
for most neads, it's stili wise to verify that sach potential databuse server can hold gll the
tablas and records an organisatunn is likely to naed. B A :

ua:ml:ﬁa One partlcular type of data Is worth notlng separata!y. binary ﬁnformatted

- data, Most databasge servers are designed expréssly to manage récord-briented data.

More and rora. organisations, howaver; need to store and manage such large chunks of
data as text files, graphic images, sound filas and even full-mation video, Many databass
servers attempt to mest this nead by Htoring thess flies as unformatted obj?cts commonlv
known asBLOBs. !E}Inarv Large Ob]et‘.ta} o
Eﬂmﬁ No matter hnw tachninully Qarrect a product may bu’ for most. organisatinna that
product’s price’ wiil remain a factor, Different datahase vendors use-different pricing
‘sehemes, 8o accurate compatisons demund care dnd attention, O server’s pricing, for
;. example, might be based on the mamr;;nm number of active users possible, while
“another's might be based 6n systém typa. Another unexpected suptise may coma In the
additional shares imposed for gateways/protacols required to acoess exi? !'ing svsr.ems, as
soma systnms don't automat\caﬂv inorporate the varistions, . -

QQHSISIEM C‘onsistancv refers to data integrity Databases organlsa Informatlon bv

- breaking it down into related data slements. A database with Intagrity upholds rules that
- govern the relationships l:-atwaa. {s data elements: for axarple, “all employees must
have a social securit number™; “hiwelce amounts must be greater than 0; or "whenever

&h amount is postuc‘l to & ;ournal, a correapondirg entry must be posted to the general .

letlgar.”

Databases are consistant when all of tha data conform to the rules. Unlssa the DBMS has

a way to enforce the rules, & database may becorne inconsistent after it s updated.

. Sometimes a'complex change farces the datpbasa to be inconsistent temporarily, butin.
the end, order must pravell. The unit of woik that takas the databasa frnm one conslstant
state to anothar is called a transaction,

-

X,
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S



st O'L‘
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BEEEEENIIAL.INIEG]&!J:‘L[BIL Relatmnal databases ara mada up ofsseparate tables that ¢an be

_ jolned on the basis of commpn information, If & parent record is deleted but the related
child records are not, the child records &€ orphaned. Rl simply ‘theans that rio ptphans are ’

© permitted in-any teble. There are three ways that & record can hecoma orphaned: the
parent record s deleted, the parant record Is sormehaw changed so the relationshtp is fost,
or a child racord us antared wcthout 2 parent record.

Without RI bu-lt into the DBMS the front end has to maintéin contlfél. 'fhia means that \)
simple front ends are not allowed, ary changes have to be carefully vetted, and future

. migration to new appligations Is cempounded, - This Is the way old mainframe applications .
- work, and {s the largest dlsadvantaga of Iagacy appl}catlons~- aes not conform to the

_.ethoa of cllantfsarver. _ PR ﬂ

- Most SQL databases today lnclude gl features as part ¢ f the data 458 eng!ne but
implemeiit them in different ways. Declarative R, is Implemented thtough Keys that are ’/
stored withitt the database tables themselves, Parent tables sontein primary keys that are

" composed of foreign kays found within sach of the ¢hilf tables.” This ts the preferred
méthod, foilowing the ANSI| Leval 2 Integrity Enhancement addendum.

: Anothar way to implament Riis through the uaa nft S
- Triggers ensure Ri by automatleally executing, i N ‘Qmen}s whenevar anh
‘UPDATE, DELETE, or INSERT command i§ ercounté’ - 1 TN gﬁiwnever a parant -
racord is delated, either alt the associgied rhild rer.:#&rt. o afsn dnfﬁat:uaaacadmg o
' dat§y} or the deletion is disaliowad, - ) el e ¢ 1.‘.3?’ '
Procadural FII, does nnt fullv comply with the ideal A% "-n rnfarertlal modﬁl for data S

: .storﬁga-~sihﬁnr- all information about the tables withir :lie tanles thamselves—-but-doss -
gwe the databasa deveioper a front~end~lndapendont nisthod of safaguardlng AL -

.QDNNEGINEXAND.EQBIAM This Bstefmines the product‘s sultabillty for dlstrtbutad

- database environments. For connactlvlty, the hreadth of support for gataways to
minicomputer and mainfrarfio systems is considerad. along with the pregence of. featurns
such as two-phase commit, distributed renovery and distributed deadlock detaction,
_Portablility Is measurad by the riumber of platforms supported by the package and the
_cnnsistency of features so"oss platfnrms. .

ﬁmmmacmsgm Tlm basic storaga architecture of the aystem Includes features such
ag dsk spanning and striping, hashed index support, and asynchronous 1/0 capability. The
number of import and exaort formats supported should also bo considered, along with
image data support and distributed pro.essing capabilities such as oross-device table joing
and the ability of the server to sand gueries to another server. Naturally the server
arch]tacture that the DBMS yuna on alse features here. -

saEEn Readingf writing and tndexing speeds will affect the organisation, and becomo more
impartant as the number of users is lncraasad. This is aslide of query speeds.

SECURITY AII elientlsarval based DEMSs provide Iog in secunity to control user access. On
file sorver hased applications a limited amount of control is facilltated through database

- enctyption and locally stored password tables. These, however, are often simplistic and
can be bypassed through separate Instances of front end tools, they also present soma
risk In that encrypted daje cannot be recovered in the event of & hardware disaster, and
hooks from ather front ends cannot readily deal with the enctypted formats. Irt short, &
cllent/sarver is necessitatec when data security is required .

For thase seoured datahasaa, the angine should minimise the tnccnveriance of Iogging in,
allowing the passwords and user names to be built into querles and passed with the
query, in addition, any convergence with the network operating system secutity, and that
of any other datahasas on the system, |s highly deswable where this doss riot compromisa
sacurlty. . . _ _ . :
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s R o MJEBAIABILIII Thisis cevered in more detaﬂ under the menagement infermatlen system
P /A - (MiS) module section. It refers to the ability of the database to be transported onto a

slient/servar architecture server without front-end appl:cations and the database angine
and built-fn preceduras havmg te be re-written. L

Q&ﬂmg&u The O$ that the database i required to tun in must meet with the cnterie -
spedifiad in the NOS (Network Operating System) section of this report. As was
mentioned, should the benefits of the particular DBMS outweigh the complications of
Intggrating a new OS into the network eystem, then this factor is overridden,

._1"

REEWS

The following tabular comparison of the current leading (S servers is orlanten towards the .
~scope of this report in that it primarily addresges server-architectures suitable for = -
° glient/server implementation. Many PC basad multi-usar packages with adequate database
e« - { ongings exlst, most of tha MIS packages featured later support these capehiimes, but only -
: : / dedlceted servers conforming 1o the RDBMS rules heve been rewewed. '

These packages rapramnt ‘the tndustry standards in SQL serVer lnstallat:ons in thet thev

deminete the market

proee ras: _ . : |
"Compiied GQl. stared o SBrver. _ HidAgl#A El ' _' |g [} .-

‘Complled 3GL tode stm‘ed on garvar . ¥ m ®m® .
Ukier can exacuts stored progedures fram comnf;i-"gl iine BlE bl E BIR| &
q - | Stored SQL procadures can use contral logio # El [ZARE E -
) - fTriggorst - ' N -
- Niymber of triggers allewed ner SQL statament 6 {3 |NES o { o] o8
Famber of imes iager Gan cascade ' ¢ 1o 1] 06 ) n {18

_ Tlluéﬁf Tiles can ba applied by column - MlE Kﬂ [ﬂ“ _

.. {Refaréntial Integrity: | T
Declaratlve RE via keys Ef ' BIE|® B
|~ Pracedural Bl via Hggers T IEREER 7}
o integmy . ' i o

| Cea deflna new data types . _ BE ‘ o IEI &
Tomain integritv enfarcement on sarver [} IERENERENLE

. [ackward and forward seroliing: -
4 S - | Tmplentented on sarver FAGEIEIEAERERLG
' ' _ fplemented on. ullent SRR R R
- [reenedingexss Bl E B E| @
L %:had clus_tared intexes < | B H| H| EH®A

o

K

An MSo Eng Dissareation Submitted by € Barket o ' R - ¥




S0L, Ianguaga* B o .

|~ Full ANSI mmplianca Isva! LRI RN |

" B2 compatibility EIEHEIESENEIED

[EQL command optimisation: I 0
Cost baged M a8 {E|[d);E
_ - Syntnshasad IR HIF{HE|®& 7]
o - CAR EE R ERIERIEE
| [ Fortran AF1 ARG
i g . ¥ RexcAR A Bl @ B HH
: L [fPesc AR glE|lg | BlE ||~
" COBRL AR iHIE|IFMIHIBIE]|E
. Pazcal AP| B A | (F|A
[ . ¥ Assamblar APT ) ERECRER AR
s [ Coompiter - ERL AR
" COBOL compiler MiE{HM B HE B~
I Fortian compiler - 7] BiEIA{R

On-rlne bankup FHIEREREREA EERRE]
- Hnll forward i NEAIERERIZRNCR =8 K
"Roll back o FAEAENEIEA EE
~Separata mirroring of Wansaction log and databasa BEIR | A& ® | =
4 Transantion Iogs con be stored saparately . I &A
- Eeourit\r . . L
" Agsigh access by g‘ruup o] [t jl] EH{E =
Assign auooss by user R FIA IR RS B
We management: s ~ - o B
Sup.)orts data types larger thah 2GB (2R ® | m E[ 18
Spannlng of databasa = B{EId i
Y Spanning of trensaciton Iog 3 B|E _m- wMiIE| ull ]
. Btriping of database B E|F | = | &~
Stiipping of Wansaction 1og 5] FHERER R
- ~Asynchronous 110 EIEIERNGD =
|
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MANAGEMENT INFORMATION SYSTEM (MIS)--DATABASE -

CLIENTS

OPTIONS

o 'I'here are three main types of saL front—end
© " development tools: the new crop of dedicated
~ SOL front-end building 4GLs; SQL connsttivity

. . languages such as BASIC, C, or COBOL; and-
© . 'SQL hooks from _other desktop applicattons to
. the 1:iat‘al:na$a.'M _

Fourm-l

' GENERATION
 LANGUAGES
~ l4GLs)

' avents like entering a field or clicking a b

librarles for use with traditional programming

Moat dedipatsd saQL front—end development
tools employ an event-driven procedural -
languags. Farms are deslgned graphically -
ualng visual objects and non-object-orlp nted i
“code attached to these objects to handl varlous avents. All the- tools support slmple _
egjtton, but the tools differ in the quantity of -

. events thav support and tha degraa to wihiich thav can bs axpanded. R

4GLs compile these ohjects mta a8 code that oparatas completely transparantly tothe &

- developer, with the developers augmented input being through a 3GL module that gets.

_ incorperated into the code. This type of programming Is very object’oriented, and gleans

all the advantages of such a philosophy mcluding reusable moduiea, simpltfled upgradfng. '
expeditad programming, and sumpl[ﬂed Icgic. . o _

,,,,,

'!na Iargast advantage of 4GL Is thair ugeability to nan-programmers. This may he vsrv

- lmportant{n any industry dominated by Accountants and Engineers, and where the _
. resources of a full-time programmer are not always available. With & limited. knowledge of.

databases and their operation, any intelilgenf persun can make full use of a 4GL to.create

: sophtsttcated appluca‘tuons

_ “THIRD
GBENERATION
LANGUAGES

{3GLs)

The chief strenggth of dedicated SQL development anvironments Is thelr h1gh~lavel support -
for database operations; this can also ba thelr most sefious drawback. For example, if '
part of the application involved non-database activity such as comimunicatians support, a
hiph-level tool might not provide the functlonality required. A 3GL such as BASIC. C, of
Pascal is sometlmes necessary to accomplish the task. - : _ _

Al of the SOL engina vendars provida access iibraries far use by 3GL programmers.
although support may not be available for both DOS and Windows, Thase libraries usually
include furctions that anabla one 1o connect toa databaae over a network and funct!ons

for accesslng data.

' 'Most SOL accass Iibraries are written to be cailabia from the C programmlng languags.
. Devslopsrs working in other languages or In & high-level development environment can usé
- wrapper llbrarles, which are provided either by back-end vandors or by a third party,

SQL Hooks

Wrapper libraries provide translation of unsupported data types and supp!y high~levet
alternatives to functlons that cannot be used directly.

4 . : ) ’
In additlon to dedicated SOL access Iibrarlas, there are many products destgned to
conhect local databasas to SQL. databases. SQL add-ohs are available from the vendors of
many database systems. These products provide a means for translating record-orientsd
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: operaﬂons into SQL operatmns sc that a 4GL {fourth-generatlon langusge) appllcatlun can I
- be ported to a clisnt/server configuration with sase, - They also pravide pass-through
. functlonalrw for access to eng[na features without para[iels in 4GL. R .

"a

For some pruducts, there is alsa a healthy thrrd-party add—on market Thése prcducts . ’

© | attempt some transiation of record-oriented funetions; but they are not-nearly as. :
- fransparent as access fools provrded by the vr\ndors, they are primari!v used for m-]jna

i i SOL, similar ta 3GL SQL accass. -

.- As was ment!aned undar tha server architecture discuasson abo\re, the many Iibrarias and
*_add-ons let one connect te SQL databases from almost anv applicat:on A surprlsing

: number of products prowde a way of hoakln,g into SQL

" FUNCTIONS

- . *The processing of the query in a non-client/server envirohmant; .
* -+ Data manipulation: to convert the. data into mformatron {surnrnations, varages,
. groupings, ete.); : :

.

- The MISs main functfuns mclude'

. Ganeration of the query ina format that the IS engina wm undarstand . Thrs genaratron

. can be facilitated through Query By Example (QBE} and Graphical OBE {GQBE], through
tabular sssistanca, else just through an error checking text editor; s :

e

. The presentatlon of results irt a usab[a format {tab!as!graphsl.

 SERVER SUPPORT

The folldwing is & list of'tﬁe miore important criteria used When assessing an MIS pmducf,' .

several less rmpurtant ones appear In the review table in the review section below L

I 1

The singla most Important consrderatlon when choosTng a frnnt—end tucl is whlch back~end

_engines it supparts, There has been g race. among vendors to have their tools’ suppmt as

many SOL databases as possible. At'the same time, there has heen & mavemant within

* the Industry to adopt a standard so as to make the form of the data irrelevant (see the -

gectioh on transparency). This approach, however, risks faliing prey to the lowest-

" common-denominator pitfall. Back:end vendors are constantiy striving to distinguish their
~-products by adding features that go beyond existing standards. The real tost of the
~ emerging APl {application programming Interface) standards will ba their abi!ity to taka '

advantage of the umque faatures of spectfrc back-and engmes

Even tdday, wrth no standards In placa, an important considératmn whén selectrng'ari SQL

front end Is its 'awareness' of the back-and engine-the depthi of its support for an ‘%QL
engine's unique features, For example, Sybase's SOL datebase englne includes a
COMPUTE BY syntax. Many front-end tools cannot generate this statement or provide

‘syntax cheeking for it. Also, some engines have unique data types, such as the BLOB -

data type for image data. When the front-end tool presants one wlth 2 Ilst of data types

. .are spacial data tvpas such as thls on the !rst?

Query Tools

ﬂuary and repor* tools prowda a. umck and sasy way 1o g&nerate quarlas and formatted -
- reports. A key criterion when avaluating query and report-writing tools Is thelr

~ -actessibility to the end user. How difficult Is it for-the average usér (without any

knowladge of SAL) to construct a query or report? s the interface intuitive? Are the
output options flexible? - If cartain SAL statements cahnot be generated by the menu
system (such as nésted queries), doas the user have the aption of going In and actually
writing SQL statamanta? Can the generated SQL code ba tweaked to Improve

' performance?
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 AvALYSiS TooLs
: © . on apfintout. They massage raw deta info useful information, The typical manifastation
of such tools is sn Executive Information Sysiem (FIS). Datai is retrreved and then -

'of the wholo IT ethos

N YS
"'_'“ B P at L R R
SR .

DeSirable ' ?Is Include Que by Examp!e {QBE), an nturtwo way of comprling s0L code

graphlé. % ' This type of int

) ace sllows app_licatrons to bé written that can be passed
onte mariagers with no pro

amrning exporionco for‘. them to extract th_eir 'own d;atae-'-p_e_rr{'
Analysis tools g0 beyond the baro minimum of retrleving raw data for vrewmg on-screen or

‘epresented In an easy-to-understand format such as a graph of summary table. Very.

often there is some way to 'drill down frorn a more generai drsp[ay 10 a mcre speclfic
'_ono._ : . . : L L

For exarnplc, If a pie chart is dispfayed wrth thc alomerﬂ:s Products, Sorvicos, and ';, '
Investmants, the user might be-able to click on Products to see a graphical represen‘l:atron '
of the distribution of sales by product. Th!*‘ hlerarchtcal analvsis of dota is the hallmark of _

" most EIS systems.

Another strength of sorno anaiysrs too!s is tholr ahrllty td update the currentlv dlsplavod

data periodically via timed or avent-drivan querles. Some cah 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 cartain cutoff, one could set an alarm that would coior— _

- code the data in rad. -

REPoh_r' TooLs

. nacessitated, To produce mailings, reports that fit data into pradefined formats for labels, - -

Most anaiysis. toohs hovo the ability to access and Intagrata rnfurmation from & vorrotv of o
sources--various SOL. englnes and diffarent fllo forrnats--for analws and presontatncn asa

single unIt

Although databaso 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, Wfth o

- flelds listed side by side and information printed- in colomns

When:more than bne-line is requrrod %0 display a record, a fres-form report format is

envelopes, or othér media are desirable, - Sorne packages can create cross tabs, a variable
report. cption that: sproads field Information into a spreadsheet format for easier analysis,

.Using one field in the table for row values, and one for column velues, the package

summarises or counts a third numetic field, adding the values where the rows and column

" -values Intersect. For example, one can list products as rows, months. as columns. and

-genorate a list of salas by product by month.

Most packagas savc somc tima creating a basic roport forrnat, and tho moro sophisticated
phes use cue cards and 'wizards' to guide one through the process asking pertinent

- questions in familler torminclogynall moving Towards assisting non-programmero in report '

generation,

Another dcsirabfc__faaturo is 'do’ublc pass' raport gohera_tion' whete totals can be usod' s
before the end of the report is raached. Thus, in any record, a value can be showrtas g -

_percentage of the total for that fleld. Older cackages do hat know the denominator until

the r.sport has fin'shed pnntrng.

: Hcpor* } are one area in which Wmdcws databases surpass thcso on tho DOS platforrn by

- far, Instaad of menus, Windows packages usa one or more dialog boxes to help define

the regort. Using 5 mouss, ane can quickly mova flelds and colurn headings ground.

Qe can add graphics the headers or even for each field, and some packages allow one to

add a graphic if a certain condition is met (2.9, sales exceed target for that racord). Fonts

v vart e appt!ed oaitv, and the report can-bo agsily previewed befare printing.

DBMS ABILITIES

Fora produot that may be developed in a file server environment, and for purely file server
databascs which come in the same packago as the MIS, certain DBMS (Dstabase
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. Management Svstemj abuhtles are important A comprehenswe Iis‘l: of thase can’ be seen :
- Lihdet tha 15 section, but two atand out.. - : :

‘The first is the abullty to cater for multipla users of a slngle databass Whust conditions
thay exist such as the database must be accessed from the same MIS, of one with

_ compliance with the database format, tha package should be able to conttal file, record
 and fleld iocklng, though perhaps withoyt. any varying Ievels of granurarlty S

R

. Secandly, a cartain amount of security should be estabhshed to prevent the casua! usar _

_ . from ertering restricted aress and wrecking havog, - Whilst the degree of controlled access

"~ is severely limited, facilities such as data encryption should help to restrict access, '

REVIEWS Byt
- —— T . N T 3 . . ! r- T
.Thg fallowmg tabular companson of tha current Ieadmg M[S packages is oriented towards
the scope of this report In that It primearlly addrasses PC based packages, and favours
those providing a graphical interface--desirable for management usage. - The favoured .
choice is not given here, but will be elaborated upon in tha forthcnmmg sectlon cn

;imp!arnentatlon of the IT svstam

[Server Supp 1 _ .
o wats i) iﬁ‘_ﬁm'm.mﬁa_pﬁ EHEEEEE
| R B EEEES ‘mlniEEoEang
Ingres - o i E=t ] o ] RS Fim]E]EN =] 8
| Microsoft [S0L Sarver i CEEEFE R EEE EE R
Noval ' I = EH e E S E R E E D E = A
Oracle e A Lz L = s e TR R Fat e e = i
 Sybase. _ R = = E E EE S FE E R E R HE
Borland {Paradoxl L] A o] o R D 0] E: e s R EA R
.XDB{XBasel ra i) e el o gl id Cd BN EHEIER G D EL
1A% Sapport T F I R
“Wicrogoft (ODBC] FRIEI = R EE) i E s =]
Boriand GOAFY 1 R RN EERE R EEEEE
_IBM {DRDA} | Bl El I EEE EE G E R R R E
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.
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SERVERS

OVERVIEW

' sincd that is what it was designed to do; it

. one wants; how to get it is left to the

' A'tvpicai"soL_ _statemant'. easily |

STRUCTURED
QUERY LANGUAGE
' {SOL}

_{the programming languaga designed to -

' trafﬁc. But SQL is also espacially well suited

T .

sQLisa terse, spaclalisad language. ‘With just
& few cgimmands, It lets one accomplish what
would tﬂka dozens of lines of code in Xbase

address the first PC hasad—-and_ industry
accepted--clatabage engine, dBase}. This afone
makes SOL a good cholce for a networked
environment, since it means less netwark

for & tractlng data from & relational database, )
was developed in tonjunction with the .
relational database paradigm.. Ope key feature |
of SQL is that one asks the database for what |
database softwara, Thig insulates users from

changes in the database daslgn which may
oceur over time. '

undsrstandable, might run as follows:

BELECT DISTINCTROW table.fiald 1, o
table1.field2, table2.field? N :
FROM table’, table2 INNER JOIN ON -
tablel.fleld 1, table2. field2 .

WHERE table?.fleld? BETWEEN vafuef AND
valua2

GROUP BY tab!e? fisld ff"‘abe'e.?.ﬁe!d.?,
table].fleldd

\\

saL {Structurad Ouﬁrv Language—?ronouuced Sequel) has been the standard data
description and aucess languaga for relational databases for almost a decade, making it 8
linchpin technology for client/setver computing, The only problem with the SOL. standard
is that there are too many of them. No fewer than eight efforts ars under way to create a
standard based on SQi.. ANS! afone ‘s respanslble for three standards, elther published or
in progress, Other sfforts involve industry consortia, such a8 SAG {tha SQL Access
Group) and X/Open, and companles such as [BM, Microsoft, and Borland, Considering =
that avery database speaks its own SQL dialect and has its own set of unique extensions

- to the language, it's not surprising that cilent/server installations Wwere, untli recently, the

THE STANDARDS
PLETHORA

‘exception rather than the rule. The lack of ane widely accepted standard drives up the

vost of databases and relatad tools and makés maintaining @ cllant/server enviranment
complex and difficult. There is httle differance batwaen ton wany standards snd no .
standards at all,™ ' : N _

The American National Standards Institute (ANSH took the first crack at creaiing an-S0L
standard in 1989 {SQL 89} and followed up with & revisipn in Octobgr of last year {SOL
'92). But because ANS! standards are vague about the getalls of thelr Implementatien,

" products that slaim to bs SQL complisnt often fail to work with.nne another.. The

pralifaration of different SQL implementations by vendors led to the formation of The SQL
Access Group (SAG), A consortium of hundreds of compamas in the databasa fiaid SAG-

i
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was formed to generate SQL standards based oh 2 subsat of ANSI $0L. "89 and to deal
with [ssues of connectivity and programming Interfaces for SQL clients and servers. In
cunjunetion with the industry group X/open, SAG is zonstructing a standard baséd 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 frult but are jaunching thelr own -
attempts to create de facto standards., Last year, SAG member Microsoft introduced-
ODBC [Open Database Connectivity), an SOL database API (Application Programming
Interface) standard based in part on a draft of the SAG standard, Botland, also a mamber
" of BAG, is readying s own SQL APl standard, called 1IDAPI {integrated Databasé ™
- Application Programming [nterface}, which Is based on the SAG version. Both companies
are lining up support for their standards. In addition, ANSI Is working on its next-
generation SAL standard, called SQL3. Not expected until the lattst part of the decade,
§0L3 will add structure, branching, fiow control, error handling, and object-orlented
gapabliities to an already groaning SQL standard. Finally, IBM is developing its own
standard for database access, DRDA (Distributed Relational Database Acoessi, which
!ncludas -yet another versuon of saL.» -
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THE IMPORTANCE
OF STANDARDS

The reasons for the prbiife'rations of SaL standards aré many, one is that standards are
deslgned to serve only as guldes, this leavesaa lot of room for intarpratation as & vendor -

_takes a Ianfuaga spemficatinn and impiements Itin software.

. This aasumea a \rsndor is trying to confurm toa standard More oi‘ten than not, vendors

are trying to do more. The problem is that each vendor has probabiy mada sxcailent, but

" diffarent, dacrmons about how to axtend the S,QL standard.

Writlng standards compliant coda mesns that developers are using 3- 5 yeor. old

- technology. If one wants the benefits of the latest technology, one cén't conform to .

ENHANCING THE
POWER OF SL

standards. - For example, Sybase has had flow-control statements, stared procedures, and
triggers in Sybase's SQL dialect sincs 1987, SOL '82 doesn't have those features which |
ate the type of thing found in the SQL3 standard, In the absence of an accaptable

'fstandard database vendors have invented therr own. o

ANSI SOL Lavel 2, which is a superset of Level 1. Additionally, the standard | specifies -
parate Integrity enhancement addendum. The most robust ANSH compattbillty claim a
vendor can make for its producr. is with' ANSiI Sai. Laval 2 with the Integnty Enhancement .

'I;’Ecurrent ANSI standard for SQL specifies two levais of compatlbilltv' ANSI sQL LaVel 1

- addendum,”™ L I o

v

v

Vendors are starting 10 provide anharrr:ed versions of Standard SQL that support o '

- axtensions 'such as stored procedures, triggars, and execution control. through branching

and looping. Transact SOL {the dialect provided with Microsoft SOL. Server ard S{basa
80l Server} and PLISOL iprovided wrth Gracie Sarver} aro examples of shhanced SQL, N
dialects. L . P 1 o SRR

:r
r.\

Storad procedures are pracornplled 50L staternants that are stored on the SQL databasa :
sarvar. - A client exeeutes a storad procedura by issuing an” EXECUTE PROCEDURE_NAME
statdment, This way, two words cfoss the network rather than the hundreds that cou]d L

- - be In'the procedurs. And since the procedura is already optimised and compiled; the

sefver does not need to spend additional time on these tasks. Fraquentiy executad \
quaries arg pr{ms candidates for storad procedures. .

B Triggars are similar to stored proceduraa and sxecutﬁ\;n resporise to & -i:intatiﬁsé svent.

' time the SOL statement s axecuted, -

When a trigger is assotiated with an SQL statarmant;'a set of ‘c’ornmanda is a;tac_:utad every

As 30L grows Iarger and mare cnmplex, the standards hndies are taking longer to ratifv

. them. In fact, the glacial pace of ANSI is largsly responsible for the Involvement of

CLIENTS

_industry consort:a Iike SAG and X!Open in the SQL standards business.

P

e

PROBLEM

[

°

{n-miost fnrins, impnrtant detais qpattered amnng muiLIpIe cbﬁ‘i ﬂ:ftarp, fr.om PCs to
mainframes, ‘and among more thannne ai:bllcatzon o“‘b‘BMS » X

© With the g/jwmg popularity of SQL databases on virtually every platforrn imaginable, the '

‘use of propristary APls {spplication progrataming interfaces) for data access and

manipulation presents more and more of a problam, - A front-end program daveloped for

* use with one vendor's back-end enging cannot be used with another's, and application

developers must spend castly time laafning many variants of the same thing.

~ Users, howevar, are moro interested in the. ends -iac irlng the data thev néad) than the
means (navigating natwork directories 1o locate the fate). That's because end users need ~

7B
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_' trua connactivrty—-transparent access to data 30 that one can find what one needs as
-+ quickly and easilv as lf it were storad on the desktop computer. N T

'CURRENT

EA

- SITUATION

Even if the mafrket’s competitwe prassurea forewsr deter the universal adoptmn of & singie
S0L standard, datsbase and tool vandors #re Iouking at other ways of making- JHe sasier in

" do not sée the SOL standards as f00 Important,” says Ron Wuif product marketing

~ director for SQL database vendor Guipd, *The next step down-the programming mterfacs-

E g where slgnificant things are happening: Thase stahdards are quite g bit more useful.”
' The programming interface-refr ‘ad to as the APl or the CLI icaii-ievei interfacel lets -

prografhs communicate with a fiatabase using function calls instead of SQL statements, -
Whers SQL standards address data acdess and manipulation, AP} stendards daal largely

o ~ with connectivity lssuas: eonnecting the client to the database and sxchanging SOL

messages:-and data, ‘A common AP for SOL would make it loas expensive for developars' :
to support several different databases, making thiair tools more affordable. However,

_ common APl may prove eiusive, givan market reaii‘aes. _ I

g

Whila indivnduai vendors have always provided these kinds of ccnnectivlty soiutions for

o their own products; these 'solutions’ have typically been propristary and not open’, so -
they could not be ussd with products from ather vendors. Ons could fiot, for example, '
seamiessiv build a report basad on data stored in databases from two d:fferant vendors.

_ Tc provzde that seamless intaroperability, one program. must support anather's APis

R a standard, predictable fashion.

{application programming interfaces), routines that can ba called’ 1o periorm sOMa task in

'L't'

'IHE.B.QMEQNENIS_QEAN.AE[ An API is notiing more than a svntax ia standard set of :

Tunctions) that is used by developers for a particuler task. An AP used to actess SOL
snginss js a set of functions that standardisé communication) with SOL, back ends, With
the exception of precompiling, the APl has little or nothing to do wlth & particular-S0L
dlalect; but rather the manner in which SQL is passed to the engine and results are

' ra‘tneved

o

For exampie. the engine mlght have & three-ﬁaramater funetion caiied dbEXEG fqr sanding

. SOL commands to the engine. Another engine might have g function with & simitar

purpose called SOLRequest that takes two parameters. in the case of the function with

the third parameter, results {perhaps only partlal) will be retrieved as pari of the call to

send the SOL statements, With the other function, though, 4 separate call is required to
retrleve resuits, These ssemingly minor differences can vause a great des! of frustratlon
for & developer attampting 1o bui!d a back andwindepiandant ﬂpplication. 2

-5

_The simpilast road to transparent data access is 1o uonnect to tha same. vandor's s6L

engine on, diffarant platforms. This ig relatweiy\sumple bacauge the APl remains the same ..

- and only the platform ghangess Vendors that'provids verslons of their products. fbr . _
" muitiple platforms {ahd fhost do) generallyprovide cammunications software for accassmg _

" date storad onh nther/platfoms. A _company. thaéusas one vendor's 8QL engine on ail of
_its computets will hitve an easler time Integrating its databasas than will a company which

uses products from muitiple beck-end vendors,

{i
il

‘' The reality, howevar, is that most companies usg- saftware frarn mare than one ﬂi‘endor. A

company's database software is usually purchased piscerrieal over time rather than with
an overarching grand plan, and most companles do not have the luxury of throwing oyt
their axisting software to adopt a new, standardised systam on all platforms, 1 ganeral,

transitions to- new database aoftware are made incremantaily, if they.are mada at aii

SEB!EBAEI&_-EAIEW Gateways, software that providas transparent accesa to the
datsbase engtneal of many vendors, are semetimes developed by database vendors

themselves In an effort to bring t(ore davelopets Into their fold. While such libraries are

aniiso-aﬂu-m-ar‘iimauuﬂmw Coaker T ‘B.100
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3

- not porrabls, they do gusrantes acsess 1o all the features the SO.L engine supports. Gupta

Téchnologies bulids gatewny features into its engines that enable developers to write to _
Gupta's SQ1.8ase APl but specrfy that thsse calls shauld be passed through' to another N

={s! N engins

'Mcst gateways‘ thnugh are provlded by thrrd-partv vsndors. Using 8 DB2fGateway, it is

" possible to move an application to DB2 or another format without even recampiling the

) ‘code It operates by mterceptrng calis fo dbLlB and translatmg them to calls 1o the host
' system. _ _ . _ . .

B

© Like users; vendors like transparency The fast isy. no matter what DBMS bemg accessad,
‘theré are certain common tasks--sqﬁh as opening database flles and rstrieving ot updatmg _
data~that avery client program nec
- approach because then at least ona engine's features will be fully acssssibla. But. thsrs

s to do. Standardising on.san existing APlis a good

. are cross-format advantagas to using a non dadicated APl

 Solwmon

APIs, just like thelr underlying programs, are evolvrng--and Windows. perhaps ls the bsst
axample of this. Ity APl is s6 complex that Microsoft hae divided it and named each part:

. there's ODBC {Open Database Conhectivity} and MAPI (Microsoft's Mall APl), for example,
. Mierogoft has even colned a new tarm, WOSA {Windows Open Systems Arch:tacturel, o
X which refsrs to a!l of the individual Windows APIs LU . o

The soluttan? A common API for database accsss And thls is whers Microsaft and

Borland's open database APIs ‘enter the pictura.  Based on a common subset of tha Ah’SI _

. standard. these have been criticised for taking the lowest-common-denorminator’

“approach, whigh dOesn't exploit the fsaturas of a databaé% othar than perhaps the
: davs!opsr‘s own. - . , . B

- Rather than svolving from an. actusl praduct, thase commlttee—designed standards

. originated frampaper. It will be the respansibllity of each vendor to creeta compllant
" softwaré. Microsoft's new standard, is called ODBC; the Borland version is cafled ORAPI
' {Open Database Application Programming lnterface),  ODBC has been complated whilst

the .ore aifbitious ﬁDAPI standard is further off but inténdad to support non-relattonal .

' data access and objsst-orlsntsd datal&r‘ase technology. Bnth standards provide the

1°0|I<w\ring‘f‘z

« A got of standard funation callrr{urr API) 10 all}:w apphcations to connect toa database
- managemant system, execute SQL statements, and retrisve results, It would bs the
responsibility of each engine vendor to relsase a driver that complies with the standard,
The drivers will-take the form of "wrapper librarles that transiate the vendor-specific
“galls into the standard APl This will preserve the utility of existing appl!catlons that oall
the old APl .-

¥ apaclflcatron of sat syr‘itax and supported data types. One of the ma}or requirements
for successful cross-engine interoperabllity is the standardisation. of SQU language
components, Thig will probablybe the greatest stumbling block to transparsnt data .
accsss because of the need to preserve sxlstlng functionality,

"« A standardised set of error codes and stah;!ardrssd error-handling procedures and
. behavlor. - .

‘J' .

[

if the computer industry as s whole accepts one of the standards, tha numbar i:pf

~ this may lI ba the racs‘winner. _

_ applications supporting access to SQL databases witl mushroon, - Providing access ta s¢

many different standards ls a developer’s nightmare; a single APl would greatly ease the
task. In.mjid '93 Oracle announced its support for ODBC, pmvrdlng a good indication that

N

. The differenses between client APls and’ servsr APls is illuatrated bslow. Tha common
© APl allows for the replacement of the server AP|, as wall:as gateways and thrrd party

cﬁnnaoti\ritv packagas whara the client supports this commonaltv. : _ Ry
. ) - ’ v .:! l)l:\. .
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e ow gmp:iettrr; i 1} |
= = + Proprietry query anguage
s BEIVEL speciflc 80L

,QL_BQ The core componant of ODBC Is a generic "driver manager' that rides herd nver One
ot more drivars for the specific data sources to which ODBC glves access. A Windows
-program called the ODBC Administrator reglsters and con 1gures ‘data sources. -

- SAG Speci‘lcntlons. ODBC follows clasely the racommandatmns of tha' SAG {aQL .
Access Group). - That consortium has specified both a standard SQL grammar and an APl -
{or oall lave! intarface) that clents use to cohnett to and interact with servers. QDBC -
drivers can and do differ in their degree of support for the SAG spacifications. i terms ot~
" 80L grammar, for example, the ODBC specification defines threa conformity levels:
minfrum, sore, and extended, With tespect to,the APL, the speécification defines core,

levet 1, and level 2 conformityf In both cases, the term cote denotes SAG qompllance

: Wh|_la-the drivers fali tall short of the SAG core In tarms of S0L gramrnar, hey exceed it
with respect to the APl—both conform to level 1. The cure AP provides only basie U
connaction, query, and commit/rollback semanticss Level 1 adds data distionary APls,

- options for caritrolling: connections and stataments, and driver Spemflc connection dialog -
. boXes. 58 IR .
AN

r

¢
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_ " Driver Classes. ODBC drivers belong to two ganeral classes. Single—tler drwers
{e.q., the dBase drivar). process. API calls and implement SQL direstly, Multi-tier drivars -~
" {e.g., the SQL Server driver) process AP calls but pass SQL statements to & server, To _
- programs and usars, though, the data sourcas these r.invars prasent look and act lest the :
* same, -_ o O A _ 5

‘The dBasa drlver is, Iiterally, & dBase angine dnven by an SQL syntax An Instance of the :

N “ driver points to & local or retwork directory that contains one pr more dBase files, These
" files appear as SQL tables that car be joined and updated. That glvas ODBC programs:

more control ovar dBasa data tham soma full-blown Xbase praducts offer

: While ODBC is balng billar.l pnmarily as a means of connsc‘tlng to Enterprlse data, its flat-

- file support will also greatly benefit applications that create dnd ‘moenage private data. It's

a trivial matter to create an Xbase table, insert values into it, and run gueries dgainst it A

s communications program that might otherwlise implement its own proprietary database of

" todems or phone numbers can now uge what will be, in affect, a Windows APl for -

persistent storage, - If the program later needs to migrate that storage to a different flat- =~

-file format or to 8 server, it's no problem, Multi-tier drivers connect QDBC clients to

sarvers directly or indirectly through gateways. Tha driver might invalve ltself in low-lavaf e

. client-to-server communication, but i's not required to do so, The SQL Server driver, for -

- example, leans on the same named-pipes driver and under lying NetBEUI or IPX transports -
that other Windows-to-SQL Server agents use. The proprietary SQL Server APl gan be

discarded since the ODBC AP raplaces it. That's irrelevant if only using SQL Sawer, but'a
- huge advantaga if thera are plans to mlgrata to Dracle, NatWara SQL or somé other '

- BBIVEF, T . . L .

Hnw does ODB(‘ handle fem:ures that are speclﬂc 10 mdmdual servers? Flrst, there s a

E . notation for stn; dard SQL extensions such as data!time literals and puter joins. Most

servers offer these featuras uslng a propriatary syntax; ODBC's 'escapa caliuses' enable

. programs to use them portably. “Secont, ODBC will pass statéments that don't uonform
toits-notlon of SQL grammar straight through to the server. Use of stich grammar 15 then -

qo longer portabte, but applications can exploit vendoraspaclﬂc extensions thmugh ODBC.

 Key' DDBC Objects: From a programmer's parapactlva. ihe kev OoDBE handlg-based
objeetivas are anvironments, connections, ahd statements, Therd is one anvlronn{ent per
application instance: The environment malntains state for one or more connectlons, sg a
program ¢an talk to dBase on connection handle 1 while it tailk§ to SQL Server on :

" eohnection handle 2. {Connections can't be mixed, though; there's no way to join a.

-

dBase table to an SOL Server table.) With 4 level 1 driver, one can control optibns such as
the auto-commit moda and the transaction isolation level on a por-conhectlon basis.

Giveh & val't connection, one can allocate & statement handle that is then used 1o submit - -~

SOL text and retrieve resuits. Options one can conttot at the statement level include
asynchronous processing, tuery time~out. and s:ze {in rows) of the maxlmum rasult set.

As connections ahd submit statemants are hegotiated, the drlver manager trasks state
transitlons. It wlll raport an approprlate srror {f, for axample a program tries to call
. SQLFetch bafore axecuting a query. {Bacause the drivermanager handles this chore,
spetific ODBC drivers don't have to--a benefit of the tayered driver architecture). One can
axéouta-a ona-bff Guery tirectly, or prepire a query for deferred (possibly repetitive,  °
‘possibly paiany... ;sed} use, Ohs can also choose to bind application storage to resuit
= golurmns in advance of a quety or to transfer data after the fact, "With a lavel 2 driver, one.
¢an use a scrollabla cursor and can control its sensivity to change in the undarlying
tables. Most flaxible is a keyset-drivan cursor. Inthls cage, the driver stores keys for an -
entire result set and uses the cached keys to detect deleted or changed rows, A mixed
sursor’ extends this traatmant to huga rasult ‘sets by maintairﬂnq @ virtual keyset.
- CoMplicaTions As expected) upon ODBC's Inception, other major véndors, notably Eorland'.

with IDAP! {Integrated Data)ase APi) and IBM with DRDA {Distributed Relational Databasg”
Architectura), proposed alternata APls. Thsn snftwara publishers startad chooslng sides, .

W
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- major APls Is batter than having differant ones for every DBMS, it takes time to write eode o

O 0 0

.00

" Dnlv 'tlme wul tell whtch database applicatinn eupperts which API Whlle a handful of

" and test the driver that links a produet to all the supported DBMSs through & gwe’ﬁ APl -

. ‘ODBC drivers have appesrad in produets euch as Access, Visual Basic 2. 0, and DataFase S

EXpress fer Windows 1 1.

'.‘*—-....,_.,.\

B _IOne of tha amarglng prob]ems with ODBC is that It s cnnfusing. There are ;ust 100" many
- levets -at which a program must te complaint with ODBC. Not only are there two separate -

A

e

" areas of gompliance~Basle ODBC SQOL Grammer and the ODBC APl-but gach has ite-own
additionial Javels as well, The other: prnblerq with DDBC ;s more straightforwerd- The {plt}al
o dnvem just don’t deliver aneeptab[e performance P o .

' -thle Bor!and's IDAPI spaeifleauon has attraeted kev vendere Ilke IBM and- Nc.ueﬂ, neﬁthar

the specification nor any IDAP| drivers were generally avalitable by mid '23. Botland claims ;"

.. IDAP} will be more "robuist’ than ODBC and that It won’t ba limited to Windowsfront -
Yy . . ends, Microsoft counters that ODBC is heing extended to include Macintosh ad other

'platforms, Bor!and also claims that !BAPI wtl! nffer a better Interface to non-sm, data

© . than 0DBC dogs.®

- s tup eariy to tolt which API wil! pravail or how the two wlll coexist Market : _
“momegtum seems to be on Microsoft's side. . ODBC got off to an darlier start than. IDAPI, _

e

R .

L | ,\ : N '_'.5"";?\ '_.ln the tung run, perha Fﬂ.e" tha APis w:ll coalesce and we'll beneflt from trulv@pan _ ;
2 -7 systems with’ perfect, “fansparent interoparabliity. -But, inthe short term, companies are .
g 'belng asked to vota for an API with purchasing Rends. . : '

+ and'more vendnrs~ineluding Appls, Lotus Development, Gupta, and P‘mneer--are

. “committed to creating ODBC drivers.. But sarly ODRC Elrlvers arg haglnnlng to make - ' ; o

paap!e wander if ODBC can ever fu}w deliver.

-

oo

P

I

.!J :

W

A

o _ ' _Miemsoﬂ:’a preducts--Access, Visual Baslc for W!mfows, Fo.(Pro fcr Windows, and SQL
' : Sarver-elgher alveady have or will soon have ODBC drivars{) as does Oracle--arguably the

o abidut all
- . products

-conﬂdunc&ln ODBC~-it‘I! survlve even If lt‘s not oﬁ‘timal. e

- m#:'rwom(s -

\

- industry server leader. Borland's producte--?eradox for Windows, dBase for Windows, |
¢ -7 InterBags, and Quasttro Pro for Windows--will all inter-opevate with. IDAPI4rivers, - That's
that |s known know for sure, but the success and capabilities of all Microsoft

vver all others, and ifs impressive marketing muecle, prov:de 2 x:ertain degres of

P

E

L

- .

B

< Natwork transparencv is facilltated through protocols as were discusseci extensively

above

. ©
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- METHODOLOGY

]

- The following section is not-an overview of
how the implementation of IT within -

* Vandenberghs progressed, nor how it should-

- have progreased, but rather what the industry
has to say about how IT shouid be
 Implsmentad in a typical enviroriment. How

. this method was adapted, what guldelines .

"~ wate followed, and what politles] stances
were adopted 1s covered in the fortheomina -
section on the implementation--the currar.,
. set':tmn s!mplv being a llteratura survey.'

" In hindsight, the author dges not necessarily

suppart the following guidelines, but rather Teplg that | in politically volatile environments -
fike International concarns, a 'play-lt-by-ear’ ar maore intultlve approach is necessitated, - o
and that the ﬂexlbylity must exist to ba able to adapt onas strategles as raquirad.

. - Howaver, gome. underlying prmcuples do hold true, and an atternpt has hean made t0.

coricentiate on these below, whilst alse highlighting those that would apply in a“'iarge, _ “

NOLAN S IT !MPLE‘MENTATION L 'E CYCLE

~somiwhat bureaucratic, congerh like Vandenberghs.

i

| One of the mast widely known theoretical construats in the IS fleld is Nolan's stage N
' theory. In 1974 Richard L.Nolgn and Cyrus F.Gibson, both Harvard professors, described
"~ how a firm's computing activity evolves through four stages ~- initiation, expansion,

formalisation, and maturity. 1h 1979 Nolan slaborated on the modal, sxpanding it to six

~ stiges.’® The tahle shows thoese stages In terma 'of the applications portfolio, the IT
.. department organisational structure, planning and contral, and user awareness. A

movement from the bottarm left hand corner, to the top right hand corner represents h‘pw :

‘tha firm spends & increasing amount of money for the’ computer installaﬂon as use
- gvolves thrnugh the fallowing phases - . : _

) Intﬂnraﬁon"'

Eata Ad-

--Growth lnmnt!an . Onntaglnn i comml . Maturity
. Procens 1' ' SR — ministeatlon. | - - . .
1 Appliostions || Funotional Prolifaration .Upgradﬂ Retrofltting | Organisation § Application -
Porifalin cost  redue- . { documan | exlsting ap- | & intagravon | integration
. tion appiica- | - tation:  and | plications of applica- | "mitroding" in-
tlona I restructudng | using' - data- | tline formation
R of  existing | base'  tesh | flows
: . 2 oo | opplications | nology S RN ¥
Organisation 'Speciallsa- Usor-criented | Middle man- | Estahiish 1 Data admink~| Data rg--
© g don - for | programmers | agoment - computer stratlon sourge  mar-
technatogical : o uﬂiw a%\\d - _auement .
luarning : s\accam{ 1 i
Platrlng & ff Lax - P Marelsx | annalised &} S% ]
. Gontrel ) : o planning 313« g and %r:\,., ool DT
' sontral A0 imnhﬂ“wsé vsmmsj
e - e gL | forng y . ¥oing
User Awarg- || Hands off Superﬂciallv Aoaountahli» Eifehiely | Acceptence | -
‘ness anthusiumlo o g | genduntable | | of joint user §.
: |snd = data |
procassing
‘accountabli-
lty
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' The cemp ua Ty .ts‘l:allad for the puipose of reduz.ing costs. s frequently
tmmﬂon lacated in ;:Xgunﬂng depertment asinge data prooessuag epp!icet]ons domluate. [n '
some casss & sepal‘ﬁe computing unit is eﬁbhshed i

- CONTAGION. Word quloklv spreeds throughout the orgamsetlon of thﬁ advantagas of using the
eomputer. New applications are added without any overall plan, and the size of the _
eomputer staff grows to meet the demand. _- R

-ﬁ = . _.-ﬂ - ’,[‘ -
- ""Qp\ oL Manegement hacomes alarmed at inereasing comptiter costa qnd Institutes controls, In
addition, management daeides that some of the mveetment ehould ga into dacis?on
s support. o _ _ _ _
.' INTEGmnoN Systems that were implemented separately dqﬁnﬂ the second ktage are intsgrated 80 that '
' data flows from one to enothem L _ _ D _ '

. DATA Managemont becomes aware of the lmnortanoe of the databage to both deta proceseing =
ADMINISTRATION “gnd. deois:on wppom DBMS softwarc is implemented to menﬁge the data rasourr-e. ' :

Mmumw At this point, all of the major 1$ compone JZs re in plece. SAn executive cerhmittee
' ' ﬁxercises oversil controt; information services is 4 mejogf funictional area of the firm, user -
areas exhibit both a computer and an information litgracy, términals. and micros gre -
instal!ed throughout the company, end end- -user computing Is a reality . f s

e ;
fn addltien to dbsorlbmg the stages in thie manner, I\)Iolan also previded ﬁyg/e/ment with -
- seme benohmarke 80 that it could daterrmne the stago that thefm?rfaﬂ" ached. ' :

THE MOD!FIEDLIFEGYCLE Ll e e

T

- Whlle stage theory is Inturtwely appealing, not everyone hought the coneept.. n.1983,.
D H Drury, a professor at McGill University, subjected Nolan's model to a field study of
144 companies.®® A mathematicel analys:s of the data fallad to suppurt the collective use
of the benchmarks as usefu! indicators, However, Drury recagnised that “thers is
aviderice that the benchmalks are of interest Individually In spitg of their collective _
difficultics.” Other eriticism came from professors John L Kinb and Kenneth L Kraemer of

- ;the University of Californis.”” They &ddressed Nolan's basic assumptions and concluded

_ that the thaory failed to explain why cormputer installations evolve as they do. However,

~ they did oredlt the theery for meking two theeratlcal oontrlbutlons- '

CLooelt rocogtﬂses that growth\ of compuiting is mﬂuence%bv forees both }raside and outside o
* -the organisation. . - »
_+ It recognises that management alternately follows policies ef tight and !ooso oonfroi In
an effort to maintain equilibtium, -When allowed to grow, the computing resouroé:
expands repidly and is brought back Into ling bv tight control,

" Nelan's model most Ilkelv Is not & preclse instrument that & flrm's managers can use to
o - gauge the progress of their particular IS, Howaever, it recognises two simple facts, that
tomputer uge bacomes more gophlisticated over time and that the flrm must attaln a

. certain level of sophistioation In the areas of control, Intagration, and data administration
befare it can cansider its computer use as mature. With thls understandlng of the Iong-

- term-avolution, the edepted ﬂfe oy}e modsal emerges.

We can’ deﬂne the aysten-}lifa cyele as the avolutionaty prOcess that is foliewed in
 implementing a computer-based information system or subsystem, - The letters SLC are
- often usad, as’are the letters SDLC, for system development fite cycle. There Is general
-agreement among wamputar systems gxperts that the system life cyele Is an accurate
~ deseription of the implementation tasks that rust be ‘accomplished. The enly
' disagreement comes inthe nurnber of steps and their namas, - Each authority tends to
_ L _

i
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" desctibe the proces /;/a slightly dlﬁeren'l rénner. A close inspection reveals. howevar, -

. that &ll of the descri” dons follow the same ganarél patiern. Tha pattern is based ofi the
- gystams appmach-—understanding that it has to be dong; cafrslai\rmg alternate solutions,
selenting the best, Iriplementing it, and following ip.5* The more favourad Interpretatior

~ -of the svstem life cycle ‘fs summ&rlsed In the fol!owmg fi pum. g ' :

R . - : L -

It Is the responsibility of tha manager in the planning phase to define the problem to be
solvad or the objectives to be uchieved, and information spaclalists: provide support. -
. During the remaining three phases, the manager provldes »ontrol oyéar the processes that
are performed by the information specialists. Analysis ard desiyn cdnsists of a system :

. study that ls conducted by the systems analyst, Implemantation involves all of the
informatlon specialists who assemble the riecessary resources; Finally, the information
*. spacialicts, primatily the operators, make the resources available to tha usars.. Thisis a
tradltional intarpratation of the aystam iife cycle, which is characteristic of a malnframe-
“based installation where most of the work is done by the information specialists. - The
trend to snhd-user computing blurs, and In some cases completely srases, the dwindling

~ line betwagn the manager and the spacialists. The manager performs ail of the activity .
Whgn end-user computing is implemented tc its fullest, The sequentiul life-cycle process
is also presantly undergelng change as the result of other infiuences. Flrst, prototyping

. -dictates that certain of the steps bie repaated in an interactive fashion for each prototype.
o : Second, CASE tools are shifting some of the workload from the implementaiion phase to

" the planning and the analysis and design phaées. Thase trends are covered later.

RESPONQ!BILITIES

&

Soma parson or persnns within the organisation must have nvarali responsibllity for the IS
project. This should not be the CIO {Chisf information Officer} wha Is responsible for the

" firm's computing resources, but rather one of more executives who represent the potentlal -
users of the naw system,® Whan the rew syatem is broad in dcope, such as a company-
wide cornmitmsnt to MIS, OA {Office Automation), or EIS (Executive Information System],
the president may dacide 1t {nad the project. As the project scops narrows, the Iikellhood
increases that Iom t level axecutlves and managers will provide tha Ieadershlp. : o

o THE Mls Most firms like to use committms as 4 means of pooling knowladge for aolvung prob!em* .
- COMMITTEE or carrying out projects, and for improving communications. When the purpose of a B
: committea is to provide ongolng guidance, dlrection, and control, it is called 4 steering

' ' _ q -
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cemmittee. When a ﬂrm establlshes a. steermg comrmttee for the purpuse of directing the N
. use of the firm's computing resources, the namé MIS cormmitiea is frequantly usad. The

© MIS commifttee is angeing - its membership is relatively stable, with members serving
until the president decides that a change is in.order, Permanent members usually Includeé

L the presidént and the vice-presidents, Including the €0. Temporary members include

.f{"
¥

Iewer Ievel managers and cqneultante who arg ]nveived ‘with current gystems pro]ects.

: M]S.Q,MMBIEE.EMNEILQN& The Mls eammittee establishes pel:cles that sheure cemputer
“support for the objectives of the firm. The committee also provides fiscal control by

. sarving as the approval autheritv for gl raquest? Jor computer refated funds, in addition,

" the committee resolves’ caiels that arise with h the firm eoncernmg prlormee’fer -

cnmputer use,

&IEE&EQQQMMEIEEAEYAW A number of advantegee accrue from the steerlng

~committee approach. it centralises duthority over compurar use wheré it should be—-at the '

top managament level. Top management is actively involved in the computer offort, This h
involvamant Increase : the likeihaod thet the computer will be used to Support users =~ . _
threughout the firm fnd that eomputer pro]ects wil[ he chareeterieed by good ulanning and‘:-_
C::ntrel : . .

S S - .

N o The steering commtttee serves as an infarmetien condutt ennnecﬂng the execut!ves, the

users, and ths infermatlen spaclalists. Thea cemmlttee enablne aach group to better
understand the hgsds. ef the others, _

o

 PROJECT TgAl\ns The MIS committes seldom gets dlreetlv involved with the detalls of the systems being

implemented.  instead, that responsilsility is given to project teams that implement speciﬂc -

. - systems to meet the needs of indlviduals or groups within the organisation. Projact teem

';}_.-«. memme FUNDAMEN‘E‘ALS T

memtters include both managers and non-managers who will use the system, as well as -
 Information speclalists. The team leader provides the leadership throughout the life of the

project, - Unilke the'MI§ committee. the prejaut team is temporerv, !t is dlsbended when

lmp!ementation s completed, - t _

The following discussion essumee 'l:hat the ovele is eontroiled bv an MIS committee
working in conjorction with project teams. Whilst recognieing that such an arrangement’
doas. not axist in ali ﬂrms, this practice is psevalent o} the t:empenv eubjeet to th;s report's

" mveetigetlon. . _ _

o

™

r,_f o U
_ Implementatlon of aiSora major subeystem is'n large-scald activity involving meny
people and facilities, much money and equipmant, and considerable time. The IS project
can requlre as many resources as the development of & new product or the construction

.. 6f a new plant, and It shiould ret‘eive the same d'egree of plenning.” . N

4

BENEFITS FrOM The MIS committee and the prajeet taams entieapete that plannmg will yield the following "
PLANNING THE IS benefits:®s Y _ _ .
PROJECT & ' B B e

Wmmmm Which organisatlonel unite ectivltiee or 3ysiems arg
involved? Which are note_ Thls mfepnation providee an Inltial est:rnate of the scale of .
resources raquired.. " :

.1}' a

BE!:Q.GNIS.EEQIENIIALEBQELEMABE&E Plenning wIII point out things that might go wrong’ 5o

© that they might be prevented. .

40

Ansmﬂnumceeﬁesxe ‘Mapy separate tasks will be nacassary te Implement tha IS,

These tasks are arranged In a Iegicel sequence baeed an lnformatlen priorities and the

need fot efﬂcienev. _
' o ' _ e S
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_ t‘fertaln levels of parformance and methods of measurement
should be specified in advance, Esch projest team should define what naeds to be done;
who will do it, and when i will be accomplished. The team should make these specifics
available to the Mis commlttae so that the commlttae can exercise t.ontrol thrnughout tha

- projact. - . : : .

Management invests tlme in plannlng with the antlcrpation that it wrll pay dividends Iater
in the life cycle... . . B

ALTERNATE Thera are two basic ways to approach a IS project. One is an objectwa orientation whera
PEANNING the firm uses its objactives as the starting point.  The other is «. nroblem urientatlon whaere
Appnomuas the firm des:gns an IS to address spectfic problems. :

1 Taks ﬂ

problarn
! nrieﬂtatlon

! ~Take.an -
;1 objective -
R T R I iurlantatlon

e T ‘ 1

s
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i tha ﬂrm does not have goud objectlvas, they must be dafinad hefare procaadmg, then

the firm must datermine whether it is meeting its ob;ectives. If s0, there ls no need to -

aitar the 192 If the firm is not meeting its objectivas, 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 existing system need anly be modifi'ed '

" to better address speific problems.  If, or: the other hand, the 1S has serious faults, the.

L Hiem naeds a fragh approach and should follow an ubjectlva orientation.

~ PLANNING PiilASE

Hecoaifés THE

a

The naed for als projact can be recognised by the ftrm 5 envlronmant, tha firm's

PncmLEm Bxacutives, IOWGI‘ leyel managers, non-managers, and tha firm's information services staff. :

.o

quwiduals and grolips in the anvironment wilb often be the first fo recogniss a need to
uﬁfprave tha 1S, Customaers, suppliers; the government, the financlal community, and -

. stackholders call wegknesses, and often strengths, 1o the attention of persons within the.
firm--often top managers. IS prajects Initieted by the exscutive’s have two -

“characteristics. First, they tand to be broad in scope, affecting the entira organisation.

~ Sucond, they result In systams that influehce the.long-term performance of the firm.%
- Most requssts for IS projects probably originate with lower line managers, Being in dallv

-contact with their svstams, these managers are qulck to notice bo dlfflcultles and

opportun}tla%h.

' Non‘vmanag?s, such as sacretaries and factory wdrkers. kribw *he detalls of their systams

better than dnyone. - When thesa employees do not\stake their systems as glven and look R
for impravement apportunities, they can be a strong' - force in initlating system change, ln -

" only rare cagses will information sneclalists initiate a 13 project; The main reason s that .

DEFINE THE
 PROBLEM

SET SYSTEM
QBJEGTIVES

information specialists are saldont on the scene to noti‘ca the problem svmptoms.
SOmeune else racogmses 3] prohlem or potentiai problem and asks for help. '

Once the manager realiges that a problern exists, he or. sha must undarstand it well
enough to pursue & solution. However, the manager doasmot atternpt 1> gather all of the

Informatlon at this point, That would require a fuil-scale system study. Instead, the -

manager seeks only to identify where the problem exists and what the general difflculty ls.

- If the manager dogs not wish to engage In end-ugar comput eh, then she or he solicits the _

assistance of the{ nformation speclalists. -

A Iaglt:al ralationshlp oxists betwaan the oompany nbjectives and the expected:
performance of the 18, The company's objectives determine the objectives that each
functione! area, and the reenagers in those flnctional arsas, should attain. Thé manager's
shjectives, in turn, datertiine thelr information needs. -Flnally, the managar's information

" nesds determine the IS performance criteria--its standards of performance. For axample, &

Jirm might have an objsctive of realising 12% return on investment during the coming

" year. To heli chleve this objective, the matketiiy funition might have an objective of

R2E milllon in sales revaniie with operating expenses under R1.2 million. - In order to meet
these marketing objectives, the vice-prasident of markating might raquire periodic sales

-and expense reports. Later in the lifs cycle, the report requirements will be made more

- specific. At this point, however, the critaria are stated in only general terms, such as

*Provide a monthly expense report thet comnpares actual expengas with budgeted .
expenses for sach oparating unit," Similar statements establish the general parformance

' _ crltana for each 1§ Subsvstam.

IDENTIFY SYSTEM
'CONSTRAINTS

The new 1S -will operate under mary constraints. Some are mposed by the envnronrnent,
such ag the governmeni’s demand for tax reparts and the customars’ demand for biiling
information. Other constraints are imposed by the firm's managemant, such as llmits on
computer cost or response timas. It is important that these constraints be identiffed .

" bafore work on tha IS actuaﬂv beging. in this way, the IS das:gn will falt within the
_ 'constramts. ' :
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" COKBUCT A&
" FEASBILITY
STLIDY

.

The systams analyst takes the informatlon from the first four steps and uses it as @

guideline for conducting a feasibility study. A feasibility study is a brief look at the major °
factors Influehcing a system, which will enabie the. manager to solve the defined problem

~ or achiave the desired cbjactives. it is not a full-scale studv effort, this study will ooma

B later, after the prOJeot 8 foaslbility has boon damonstratad

Y

. There are five dimensions of project ‘l‘easubillty study"” T ) o ” f] '.

Iﬁgumgal. Are hardwaro and softWara available o perforrn the necessarv processmg?

. 'Emmnmlg Can the proposed systom be ilistified on an ooonomio basls?

LEQAL W|I[ tha proposad system oparata wlthtn leqal and athical boundarles?

A . . C a

_.QP,EBAIIQNAL iz the systemrdesign such that |t oan and wIII receive the support of the |

) '-poople who must make it wol'k?

_S_QI:IE:!J.!LE Wilt lt ba possiblo to impiomont tho systom wlthm tho imposed tlme oonstraints?'

“The svstoms ana!yst gathers tha Information neoeSsarv to answer these questlons.

Personal interviews of key employees provide most of the information. In soms cases
additional information can be oitained by searching through records. The Intent is to

gather the needed information Inthe shortest t1me and at the loast cost. _

"PREPARE A STUDY
PROJECT

. PROPOSAL § Y SLarn |
. -the design of the new system in terms of what it should do and how It should do it, The

The systems analyst summarlsos tho findings up to this polnt Ina studv projoot proposal

If the Teasibllity study indicates that the IS project should continue, it will be necessary to
tonduct a full-blown system study, The system study will provida the detalled basis for -

systern study will be conducted by the analyst or a team of analysts and will span several

© . waeks or months, The study will therefore represent a considerable expense, The

APPROVE OR

~ DISAPPROVE THE
- _ STUuDY PROJECT

- systems analyst prapares a study project proposal to provide the manogar with A basis for -
the decision to Incur this expsnse. : : '

zgz;" ' '

The MIS cornmittes welghs tie pros and oons of the proposad projoot and systam deslgn,
and takes ona of three actions as shown, First the committes asks, *ls there enough '
information upon whicn to base a deciston?" If the answer is "no", the cofmmittae
specifies that the analyst gather additional information. Onca the oommittoa feels that

sufflcient information is available, the go/no po.decision is made, If the decision is go, the

praject oontinuas ta the study phase. If the decislon Is no go; both the sommittes and tha -
svstems analvst turmn the:r attention to other matters. o

. As the committoo considers approving the project, two key questlons #re aaked'“
« Will the proposed system solve the identifled problems or syiable the firm to meot Its

ESTABLISH A
_ConTroL
MECHANISM

* objectives? : &L AN
v lg tha proposed studv projaot the best way o doterrnlno tho dasign of tho proposed Is? -

-t is usually easier for the committes to answer the first quostion than the second. Even

though committea members may be both computer and Information literate, they may not
have a good undorstand!ng of the system life cycle. In that case, the committee must _
have confidence in the alillities of the information spacialists to recommarid the best study
approach. |t is here that the political credibllity of the manager selling the 1§ proposal

must be saund, and all the politles of selling cotvie into play. “

Baforo the study beglhs, the MIS committes rrmst take steps to establish control over the
project, Whereas the objactive of the IS is to satisfy the Information needs of
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 objectives are met.
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Project control mvolvea the spaciflcation of what nasds to ba done, who wHI da it, and
. when wull it be dona. S L . _ _ . o

ﬂmr_uﬁms_m,aﬁ_nﬂmz Tha MIS commlttea uses tha faas!hﬂity studv to Identify the jahs
that the IS will perfqrma For example, in the marketing informatlc-n svstam the ]cbs cuuld
include: o _ : : _ .
*  » Product subsystem o ' - .
- » New product evaluation model S e no S B
+ Product delatlon riodal ' : A . Lo
» Place subsystem warehouse location model = s -
» Promotion subsysterd territory ' :
« gssignment model
'+ Priging subsystain -~ - - .
s Pricing model - N 2 : )
. !Min_\ﬂll.!..ﬂnlt The Clo, representmg the MIS commit’caa, naxt decldas who will perform
S each of the subsystem tasks. The géneral design spacifications ident;ﬁr the typaes of '
o amployees haeded. For example, if the warshouse model will use linear prngrammlng, tha
' pergons glvan that respgnsibllity must possess LP skil!s. .

2 M{Hm_uﬂumm The knowladge of the tasks to be performed and who will do them :
~ anables the Cio to astlmate how long each task will take. .
BB
The spaclficat!un nf the project in terms of what, who, and when & relncorporated into a
o project schedule, The amount of time requived for each task ls listed in person days. A
W - person day is.the time required for ana person to <o the job. By assigning multiple
.70 - persons to a task, it i possible to reduce the number of calendar days, although not -
r@cessari[y in a linear fashion. At this stage of the project, these figures are only
approximations. They are basad on the combined experience of the CIQ and other
C " information sorvices managers i de\:eloping similar systems, . co
- T MONITORING Once the proiact schedule has baen estab!lshed, it is next necessary 15 ﬂucumeﬁt itina ¢
' PrROJECT form that will faciitate control, There are a number of documentation wchmques that
P.R_oe'nESs ranga from simpla graphs'to network dlagrams. _ _
A netwprk diagram uses arrows o rapresent tha tasks and Itno-arrowa to show LT
intarralationships Sometiftnes the terms CPM diagram and PERT chart are used to
.?das ribe the network diagram. Prawritten groject management goftware is available to
A help the manager control tha project--not a subjact of thls raport

IMPLEMENTATION PHASE

At thig polnt the deslgn exists only on papet; ‘}) ;Is a modal of tha p hnned svstem It is
now hecessaty ta convert the model into a plysical system. Implementation is the

" gequisitton and integration of the physical resources that produce a working system.
Many separate tasks, lnvolvlng practically everyona in the firm, make. up the o
implementation effort a .

- PLAN THE A cantrol mechanism astabllshed at the end of the planning phase in the form of a chart or
IMPLEMENTATION network diagram should be updated and made more detalled. The'managers and =~
. infarmatlon specialists have a spacific knowledge of the system design, and they can use -
" this knowladga to davelop a vary detailed Implamentation p!an.

ANNOUNGE THE The implamentation project ls announced to the employaas iy mugh the sama way as the -
- IMPLEMENTATION system study. The main objective of both snnouncements is to -lleviate employee fears,
The impiementation announcemsnt has an additional objective © -ppealing to the
' <8 : :
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ORGANISE THE.

~ INFORMATION
SERVICES STAFF

empiovees for sunport. Manv emponeas will be Involvad wlth the !mplamantatmn, and
their cooparatlon is is neaded. o _ - . ® .

= )
o

The systemst'analysns group has complatad the bulk of Its work In. designtng the new
systam. Speclalists In dsta communicatrons and database administration also partIclpated
when heeded. As tha design evalved, recruiting and training sfforts were launched

_bring the programming staff up to the needed level in terms of nurnbal‘s and skill, Nuw _

- the programmers are added t(g tha projant teams,

SELECT THE
_CDMPUTER

Over tha yaars a well-'datailed process has avo}vad for raquesﬂng bids from suppliars of

is-very cledrly documented and the pensliies for non-conformance very/ evere. Thus,

eomputing equipment arid then avaluating the proposals. In large uumﬁlas this process

orice a decislon hag been made as to what should be instafled {the
coversd in the bulk of the literature survevi, tendars should be han éd pver fo tﬁe

'demgnated functions. B ]

~ PREPARE '_fl-l's
- SOFTWARE
LIBRARY

_ight prepare more detalled documantation such ds data dictionary

‘ﬁ(écrtp_tlons The - .
~doding Is performed and the programs dre tested, The end produciis the software library

When a firm decidas 10 crsata its own applicatton software, the programrr’ ruges the
documentatlon prepared by the systems analyst as the starting poi:tyrie programmer

- . of application programs. This sequence of first selenting the hardware aehd then preparing
‘tha softwars library fits the situstion wherg the firm prepares its own software, When -
. prewritten application software is purchased, the sc-ftwara ssiectlon comes ﬁrst. followed )
: bythehardware. e _ _ : - PR

~* PREPARE THE
" DATABASE

Praparation of the database can be &lfﬁcult whan 1 tha flem Is conveprttng from | syatam
of-manual files’ 16 computer media, {2} the files are |arga. {3} the files contain very ol

data, and (4) some of the data has not been ma:ntaina@in the.past. The degree 1o whuch
" any of these vonditions exist determines the difficulty of the task. The database = -

adrhinistrator (DBA} should interface with the usars during the analysis and das{gn phase,
galning an Uriderstanding of data naeds. When the database schema has been defined,
and a decision has besn made concerping which computer to use, the DBA can gulds the
selaction of the DEBMS, The DBA advjses the MIS committes which DEMS appears to be
the bast, and the committee makes the decision. Onca the decls’ion has beeri made, the :

o DBA diracts the databasa preparatlon and= the user tralning

* EDUCATE
- PARTICIPANTS
AND USERS.

o 2
Tha ls will affact many people. SOme will make the aystem work and othars wlll use Ita
output. All must be educater] concarning {1) thelr role In the system, and 12) how the
systarn will benefit them, The educstion program is aimed not only at members of the
firm but also at elements ofthe environiment. The education can he ptovided by systan*ui
ana!vsta, parsonnel in other dapartments, or outSIdars such as conéuttants

MEENALED&!QAI%.QN ‘Employess on the oparatlo-qal levei, such as ‘clerigal parsonnet, faotar\i*
workers, and salaspersons, must isarm how to do'specific tasks. These tasks include:

filing out forms, operating terminals, and using output. Managers also must-know hnw 1o
use the system interpret the output, and perhaps operate terminals. But, more

- impartantly, the rmanagers must understand the role of their departments.in the néw

systam, Thay must understand the flow of data and lnfmmation that Iinks the

"-departments.

==

Emummﬁuu_cmm Suppliers and customers generally need more informatinn on ©
‘the néw system than do othst members of the environment, Heprasantatives &f the firm's
. purehasing and sales depariments often communicate this information in person, stressing -

-the nead for the companles to work togethae. If any of the firm's emplovess belong to-

s of which were _ 

- labor unions, union officials should be included in the educstion gffort. Tha sessions can - |

be conductéd by members of the firm's industtial relations department, assisted by the
informatlon setviees staff, The péopla-who need education and the types of sidlication
that arq\needed should be Identified early in the ife cycle. Then, ghe_gdueaﬂonal

(AN
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o Braetlont Imole fad nf ntormadon Tochnoiedy In s Raol-World Environme :

'programs oah ba schadu!éd at trgp appropriﬁta tlme-jLIst before the learned materlal is

-applied, R . _ = . - LRy

- v . A . . . . P . ¢

The work raqulred to prepare the physieal facilifies to ha?.lse the computer depends on tie
amount and type of hardwaré needed. If only a foew additionat units are 1 be instaliad,
‘they likely can be housed in existing areas. Microcomputers and srnali'rf‘ﬂni::nmputers also
gose no real challenge. I, on the other hand, a new mamframe or. laré,» ; i ie* needad,
compla;:p conat{uction projact may bes mcessary. : :

A pro;est to cégtruct computar facilities requires the regular mnstruct:an skills plua

special technical knowledge. Representatives of ..schitectural and contrastor firmy, along:

- . with those of the computer manufacturer, ¢en provide the needed expertlsa. The mariager

' outslde groups

I[_'.y'U'!'(llv\{ER TO THE

New SYSTEM

 PHASER I 48 g 8

of computer operatians usual[y has the respunsibillty for representing the firm to these -

The procass of haiting use of tha old systam and starting use of the neu;L one Is called
cutover, There are three hasic spproacha‘h Immediate, phasqd and parallei 100

L IMMEDIATE The simplest: appnqch ‘ls to cﬁn\fert from the old systam to the'new one on a’
- piven day, This is the least expensive and tinie aunsumlng By js feasthle only for small ~
firms or smali systams. As fha scala of the operation’ mcrease } the timing problems

becoms too great, I o 7

FyBty "-cannot e oonvartsd at onca, g can be dwided inte -
subsystwns and converted a subsystem at a time. A phas M eutover can be followad
within a single Qhographlc location or among several locatibns. - For example, at the firm's
headquarters the order entry subsystem can be implementad first, followed by the

T

An Mg Enp Dlsvectation Submitted by © Butkar . : T RANS



o

SR

%
- ]nventory subsystem, and so on, Or if the flrm haa sub—off;oes Iocated acroas the country, '
2 - - each can convert t5 the new svstem in suncassion. S .

EABaLLE!,. A paralla! cutover requlres that the old svstem be maintatned until the new oha
- 1s fully checked out, This approach offars the graatest sacurity against faliure but is the
most expenisive since two sets of resources must,be maintained. - A blg advantage is the
abilltv to fully debug the naw systam, using live de}a, before the old system is scrapped.

Onte the cutover has been ,uooassfully completed, the oparatlons phase boglns. _

]

0PEHA1 IONS PHASE

Shortly after outover, when tha naw system hag had 8 chanoa to settle down, B post
implsmentation review is conducted to eveluate haw well the system is satisfying the

. performance criteria. This review is repeated perhaps on a yearly basis, throughout the
operational life of the system, ldeaﬂv, the revlews are made by an unbiased third party
such as an auditor or consultant. : . .

3

3 LT

Dunng the tirne & manager uses the systam, minor modlﬂcatlons are made to keep the
system_currént, For example, a tax rate-in a payroll system is updated to raflect a change -
‘In a tax law, “Such activity is calied system maintenance and can account for a large
portion of the Information services staff time, ‘At some paint, the system will need major

- repalrior even replacernent. Whaen that heppens, the life cvcle il repeatad 10 produce. the '

_ Improved or new system.

IN‘FLUENCESONTHELIFEGYCLE I

oW

Two innovatlons in aystem deveiopment are curran‘clyr exerting influont.es en the traditional

iife cyole approach. Thesa mﬂuences are prototyplng and CASE.

PROTOTYPING Thls is usefui when implementing axpert systems and executwe information svstems. A
- . prbtotype provides the developars and the potentlal usars with an idea of how the system
~_In its completed form will function. The process of producing a prototype is called
~ pratotyplng, and it Is best suited for thosa situatlons where the user is not completely
certaln what he or she wants, - By providing a prototype, the user [s better able to see
what the possibilities are, end this histter understanding can tr:gger more exact
speclﬂcatlons. . L
&
Prototyping steps run as foilows. :
« Identify user needs; This is accomplishad hv the systems analvst, pr:marily by mesans of
* . parsonal Interviews.
-« Davelop a protatype: The systams analvst and the progremmer use prototyptng tuols
such as 4GLs (4th Generation Languages), DBMSs, slecttonlc spreadsheets, and
_ modeling languages. The strength of prototyplng llas in ensuring that the nitial attempts
o -~ are on a much smaller scale {less work to be radonefexpanded upon}, yat must caver all
: " of the systom's potantial. _ .
» Evaluste the prototype: The analyst and programmer adusate the usar in prototvpa use
and give the user an opportunity to become familiar with the system.
-+ Determing if the prototype is acceptable: The user advises the ar{ o{st and programmer
* whether the prototype is satisfactory. If 50, the next step is skippad, .
.+ Revise the prototype: The analyst and programmer make changes to the prototype as
recommended by the user, ‘I‘ha revised pratotype is made availablo ta the user, and the
previous two steps repeated.
« Use the prototype and replace with oparational system: In those cases where the
prototype containg all of the desired slements, the prototype becomes 1+e cherationsl
svstam In those oasas whaere the prototype is onlv a shell of the needod system,

MMs:.wummaﬂonsuwnnwdwcl_iwm : R e _ o ['3116

-



- v

'cAsE_

“» Defing requirements batter_- R A -
~« Get it working qulekly -~ - - - - : R a

" + Ingdeguats epplication controls
* «Lagk of documentation

Iackirlg certaln alemants, tha pratotypa w:iI serve as the blueprint uf the uperatlona!
svstﬂmq ’ . . . . . o . a

o

HEAEEAQI&NMQIDI!EIM in 1989 uonsultants J M Caresrand and J (s} Currav
surveyed over ninety firms.of all types to learn their axpariences with prototyplng. They :

' dentified six attractions, listed below In erder of thelr frequency of mentlon e
"+ Better user involvement _ . :

s Design on-line processes

"+ Determine préject faasibility
. »Test: new technologles and too}s

In axplainirig the diﬁerence bstween prototyptng and the trad:tlonal Iifa-cycle approach

~Imost respont.ants mentlonad the user, along wuth words like 808, faal and touch.

Iugﬁmm_qaﬁagmuﬂm Caray and Curray a{sn |dentified the :Ilfficultles in taking a
prototypmg approach ara llsted baiow, i rank order. _

. Keaping the $cope of the pro]eet undgr control

- Maniaging alterations to the system j : o -
« Lok of established guidelineg... - = T _
+ madaguate development eontrcls [ o

U

+ Inability to use as art operational systam S I i

.» No standard task fist - C P
~End-usardrlft. R : ) o I

oo

. The tetin guick and dirty Is oftaa used in con]unct!on with prototypmg. It appears that
‘such use s justified in thoge cases whan & system is produced that includes inadequate -
-controls. and documentation, However, those deficiencies are dus to lack of discipling

rather than to weaknesses in.prototyping, The persons doing the prototyping-the
information specialists and perhaps the manager working alone~can be disciplined to"

~include controls and provide documentation before the. system hecomes operatlonal. Such _
_ dlsoipline s established thmugh the ﬁrm s policies, :

Bmmmwuﬁ&mmmm Some dlsagreement &{!{sts cancerning whather
rotatyping can coexist with the system [ife cycle. Some authitities believe that the life
cycle is completely replaced, One poaition_ is that prototyping can raplace the shorter term’
lite cycles of individual subsystems within the I8, such as DSSs (Decislon Support:
Systems) and expert systems but that it does not replace the life cycle for the IS as a
whole. The prototyplng activity comas during analysis and design, and, to a. Iessar extant, :

: dunng plannlng and Implamentation.“"*‘

' modula is consndered too ¢kpensive far the concern, .Dtha

Computer Alded Software Engineering (CASE) has grown from a tentative exploratlon of.
assisting program), to full blown packages that Interface w%th AGLs to the point. where the
distmctiun becnm sblurred. . .

A pravaient examp uf this is Oracle's hew Caoperative Deveiopment Environrnent (CDE],
- .released In August ‘1993, where a case ool is used to define the application through.

marnagement oriented schematlos, and the application Is thap generstad through the AGL.
The 4GL level can be udaq as the starting point for more 9::5 ific vagks dnd if the CASE -
bject orlanted prograrﬁrning

Fny

.s;
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: 4GLs also take on tho appearance ofa CA&:E tool when modules are Iald out as ﬂow o '
diagrams, witn conditional modulea being placed on oach branoh option.‘“ o '

/,—

. CASE tools are o sub]eot fh thomselves, and it suffices to say that thev have /gﬂfa '
nder-.

‘significant effect on the life osro1e In that they make many steps redundant,
other superfiuous due to the &rse of being able to jump forwards with vew fepercussions
should any mistakes be made. CASE tools are becoming a practical reality, and further

_ " bring closer the holy grall of cross-platform applications that can bie osigned once, and -
- -compiled for severat d:fferent operatmg enwronments {as. w:th CDE}

]

=]

oowusnzme SPEGIFICS - )

]

IT implementatidhs are oftorl Involved with the migration of mamframe svstems to PC :
- hasad client/server archlteotures-downs!zing Whilst this was not the approach applioable'
1o tha subject of this implefentationproject in Vandenberghs, it does representa _
: slgnlfuoant portion of the industry literature into IT and its implementation, and downsizing
" gavings is the single largest contributor to IT justiflcation in !Pdustry. For’ oompletonass, :
soma guldolinesfcansiderattons are dlsoussed below, : 5 o Y

Hov:ows of downsiz!ng soenanos, both Iooally ard intomatlonally. roveal certaln common
threads, some positive and soms negative. Perhaps the maost slgmfioant of these involve
management issyes rather than technical rules, Four general. rules grop up repootedly in .
the Iltaratura relatod specif' callv to downsizmg 0

MAMAGEMEM’T Maks sure to havo top management support Downsizmg osoontiallv en‘talis downsizing
. SUPPORT the 18 culture~-this s & management issue, not a technical one. Therefore the need to

- gdcUre the co-operation of kath technical’\\nd management staff is cruclal, Gaining tog .
-mahagement support where "top’ is datined as company president should be no problam.
Aftor all, what top executive’ & going to reject & plan that promises budgetary sévings in-
additlon to 8 data procassin movement toward commodity and away frorn cult status?

Is DEPAHTMENT Floorganioo, dlstrlbute, rofoous and downsize the IS department.' 'l’ho nature of an o
- RESTRUCTURING  organisation is likely to “change substantially as distributed hetwork base omputing takes

hold. Changes will occur in the business units using new systems as well as in the IS

“ department that is developing (at ieast partially) the new environment. The concept of

business process re enginesring concerns what happens In the business units as new
communications and computer systems take hold, typically, the snd resuit is an
- organisation that has fewsr management layers in the organisation hierarchy.

- Data processing techniques are-now coming full circle and changing the culturs,
organisation and spproaches used by IS professiohals. Over time, the size of the typical
cotporate 1§ department will shrink as users becure rmore intimately Involved with -
somputer-based systems, ' In addition, the focus of the IS dapartment has to change-
away from applications and towards networks and databases, In other words, the _
- guccessful data processing deparimant of the future will focus on databasss, connectivity .
- and standards, The development of most of tho cliant side work wilt be Ieft to tho
consumers of thesk new systams. .

ln the past, the 1S profosslonal was coneer 1ed with the main frame. That concern wil be
replaced by the managemant of shared data and networks. Previously, the typleal user
department was concerned with a dedicated minicomputer that ran the depattment.
‘applications,. Now the user depattment will be daaling with a serles of applications that -
ran on the client workstatlons and are, In turn, supported by data accessed locally over a
LAN server or remotely through wide area net works, distributed data hasos, information
warehouses or othar appropriate technoiogles. '
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: 'Lastly, and of mast lmpbrtanca, the consumer m" ﬁese technulogies and data i€ now |

dealing with somethirig very differant. Depending on theuser's background, he/shie wiﬂ
ke accustomed to warking with mainframe {slave termin kc or independent PCs).  That
user will now have non-personal computers that eport graphical interfaces and run client -

~ side applications against shared databases or sources, very diﬁerent to the clarrcal-!ike _ o

controlled environment of dumh terminals. -_ e e

Staff carefully, ir:clude both FC and mainftame peqpla on tha Implementatlon team. A -
‘downsized systam includes important elements from both main frame and PC . T
" tachnologles. Downsizing means the use of netwaorked wotkstation and PC technology to

* bulld enterprige-oriented, transaction processing types of spplications.  Such spplications -

must be supiported by robust systems. -Robust means that data integrity and security are

~ built in features. A robust system has recovery technigues 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 essence of main frame systems | as beén robustness.. '

¥ .

FC systems have focused rore on useability gnd immedlate responciveness. And now
with Windows and Macintosh GUIs (Graphica! Ussr Interfaces) predominating, PC systems >
provide ease of lgarning and adaptabiﬂty as the user intarfaca remalns similar across

; applicatmns. .

o

In mam; lS deparl;mants there has been a Wall separaﬂng tha PC aupporl staff and tha

" mainframe systems: paerla. Howavar, succassful dewnsizing reqitres skill setg from both

- Bamps. The mainframe group can bririg expartise in large scale systems; they understand _

- the requiremants for appileations that must support large numbers of people or must -~ .~
. operate in a 7 day 24 hour mede, PC people bring exparience with GUIs, DOS; Windows,
- NetWare ete, Those ayganisations that build development tesms out of both groups will

‘'do better when downalsing. It la important to do the necessary to make- sure there arg

* DUTSOURCE
IMPLEMENTATION.
- BKILLS

X/'

Ca

' -'_communications going bntwr an the Pc and mainframe people,

Use outsrde halp, Includmg confarences, consultants and intagratars. R should ba obvlous .
that any move to a new technology requires major inveatments in learning and training, '
and yet it is snmathing that is. frequantly underastimated by even the rnost experiencad
people, - . _

. Mﬂzch c\\f—tha technulogy in this field chang.es 80 rapldly that it should al[ be cnnsidarad
currant events, Conferancemand industry literature are 8 good way to keep cutrent, and :

it's essential to keep currein, f downsizing investments are to make any sensa. ,Thig.

- gpproach is temparad by other organisational philosaphiles of investment followed by a

pariod of stagnation. until ralnvastment is agiin warranted by & sufficiently. larga

N prograssmn in tachnmogy.

| Probably the most fraquently oited ragret followlng dcrwnsrzmg tmplementatmn is that
~ consultants or systems integrators were not used more frequc».\ntiy thar they were. In

 desling with new sw téchnalogies, and bringing In knowledgeabls advice is usually cheapet in
_ time and rongY than trial and error discovery approaches.  The general advica Is to-

identiiy the technolcglcally tuugh areas and have consultants avallab!e whu can help When '
thsv arg needad. - '
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o The imp[ementatlon of ITis encumbsred,
- primarily, by the zhange It wrecks thmughout
' any organisatiogz Thus, any difficulties. and
& - .., vonsiderations are largely those pssocigted
_ with managing change, the differences being .
: tha practlcal asnacts outllned abiove. .

i

- Managing ¢hange is & mﬁssiva subjgct of Its own. it is also a highty dabated toplc as
implementations vary considerably between cultures {company and rage), group sizes, - .
Intellactusl levels, and a myriad of other factors. An atampt will not ba made bere to lay

. Ut any strct rules or 1o how to mahage this, but rather the miore global considerations

.. will be laid out as things would vary for each envirqnman* A discuwon on actual '
problems encountsred falls under the scope of in-house company reports and rathes than '

- the this Iniormation survey. L : S

A

&

"-'_-cos1' oF FAILURE R e '“ el

o _ ' In order to understand the Import af t:arsfullv managlng changa, the reparcuaslons of not
e o _doing sn nedd to be clarified 106 SOme are as follows: - o
SHORT TERH nim’m; ' ' ' ' o
-« Wasted resources (money, time and paopla),
+ » Business objactive nut achleyed {hance all asaociated repar::usstons)
X Morala suffers, T ow '
«Job sacurity Is threatened.

[ L.

‘Lonaferm Ditest . . .
~ « Strategies are not completed.

“« Lowared confldence in leadership; T o o :
- » Reslstance to change increases; = ' S
® « Consequently next change project Is likely to fail, : S ’
. Orgamsatlon survival is threatened. o e

" MANAGING BARRIERS

N

t Some typlcai human’ barrlers to technulngical changs {the more cummonlv documanted .
i onesl, and! the more recent Ideas a8 to how to- manage tham are outlined betnw*

al

5
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FIS
K3
BARRIER | .CONTRIBU'I"NG- FAG‘TORS .. '--STRATEGY _
Excassive e’xpect'ations . 0versallmg of results L Manage transition pariod i
L S |+ Bad understanding of how {covered later) . R 3
B - o peopie change . : -
§ Exoassive sotion - {l+ Crizes/iires . . Establish iong tarm nb}ectw Al
o 4 orientation. e Hlstorlcal vecord of crisls - |+ Define frane of reference. g 3
oy B || managerment ]
e S » Short term frame of refar\ence _ e T B
High personel risk for [+ Short term reward systams in |+Modity reward/appraisal R ilr =
SpONSOrs ' eompany | . systemis | e
* [Lack of cofiaboration [+ Territorial imperative =~ '_ < Generate ComMmIon GoaIs in 1
- o 1 Insecuritv of peci;nle ' | leadership and raward :r
- 4 ' SR | _systems _
P v yinitable resistance to |+ Loss of status and powar for |+ Anticipato and minimiae N |
' g ii shange - ", " persons affected 1 reslstancereassure peop[e
,q., . « inertia required to implemant' {*» appoint project ehampicon arrd
i _ T c..hange hard to generate . - | steering committee svstem L
Uﬁc_ertaihfy = U» Lack of skills In pecple to be “he Communicationitraming ang|
[ RN S using system g | involvement _[
T e ' B NN ' < |* Manage implementatian O T
LA R o S ) o - : {covered later) B ‘!__ -
o These & l‘itagles vary somewhat between vérlous Iltaratura sources, but tha hasic P
approach to each remains sound--aach i'aquires axpansion for each new probiem. l ’
SUCCESS FACTORS T B R ( ! j L
' ,iiith an underartanding\of whare ones- strength and waaknessasyie in the follawing i{ P
catsgbriea, ona is be'tar aquipped 10 deai with the inevnabie rai‘.'istarice to changa. B
. Irnpiementation hiérory Success and faiiure of past impiamentatians- j]j A
» Sponsors: - o ] - Level and type of commitment of key stakaholders, P
« Change agent;’ - '~ ~ SAills and motivation of transition managers; l
« Change impetus: - © The profile o main metivator for change; .
« Targat redistance: - Inevitable resistance from all groups affected; I
« Culture: Values, behaviours and 'unwritten rules that sup.:zort of
' ' ' ' oppose changé.
- TRANSITION MANAGEMENT Sy : : T _ ' i )
Most. changa models presented in the Iiteratura have thrae distinct phaSBs. Tvp(“liy ti‘asé
are unfreszing thr;organisation, transition where one is Working and moving towards
_wchange, und finally refreszing the organisation.!®® The motlvators, stratagiaa. and main |
“players involved for each are sholwn below: e _ 1
oo . 1 PRIMARY . | PRIMARY SIRATEGY PBIM_AHY ROLE PLAV:% s| -
o . . : ) . N
UNFREEZING {Need/discomfort/orisis_| Quattioning why Sponsor
' -~ |TRANSITION jSupport _ mpolement structure ent/target paup|e — 1
x\\ . IREFREEZING . [Solution . - - Questioning haw Tgrget Esopie!_agem_ LK
o L : X : - EE

" ":?\
"t
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MANAGING RESISTANGE MANAGEMENT "

| Soma tactics that can be adopted in each of thaﬁe phases are as fDﬂOWS-

T COMNUNIGATION

REINFDRCEMENT

UNFREEZING |+ Explain objectives and rationale
- |« Emphasise cost of not ctanging
+ Fobus on axternal drives for -
change rather than internat
deficlencies .
 f° Describe parsonal belief in change
" [« Be specific sbout what isand fs -
{ notchanging for each group
s Utilise the language and frame of -

. Demonatrata sponsurshlp ratlonals

. |+-Emphastse reinforcement
| management {rewards,

* llugtrate argumients pract:cailv
{Walk the talk’} -

_punishmem, level of sffort)

s

_ | reference of the target grou
TRANSIT!ON » Repeat change messages’ o?i}eh
S + Change medium and words
' impact various frames of - refarence |+

- b» Focus attention ahead toward

- returning to the past
» Provide a8 much informaﬂon es

possibie | demonstrate commitment
, _ : ||+ Encourage overt resistance ~  |» Reword supporters and motivate
R - + Provide training in change 't registars with reinforcement -
T ' + Communicate things that won't . e Celebrate smali victories -

change o IR

|+ Creste an atrﬁbsphera in Much if"

achigving change rather than an .

|* Make symbolic actions to.

- Is safe to surface reslatarics >

Involve targats-in fmplemanting the N

change _
*» Provide: rasources—-tima, enargy_
and money to achleve change

- IREFREEZING ||+ Communicate progress
1 L Acknowledge the costs that
"} targets have paid . '
. [+ Ba honest about problams that sti!l

" remalh ot hew problems that weis

. Demonstrafq-,_spnlisér bommftﬁ‘iéﬁt' o
{» Malntain reinfotcement

managément - _
» Raward:champions : o
» Celabrate vit._rorias a

i

not anticipated .

-, [

REASONS FOR Matntanance of the status guo and av::sidanca of tha transltmn periad; _
RESISTANCE , Protectlon of Indi\nduai and organisational Valuas.. emations and modus operand:.‘_

RESISTANCE Hasista-mce to change increases when thare iS‘ :
AUGMENTATION
FACTORS = A low perceived need for ohange,
«.An implication of pdor past performapae,
+ A high level of distuption;
+ A low reward structure for hlgh costslinput, _
+ Resulting negative consequences; o
+ An irreversible outcome; a
-« Doubt about the projsct succass, '

« Faar of the unknown; .
» Unclear expectations; -
* Low target involvement.

METHODS OF + Can't do'it:  Skills inadequate;
RESISTANCE = Wan't do it: Motivatian lacking: -
» Overt: Voilcad ob}actions--cﬂnn foundad,
"« Covert:

Clandastine attempts to thwart project,

AR MSc Eng mm’m-tl’m Submiited by & Barkar




o

. : s Priotionl enptesnnatation of Information Tesbaginny. v 4 Heal-y¥ord Eosiranmn :

CHANGE TWD res:stanca curves ars fo!lowad by the targats when change 1s being Implamented.
HEACTION The first. Is desirabla and ‘expectéd for positwa change, the. sacand is adverse and '
PATTERN accompanlas nagatlve c:hange""r ' . . . _

: REAG‘I‘ION The ftrst reactlon pattarn above is very similar to that follawad by ths Sv'uational
_.MANAGEMENT Manageient model proposed by the Ohlo State University (covered later).1o3. Management
B “of aach stage follows the guidelines proposed In this model, but modified te cater for

- ghignge. - The, second cenforms more closely to-adult-child transactional ahalysis and

should be deait w:th in only the first twa quadrants!set.tors outlined in the aforementtoned

mndel ' . L

i

HEAC‘HGN e ——— -MAMAGEMENT nEspo'm'se -

. AR
i b

Unlnfor d R Surfaca all pota\ptlal unin.rsndad consequences of the changeu
cmal% recognlse what could poasibly go wrong whlla at tha same tlme
== %alntalntng enthusiasm; - i
+ Commuinicate that this ig panacaa——thera werg prabiams bafore tha o
A ‘implementation--there will be problems after it;
s « Gather the frames of teference for targets for the lmpiementatlon. .
~[Informed Doubt |+ Acknowledge both the negative and positive (ara; '

S = Mobllise rasources to antictpate: résigtance, Y - .
JOvert Resistance | Develop a problem solving climate—sutface issues and utillse targets :

: | to help with implementation; -

* Demonﬁtrats that attentlon 1as bsen paid to faedbaqk, .
» Allocate specific resources to deal with resistance. '

[N

fCovert s Continuously create as safe an atmosphere as poss!h!e«resistanca '
‘Resistance ] will not surface Inftigliy} '
_ » Provide different forums\ for resistaice {surveys, focua groups and
suggestion schemes);

» Saparate the content of the content of the raslstanca frnrn the
| protess--provide recognition and reward for hr‘!nglng resistance .
| I forward, aven [t tha contsnt Is unfounded. o
' |Realistic Concern [« Build target contidence by acknowledging progress; =
| E : I» dentify barrlers that still exist and contlnus to daal wlth both tha
negative and positive data; _
- Incraasa focus cn 'fol!cw-through’ and the neamess of compiaﬂnn.

-
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: Ir,-:fo.rmegi. _
- | Certaifity

5

~ . RBWﬁl‘d achfevamant' '

» ldentify what was Jearned for use on follnwxng mplamantatlons, .
[i* iderntify new tasks to be accomp!ishad, o

Denial

i

» Propare ot next change. N _ . s

+ Strengthen relﬂtlonships, . C ' S
« Divide change Into small steps and focus on first steps, :

« Avoid confrontation.

: Aﬁge_r' | -

* Logitimise the angar-»targéts have a rlg ht tn be angrv as thay do nﬂt
“have contral;. - .
;" Do not take things personallv.

. Barﬁé'ining'"

» Do not bargain as this changes the deﬂnttion of the change and will
Qenarate & TeW roasponse; ' T A

. Fgﬂr-f

4§« Confrontation--and no-daal' stance, S

» Provide support; : ' ' :
« infarm targats that resources WI“ be prnv!dad to assist tham, o
+ Incraase two-way' communication tactios. .

' Depressi_:'j.__in '

» Encourage rasponsiblilty; iR e
+ Raform tha change to test for opportumties, Co
» Provide support. :

: Expl‘o'ra_t'ion '

» Test new options in the .naw sﬂuation,
~ §< Acknowledge progress;. .
2+ Bulld confidance,

‘TAcceptance

* Reward and acknowleclge progress’ _
» (dentify. what was learned to use o following lmp]emantatlom,
. Prepara for naxt change - .

'b

MANAGEMENT As is outlined in the discussion on situatmnal management, the rola of the managar and
QUAuTlEs change agant is Important. This implies thai the right cholce of person is eritical to

success. Some characteristics of effective change agents, above those of normal o

managers, are Ilsted beluw.

_ « Buccessful personal and brqanlsatiunal history;. |
.« Credibllity with key sponsors; '

“W“Trust with key targets;

+ Awareness of cultures (compan\- and racial}, _
+ Project champion responsibilities;

» Ability to develop teamwork among sponsors, agentB and targets through comman goals -

and intardapendenice for success;

.« Communicatior: skills; -

+ Valuw diffarencas;
= The abllity to Integrate duveraity,

e Implamentatmn!aetion otlentation.

_THE APPROAGH All the aforement.anad qualitlas need to be aligned to heip in the adoptlun of & transitlon _

Pmlcv

HAMMER TRANSITION MANAGEMENT
Tnvestrent H_igh_af't_arwards 5 quh aatly
Maintenanca h High Low
Time Frame . Fast ~ Slow _
Motivatio!) Do iid' L 'Do it right’
: Commltmént : .Organtsational' ’Thﬁirs'.- - individual; 'Ours

management approach rather than @ hammer policy, the dlfferences heing outllned bsiow.

P

" The mathod adopted is Lrucial it the changa implemented does not meet up 10

dkpectations. it Is heie that the repereussions of had management manifest themsalvas‘
and what achievaments were obtained start to crumbte»«fa:lure.
§ :

o
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oo : S What most naopla don t rea!isa !s that few imp!ementations do. meet dp 1o expactat:ons, :
s - . andthat a certaln degree of failure is inevitable, It is this Jdsficiency that needs to be

I - carefully managed and. anticipated thraugh the: above approach. Tha reasons for fallure, in
' this ]esser degraa, afe numerous N - °

]1 ona considers why. changa is su dnff‘cult for people to cope with one w:ll concluda that L
It Is invariably the magnitude and swarlty of the'change. Even with the most brifilant .
chainge mg nagement program some implemantatinns will ba doomed #s they atiempt to
achieve too much, two seon and too radically. - Often these sxtremttias are adopted
defiberately in the beliet that the magnitude of change s required to justify the » @ ©
' mplementation, and that a prnject would not Ob'tall'l approval with any Ieuaer scope '

Other faillngs arise from. the satting of unraaiistlé gosls.. Managers, being af a somawhat
higher order, tend to set goats that they themsslves are capable of achiaving, invariably
tnore than that which the targets are capable of.'%% Thus, very fow’” systems are
- implemented within the specifled time, span the originally perceived scope; and fall with -
_ R - projected budgats, This problem is further exasparatdd by the widening skills gep in South.
L L .Afnca, with whlte caiiar skills dacreaamg and the blue collar wnrk force size mcreasing
Another reasor: fof 'fai[ure ,is the dasire ta imnlamant tha latest, nmm untned IEREE
techniologies. In mors. philosophical fields {JIT, OPT, FMS, stc) this »ften: amounts to.’
attempting an implementation thax cannot fit into the combany/nationat environment, -
rather than & modified system utilising some- desirable aspects of the philosdphy.. Few

“managers seek cradit fo? Implementing tried and tested systems when the opportu_nity o

. exists to instalt an antiraiy new concapt aiong wuth al. :ts academic recogniﬂan. '

_ | In short, comn'ete succerss is hnghly unllkely it apy changa implementation, and carefui
' 'managemant of tha shortfatl requlres due conslderation.

. [
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- Davelopment Program, by external experis,
*and as the toxt will shéw Is extromely rabust
- dligns several other managemanx theories .

S

" Alittle more attention Is dedicated to this
“aspact of management than to that of

: suhstanttatad. Fhe system is one: taught

_bean fairly extensively researched and tastad
by the author batore Its acceptaﬁne. o

-' .Modern approaches 10 motivatlon tend 16 m;:orporate a4
- expactancy model, a strong ayrersion to the clagsical
. - systems, and a} eanh\g towards reward systems for

_ GENERAL MANAGEMENT _

managing change, as the author has adopted i
an approach that is somewhat fixed yet quite W ge -

through the Unilever Menagement

taught through typical institutions, and has

p:) ﬁ’tam amount of Vrcam LY
'pf'oach to performance appra:sal
‘fle performance. The latteris
gaining momentem’ based on the world-wida recessiol} of the 90's, whereln it is not. .

-_ ecannmlcally viahle*to support employees wha are hokiparforming, and p-srfurmance is the

egsence of survival, and the. rest does refer atrongly to all tha motwatmnal concepts

'dlscugsgd thus far.

" The whale appruach can ba summgd up- unider a model daveioped hy the Ohto Stata

* Unlversity in the USA, and augmented to encompass Vroom's thinking gs recentlv a8

988,99 The madel not only enaotmpasses motivation and Its inexorable link to

_ management styles, but also addresses the complex issue of management versus R

leadership and employes development, as well as being applicable to all levals of
management from unskilled Jabor,through to personal/sociel transagtions. {thege balng -
considered more complex than the fanagemant of highly skilled labor}. -In shart,

| managing through this model, In the atthor's. humble opimon, can address all the relsvant

:ssues of management today in tme fall swoop

L:ttle hterature i available on thls model, save for a ccuple of atticles and referencea in "
" recent Englneering. publications and Umlever course work notes, and thus what follows is -

& brief outline of its working as gleaned from the aforementionad tralning program. It -
suffices to say that of alt the theory taught in University undergraduate and postgraduata :
Engineering courses, this seems to be the only theory that sutficiently compounds all the

- gurrent theories and presents a truly systamhtlc approach that can realistically be

THE o:-no BEHAVIOURAL MANAGEMENT JyIODEL 4 ’_

implementa:l rather than beh'lq,f mere vbsirvation of human behavior.
8., _ )’Ig e:}__. _ o

- obtained if both stages “are managad @rre«th:.

7’)}

EAcKGnoumn Tha model is buitt up from tha belwf thaeany arlampg f“' Lﬂohtaain an’ actlon fram a

-~ subordinete {motivate him) is a two stage process, snd that the ultln@te task may only be-'

_.if . :'{f E 5 ..
1. . {j .
. v
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" As the above picture deprcts. any mstructionjrequeer from the manager has 3 resultant :

behavior in the subordinate, Ti autccme of this behavior {sucressful- ‘means he moved to

“attempt the task presented) is dependant upon the first management input-stage, called -

relatlonship behavior, This is the extent to which the manager engages in pﬁviding

' support by two-way or multi-way communication, This includes listening, enceuraging, )
- facliltating, providing clarifleation, pralsing, and is ‘often fermed stroking ‘the eubotdinete.
~ - Thus; whether a subordinate will réspond to a request is % pandent. upon the. nature ef

- thig behavior--largely related to Maslow's soclal need {an

Iso addressing safew-—job—wme _

that Is—-and esteem to a lesser extent}. Relationship behatior has its foundation in

. transactional analysis {covered ahove} whlch is also thethasis for human behav!or. Thl'.teE
- huyman behavior | is Iinked to the model o

» The second step :s the resulf of the subordlnata 5 attempt. i¥ he is competent he rnay

well succeed, if not he will fall, This ‘competency’ Is derived from the manager's second |
input calied task behavior,.detined as the extent to which the ledder engages in spelling -
out the duties and responslibilities of an individual. This :nc}udes telling peapie what io de, .

-how to do lt, when to. dn it, where to do it, and who 's te do it.

Rh

RELATIOj,-IlP BEHAVIOR T VASK BEHAVIOR
N Empioyee centered IR Jeb 'centered.
- | - Bhowing cenaidaration |« Initiating structure .
« People concarn .~ -~ " - |« Production concem o '
_ 'Stroklng subordinate. T B What, whers, when, why, whe, how
THE BEHAVIOR Neturallv, the ernount ef eaeh type of behavier {hat is exercised must vary for each
individual, and, in fact, it must vary for a singie individugl as he progresses throigh his

' RELATIONSHIP

career:. A highly compatent employee will not take well to being told how to dora job, yet
the same employee required explicit diraction when he started, - Arfother amployse may

get 'too friandly' and thereafter disrespectiul if too much social interaction is entered inio,. -
whilst the same amiployase will later require Iots of praiae end encouragement whilst
tacklmg new areas of respons.blllty. .

This all sounds extremely cemplex |f one pauses to consjder some more imptleetiens, but
. the beauty of the modei i
Indlcate one qf four classic'syyles of management. At this point the graph in the figure -
‘below may be referred o, th

+the indulgence into each behavior ean be graphed to

! aress not explamed thareaftar will be-dealt with when the

/

.subordlnate side iz addresse .

.
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" THE BEMAVIORAL
- MANAGEMENT

MoBEL

o
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hrl

MANAGEMENT
S'rvuss

‘AUGMENTED OHlO BEHAVIORAL MODEL
o

i

SUPPORTIVE MANAGEMENT

 DIRECTIVE MANAGEMENT -

,|r - Belf-. i
;Actuaﬁsatia e

' PROGRESSNE DE\IE'LOI‘MENT = EFFECTIVE MANAGEMENT
Farward Movement: Unwilllng=lnaeoure -

s ' " Buglward Movemant: Linwiing = Astuctant

The graph of support (I'B]ﬂtlorlshlp beha\nor} and dlrectmn {task bahavior} as 1rnposad hy
the managsr upon the subordinate gives tise to’ four quadrants esch depicting a o
management style. The quadrants are not distinct with hard boundaries, and meraly
represent the uraa in which & manager doas/should operate. o

Startmg with stvle 1 {Shbottam rlght hand quadrant), the managament style Is one af

“telling In which tha manager makes the decision and provides & lot of direction with littia _
, support.” This Is cosisidered as autqz.ratlc management and is particularly suitable for

i
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lncompetent lnewLka" T !t is tvpiﬂad by one-wwcommunins‘tion in which tha o
manager gives specn“ c mstructicms and superwses clussly‘ - o

Stvle 2 (auadrsnt 82} 18 nften referred to ag 'sslling ,in wh:"h the mansger explains his
_ “dagision thus providing the subordinate with moie impetus to perfarm. THe progess of
-explanation requires an increass in relationship behavior, and it is deslrsbls to curtaul '
d:rsction somewhat-—the rsasonmg far thns follows latar - L :
Styls 3 {ssj involves reaching a Jomt decislon i Whlch ths subordmsta and managsr hoth
* have impetus, and is termed participatlng Relationshlp behavier reriains high but
" direction is dramatically. cut down as'the subordinates ideas are indulged, This styls is -
desirable where the subordinate may havi valuable sx%sﬂsnce ‘that would did the -
. managet. The relationship input is necessitated by the high level of commun’i‘.ation and
trust requirad to pravent ctssslcal conﬂict situatlcrs {an sntiralw ssparate papsr
' af._ugethar}. . _ - S
_ a _
Style 4 (S4) is ths classic dslegatmn in which 4 jOb s handed tn the subordinate with no
" recommendatior: on how to go about it, and iittle need for encouragement. Responsibiiity
" a&nd the declsion ile entirely with the subordinate, ard tha managar merely appralses
* thereafter. This is a style'which mariagers have great difficulty daalmg with and is often -

o

: )the reason thay do nat ever parfarm. at their optimum o e e

R I.INI-:&TO GTHER All of thesa‘ stvlas sra addressau frum dlfferent ang[es in Harris‘ Orla Mlnute Mansgement,
--,J/ : . THeORES Monkey Management, Arnold Mohl's Productivity Management and ruany other highly
s . tecognised motivation ‘works, This model simply puts them in a mode! that can be easily
BT remembered.and readily referred to unlike the other lists of do'§ and don'ts, The '
R ~{mportance of selecting the carrect style will bacome mare apparent ag we movs onto the
* lowaer half of the model {the subordinate readmess), and.the fuzzinass of the boundanas
will becuma mora apparent. = . . o

STYLE SELEchoN To glve a rough idea of the consequences of an mcorrectly applied style, Iet's 160!( at a.
. - couple of examples. Bear ih mind that most managers implement one- styls mnst of ths -
tima, and ars complstslv unawara of tha naed to- adapt and c¢hanga, - . * '

If & new subordinate Is Incompatént, and we delegate {S4 lnstsad of § J, he will turh Gut
a result that may eripple the business. .if, on the other hand, the subordihate is highlyu
_ . ~ ¢ompetent and we usa a telling style (51 irrstead of S4) we get a very: demotivated <~
s = - employee with ho self-esteem, - Hers we can start to see the link to Masiow, the -
' " previbusly mentioned task outcome resulting from two types of management behavior, ;

- and tha link batwean management style and motivation. Both the above could have fa;rly

= gevere consequences and 5184 are considared to be the high-risk high-reward styles bf‘
‘management. Styles S28&3 are considered lowsr risk due to the manager's prgsence in
the decisior) making, yet lower return due, again, to the manager “having to lnctude his
© fime in ths task and the posslbmty of Iowsrad subordinate motivatios..

" Finally, we tie Ieadershlp Intu ths fhodel whsn we con91der the fact that movlng from 81
1o 84 must include developmetit of the subordirate (the definition of leadership}. in that l"
. relianée on hoth direction and support are tempered. In addition, the process of forward
5" ¢ movemant has been shown to Instill a high level of trust.leading to enhanced future
/ .. officacy. A movembnt from 84 to 53 Is considered e regrassion, is highly undesirable, and -
~ is‘usually a function of the subordinate’s ‘readiness”. It is this readiness that also aiiowa':‘
one to datermine whlch stvla of management would be most suitable. . PR ‘*‘z&
suaoaml\lA'rE The tho magel augmentation of 1988 stemmed from extenslvs rssearch into the e
" READINESS subordinate side rf the moda& “This Jad to the bar balow thie graph, that depicts the gtéee |
of the subordina*‘ 's mind and abllities, and relates it directly to the mahagement style.
_ The researchers found that all subprd:nata states could be cateborised as confarming to
* . one of the four combinations of wiliing, able, unwilling and unable. Readiness varias from
. person to parson, and for a s,ngie person ‘rom task to task.

]
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_ _Abtllty is defmad as the knowladga, axpar!ence and~ski!l that tha Indivlduai has towards
- the task. Willtngness is his confldence, commitment, and motivetion to accomplishthe
- ‘task. It'is imporfant to realise that willingness is actually & measura of security and the
. word unwilling can I:le replacod with insecure [or unoonfldent) Tho four atates are a5 .
: fo!fr.qu ' . :

: Lovel 1 tﬂﬂ Unwﬂlmg and unab!a.The lndlviﬂua! is neither able to do the task,. nor wlliing—

" he is insecure and requires encouragement {relationship
hehavior) i ha is to progress to another stato.

3

. Leve! .2 (RZ) Willing and 'unat'ﬂ_e: The indwidual_ hava-rsce!ved..;enough oncourag_smer‘:t‘ 0.

contintie, but s actuslly mcf}mpeten‘c for the task. This

s an extremely dangerous stage as he may be liable to- -

" rushlinto_something and mess it up, Subordinate

~ ponfidence If often reliant upon the manager's

* involvernent and: hence there is a dual requiroment for
: the manager 3 rolat{onshlp oohavior. a

U

 Level 3 (R3) Uﬁﬁ_rliling and 'able'. The mdi\nduat Has the neoassarv sklit but is rot -o'ohf:daht

_ . - about the naw task presented to him. This is classic in.
e - development when a peraoti Is promoted to a position in
.+ which he feels out of his depth and lacks the confidence -

ot go it alone. Management relationship behavior is

.« nesessary to provide this 1mpatus, though dlrection is not -
w very necessary .

e -

Level 4 {Rd-}fWiltiﬁg and able: ‘The subormnate is both compatont and. conﬂdent-—he

may be delegated to, in fact, he must be delegated to

- else he will start to fose faith in his ability (if his manager .. -

~ doesn't seem to trust him anough to Ieave him alona}, :
and wnil ragress to R3. o _ -

_ The strong fink betwaan St‘vlos and Headinass Is quite apparent, and tho import of

" matching the two is self-avident. These readiness lsvels are quite comparabla to the 'B’

REGRESSION &

o Paoonessaon

states expounded by. Vroom in his axpectancv modal

As mentiohed aarlier, the aim. of tho Ieador is to anstre progreaaton along tha path as
indicated by the "¥’ in the graph. This is considered as daveloprnenta{ and Is highly
desirable as staff then become more capable in their competence, ara sulted to promotion -

- to positions that may ba vacatsd and in general are capablo iof taklng work awav from

© the manager.

In forward progrossion along the ourva, unwlllingnass ia oharacterisad by Insecurity. But

_the word "secure’ was not used as in backward regression (whare ¢ subordinate's
- réadiness decraases, and so too must the applied management style} unwillingness is

considered more as reluctance. Thus, a subordinate may move from R {willirey and able)

_ to R3 {unwilling but able) If he make a severe mistaks, and though perfestly confident that

fie won't make it again, may be extremely reluctant to take the risk. A regression from R2

* {willing but unable) to R {unwilling and unable) usually oceurs when the task content is

increased beyond the employees capabilitios. . The employee needs more S1 management
to bring him up to a readiness lavel of B2 for $2. The R3. {unwilling but able) to B2 - -

) (whling but unable} regression is somewhat unusual in that is seems unlikely to occur.

 IAPLEMENTATICN,

This ¢an happen when a mistake shattars the subordinate's confidence to the extent that
he'ls actually unable to perform, His willingness’ w:l! stem slmpiy from an lnabtliw to
oomprohend the possibllity of a recurrence. -

X _
The implamentation of the model is somewhat unorthodox. Rather than koeplng the -
theories 'In-house* as with most strategies, the developsrs advocate teaching subordmatos

about the model belnﬁ used on tham. The idea is that thav will then be able to rooogmse

. _Ams‘c Bng Diu‘nmt_jm Subliniited by ¢ Borkar _ JE 1 30
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S _ how the\; are being managed and requast a chanﬁe in styla it it 'can be warranted. Th:s ;
Lo helps pravant. tha usuai managament traits that make itgm hard for scma managars 1o
' ' gdapt, . - . 0 SR .
. b -
. 'iThIs klnd of approach is often referre.. toin téptcs cm 'faedhack‘ m whlch the su bordmata
. - s advised to request appraisals of performance where thess aré not readiiv alven.
& 7+ PFurther, In understanding the importanca pf progression, the system can be used as an
.7 unbiased behavior modification. technique when the subordinate falls to perfarm. Hers, a.
- mmanager may have te regress his. styla and the suhordinate would appreciate the suhtle‘.#r o
;:” R '-yet highly effactive, reprimand.- _ L . _ '
: Naturat!y the converse Is also trua in that progression wull feed the employee‘s esteern .
o Jesulting in inm'eased motivation. &

- o : B
: . : Fy :

CONCLUSION LTy
. The tnpic could hear eonsrderable mdi‘a alabaratlon at tha nsk of changing tha arnphas:s afs
‘this report, but th:s ts foft for inflividual contemplation. Tt suffices fo sav that the model
© encompasses most of the standard motivational theories such as: -
"« Skiriner's Bshavior Modification {through a change in styles); - R oo
' _. Thomas Haﬂlj Transactional Analvsis and dafense menhanisms {the foundatzon of the o
. model's research);s o
-+ \Vepoom's Valence Modet {adapted to raadinasa lavels}. : oo
. » MeGragaot's Thaory:X/Y Management {covered in 81,’52 4 with both aystems balng
© 7 “allowed their merits);. :
_» Maslow's Higrarchy of Needs. Isoclai, estaem and Self-actuahsation fed, Whl|3f aafety and
S %physiolagical needs are supported); . . :
. ' Hartzberg's Hygiene ‘-"actors and McCIelIanti s Achlnvemant Moﬂvatlon (as an extansmn
- to Maslow); :
« Particlgation Motivation {In 5324 managam(@t, but on!v 3ppl!ed where appllcable-—not
- indisoriminatsly}; - - _
. Taylor s Authori”tanan veraus Human Hesnurce manggement sters {as far Theory XM

- Henee tha authors selection as the model. for general impian-hentatlon fn'an environmant
- where managerent styls. 1s'all imperative, yet. the time to contemplate each new dectsmn o
s not availabla and an easily referenc&d mode! is necasmtated. T :

R
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o _ -According to tha gurua, the PC induatry ls-1“

. About 1o axpar.fence the“blggast battle in fts history—one that will decnde whuch of the

growing numbier pf 32*1:1.. operatmg aystams wili dominate the market for the next 10

" years..

e » Aboutto enter a fiew, mora fragmentad Bra in which ne single nperatlng systﬂm will be

. dominant in more than a few segments of the market,.

o _ » About to enter Phase I} of the Windows era, because the oparaﬂng systams war !s over, '

V\ljndows has th, and ail this talk about Unix, 08/2 and so forth is Just hot alr.

There will be g struggle for dominance among network operating systems, ag naw kinds of

o ' PC operating systems and appitcatnons place new demands on logal gnd wide arga .

No one knc@ls ve’c wha'thar asingle 32- bit uperatlng svsr.em will Gapture all three sbrver,

_ “netwiprks. There will be a skirmish Inthe application-server arena, &s the migration to
 client/sérver srehitectura and downsizin f mission-critical apphcatlons turns the spotlight
. on the databaae ser\mr loc.ked in tha bac \ggom. ' S

N Syatems wiil vle for the mlnd share of corporata davelopars, who are Ihaking for answers '

ta their cllent/server needs. And finally, there wiil be a vicious fight for dominance on the

' desktop—-tha i inal crlterion by which succass has lcng heen measured in the PC industrv. -

\ “L_ .

L develapment, and dasktop cllent arees or whether sa\raral oparaﬂng svstams wull co~exist.

_ "Tha Iatier outcome’ holds conaldarable merlt, becauss it would alluw organusat!ons to applv '
 the best technlcal. solution, ‘o1 pick the best price/performance option, for a particuiar -

sltuation. But it also ralsas substantial quastions about mtaroperability. 3

.Morgover,. desp;te ail the haop!a, no. ona knows for: eertatn which nparatlng systems w:l!

' ) engage in thsse battlas._ _

' Micrnsoft for mstance, Is entaring the fray arrned with Winduws NT and the venarable _

Windows 3.1/D0S combination, but claims to have significant reserves in Chicago; a -
gtaled-down 32-hit Windows-hasad opersting system for desktop use, and the Calro

pru]ect a fully object—onented Windows based operating svstem

iBM, meanwhila, is bettmg cn 0312 as its PC operatlng sysfe'n for all purpases«but that
could change when Taligenit, 1IBM's joint vantura with App‘ie Computer, del_lvera the object-

o -urianted operatfng system that it has in development, o

' Apple, not wantlng to be the unly one with all Its eggs In one baskat, is wurklng with ..
- - Novell to develop an lntal-based PC verslon of the Macintosh operating systam running on
~ton of Novell's DR-DOS

. '.'\

Fmal[v, while SunSoft‘s Solar:s and Next‘s NaxtStep have tha spot!ight at the moment, it 5

" anybody's guess which, It any, of the Univ-based operating systems wili. achiave enough -
_ _prom!nence to.avold getting it mped ine . 1a!| phrqses such as "and othar Untx baaed
: sysmma ' . . s

.. The requirements of application servers, development anviranmants and desktops vary

considerablv, as do the abilities of tha 32-bit contenders. - N o

" On tha desktop, for example, many factors come Into play: hardware requirements, -

application availability, compatibility with current applications and usar-interface .

- congiderations. A different set of factors amerges in the realm of the application server, -

A
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o whers psr‘ormancﬁ and stabulltv are the keva to. success. ?ﬁa’de_vdﬁrrt;éﬁi é’h'v#;onmémt- a
. requ!res dapendable tools and off-the-sheif software. B R T

o Daspite their different raquiraments, the divisinns batween these nlches ‘are anvthing but
i .claar, Secutity and performance are Important to end- usars; Just as application avallability
_ e and intaroperabiiity are important on application servers. By the time ene gets halfway
g ~ down anyone’s list one will havé hit nearly all of the factors discussed above. [n the end,
' > e thing Is clears 82-bit onarat-ng systems are abous to present PC buyers withthe :
- toughest degisicns that they've ever kad to fnake. Onthe one Hand, it 18 possible to make
a gocd-casae for applying nearly any o?he ava:[ab!a or farthtoming 32-blt operating
sysfsma to near!y anv task ¥ one § uesses ars: correct, It is also pnsslble to achie\m
gneat auccassas. A Lo _ . BECA

[

On tha. nthar hand. carporate buvers who make the wrong Ieap of faith couid find that
thay wa rnade cmlcal, caraar-threatening rnlstakes _ _ :

s Is &) ..i‘m of enormous Opportun{t\( and enormaus paril, Wise buyers wHI waigh these L
‘:'- decusiL‘i‘is garafully, allowing neither pmmises nor partisansh!p 1o anvﬂcampany or product
to 5w ﬁ"ﬁheir declslons. R L

e
s

fal

e _ " AnWie Bng Disserteifan Submites ky & Burker T

T NGON 0 —p p—s o—— - g A | s . o p——



__ ARCHITECTURES _

&

oo

Ciant/server computing as most organisations use it is & tamporary stopping point, a rest

- area on the road to the reaigagh distributed computing, Today, a rolatively few

specialised machines--servers-pidwyjde o relaﬁVeiy few serwces-ndatabese, electromc mall-—

to networked clients.

That's fine for tha moment, bot'muc }re is possibie. True duetnbuted computi ng, in

which each plece of gomputing work can ruri on a system well-suitad to perform that -

- work, i not just & dream:. Achleving it; However, will be & nightmara withaut standarde
.~ Chief among the necassary standards are these that govern the management and
e mteraetion of distributed objects. S : :

I

Imagine tha following: You nees fo mail to your boss & numerigat analysls of the last

- decade of financlal data for each division of your company. Your desktop systemisa
reiatively under powered iachine, but you're part of a distributed computing network, so .

- you' re in Iuck. You teii the anaivels program to run the job, and It handlea the rest

~ First, ut casts about for the data bv shoutmg onto th:,i““!atwork the equweient of, "Hov.

‘wheo can gat me the complete financisls for the last decade? A datebase server responds

: -and ships the data to your system. Your system knows it's not & fast number crunchar,

- your bess. -

50 It shouts a reqguest, this time for a serious compute-engine. A system answaérs, your

" gystem ships the data to that system and gets back the answer. Your system adds a riote -

you wrote and hands the whole ehebeng to an E-mall server, which deiivors the mall to '

This scenario is obviously extremely complicated to implement, becatise it assumm 2 Iot _
of underlying abiliv:ios. Each system must know its capablifities and be able to talk to other

. systems about those oepebilities The network must contand with manv eimultaneoue

interactions juet like the ones the client sy stem heeded.

The enswer hee in distributed objects and-distnbutod object’ manegement. These

technblogies will give systems on a network the ahihty fo treat difforent servrcos ancl

. forms of dara all simpiv as chjects eveiiablo for uee. :

If this technologv gaems too far fetched, ti:ink egam. One can see: precurgors to it on F'c
today., The most common ona is the Object Linking and Embedding {OLE) standard of .

Windows. OLE admittedly runs just on a single PC and Is nowhere near as flexible as th
cabove scenarlo, but it stilt has the idea right. It lsts any OLEcempatibie epplication work,

- with d‘ota from any other OLE-compatibie application.

5till, the ieep from OLE to trus d:etrlbuted computing Is ohviously a big ane.. To make that

" loap, the industry needs stonde'ds .

- Ineludl

Unfort teiy, alot of different gloups want to own thiose standards. The Objeot

Mana lghent Group {OMG} exists just ts"define such standards. All the big mitro players,
Microsoft, Apple, 1BM and Novell, have their own ideas about theee atandardsf
it's time for thase groups to- play togather. The best starting place is Mlcrosoft‘s OLE,:
which may not run on any platforms other than W‘ndows, may have lts shara of teohnlcai
fiaws, hut & plethora of PCs support it. -

- To move the Industw forward using OLE, the OMG end Mlerosoft ehould Work out a plan

for evolving OLE into a standard basis for distiibuted computing, As an industry
consortium with a wide variety of members, the OMG fnakes & grest reposltory for these

plans: For its part, Microsoft should yield control of OLE to the DMG.

()

_ anmenemomnauunmhmlmuhyomm . R K11
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ca . Uther yendors fﬁén wouid just have to rallv araund the Ol‘h""» and we could all move a 7
- ittle faster Into tomorrow. The odds of this happening, of cou’éﬁ:*ara pretly low, but the

" sooner“we eficourage Microsoft and otlier vendors to adopt industry wide object- -
S managamgnt standards, the sooner wg II finallv reach the stage of trua dlS‘l’l‘lbUfEd

@ } computing . - 5 .
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__ COMPANIES AND PRODUCTS

L Sevaral frominently featured compunias and thelr database servar products are Iusted. _ _ .
Thls list represents the industry standards in server angines. T

a4

cOmpmv Pnanuc'r s

Gutpa Technologies $QLBase Server I NLM
* |ingres Products Ingres Server . 1 08/2 1.
] aln*erna‘tional Business ] Extandbd Servicas with Databasa Server - os/z . i .
4 Machines - AN | SR 2 D
"I Migrosoft-. __"-_"'Microsoﬁft_.sal_ Sawar - | DOS - (f-ﬁ
§ Novell. - " I NetWars 80), NetWara {-
Oracle | Oracié Server Notware

vaase vaasa SQL Server - f-NetWare K

¥

' SeveraI other cﬁmpames feature a Iot, the follow} ng Ilst shaws t[TuaIr maIn product }n tha T
-context Gt this report. ' _

. 5
3

GOI‘_A‘IPANY.- B . PRQDUGTS:

Lappe Macintosh 05 .

"1 Banyan + - - .

Vines NOS

{DEC

“OpenVMSs

[iem™

D8/2 08

T

- LVarous. -

lotel -

| x86 chips :

i 8

i
111

Microgdft " i

Next -

NextStep OS.

[ 008, Windows, Windows NT cs e

Novell =

NetWars NOS .

. [Solarls

‘SunSoft 05 .

! Fla\murs of Unix such as’ Unleare, Unival, e

P

e
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o
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'3@l: See Third Generation Language |

46L: Sen Fourth Generation Languege

Q_EEIQE_AL!IQ.MAILQNJQALWOfkstamn application prograrns that mmp!ffy otherwise nnrmal -

duties such as word-procassors, spraadsheets, ate, -

MIB

code antl character set commqq rein the US and thus most PCs

AN_&[.Sae American Nations! Standards Inatrtute o L

~ APL See Applicatlan Programmlng Intarface
AEELIQAIID.H.EBQEBAMMN&INIEEEAQEIAE]L An appilcaﬂon {usually hackground] that Iets
- programs commuﬁlcata wfth a datahase using funetion calls lnstaad of SO.L atatamants. _

AsglL See American Standard Coda Tor, lnforrnation Interchange

A!AIL&BIL!:I‘.L Th!s isa quality of en mformatlon systam which sPecifias the axtent to
-‘which the organisation is dépendent upon having the inforniation when it needs it, or
having the system In place when it is required. The extent of reliance upon avallabllity
can be datermined by estlmatlng the cost of the situation in whmh the systam is
unavatlabla.

LI

: : Saftware ora combmatlon of software and hardware
that gathers infortmation about a network device ard sxécutes commands in response to & -
management console 5 requests. in SNMP the agant 5 capabultttes arg determiined by the -

g H Symbul for & byte, a measure of dita size, often prefixad by M ar k to indlcata Mega
- and kilo respecttvelv. _
BMAE)’J.ABHE.QE&E.GI!BLQBL The acronvm givan to any data that doesn t confnrm to the
simpls text, numerlc, date, ete. fypes commonly used in databages, Usually refers to

»  picture files and multimedia objacts. In modern implemantation of database systams,

' BLOBs can not only be stored, but can be idsnti‘]ed in terma of the proceduras used to
adit, dlsplay or execute them. .

B.LD_B_.- Saa-Bina_rv Larga Ob]act o
© BNA: Sga Burtoughs Network Archltecturs

- @ps: Bits per second refer to 'transfer_spf_;eds through..communlé:at}_on media,

) aﬁusuma-nssmmﬂonsuuﬁ\iﬁnu'wcnmm_ e S |m13n
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m Sea Copper Distrlhuted Data Interface L '

. -anvircnment, o cn a n:‘amframe haif wav acmss the world.

computer graphics in engmaaring and design. This Is g very, significant part of comiputer’
graphics today and yet is baing ovcrahadowad by general busineas grcphics and“aa vgriety
of vther graphlcs appi[cations.

-

o

QENIEAL.E&QQE&SM&!J.NBL!QEHL The procasslng heart of a PC its power bagé, Onabr

more CPU chips car exigt in more advanced configurations, - The CPU restricts the 0s that
can run on the PC a3 OSs have tc he wrntten arcund particular ccnﬂguraticns. S :

i "QHEQ&EQ[NL The po;,nt at which recent upda‘tes stcrcd wlthin cache memory ara wnttan to -

disk is.called a checkpolnt. Mcst angines can he configurad to perform checkpoints at

" gpesifia tlme intamal% S S b

QLL Sae Cali-LevaI Interface

'Q].]ENL A procass running on & user workstation, that msy Faguast services from ancthar

process, which coutd be located on the same workstation, on a setver in & LAN '
CLENT/SERVER: A form cf disttibuted processmg in whuch 8 cllent cah requast FS servar tc

perfcrm tasks for it, and henece relleve the client of unnecessary processing. For axample
in a database enviroimant the client could be a workstation requesting Information about

a part database, The server could be & inid range computer housing the parts database,

which recelves the raquest for information, processes it, and then sends tfié results back

~ to the dlient. The alternative is the situation In which the elient has to do all the wcrk
© itself, by readmg in the entire parts databasc and perforrnmg the search itsalf

_QMiE.. Spe Ccmmcn Managamant lnformatlcn Prctc:-col

mmwmmmmmm A netwark~indcpandent Version of CM[P co-
devaloped by IBM and 3Com. While CMOL can run on any netwark regardiess cf

- transpcrt, it can't pass through rcutars, Iimltlng its usefulness to LANs,

mgmnlcﬂﬂﬂgnﬂm A version of CMIP that ruris on TCP/IF natwarks.
CMOL: See CMIP over Logical Link Control :

..&M.QI.. SeeCMIPcverTCPﬁP o -

Cotisan: Reault of rnultlple attempts to transmit at the same tithe on & multiplc access
madium, Usually all collidlng transmissions w:pe aach other out and requira re '
transmisclon. . o

Qg_ngmiuﬁznggﬁsﬂuﬁ, A form of dlstributad prccessing in which multipla dlﬁerent

-archltecturcs, nparating systems, networks, all combine Into a singla Iarge computet,
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’ Q&DLQAM. Computer Aided Demgnlbomputer Aided Manufactunng. The usage of o

; Q&LLMLIHIEHEAQELQUL An app]icaticn that Iets prcgrarnc communlcate with a ??
- database using fun@t!on calls mstead cf saL statements opéra "33. on thc cLl level of tha o
_ cas; mcdel. o .



nrotocol anaitematlvs 10 SNMP ' "

gquum A dstsbass statement thst is used o inaicate that the current transaction is
accepted and can be plscad -nto the datsbase in |ts sntirsty. The oppnsite of thns is
rollback. o UE : : o= s -

w

ey A -hlsrsrshicsi_:,._ sssurs m’snsgsmsnt

g_quguamm The ablllty to do more than one thing at once, Within ths database context_ o
this refers o muftiple users accessing the sama databass, tables, and Tecords’ st the same
time, Controlled through Iocks. Cew . Lo o

Q.Q.EEEH.EISIBIB.UIEQPAIAJHIEBEAQ&(QQM A standarﬂ for co-axlal cabling sunﬁguratmn, L

QQ&I.EB&EE.DEUHL&&EM This query optimisatron techniqua uﬁlisss statistics gathered on
the database 1o astimate how 'castly’ (in terms of time) possible solutwns to a quary -

4

~‘would be,. and then chonsas the lesst cosﬂy method fur executlon

. gPy; Ses Csnt_ra_\l- Pracessing Unit -

o

. nas, Ses Dats Acqu!sition Svstam

D_ASD_. See Dlrect Accsss Storaga Devlce

Mﬁgmmmm A front-and to a database server- use;l to port information

: -inta the database This may be a s::ftwsrs snd hardwars gatewav, alse an MMI T

DAIA_QEEMIIQN_LANEHAQE_{DDLL Ths fangizage used to defme the data madels ussd withln :

the databease itself--not nacassarily the models that ths user seas {prstt!fied 10 give

_ undsrstandab!s names and laysuts}

a7

- QAIA.D.IBIIQN@EL A descrrptian of all of tha data eloments that sre used by all of ths
~ {lrm's computer programs. The desuription includes the data element name, the tvpe of
' data, the size, how each eiemsnt Is used to nams a few parts. K :

DQIA_MMLP_QLAIIQH_LAIMABEJDMLL The svntax that Is incorporatad ko a program to.

procsss data rstrlsved ftom & database. -

DAI&BASE. A direct scoess flla used to stors lnformatlon in‘a flls analogous to a tsbte.

. Data s managsd &8 @ unit independently of processes that access It. ‘

Sh The compound software sngine that handles the

' storage, msintenancs and ratrreval of, and s responsible for som:ra!llng access 1o, and

seourlty and Integrity of data in a set of databasss.

' D_BMS_-. -Ssa Databasa Managsmant __Svstsm

: BGEW: Ses Dirsot Cost Ex Works

DD.BM&. Sse Dlstrrbuted Database Msnsgsmant System o
:D.Dls Ses Data Definttlon i.anguaga h
Dﬁsmm See Parrot, dead
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) "Qeanmnx A syatam lock that mav arlse from two users slmuitaneously que:ylng a
. database, resulting in a repetrtlve oycle of clashes and snmultaneous retries, -

) - With declarativa Rl referent:al mtegrity is em‘orced by the use of ’
primary and Toreigr-keys, which are storad 'within the databasa tablas themselvas and

. describa the relaﬂanships wlthln the datahasm .

o .EEQI!IE.L, DEC's answer to IBM s SNA pro!;o@l suite Thl3 Iavered archltecture ls e
sometimes called DNA. S e _ T
- IANAGEMENT INTEREACE [DMI): A spaclﬂcation, from the DMTF and aimed at
- -_creatmg a s'tandard rnanagemant agent that gan gather from data any. ?.90$~hassd PC. At
© “a mihfmum, DMI will identify the many apturer, name, version,. seriat nurnber {:f
"‘approprlatah ﬂnd matallatton data an o g‘uf & componan‘t. :

C o Des - A Al &Y : A coal:tlon of cumpames led by lntal, ans:l
:ncludin:g Novall and Mlcrnsoft with the.charter of craating a- standard mathod ta managa _
- networked dasktop computers and appﬂcatlons _ '

- '-Mmmmmmaam ﬂi secondary storaga unit that has the capabitity ef

- .sendlng tha ancéss mechamsm d]ractly to the lncation where data may he written or read

| R mamggﬂExﬂQmng}m Tha prica of a commudltv as it leaves the factorv, hased

on.raw materials, direct costs {labour, machirery, cqmsump‘aons, eti.) but before .

' buslngss costs such as Salas and Markating are factored in..

. ..D[SASIEE_BEQQ]{EBI .The proceds of protactlng 1ha hardware, snftware, data, prucesses
- and co munlcatlons capabiiities of the Information systeéms and of therehy ensuriﬂg _
L businads contmultv inthe evant ofa majar disaster. . . . 0

GEMISXEIELUQDEM&L A DBMS capable of handlmg fites
dlstributed across severat PCs, possmlv aven aoross’ several LANs o Sk

: D.ISIH[BL!IED.MI&E&EEE. Withln | d!strtbuted cnmputlng environment thare is still a

- potential nead to store eriterprise-wide data, so that users see the dafa &s a single united
- -whole aven though [t is physlcally-stored ecrpss muitiple differant distributed comptiters,
file servers or database servers. :In general there are two ways to split a large database
across multiple sites; firstly by declding which records ate to be stored at which [ocation
{harizontal distribution) or alternatively daciding to store paris of eash recond at one

: .locatlon ahg nther details e!sewhers {vartical distribution}.

) _ : A network managarnent protacol that wﬂi o
aﬂow bofh SNMP and CMIP to axist within one framework, Propused by OSF in. 1991 it
. s stlll only partially defined, " . 4 o

'mmmnm This s the co:mept of. allowing multiple computa’rs to execute a .
single process or computation. This qould be achieved by many different computers -
* working together to solve & particular computation or by one computer. directing another. -
- to.do a part of ity work. This assumes that the- process canh actuglly be spllt into smaHer
' parts. See a!so co«operatlva procesaing. . #
DME: Saa Distnhutad Management Enqunment '
' D.ML Sea Desktop Mamgernent .nterface
- DML: See Data M_ampulaﬂon Language

DIITE: See Dpsktop Management Tas.k_l_'-‘o'rce
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: DNA; Digltal Network Architeoture 5eeDECnet T R

E

x Qﬁﬂ; Layered networking architecture dé}/e} ped by the US Departmant of Defense-- j

. I&rgely communioatlong oontrol or:ented;

J-.

' -base in desktop P{)s. . o

: .nomuoom “The prooees of mov!ng from one'lT Infrastructure to a funot*onally

. .equwalent one at a Iowor overall cost. : -

. nomezm The process of moving an information system from ] Iarger computer o a
- smaillar. one or & set of smaller ones. See rights:zmg :

_]J_E.Sqebaad_l’arrot_ _ _' '

-

p_qs. B‘Isk Operetung Svetem puoneered by Mteroeoft for .BM, new forms that Iargest os |

o

_Elﬁ.. See Exeeutive informatlon System . o _
ENI&BEE:&EHDJBEGJ_QBL A global namihg struc'r:flre in which every usor can bo assigued a '
_name that is known throughout the organisation and beyond, so that, no matfer what the -

L gomputer Etructure, :t ls poselble to find each user, and never to’ get confussd between
o two users. ' . :

@

o EHWNL Also ca!!ed software enwronments, thus meen,p the rhngo of eoﬂware that
" underiles the users opsration and includes the operating system, the network operating:
"eystem and perheps aven thé: databaoa management &vstam and the user, mterfaoe. -

o F.IHEBNEI:. A lahoratory projetit origmated by Xarox i ln 1974, this has become the hest '
known LAN.  As of late 1988, about 75% of all installed LANs uséd the Ethernet protoool-
A system of rnultlple access In which any station transmite when ready, dBtB'lﬁl[‘leS
‘whather collision has oceurrad, then ré transmits i necessary n T :

u

Iw eapabllltles, but with extended reporting and aneiveis facilltios used to ‘drill down into '
data. - - . : g

Exar.m_nﬁmmgum. A logloal link between reoords and fnes ofa databese acoompliehed -

by [ncorporatmg fink flelde into the records. _

(E18): A more so&histieated MIS, usually wlthout DAS nor

 EDDI: See Fiber Distrihuted Data Interface .~~~

. EED_EM& See Flat F‘ 1e Databaee Management Systern

ERE e_teomn A standard for fibre optical cabilng conf:guratlori.

EIELD; A portlon of & reoord reservad for a singie data e!ement. T
EILE A group of reoords relating to a partlouiar suhjeet. -

" 'EILE.&EEME& The PC regponsible for oommon eterage on 8 network, and upon whioh the
NOS usuallv resides. _
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.betWeen fllos. _' e

: A bBMS that does not supﬁoi‘t iinka o
_ e S .

GLl: A reiatlvelv new breed of aoftwara Intanded to .
faoilltate end-user oomputing‘ The names hatural and nonnprocedural aré used because of

the user-friendly syntax and becauss it Is not necessary that the processes b performed -

in & particular order as with a programming: language. New 4GLs arg very graphicaﬂy

) oriented to extiand the- philosophy further

i

o ;GAIEMIAL Fielay Mriﬁiiﬂg ata iayer higher than network iayer. )

EBBNLZI.ABII. The Iavai of iocking ona database. This is typioa[lv on the database, fila, '_ o

h record or fiel:l ieval

i ﬂmj See Hub Management interfaca

' - HL!B.M&MiEMEILUNIEBEAQE.[HMﬂ.- A Speciﬂcation that integrates the wiring hub, the .

center of many Ethernet and Tokan~Ring cabling schames, and the file sarver mto a

~ common devlce

N .lE.IE See Intemet Engmaering Taak Forca

lmetmamam& The lmkang of records anid filas in a databasa without the addutnon of

" gpecial fields. The relationships are implied using the contents of flakls already in the
.recorda, acoomplishad through the use of a relational calcuius.

'&W&ﬁﬁ.ﬂ&h "‘ha module of an {TAS system that is responsable for data

storaga-»-tha DBMS :

Wﬂmﬂsj& For the purposas of this report, a8 fac.tory level lmpiementatlon

- of 1T, but sometimes used ta refar to the softwara gide of T,

lNE_O_BMA]]QN_'[EQHN,QI._O_QY_ﬂIL The philosophy of recording, impiamanting and reporting

_transactions with the aid of computing svstams, L

IN.EI&NIIAILQN.. A running instanoe of g program, or its code, on a computer platform. - .
lNIEﬁBAI& The process of linking two Informatlon systems, so that they both have access
to the same information, possibly in segarate data pools, but mora realistically in a _
commen data pool. Information is read and wiritten directly to tha pool{s} by eaoh system,”

LNEMQEK.[LS.ENL A data eommumcations Hre git ti at has tha

_ability 10 transmit vmoe, data, and i image stgnals.

Mﬂﬂlﬂ. A system charactoristiu that anablos it to accomplish what' was m‘tended. in
the database context this refers to axtant to which data is correct and accurate, and to

“which it Is protected against any attempt to introduce incorrect and inaccurate data _
: Va!idatlon rules supnort wntegrity, often referred to as consnstancv.

MEHEAQ& The prooess of linklng two information svstems, so that thay both have access

“to the same Information, but in different data pools. Each applicatlon reads and writas to
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- uts own pool, with transfer of rnformation hé‘twoen tho pools {Updatmgl taking piaoa at
. regular intervais, ‘ o .

. LQmml&AImHJ]ﬁQL The standards—makmg b‘odv raspons%blé for
o (:'r.'é‘-lr a set of communications stsndards armad at glohai mtaroperabllitv conslsting of 75
o membar t:ol.lm:rirasq . . _ . .

Mnuﬂ. A Iargs network commurllty in the us who ghare malling and Info;matron
. rssource facilities through £ commoni oommunrsatlons protoool, P, :

MMT,EWM The standards—makrng bodv for the Intomst, the . o
arblter of TCPHP standards, mc!udlng SNMP.. .

o JNJ:EB&ELEAQKEIEKQHANQE_{IEKL A communroﬂtron protocot usod, prlmarrly, by Novell'
- 'NetWaro NOS.

Bﬂe&ﬂELEﬂDIQG.QLJ]EL Tho communications protocol used pnmarﬂv bv the Intamet
- community (see. TCP.*'IP) '

i: Ses intsrnstProtocoI SR - SR "3. L
' IE& See tnternet Packet: Exchango : ’ _' | TR E -
IS; Sse Informa’cron Systoms or Informatiol'a Storage | |
| - j_s_m ,sss lhtegratad Sorvic,es Digntal Network
rsg_. Sn? lntsrnational Standards Organlsatlon B :

R Ses Information Taohnology

LKL

~ slo: An operation in which two tables are.combiried on dommon attrfhutes, If thers are -
no common attributes, this reduces to a Cartesian produotu-typically very. load intensive.
Joing are not typleally available in fuilyﬁoompllant SOL, but ‘many venidor spsolﬁo
-adaptatlons cater for them. _ .

L "\

' L&Ns Ses Looal Aroa NetWork

memﬂm A network of oomputers that are. oonneotsd uslng oirouitry
owned by the firm. A common targot platform for &ﬂdwnslzed solution to.a buslness
informatron system‘ . o
' LQQK& Locks are plaoad onto database ttems in use by ofie user or prodess to ensure that o
- other users or processes do not create inconsistent data. ‘Locks mzy be placed on the
database, tabla, or racord, with a trade-off betwesn performance of operations and the
_ accessibllity of data {database lock means high performance but inaocessibilitv for. other
- usars) Some svstems oan vary the level of locking {granuiarlty} as required

_ MAINEBAM& A large to very Iarge' computar, often corislstmg of many central prooessors.,
- and many support processors, which Is able to handie vsry Iargs amounts of data,
transaotlons snd users ina singls anvrronmont .

v
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MIB_. See Management lnforrnatlon Baaa

7:;

: A database that defines wbat mformatron can bs '_

' gathsred and what aspects can bs controliad for 3 network dsvics. T

' The DMTFs squIVa!snt of SNMP‘ leB

-MANAGEN T M1 +1H Ths front-end clrent to an mformatrun systsm o
_ussd for au,.cessing the dalabase {convsrting data to information) and sornetimes used for .
controlling inpu): into the database [DAS} Sta_ndalone_ MlSs often_ have their own IS -

. module. L i

; A system thst pruvrdss tha manager wrth

B informatron for decision making itis usually ths front-eru-l tu an DBMS and converts data B
mto inforrnstism _ S o :

4

o

'MJD.-BA&GE.. A gsnsrlc tarm for & group of *‘Ompdting systems, by many manufactursrs, o
' which are too small to be called mainframes, and gsneraﬂy far too Isrge to be saﬂed PCs

L

MlEr. See Management Infnrmatlon Furmat

) M!QBAIIQN_, Thig ia the procass of moving au; sgpuﬁaﬂon frorn éne platfnrm to anothen _

“This typically involves re-desigr and re-programiming to some extent as there are few -

" languages which support multi-platform portability, and most systems on rnainframes were

bujlt bafore the advent of these languagss. Ses portmg.

{.J .

MIS: See Management lnforrnation System o
’ .Mj_& Sse Managsmem Inforrnatlon System

: MlS_S_IQN_QBJI]QAL A system that is accessed by mult:pfe usors and must ba capable of

producing. up-to—date rsal-trms results.
MML Saa Man Machine Interfat:e .

M!.[LILMEBS,IQMN&., Multi—vsrsioning sa record Iockmg solution thal: uses priqr snapshots of
the databass for raad-only access, 80 users are not Iocked out during updates.,r ﬁ

\

N.EI!MABE.LQAEAELEMQD&LE!NLML A prograrn tT-rat can ran under Novell’s rnulti-tssklng
NetWasrs environrnsnt

_ mwmgmm Ths administrator's window Into tha natwork. The

gonsole Is the vontrol panel thraugh which network dsvrcss. such as ruuters, are

' monltored sonfigurer}, and reset,

. Nﬁmqﬂﬁmﬂmmmm A set of managernent services upon which specific

B managamsnt apphcatrons, such as sonsoles, can be built.

' NEMQEILQBEE&IMI&IEM_{N.QSL The systsm that resldas bh the notwork flls server and
\-cantrals commun{catfan, rct!tinq and dsviss tontention across the network.

gl Ses NetWare Load'ablé Modle

.J‘r. )
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" MMAgamenmgg_{MM]L Atsrminal of input dsvise used to mtsrfass cnmputers to o
_ personnsl oo :
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 NOS: See Network Opetatirig System "~

n

-store BLOBs as sdata type. )

.- of data transactions coming Ints=s svstem, to process them and deal with them at evéry .
 : required level. This is one area in whmh rnalnframes still vastlv outperform any ' _
_ -computers. o : e T

_ _ngmg_; SBQ Objact Ortentad Database Management Systern

- OBJEGT! A distinot typa of management information o varlable for a network component,
* For gxampie, the on/off status of a router is'an chlect. In SNMP, MIB objects can'bp read
{Gat ObjBQtS) or read and written (Get and Set objects). Qparators can rnanlpu]ate thesey: R
objects 10 gather Informatmn and changa configurations. ' _

Ly

DENS '-ADBMS:_W’ith 'tha_.c_ahacitv-'to’_

ODAPL Ses Open Databass Appllcatian Pro;;rarhming Intarface Ty
m See Open ’)aiabase Connect:vity . o _ ‘-f.e-’ Lo
o QLI& Sea Qn Lins T"ansactlm Procussing o : L R S

: Tha ability to handla Iarge o very Iarge voluma& -

@

i T

1

ATA pPLICATION PROGRANMMING ; Borland S starfdardised API for
database eccess, proposed if aqawer to M:cmsnft'a. ODBC and tout!ng ob]act nrientod

B capabilities, . .. A e N
| mmmamwmmm Mlcrosoft's standardlsed API for databasa access. o

- QEEN.SXSIF" Qn operating systern whlch &40 run ACTOSS 8 number of diffarent platforms. '
% By far che! '

gll-known open gystem is Unix. The term open system-1s also usedto
- edn an, apalic%tion ar anvironment in whlch the useris freed from any knowledqa of the *
: PlathFm- . : . o ) . R . . o _:__" t-_

QEE&S!EIEM&ENNEAIEWJQ&EL A Cambrldga, Massachuaetts—based nonprofit

Orgamzation res;:onsible for assemhling the DME spac:ficaﬂon._ -

\}

i N : The sulte of communlcations standards mandatgd b\r -y
150 and the U. S. govarnment CMIP is part of this sufte. . - o U
neaaamsxmmm An operating system ie. the base upon which F'C programs m
and provides a basic set of instructions and functions that make the procesé sasier for "the
application programmer and the user. The operating system also serves as i interface to
the u‘?‘nderlvlng hardware, pmviding a "level plaving fie!d" for evervone who wants to use '

- the cbmputer system,
. 08: See’ Oparatin‘g System

OSE See Opan Systems roundatlon , , - :
A A e o

.QSL Sea Open Svstems !ntercunnectlnn

£

L
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& Seé Porsonal Computer

gemmmm A desktop computer, smaller than & rnini vet powarfur gnough to
porform server functions in’ today s anvironment.

PLATEORM: This term generally rmsans the hardwaro on whlch the computing systams '

' roslde, but it con be extended to mean the oparating svstems as well.

PORTING: The movemant of an appltoatton from one platform to another without any .
significant changes, Often used to mean transferrirg the applmatlon system to and- ?rum
Unix, or between its many 'vergions.

' EBI!&EM[B; Also called extanded MIB. A standard MIB to whlch proprletary e:\tenalons .

have heen added in order to monitor or control natwork davloa functions not inc!udod iy
the standard MIS speclfication. :

i

: EBQQED_L!BALMIEGBIII; With procedural R, referantial integrity is enforced by the use of.

predefined procedures that are automatically execuied when certain types of changes are
mada, Since the integrity rules are storad separately from the database fables, pmcedural -
integrity Is not the best approach, but It is preferable to relying on the front-end :
applioation to enforca Rl. . ) _ a /

gaqeaﬂm_sxﬂm. An operating svstem which is m?mt:{or—opsa::ﬁ‘lc:r typically optlmsed for

- the archltecture of the underlying hardware, rather "han balnm open, in the sense of beIng

standardlsad across & nurnbar ot platforms B i

o
/.

'Emmg,gh Tha standards that are usad In interfacing datacom o’huipmen’c an carcuitry,

uornmon language’.

5 .,'-" BA!Q. See Hedundant Arrays of Inoxpenswe Dlsks '

RAM: Random Acoess Memary s the volatile memory that a within whioh computer may .
store data and the process it is currently running, There is a very.real 640k fimit in DDS
basad PCs that makss the loading of numerous driver appllcaﬁens problematlc.

BQBM&; Sea Roiﬁ‘tional Database Management System

BECORD LOCKING: In a multi-uger environment where the database is congtantly beling
updated, it ig difficult to ensure that a user's view of data is consistent--that Is, that all
relatad transactions have besn processed. Record locking is one solution, but the price is
that other users must walt to gain sccess to 'locketl' dats {dat" hat another uger is
currently using}. .

BEGLIB&IQM Ses Rocursion

ANT AHRA) s (RAIR): A system of providing redundancy 6 the
storage medta In such a way that raiiable_hardwaro backup Is prov:ded. RAIDS refars td

 the latest speciﬂcatmn of this setup.

REFERENTIAL INTEGRITY (Rl Rl means Internal conaistenov within the database, that Is, no
records that refer to missing records {termed "orphens'l. An example of & violatior of -
refarential integrity would be a database consisting.of both a customsr table and an’ order
table, where the cus*omer recnrd for a particular ordor is missing. Rl Is maintalned

Y
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 the tahles themsel’ves {most reljabiley. -

. botwoen tlies,. o

: BJ;GI:IIE!Z!NQ. Tha process of dotarmln:ng, fora parttoular businassﬂrﬂpllcation or
" information systent, the correct platform and onwronmon‘l for tho applicatlon to use, in
.ordar to optim[se the overali busmoso goals.

' Bnu_mmm Rofl forward Is & featute used for raco y from systern orashos, An

- transactlons whers it is not deslrable to diseard the eotare ,3ra\yaction. R

through a set of ruleo, ‘which mav be located in the olient—s:de applioation {Ieast rotiable},

in a stored prw‘adura on the database server {more rellabio}, or vla & ooding schema \mthin

B 'h Apgms _with" i_mpnciz ralationsh'ips; |

' -'Bguamj.m:. The ahllity of a avsto‘m to prov:de a sarvnoo in termis of up tlme. v

i 'BME_MQNIIQB!MM An éxtended MiB that delivars statistics obout data packets and
- network traffie to an SNMP console. © .

- BEEEMQE; The. stability of svstema or network. _ Its ability 10 defond itself. qgainst faults. y

' Bss:zmm Tha procass of ohangmg the size of the hardwara or software platforms in ordor .
'_to optlmise tha baneﬂts of the informatlon systema of the organlsatlon. : '

BL See Fleferontial Integrltv T

PRV

"

Instance backup {a shapshot of the databuge) is restored; and then all subsequant changes

. to the database are ro-appllad utilislng tha transaotlon log (a desorlpt:on of all changes -
‘the databasel : . : .

Bgumx. Hollbﬂck aliows transactions that were only portially completed hecauso of |
hardware fallure 6 be disearded, thus rastoring the databese to its previous (consistent)
state. Partial rollback, through the use of Save points, can be. usofuj in complex ' ;;

- g A e s g N g A

SamEsIZING! Tho daclsion to keap the same aized computer to managa tha busmas o

- gparations, : : . .

-SQAE& Soa Suparvisory Contro[ and Date Aoquisihon

. pl

ﬁammmo The ability of a svstem tq, wtthstand ‘throats from unauthorised users and
processes, . _ . _ o

WEXQHAM@% ."-‘. communi_oation protocol used, -primari_lw hy Novell's

" NetWare Noé. .

SERVER: A oomputing devioe that is able to parfotm oporations on requost, tvp:oally an
behalf of a community of users and processes. For oxamplo a ﬂlo server, databaso sarver, -
printer se}vsr omommunlcations setver. o o o

: ORK IVl SNMP): An IETF-defined protocol that funs -
natively on TCP/IF natworks. £ onsidered the de facto staidard for network managemant,
it is used to monitor the status of devices, but because of Jts Iaok of security, is rare!v
used to control network devices. - . . :

SMl; See Structure ot Mahagoment Information
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" standardisation of pm};oéaqs.

e

;&ME- Sae Symmﬂtrit: Multlprocass!ng AR ..':o
§NA, See Systams Network Arch[rtet'ture o ._ C a -
SNME. Saa Simple Natwork Management Protanol o |

w&nﬂﬂm The next generataun of SNMP It;will add set:uriw {encryp

and authentication), suppart a hierarchical. mahagsment scheme, and run on natwork
tranaports other than TCPIP, lnc!udlng AppleTalk, I#X, and OSI '

atm sua SNMP vara;on 2.
SE& Sea Saquanuad Packet Exchange T _': o c _'
sgl._zasmnumnﬁn_aeaum See Structurad auary Language - |

EIQBEE_EHD.QED_UEE& Precompiiad saL statamanta that are sturad an the SQI.. database
gatver, “A client executes a stored procadura by issutng an EXECUTE PROC! DURE NAME
statemant. SRR 2 B .

ammuaanﬂmummmmm An SMI spac:fias the rulas ugid to deﬂna .

" the infearmation In a managed objett so it can he monitored and manipulated through. the
‘mahagement protacol. The SMI Is ammgéas to a programming languags that & '

= prograinmer uses to declars data structures and 1o permit operatlons that cun ha
performed on thoge data structures. '

Originally devalo;:ed as a way. of makmg querlea ona _

databasa aagv, It Es now asedas complata database languags, incorporating a deta

dmtiqnary and DDL," Sinre the programmer specifted what is. wantad and not how. thig is
considered to ‘be a yery. higtLIaval Ianguaga as ina4GL.

PERVISHR TRvaLs ‘A A SCA AL A plant control mtarface used to
nepart the atatus of tha plant to operators, usad by the operators to effect automatlc

- cnntto!s, and used to control thd p}ant through internal procaduras.

'

a1 A form of mu!t.processing, using. alther standard or

cuatm'n prucasaing compcments which shard the load by behaving in 8 gimilar manner.

fo

ﬁmmum.ummmﬂ. WIth tHa quarv optimisatlon technique, genaric nulés are used
"o reword a query so It will exécute mora quickly. Although, the optimised solution
raquires programmers’ skill and may not be as fast as whish cpst-based optamisatlon
would provlde, its advantaga is low overhead. S .

o

SYSTEMS WIEGRATION: The ability ta'get systems (hardwarel connectad together so that
the end -user dbas not saé thern as aepa?ﬁa antitiéa. _ _ : o

| AJ IBM‘a protocol suite that p[onaared tha way to

IQEEM See Transmissuon Control Protocol!lnternat Protocut

Iﬁmm A part of tha TCR/P protocol sulte that atlows managara 1o control network

devioas, sut:h as routera, remota!v.

w

b
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’ nﬂnuﬁmmmtamumim A Ianguage with tow-leval capabliities for acc@slng

vatious databasa formats. then a hlgh-leVei |anguage such gs C or COBOL. .
. { .l

]‘,me_ﬁm A netwqu conflgura*ion ltopologv] In which the LAN 1orm3 a rmg onto whtch '
- gach workstation s attached, Communication is controlied through a *token' that is §
' pasaed between machines and allaws' tham to ‘speak’ when they have cantrol..

SONTROL PRO : P3 J\‘ Daveloped hy the U8,
Dapartmant of Dafense to intar network dlsparate computers, TCPIP is the most popular
protosol for multi-platform networks. Protoc.ul oparates on aqmvalan‘t of 081 modat
transport layer. ~. - @ :

£,

: 'Iamam& Similar to stored proce(iures but executs in raspm 'GB to 4 database event

\

TVIQ-PHASE COMMAIT: Usé in distribiited database soenarigs, th. s prcatocal first chaoks to.
- spe If all of the sysfems involved in the current transection are reedy either to "sommit’ or
. 10 'roll back,' The protocol 'thea pasaaz: tha appropriate oparation to ﬁnalise the

transacgion. )

o

o

X Y.2

- ummaumamﬂﬂ,
~ evem of 8 powst falf.‘.!rar. 3

| !JES.; Se&Uni‘ntarmpﬂhla-Pﬁwer-Su'pplv o

: santrallsad committee or divlsion._ _ S o

S s = g st i L s it s e e e bt i ot et

,ivuiuﬂl’@k device whmh ;?mvldas cominuos power in the

| UpSIZING: The process :f combining many smaller computer systems into one larger ane,

far example comblning mawy individual PCs into a LAN with a cantfal server, or replacing
miny LAN servers bya mud«ranga or mainframe server, 1\ °

usﬁmmwgm Tha process of giving Niara capabilitias 10 the users to creatd and '

maintain their own independent information systems, ra’chel than haing dictated by a

(=]

MNESJNIEBNEI.BRQIQQQLMEL Vinas' adaptation of iP

CoMIE See Vines lnternet Prutocol

o
[N

. x.aﬁ., The generic term for intel's family of 8086 chips found i\n nicst bns hased PCs. -
The x replaces the 2, 3, 4 or 5 daslgnaﬂng each progreseivaty mona powarfu! upgrade to

- . the ¢hip set.
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.Most references were qaureed threugh Compuserve Afnea (the CS!R fink through to the
- US), and fram thera onto the Internet for extraneous articlas. ‘Compuserve provides
- Information through {forums where industry experts may be contacted through electronic’
.- all {used for clarification and undefstanding throughout thls report}, but more relevantiv :
g through an exteneive databese af perledlcals. T : o

_ The periedieale maintained bv Zlff Davis Publishing Campenv Ircludl almost every :
- 'magezine and journal published. An emphasis is ‘plaged on computing journals, dnd it is
* - from here that most leading edge nformatlon in this report was sourced.’ Artlcles .
-uploaded by Zitf-Davis usually preceds South African rsceipt by up to four months, with
‘. numerous: publications being unavallable hera, slse industry speclﬁc rasearch that is not
prevndad fer commetaial dlstrihution. L _ _ _ o

_ : Compuserve feclllsates thie searching of te;d: on date, publicatlon name, key words, ;'3
_-sublacts, and saveral other filters.  Thase were used to ensure. the trapplng of a wide ~
- range of opinions on each subject delved imo. .. s _

The down—snde of euch extenewe reeeareh is that many references are somewhat biaeed

. and whitst an_ attempt has been riade to stick to well recagnised sources, the Inevitabls

. _ mistnformation will eraep in in the form of & falled prediction or two. The author, o
... howevar, is fairly confident that aft recemmendatlons made are based an eound support e
.end numerous positlve factors. - - B T

Some references beiow have net been linked to the text as they were ysed mdfrectiv, or .
- oformed part of a summation. Others were used mora than onge in the text, but have only
. beanh j;wd where most eppllceble. o . .

.
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Most references ware anurced through Cumpuserve Afnca (the CSIR Ilnk through to the
US), and from there onto the internet for extranecus articles; Cornpusarve provides =
information througt forums where industry experts may ba contactad through electrunic _
" mail {used for clariflcation and understanding. throughout: this raportl, but more re!evantlv :
thmugh an extensiva database of per]odlca!s. e C o

The panodicals malntamed bv Zlff-Davis Publishmg Company include almost avery - '-
-magazine and journal published. An emphasis.is placed on computing journals, and it i

. from_ here that most leading edge information in this report was sourced. Articley”
" uploaded by Zitf-Davis usually préceds South African regelpt by up to four months, with -

numerous pubiications being unavailable here, else industrv spaciﬁc rasaarch that is not
providad for cammarclal dtstrihution. .

C.ampuserve fac;lutates the searchlng of text oh date, publicatzon nama, kay wards,
sublects, and several other filters. These ware used 10 snsure tha trappmg of a wide
rangé of opinlons on each ’subjeqt dalved 1nto . . .

' The down-e:de of auch extensive msearch Is that many referencas ate sumewhat biased.

and whilst an attempt has heen miade to stick to wel! racognised souraes, the inevitable .
misinformation will ¢reep n in the form of a falléd prediction or two. The author, .
_hovvever, is fairly: confident that all recommandatinna mada ara based cm sound support
and numeraus pc:aztlve factals, - - : :

‘Sorne refarancas below have not been Iinka!:l to the text as Lhey wsra used indirectly, or - '
' formed pari of a summation. Others were useu more than once In the text, but have only '
been !mked whaie rnast applicabla. ' B _

G
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