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BQTRACT

integration of islands of Compmer Assisted Functlons Is becoming increasingly lmpnnant Inany
© prganlsatirns and (s being driven by the need tar Data Sharing and the reduction In Duplication of

Etfgyt In ordor to achlove an Increasingly competitive edge. Technology is Increasingly providing

tho Teans’of taking the “intagrated Organisatioh” out of the realms of an "idealistic Dream World®

into the harsh emrirannJ?nt of Reality. -

The soncept of lmegra‘led Compuier Alded Englneerlng (CAE) ia discussed, and then some Critical

suc;cess factors 1o achieve stime dagree of guceess are d!scussed‘

. Non—wchnical lasues, such as Manegement. Invalveraent and the naad for change In
Organisational Culture, are placad in perspective,

» Possible "Models" and functions acting on these Models arp wplomd in some detail and

¢ Feal-world issues influsncing the developmint of large Integrated software proiucts: y%re
examined. .

Tha contonty of this report are based lir"tiy on experienco gahedin dpveloplnu and bn‘mlamontlng‘
tho first phaseof a large GAE enviranment for the Power Station Electrigal Enpineering Depattmant

of ESKOM {namely CEEDS'); and secondly on further research undartaken for the continued
evolution of the CEEDS systomintoa lruly "integratad Computer Alded Engineenng Environmeant”,

A pragmaﬂc approactihas boor adopted aﬁd soma commotits. and obsarvations may seem uriuly

cynical. This is because the "Real World* shows no mercy lowards the Inteusion of "innocent bright .
_Keas, hoards of momettumless taik and floundering amatetirs®, This is detnonstratechby & fallure -
rate of at loadt 75% In atternpts to Introduce CAE Into organlsations and an even hlgher faliure rate

for teshniclogles such as export systems (MGT 01]

it has Deen sttefnpted to make the stidy ot _goneral appllcabmty Mstrative axamples amd’

arguments are based on a large organisation’s environment and the CEEDS project.

(1) CEEDS Is an acronym for: Centralised Electrical Engineering Database Scheme,
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LConventions -

[

o Irdlications of a reference tcapaperg,n back, é#!lsled inthg chapter on"ﬂnler’eneennd lurthar
reading' (R), are indicatedin boldiwithin square“t:mkets "I~ For oRample [MG'fO'I! ls a
.. reference to the paper listed a5 MGT% o o,
*~ & Refersncesto other chapters ar sectionwithin the matfiveptitare indlca byglvlnu tﬁechapter-
" or aection hedding within quotes, Inbold pl,'im and followed by the chaptar/sestion numbar in
parranthesls. For exampla, “Job design® (3.6.1), refars 1o section 3.5 Uit chaptar 3. :
. Appandlxes are numbored as follows: \ ,::; .

& The first iotter s an "A" 1o indicate an appandlx'

» o Ty Second nuimber refars tothe chapter in the i repcut that has the mos%‘ raaring
on the contents of the appendi;  © =%,

.o & Thercafter appandlxes are numbetad soquentially,

_ e
T . “ ?\
For example, Appandrx M .3 I3 tho thivd appendm beating relevance 1o chaptor 4.

) Flgures are numbered simiias to appondixes, only \hat the number of the maln sectiog within a
chapterisusedand notonly the chapter nuniber: For exiple, Figura F4 8,02 refersigd drawing
ussed i soction 4.3, The figuro number (s prefixed with an "F for figures used inthe rqp:n rapo;j
atid with "EA" for figurds used in an appendbr "
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Introduction

Intreduction

An Integrated Computer Alded Englneering ENVIRONMENT consists of teams of people and
the computer tools they use to carry out their sprsifie (probably Inter-related) Engineering tasks,

In & harmonlous, free-flowing manner

An Integrated Computer Alded Erngineering SYSTEM conslsts of thg sufte of programs and
databises that are capable of supporting the engineering function In a cooperative and tranaparent

mannef.
This investigation will briefly cover:

« CAE In general, {which sats the scopa of this Investigation);

® Thahistory of the CEEDS systam; 4

¢ Aproposed Development Approach; . P
s High level system requirements. { '

The tollowing will ba reviewed in more detall;

» Non-technigal Critical Success Factors (the Human aspect);

e Pussible Moddls to support the datailed Englneering process,

e Funotionality surtounding the Models’; and T
» Software and System Davelopment/implementation aspocts ?

(1)

)

The chapters on "Models® and "Systerh Functionality" are strangly based onwork already -cm&h,‘, Jeted
for the CEEDS projsct and on work currently underway for the continued enhiahtcement of CEEDS.

Some sections of the "Software Development antt Implementation Aspects” are specliic to the
computer environment on which CEEDS Is being implemented and to the devalopment approach
(namely In-house developent). These sections may not be of general applicabliity but may be
adapted to other environments and disciplines. There Is an ncredible amount of common ground

hetween very diverse applications at a4 conceptual level,
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2 Integrated Computer Alded Engineering Systems

. In this chapter,

o Computer Alded Englnaerlng (CAE) Is discussed from an organlsatlana! paint of View;
- & abrief history of the CEEDS system Is presented; o (I

» critical suecess factors are hightighted; and '

» adevelopment strategy s proposed. ’ - "

\ N

21  General Discussion.on cAE

It !sfaltthatmllylmegmted Infonmtlnn systama enpnmpaasinq al Infonnat!an rsquiramartts
of & large organisation {for example, Englnesting, Marketing, Sales, Personnel, etc.) are
gtifl futurfstic, The technology exists to bulld such systams, but organisaticns are generally
unabia to copa with siich @ high degree of Integrationy Introduction to the conpopts ot
intagration need to take place gradually and organisations need to acjust accordingly. One
organisaticnal disclpline, namely Englineering, will be examinedin somadetall, Engineering
systerns can b viewsd from a Corporate, Disclpline and a Functional level, Corporate and
1. sEipline lavels arp discussed Inthis chapter whills the Functional level [s deglt with i tetai
Inthe chapter or/System Funotionality" (8). Farthe purpose of this study, axamitbs &re
extracted from-the point of view of a Power Utility Company {nasiely E&KOM) and a
partioular CAE systam (CEEDS).

y
¢ The Englnesring division is subdlvided into Pows Statlon Engtnem;lng. Trana]}n o m\
> - Engineeringand DistributiorfEnginesring. The "oparatlons*funations are similary gropid, \
The Engineering divisioi is responsible for the design, canstruction and modification of
 facilitles, The relovant Operations divisions are responsible 1dr the tunning and
~ maintenance of these fadiltlas, The Power Statisn Enginesring depastreont and th
oparations counterpart, "Generation®, are choseh for & more detallers (nalysls. The-
principies relevant to this "partnarship” are simliary applicable to other such partnerships.
aswell as to the Interface Botween functional groups, for example. Power Stat!ons faedlng
Transmisslon. i

. ]
C 244 GAE gi a corporata lavel

The following steps descrlba a typical definition, develapment and production -
cycls &t corporate level:

1) The Goneratlon Group astablishes the requirermants far a few powkr station,

2} Engineering Is approached to sstablish detalied spacmmtlnns agalnst whicsh
varlous contractors can tender

3) Contracts are awarded and detalied design may begin, _

4) Englneerlng'acts as interface coordinator beiween the various cantractors,
Englneering also conducts some of the detalled design In-houge and can
thersfore be consklered as & contractor, '

8) Construction begins and is coondinated by Enginsering, The majoriy’ of
cunstruction Is cartled out by contractors.

(]
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G) Enginaerlng comm!ssions the plantand hands tover to Generallon. along wlth
the necessary documentation. '

7) Geheration operates and maintaln }hs plank for its Ho time. v

&) Major modifications or overhauls (for emmpla, Life Extension progrmsj ofthe
plant would b managed by E lnaering on Genaratlon s behalf,

Q)Theplan:wm ﬂnallybedscomnﬂssioned and demolished (ot‘keptasamuseLm)

The steps presented abovo are a simpllﬂcatlon of tha real altuazlan but are usefl

In defining the scopa of aciivitles baing considered for inclusion in an [ntegrated

ADAE systom, Stens 4; 5, 6 and Interfaces 10 7 are surrently consldered viable fora
{ detaled v aﬂm

Araas of activftywhere it ds fait ﬂv.at mmputerlsad toola cnuld be banaﬂ::lai Include:

) Engineéting bullds up.a !araaﬁuunt of data re!é;{lng to the detalled dasinn of

a plant (in thﬁfform of drawings, flstings, manuals, ete.), Configuration
managarnent
.lnteracﬂng contractd, (For example: dne contractor supplies the bibller, another

bulids the support structurs, another suppliss the control systams forthat boller -

and yet andther supilios the power to all squipment on the boller),

b} Enginsering Is also Invoived In some Inlémal datatled aaslgn (Refertcr paragraph
"AE st an Engineering Discipiine Level” (2.1.2) for an example).Efficient

this data is ontleal, espoclaliy.data relating 1o various:

capturing and control of des!gn data Is critice: Dealgn cptlmlsation Is alsp

Impomm - o
¢) Conmissfbning of sush large duantities of complex p!ant (as found on'a power

statlon) retyuires a graat deal of information {points {a) and (b} above). Stringent
control must ba carded out for salsty, qua!lty, projent plarning and progress '

= moniltoring purpasas. .
L
d} Ondweind-over of tﬁe plant, Ganeration takes possession of the plant and the
necessary documentagion, They then have to begin to maintain the plant, This

» requirss Information shout the plant, the comgonsnis of the plant, ma!ﬂtenance

procedures, dlagsmsne pmceduras and avail) bility of spara pars, - o

Referto Figures F2.1,01 and F2.1.02, [{

", " a_i

Ali these activities requlra large amounts ol data.\». ch ofti{ua tata is capiured In -

elactronic form either via & CAD systam (drawings), simple databases and word
processors or via varipus applications (e.g. deslgn aids, malnienance packages,

stores inventory systems ete.) i would seam very desirable to have the data from

ons system available to other systems that reguive it, I an electronlcally
transferable state, Thisls where the ideas of systern]ntegration begintoform, There
ara obviously many levelg'of "integration” frorn exchange of flat ASCH flles [at &
primitive lavel) to totally transparent, single source déia usags (the ultimately

daslrabie situation). Thereare]ustasmnylevelsof'COmrol"ovmdatalnterchange .

and intagrity,

&
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me briefly, tha“mﬂmata systemis one Iyj which:

. gildatals stored In only thi appropriate places {(eliminating unnecaesaty data ﬁ
duplication and faclitating configuration controll; — ~

e this data Is accessible by ol systems requiring'ls, in a transparsnt {yst fulty
- confrofiad) manner; whether that system be CAD, database, word processors,
expert systern, ¢tc. 4 : _

Technology (and standakdisation 1hareof) ey haad\g n the dirsction whare this
scenario may be poysible. Managers, users and &30 devalopment staff must
Just be ready to explyit the tachnology s &t becomss avallable and riust be very
‘wary about belng dragged into a single vendor's proposed “solutions®, -

. What would seem 1o ba 4 senslbla approach WWd be o establish the desirable -
ond goal and start working towards it in ach & incremental steps, This
Invastigation Js ong such stap, THe orea conderitrated on Is that of in-house
Eleutrical Desigh activities, efectrical conctruction and the necessary intarfaces to
&her systems that bave an [nfluenca on these astivitics,

. 0
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Figure F2.1.02 (Source: ESKOMIT Strategy Workshop)
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; " a&m ! nt raqulring power (and thelr dstalis) must be’ prqvldad by the varous

coniraciors, A sSupply network Is then designed to mast these requirements,
Equipment, contral and cabling requiremonts of the supply network are defined
and cablp suppont siructuras are designed th mest the cabling needs. Dasign

' domnnentation T8 then produced for construction:{and maintenance) purposes.
. During canstruction, isedhack from sita s used ta meastre progress arkl to conirol

payments to contractors for work done. On plant hand-ovef, certaln design date
is loadad into the melntsnance package. the Enginsering Dapariment then

‘wﬂhdraws dnd Ganaration begin thelr task of operating and malnialning ¥ plant,
| It s not infended to go Into detallad malys!s of the system raquiremonts 1o carry

out thase tasks, The Intention hare Is to show the intetiazes &nd Interactions

© betwesn the various systems Involvad, with the purposa of saltlfig the scane for

the *Systam Models" and "System Funot:onalﬂy" sections beldly. < e CEEDS
irformation systam, setves well as an example, Currsntly, mm*« dotrical
Enginesringdata is resident In CEEDS and/or onthg CAD syatem to#l ‘ﬁji ¥riods
discussed abova, Figure F2.4,03 proviiss an ovarview of the gEED& systam and
it Interactions with othar gystems. W

The following pruvklea mors datall 1o be refered to along with Figuru F2.1.03

» PESMAC Isthe Generation Ma!ntenance Package (gurchased Packana, MVS
Malrframe); g

# CUE Is the Préject Managamant P@kayn usad hy Engineering (Purchusad
Packagae, MVS Malnframe);

e DISisthe Engm%nng bocumentaﬂu(; gysmm (nmloped Inhouse, VM

Mainitame, Oragle Databage);

" & MDS Isthe Dogumantation muration Manauamsnt gystem bﬁmu uaodon"
to political roasons) (Devaloped ln-hmusa.

. Majuba {dupliction with DIS
VM Mainframne, Oracie Database);

® CADIs ;ha Elgctrical Enginvering éomputar Aided Drafting System |

(Purchased Intargraph softwera, PL's and Vax miii-computer);

& PBSU s a Power Natwommnalysls Paokagu (Purchasnd Packaga. PC qnd

Apolla watkstation based),

o}

5 <}
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CEEDS History in ESKOM

Figurs F2.2.01
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22 Brief History of CAR é.nd CEEDS I ESKOM™

2.2.1 snttlng the aeena for CFEDS _
. (‘3
Refer to Figure Fg,a.o'l. Inwally thewhalo englneer!ng design promss was done.
munualy. Drafting was dona manually on drawing beards arkd "sehadule® (st) type
Infarmation was aither kept ¢n pro-printed sheets or Index cards. ACAD systam
oduced In 1952 and most of the manual drafting aradually moves) overto
. Some sections, the architects for sxatrple, are stil dolng manual drafing,
systemn was simply"a computerised replacement of drawing, boards.
Schedule type Information was plaged on a-master~voray and delalis manually
antared. At about the same time, Mainframe cS.aputers ware also increasingly
wsador storing cartali schedulalnformation. Thesefacliities started off with punch
card technology arvl flat filas, rooved to onvline ediing of fist fies, then onto
_ Indexed-Sequential and Hiorarchizal Indexed-Saquential Datebases. Thirawas no
automatic correletion betwesn CAD activity and Malnframe data, and in many
casesiharawas no manual correlation slther, PC's started to meks Inroade Inabout
- 1982 and some pro-active peopie startsd to-keep individual schedules, lists ate.
;rhl;:]im y omnpounded the c:ormlatlon problam and strongthened functlana!
slandin Ca :
'-'2{ a ‘-‘ i o

: In:the early da o!‘ e Ma!;;ba Power Station Project (1956), s dl ed
- thatthe "Auxiisgty Power Sehistlule” aivd the "Cabie Schedule” (tw:: mpottant
documants) wara cn Malnframa and practically everything else was on CAD, itwas
then that the kisa of a gst of "Cooperating databases® was establistied wheraby
s dista could 28 "pourad” into the top {The Awdilary Powar Scheduls Datsbase), fiter
Info a set of Switchgear und Transformer databases and down into tﬁe Cabie -
Schedule Datatiase. Refor to Figure Fz.z.oz. 1 a

Dntg___{_n__m_ .

i

=) Auxliinry
Schvdules

---nn-b EL#P Switchgear
. Schedglea o e

TremmesmSrmsmasas B JZZ) pobe

. Schadules

. : _ gaﬁle
" Raeks and - - Pu
= ' ol d L Cords
D T ll] | ﬁmtallu tion
. Corgds
_, - _ _

CEEDS 1,
Figure F2,2.02
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2.2.2 OEED& I

(]

aﬂca GEEDS | was dweloped oh d Cyber 175 us!ng tha IPFZ Higrarchical
lndqxed-Sequentlal Database system and later Fortran Advanced Access Methods
{for Increasad spasd). ’

 Based on the hew EEDS syﬁam.’;ESKOM mada a declsion to manage tha cabla
contract for Ma]u in-house, Previcus power statlon profects contracted out for
. -shis funcilan, This-provided the nacassar? Incertive to get the systemi working

propeﬂy, .-

Gable Racking deslgn was belnu daneonthe CAD system atthattlme and software
for gata extragtion from CAD had bacome available (1987). An ambitious addRion
was made to CEEDS 1o exdract three dimensionat (3D) racking information from
the CAD system to anable the optimised routingof Cables identified on CEEDS,

The &"stem parformed adequately inthat it produced en Auxiiiary Power Saheduleb
Cable Schadules, Switchgear Schedules, Rack installation eards and Cabla pull,
‘cards, One of itz major gontributions though, was that it had Introduced the division
to "Integrated Comiput ﬁ Facilities", Thero was éxtrerna resistance 1o this new
tachnology as tradit roles wers being challenged and the "Black Box" ("Blik
Brain) syndrome set ini, People fali that thay no longér had fUl autonomy qxgarthe[r .
activitles. Dasplte such feslings, some gegrea of acroptanca wes evldadr

. GEEDSI had & numiber of Iniarent fiaws, many of which are contributory factors

to system fallurs. (Refor to Appendix A2.1 for details). Attha b qof 1980, 1t
waa desided that the Cyberwas to be decomimisslioned &nd réplaced with &rs JBM.
The Qracie relational database was purchased for the new maching, CEEDS would
- haveto move off the old Cyber and onto tige new I3M, This was a prime opportinity
1o cany out 4 m-daslgn of tha CE systam, This lead 1o the CEEDS [
deve!omnant. much of which Is detafted In this report. K

223 JCEEDS R - “

3]

( J The Scftware snvironment and devalopment methodoiogy standarde w&re "
. established first (In the absence of any exlsting standards). System Requirements
ansdysls bagan In September 1989, Coding was phasad in during April 1990 and
the currert system was Impiemented by Decomber 1980, -

Current Appllcatlon characterlstlcs. {Refer to Flgure F2,2.63 )

e This systar consists of a "physical model® and parts of the eabling "financia)

‘model”. § has nklimentary cable design process facilties bullt Into the

funetions that mahipulate cabios, { Refer to the chapter on "System Modala"

(4) for Jetalls about thesa models), Thare is a Ylink" Into the CAD system In

) orderta Import Rack destans and the physisal locations (xy,z caordinates) of

" equipmant. External data {equipment and cablas captured by contractors on
CEEDS PC software) can be Imported.
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@ Thors Is no automatic accoss to data In Interfacing systems. This is mainly
 because they are purchased packages and are resident on a ditferent
malnirame. Necessary Data transfer 1s via flat fles on a once off or perlodic
basls, The Interface Is puraly texiual, although data I specified format can be
exported to programs wrilten for the CAD system so that 4 graphical
reprasentation can be generated

e Contractual data modification auditing and system activity Iogg!ng are

avallable,

« Docuntentation production and configuration managament féglﬁtles are
- avaliable (but can do with some enhanr;emant) (}

The surrent Soltware Situation: » : "‘f?

o Thé  Shacto Relational databess maneger forme the basla of e systom. Most

data captura and manipulation takes pé o using Oracle produsts such as
Strizdured Query Larguage (SQLY, SQL Forms for scteen foq{n 9 and &
Fortran/SQL Precompiler for more cumplex data retrieval and manipulation, .

¢ Theuserintarfdca Is fotally menu driven grd has user spucific access to mepu
options. Flexiblé query and. reparting facilities are avallabla that maka i
possitde 1o broduce n!most y desltad report and to extract data In any
desirecformat (for oxporting to-ciher systems). .

¢ Tha systom has its own.sbt of so%re configuration management toals
Integrated into the gystém. Th litites limited automatio softwaye
docurmantation production dnd allows haimenance staff to query the system
to datsrmlna tﬁ@ SEOPR, of chanua for any required modiﬂmﬂons.

 The systemIs st essé &nahystand alonabmmraasungmynmma Itmpotting and

exporting faclities, Datl transfer batwadn CAD and CEEDS s stlll via fiat fles, The
mair restriction has baeh nwi-transparentomnpmar envlrarnlmama

Future acthﬁties tbriafl

e The system wil rﬁ!grata o & mow. Mitable comipliter platiorm cohslsting of

-networked worlGtations, high perfeatiznice PC's and the maliframe acting dg
& database server, The first staga has already begun with the delivery of g
suitable workstetion that Is being coupled to an Ethemet LAN that will
eventually have a Ilnk, Into the malnframe system, A O

‘e Creating a conslistent ‘graphical front end for the models, "

. @ lncreasingly transparant Interaciion with, cooperating systems end the

sstabiishment of certralised sources of Lomman data.
e [mgipved Models and Functipnality. . N -
» Intitiduction uf Amﬂcial lmelllgence {A) type software for varlous functians.

One of the malky ‘iaon for this !nvest!gatian has boen to galn Insight Into ma o
requ!ramonls fa; thase 1ut7[ atlivities, X '
il .

Vs
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2.4

Critical Success Factors

There are a number of factors conttibuting to the disturbingly high failure rate In trying to
Implemented systems succeasfully (or even partially so),

Ctitical factors can b divided Into:

o Non-fechnical Factors such as:

e  Skils training;

& Changes to procedures;
Organisational Structure; _ H
Cotnpany Strategy; and
Orgaisational culture,

s e

Refer to "Non-Technlcal éapacls“ {3) for more detail,
&
+» Tochnologleal Factarg gush as:
o Asound theoretioal and congistent foundation {Model} for tools. .
& A cufliclently rich, Hlexible and refiable Computer Ehvlronment, am:l

o Syster malntzinabliity and expendabllity.

Ralor to "System Modols* (4),"Systom Functicnality" {5) and “Software and

Development Ilmplamentatim: aspects' (6) for more detail

Experience iwdicatas that early fallures (tha majorlty) are mainly caused by m:n lerhnlcal
iasues such as resistance to change and Inability so adjust omanlsaﬂmauy Fallures further

down the line are influenced by both technical and non-technlcal aspects. The later nte

the lifg ieynlo that faults oecur, the morailkely itis that inadaquate o incotract maintenance
has lead to a “iragile” syster..Ong that can no longer be ntodified 1o meet changing
recuiremeants, (The “i_ix ohe by_g, cteate threo more" syndrome). '
v 23 :
f.

High Lﬁvei Developmént Strategy

A strategy that will work needs to be estabﬂsheﬂ it Is antleipated that thero are three major
waves of Sysiem development that take place within any organisation.

o Thafirstis wherd Individuals or small teams begin to tuild up thelr own sets of taols o
ald them In thelr defalied day-10-day activities. |

¢ The sscand ls where these Individuals and teams bagin to realise that the teams they
Interact with also have tools and a [ot of commonality exists (data &nd funcilonality).
Some toopearation bagins to take placa and it is realised that a concerted effon nust
his mada to rationalise the protiferation-of small systems,

e Thethird wave Is where such rationaligation o already taken placeIn raia:ivdy larga

-~ Melands and a concorted effoit mitst naw be made to Integrate at & corporato favel,
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These waves have large: overlaps and cannot alwsys be clearly dlsilngulahad Refer to
Flgure ¥2,4.01, ESKOM In general Is currently & the beginning of the second Wavg.
although some development teams arg approaching the third wave, .

Currant Activities

P
C_D ’lhdi\rlduol wsiems (Islands)
O integrited tstands,

@ Lurge scule, plnnned intagrutiun.

 Waves of CAE ln'fegrc:hon.
FIgureF2.4.01

inthadavelopment of chylarge multHacated pro}ent that irwolves and affects many peopie, -
& sotind strategy must be pstabiishad if any semblance of success Is to be hopod for, it s
axtremely imporiant to have a vity claar end goal In order to avoid the "moving goal post” -

stenaro ancl tha *Mll do it my way" empire building phenomenoh.

TI;ere are essentla!ly two taxtueme stratagias with a contintim In-betwean Ty
1. Initlally develap Istands of small systems, then anampt to centralise and integmga them
(Bottom—Up approach}. o Y :

¥

2, Gradualfy create nne large centralised system and then allow daatmmmllsed contrul
(Top-Down approach). :

Both of these extremes have glaring flaws that maka nelther suitable on thelr own, Using
the first approach, it [s unreallstlo to exgrect the systems to be sufficlently cofapatible to
allow integration without rmajor re-designg, There s also the danger that onee a systory -
suity a particular group's immediate needs, they will be unwilling to caoparate [y any activity
ad:]c:]caﬂn;g change 1o thelr system. A "Let tha other team change thelr system" attitide
couid set In,

Using thesecond approach, it could take so long before the system is usable that individual
groups would revert to the first mothod {0 meet their own needs. i

Tha recommended steategy is to attampt to use the best of both extreme’s [MGT 16}

1) Start with a few large islands. For example, each Englneeting discipling (Electrical,
Machaniual, Civll, etc.) would ba an island, Generation another;
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2) Establish a global strategy on & cantrallsed basls {to aliow for the third wave) and allow
the Indiyidual isiands to sort out thelr own detali. (Make sure that the organisational body
looking after the Interests of the contralised facilities has sufflclent authority to eventually

snicree the use of these facilities by Individual Islands).

3) Establishwhich Hata-needstu beventrally accassible and the sources and administration
of such data. | ; -

4) Establish Interface requiraments between Isfands. Islands should ba established that
have clean Intetfdees, Le, tharp should be as much Independance as possible between
chosen Islands. For example, dlselplines should not be broken into further lstands, {(such

of the high degree of Intardependence hetween such similar activities.

85 Procass control and Elactrical systems, or Boller plant and Turbine plant) because

5} Development can than begln individually within each istand In such a marner that best
sults the raquirsrnents of each Island. For example, mechanical enginears miay have
mora nead of CAD facilitles and less need for supporting databases whersas wlth_

electrical enginearing, it may be the othar way around.
. | : oL
Thera are certaln pre-naqu!sltd# applicablo tc:the racommanded approach:

S - M = I o : ' .
1) The requiraments of the céntralised faciiities and the Inferface requiremedde mustbe
taken Into account gutlag Hevelopment. initially these facliities ¢an bo duplicated or
simtitated within the individy bl istands {to faclitate speedier develogpmant), but they rust
eventually be Integrated. | L .

2) The Integration must be & d iinite, planned-for activity, not Just sarhéthing that everyone
knows must take place at §bma time or another, but has no Iminediate importance.

W

3) Development should be g{{?hped Into phased in such a tianne ;iﬁa: Immeciate neads
can be met withih as short {] time as necessary, Progressiva enhancompnts can thien be
~ made to the system. Soine of these enhancemerts will Invlude the interfaces to
contrallsed facilitles and thiother tslands, S k-

#
13 }l'lr

4) A‘\ﬂexila!e sa0pe should Flff%' stablished aﬁd tasks prlar!ﬁseﬂ' 1o sult.
. _ B . [ L . . ;
8) In ordet to afiow a syst'én'* te evolve successillly, the foundations upon which further

faclitics are bullt must by viry stabls. A very, clear and Stable philosophy raust by o

adhered to when expandif E the system. if this is not dorie, any cilange to requirements
of the cora system could ¢awse fallure In all dependent systems. What'may seem ke a
slmple deciaion by manag rmant to'alightly” changea philosophy ‘coulti invalidate many

man years of systern devdjopmuont work. The "System Models" cliapter is an attampt ab:

establishing such o found tion for the Power Station Electrical Engineering Disciplina,

The quastion may be asked, “Why not Just skip the second wave sind progress diractly to
the third mote dosirable wava 2. There are a number of reasong:

s FEach wave requlres a bery sound basis upon which ta he"'bullt. It !s_ﬁsually the
precesding wave that provities such a basls, (Such a basls could be purchased at a
price, but the general organisation would lack the necossary oulture, This cullurs, on
the other hand, cannat be purchasod without a radicat staff turnover);

« Organisational culture can very seidom handle revolutionry change, especlally in
large organistions; and _

& The shear fack of people in the organisation sxpsrishced In Integrated CAE
implementations, (This expartise will hopefuly be bullt up during preceeding waves),

".?
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it is important to note the following:

o

The establishment of centralised fupetions and intersland interfaces MUST be
de-politicised. Loglc and Information requiremonts must be the drivlng factors and rot
emplre protection oF personal ambitlon.

All parties that could be participants must be ldantlfled and Involved In Interface
discussions. This Is mainly ta pravent unnecessary duplication of fd&ﬁltles and data.
Duplication invarlably leads 1o Integrity problems such as having different groups
working on the same Job using diffevent and often canfiicting information,

Company wide Standards must be established and eriforced,

Phased implementatlon must not be overooked- bavause of suppott needed for old -

designs usirig' old methods. This has the effect of increasig manpower costs for

possibly & leng period, during which multipla administrative systems are supported,

Implermentation spaed should nover exceed the rate of ratralnlng of the users of the
systems of the rate at which new administrative procedures can be established.

1t must by declded up-frm‘ae whether a given system Is 10 suppe: multlple projacts of
whethet a framework is to be developed that could Haw-ﬁmr"“ﬂ 1:3 meetthe dotalled

needs of an Individuat praject. For exampla, wouidst 1he bllsed In tha
design and construction of a new h.Jlitien ag well af  old facilitiss, The
fact that ony system tends to bo very grbjectspes, - - onb..  “der-esumated, I

the abliity ta customiza the system & hiot providledy, - J& thammmg. modifying an
e)é sting system to meet the requiraments of 2 Wy ,.f oject could be & prohibltivaly

"

ive undenaldng, This de; « idenca ok . cirrent stata of atfairs Ts not‘only) 7

-»restricmdtq systgﬂb daveloped for lslands but aifsots the winols.  fograted aystom’”
@ project It 1 décided 10 coptract ot the'v bie managemant.

For exafiipler if on
funetion, and on anocther project, this function, is managsd within: sie company, then
thla spetifications for an island’s system as well &, most lmerfaces sould be radically
different. .\:_.

Additional factors 1o be consicered by all parties involved: i the davelopmant of such #
systern are:

&

The HEALITIES of such a system muat hot ba oveﬂonked. The comploxity of such
systarns soldom susfaces during inftlal discussions, Real problems must not be
ovar-simplified and then expestatinns placed on a system (developed to solve the
simplifled problem) to solve the Real sroblom{s); _

The development of such systems takes substantial time and effor;
The slze of such systems musiniot be urider-ostimated, .

Software davelopers should pay Wttention ta the followlng considerations:

The svstém being devaloped 18 a TOOL for Engineers and Deslgness, nota theoretlcal
oxarclsd In computer modeliing,

Mainteir.able and Usable software imust b written. Rather cut back on sophistication
than creating a massively complex system that "falis over the flrst time it ia launched
into the real world o shaltars when it Is attemptad to twaak something within, Even
worse Is If the systemn degtades (or corrupts data) in a manngr diffizult to detect so that
when It is noticed that samething is wrong, it's too late.

All of the above factors ahould not be taken Hghtly as they are aif major contributors to
system fallure,
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3 Non-Technical Aspects -

81 Introduction . - s

Thete are alarge number of fastors which contribute to the succass or failurs of CAE within
an otganisation. The majority of these fadtors are not tachnical in nature, When
management is thinking of intrdducing CAE systems, they must be awara of thesa lssues
as the track record shows very tew fully successful ifnplementations. [IMGT Q4]. The vast
riajorit o{ those systoms woere doomed to fallure, ovars before the questioh of spacific
techn "?g was addressed, simply bacause of some yeneral misconception and myths
about the effect of intreducing advanced tachnology Into an organlsatlun

 The tollowing factors will be covered In some dotall . va

¢ QOrganisational cuiture:
. Structure {e.g. Hteramhlca!!matrbt). .
v o Steategy {How dfid why Is CAE introduced}. - "
" e Manggerlal role and | commitmient;
» changes to pruceduras.

VoL g Correct eripioyes attitudes (new culture); S,
C N\ Sklis tralning: and o« i
» Dovelopurs’ attitudes.
Refar to Flgure F3.1,01 - o | .
| P . LI . :
,,/C'ONTEXTU:;KL DIMENSIONS ; _
Hardwnre Industrial i i -
Holtwore / E -A;I;p'iiiotlon i &ﬂ}ﬂ‘“ﬂ: QC?E featires ; m .h‘urnun
e S Frocn { Aocson
LAY PV Ay . S - AR ol y -
o SOG’AL & ORGANIZATiONAL DIM}:.NSEONS
I : Culturu tulture | . Sncintal
: : n fer 4 & H con'ant oo et 4 - Culturas
cmmgg N ~t}uslgn ! Troining ! . '.v' K
- _ *\ H i Job
' Dy
.......... I Ernp%mtnk- - FULL POTENTIAL ' e .
. ) OF el X R L R N L F L K ] o a M -Qﬂ-ﬁ”ﬁ.’*.‘-ﬂ
| Pisplacemont CAE REALISED iplementation .
Mokt . ¥ o H i P‘muﬂa ' Use )
Envirenment | R b, s, Aiiributes
. ’ 1 ! ) *y
. B o Structuto : Poy | Sipervislan- .,
' "' Progadures : : L hes o
- ) : O :
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alegty eh I Menagament Vokies H
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Source: EEE Tronsactions on Eng!neerlng Managemant ' s

Augtist 1589, Vol. 36, Number 3,
Factars ircfluencing CAE in an Organisation

Rt

Figure F3,1.01

LN}
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3.2
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!

Organls'étlon’a! _Aépects,‘

a21 organ:s’auhnul Gulture

Succassfm Iraplomentation of advanced technological systems can only be

- aphleved where soclal factors such as Job content, tralning, organizational change,
etc. are taken into account and planned for In advance to Implementation (or at
least dur!ng !mplemamaticn‘s ' _

Thelntroductlan of technologywlil bring abputautamatlc 3

. change.
,,,,,,, A A A A N AR A R,
The above statement is cme of the major mlscanceptlans Zaled the" trexuction
oi tethnology. "Lats put the system In place and see what happans® soon leadsto .
"Whitt's going wrong?, one wolld swear wa've nover done this Job befora 1% Itls
tha Integration of data and functionallly, made possible by the introduction of a
technologically advanced system, that encourdge and promote change, The
change ltsalf must ba planned for and orchestrated by managamant IMGT 03).
This Is not & Job that can be delegated down, It has also buen shown that mora
suagess is achlaved in hightrust snvironments (almnugh there are cases of
- .success In low trust enviromments). IMGT 02]. .

4]

3.2.2 ﬂlght and wrnn@ reasons for the 1mradu¢ﬁon uf CAE

7

» lfthe lntegrated syb!em Is das!gnad to simply amumate or replaca exlsting '

practica withotrt using therxomputers’ Inherent benefits, it will be an in-gffective

and expensive exercise Mrmd Tow benoflts. For axample, using CAD pure’y as

' an slectronic drawing boaid (fur producing neater drawings) or using &
© database simply to produce a spacitic list {previousiy dane manually) are only
the tip of the lcobety regarding the Inherent benefits of using computer
tachnology. Somputsr technology can credte tabls. but to galh maximuzm
benelits ik tmust form an integral part of a company's culture. Tools shoukl not

e be thought of as "maching systems® but as "Person-machine Systeins®, an

Inte,.ated parmarshlp batween persoh and computer.

¢ itthe system Is regarded purely as a capltai-forlabour rep!acement I 8. in tha '
- hopa of reducing staff, fallure is Inavitable, This s a favorite ploy of vendors
wha advocata the potential of Incredible productivity increases, whichin turn -
. can be equated to a corresponding reduction in staff to carty out 1he current
work load, In many cases trends indicata just the opposite {MGT 08). Roles
change hut peeple aren't replaced. An actuai Increase In labour Is Inavitable i
the now system is mismanaged and i parallef old system(s) arn malntained far
too lohg. Trends also indicate that operator and managemant tralnin
seldom adequate to achieve anywhere neat the productjvity galns clairm
vehdors, [Most teferences under MGT highlight the tiaining problam]

& Successiul implamentations bave been driven by using new technology as &
stratagic weapon, to reduce design cycie times, deskgn mora affectively,
vedduce information conflict and Inteqrity problems, Impirove product quality,
ratlonalise oparations, atc
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3.2.3 Productivity and gquality o
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o

CAE has the patential tn Increase producilvity and service / product qualky,
This can be achleved by skiful use of the inhierant banetits of CAE,

One of the maln benefitd is reduced cycle time. A change in design detall can -

be managed far mors quickly using CAE than using rmanual methods. Dasign
integrity also remains inthet with a good CAE system, A dasign can therefore
go through far mors reflnements thap previously and thareby infproving

quality, Case studles have shown thet rediiced Ituration time can ofters pay for
the investmant In technology [MGT 01).

Tima saving due to the cancurrent nature of design, made poss!ble by CAE,
is another banefit. (Ona designer doasn't have 1o wait for the complation of

ane activity before starting .another, Refer t¢ “Dasign Philo phm,[,__-

Procedures, Operations and Administration” (3.4) below),

Productivity galns will ineviably go Hraugh ar Infial "valley of despal*. Refar

toFlgure ¥3.2.01. This Is mainly dua to untamifiasity with the systam
new procedures surrounding the system. Management mustnot ovel

revert back1o ofd methods ortry other changas ton soon, Such“ovar steering”

simply leads to confuslon and loss ot diraction, The length and deptly of this
“alley" are vary dapsndant on training oo many people In tealhing

. sharp drops In prmuctlvltg ‘while msuﬂlc!ant training prolongs tha ariod of

ks

reduced producuvity}
o uﬁ Te I
o " : . - AR | )
_ ' - Continuous
. . lrnprovemant -
" ‘ » : New Pectormance Leveis
6w y /.
E 2 o :.
3 T'wm ¢ bjt hould
, - 1 1 Manogement’s objectives shou
g broaont Performance { | b to mipimise depthiof
- b {8 Produstivity Messures & fperformance drop offp. over
_ % » Efficiancy Meaures the time'_'_‘qif such dro[ cff_s.
E -fgg:ra“l:;caaum Valley of - iy a ._
21 -~ Swep ¢ Despair '
M|~ Tima to Morked : K .
8 | = Rework ' . *
= Eeror fnten ° ' "
= jndicect Labowr N 4 -
| - OTIME {
Source: Anderson Consuiting Chinge Monngement Services ™

Performance Change Curve,

Flgure F3.2,01
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[

| Figura F3.2.02

- Experlent,a has ahuwn thata hlghar quality of pratiminary dasign ls tequlrad ¢

10 hest suit computer tools. Pefsr toFigure F3.2.02, A major beneftt is that

design arrors arn trapped during the design phase and not loft to be sorted.

= outdurlng &anstruction. Errors ara far chaaper to corredt during design thar
- after equipmant has arived on site and found to be Incmpatible with retated

squipment, Moving a line o a CAD to Indlcate a calbie being moved frgsm one

tormdnation to another is obviously far cheaper than having to unzouple and

discard an Ingerroct cable and then pull and terininats tho hew cable on site.

o “Giat it right flrst ‘fima" atiltudes should be encourage::l :

1 . ' ’ Lw ‘_ Con

324 Difersnces I the naturs of work which atfect implcmunut__loqf success.

o Electronics industries (especially Intogratod Ciroult (IC) and Piinted Clreult

-Board (PGB} production) have soma extreniely successiul CAE systams.

Designis highly automated, manufactura is feu directly from designand tesging

is aimost toralfy automated, There is obviously a very close fink betweon the

‘alactronies Industry and CAE technology, so It seams logical that this industry
‘would rake raximum use of CAE,

s More traditiona! disciplines, such as heavy current, rmust work harder to
~ change. Theindustry operates within a highly regulated environment, and woric
is usually tender-based. The groups seting up specific tluns, tolng the design
and manutacturing the equipment are usually far rebved and often belong
to different companies, This I3 In total contradiction to the eloctronics industry.
It 1s difficult to rationalise products into famiiies for multiple use, Jor exampla,
modulatised switchgear somponents that ¢an ba combined into vatious
"standard® combinations (again the electronles Industry Is Wiy ahead). The
organisational structure tonds to bo fragmented Into spoaclalist groups with ittle
axpertise in total system deslign [MGT 18],

s Heavy current 18 also a small market and has not Infiuenced commerclal
CAD/CAE products as have the aerospace-, electronies- and automotive
Induistrles,
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3.2.5

Managemenf.role ”

EAE
Do . _ L

. 1 .
; '

\ N

' lnteg atodamlronmamworkbestln smallel rtaams with limited design so hepg

It Is more difflcult In companles with wkie scope and jow volume and W
products range from components to cnmplate systems. -

o Prodict rationalisation and standardisation are necessary to get the best R
of CAE systems. If a design can be donal by simply agletting and configuring
sultable pre-designed bullding blocks, CAE can bo extrernely successiul,
Analysis of the configured system {using CAE} could than be carrled out to
optiralse the system. (The daslqn of elaotrlc-al aupply e.yszems could fall iito

. this categmy)

Changs Is aontlnuuus -

¥ ¥

' ‘I‘aday’s «Tach" is lmnorrow‘s "Oid Het®, The rate of cha Incroasing with

time and aititudes and organisationgl cultures will have to i order to survive:

- Managors must be wary though of attempting too much chanae too quickly, There

I8 & limit to what an organisation can héndle and survival is a delicato balance
batwesn rapld adjustmant and salf destruction. c

Bl

o

sl

i

Thadenreoofszmasswﬂhwhlchcﬁﬁaystemmlm ntedhaslaastuduwlm

“tachnolagy than with the managament of tachnology with human and organisational

constralnts of an otganisation. -

-Commitmont {o change from mamgomnt. | , i

Dlract mdvamm-t b Managsrs ls vital, !t doea not halp glving lots of verhoss,

verbal commitment with littie visible action, |.e, get the bail roliing, then stand back
and exarcise "ooms-dength® managamant, This wilt not work, The managers of the-
users of the systc.n must be lnvolved in the details of the system {including the
development}. One cannot rely on & system and have no kisa of what it consists
of or how it is to be used. Managers nead to control the development of the system
(thoreby g alng the necessary insight into what I8 Involved), and they miust control-
the procadures sutreunding the uss of the system. There Is a tendency for 8 gap
to form betwoon toam letders and middie managemert. Unless management

~ bacdmes Involved, Islanding Is Inevitable and integration bocomes Impossibla,

Managers are rsspmslble for "Playing tha Politles" In breakling down Indapendent
Istandla of aotivity. Unless this Is dons, any altempt at Intugration Is seeq;
meddling In another's atfalrs and whl be rgjectad,

Managers must at least have a basio understanding of the tachrmlmgy usod by CAE:
systems and they must be tralned to manage change due 16 the Inteadustion of
advanced tachnology. Without such understanding and skiils, management
expactations to-«f to be totally unreallstks, The misinformed sithor ses computors
as mystical baxes that can do wonderfui things at the "press of a hutton?’, or as
"Blg Brother” that mesaas up telophone accounts. Devalopmant tima and effort
tend to be grossly under-estimatod, A person who has developad a small
sproerdshact ahd parhaps oven wrilten a small BASIC program Is placed under the
misconception that software development is easy. Dovslopment effort Increases
exponsntially with project slze [SM 08).

c



Page 22

Non-Technlcal Aspetts

. ;5‘:5

4!?<;:nan:tanrms of whiat the system can tlo also tend to be ovarrated. This I8 mainly

£ o ue to "salas pressure” talk from the marketing orlented developer. Emphasls is

3.3.2

3-3.3'

34,4

placed on the fanay" features while the amount of up-front prepasation work, to
Inake uze of these featuras, |s convenlently glossed over, Whenthe system isfinally
implemented, unrealisiic demands are mada on the system, System Managers
st be aware of this details of the technology belng used by thair subordinates.
If this Is not so, realistle procedures cannot be established and the resultlng lack
of respect by subordinates will ead to cooperatlon problems.

Hesourca pianning

 The Introduction of CAE dos not ocour ovamlght. lt must be pimmw and

resources allocatad accordingly. Soma factars, dib to the lntrnduchon \\GAE,

. affecting resotirce allocation Include:

¢ Re-training of people. {Rsfer to the paranraphs un "Tralning“ (a.s) belwﬁm

¢ Tima Investment of kay people in deslgning and implamenting the system.

Many people, usually fully ailocated to thelr normal work, will have to spend

quite & substantlai amount of time with the system davelopers and -

irmplamentation staff, This time Is an overhead and must be accounted for;

& Plan for staff tumover {espacially key parsonhal). The implementation of a
gystotnt can b saverely hampered by the untimely removal of key people. .

Contingency plans should be made (If resources aflow i)
o Tha affacts of unlons and workioree demarsation naed ta he accountad for;

» Theavallabliity of skilled manpower must ba taksn into accuunt. it I8 no good
having & hitectrsolution with no people to run i;

s Dovetopmant.costs interms of paople, time, hardwarg and softwara, This cost
Is & myfor nagotiation point whan extarnal contractors do the development,
bur is oftert overtooked when in-house development Is dona.

_Nan<raditional Design .

| Managers must be awara of *new {ndn-traditional) mechanisms” In the desiun

process. {Refor to the paragraph on "Procetdures and Administration" (3.4.2)
below). People’s roles need to ba more carefully delimited bacause what-ong
person ¢oes directly effgcts his neighbour. Praviously, designers would hava
worked in isolation, compared notes at the end of the day, than gone back for the
next aratlon. Tha'ioss of visibllity of an individual's conirlbution in a centrallsed,
Integrated enviranment must bo compeansated for by other Intrinsic rewards,

‘The importance of system ownarship

A projest champlon s Impoitant, Without prb-ar:ﬂve peoplo In an organisation,
stagnation and loss of compatitive splrit results, The Introdustion of CAE Is one of

those activities that places straln on an orpanisation and somoone must treate
~and maintain the momentum requited for eventual sugcess,

)
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Once development Is complete, the system Is handed over to the “owriers” and
shitware maintainers, Thase "owners” must be clearty deflned, as someone {an
individual; or a number of Individisals) must take responsibility for the system,

“Bomeona must pay for running costs. These costs include operations (CPU time,

disc and tape storage), malntenance (hardware and software), enheitcements;
insurance, eto. It dossn’t make sensé spending & great deal on development and
then hoping the system'will look afier iself, These costs must betaken into account
otherwlse system degradation is Inovitable:

T Y

3.4  Design Philosophles, Procedures, Operations and Adng((@\f'@

341

3.4.2

Desigh Ph_ilosophlés and practices )
. . k.

Traditional organisations follow a serial design philosophy. One parson's activitlaa
ars direclly dependent on the completion of another person's astivitta> This can
be compared {o an *InBasket / Qut-Basket* operation, A prellminaiy design Is
placed-on a drawing, This drawing circulates through all refavant design teams for
commants.and to give tham the opponunity to adjust thelr part in the tolal design
and In turn clirculate this information to all Interested parties. This mathos! works
(bind has been done so for quite some time), but it is slow {tharefore praventing
many lteratlons) arxd It is proné to ervor. Tha final touches of gatting a desigh to
work are carrled out In the fisld, 4 R '

)f the necessary Integrated tooks aro avaliable and the<ialf are adequatoly tralred
Inthelr use, then multl-discipline, concurrent deslgn Is possibie, Any wotk dona by
one team Is immexiiately accessibe to all other toarns, who ave thon able to add
thelr contrbution (largely I paratiel). Each team doss not have to collact and
collata Informetion from all the other teams for thely own purpase. The proliferation
of locally stored, out-oi-date Information is largely aliminated, When one team
wants to modlfy 2 deslgn it gould compromise another team's work, the systeny
can detoct and prevent such tshes, This enforces imptoved commtnications,
as the bufiding up of the total design is now everyone's responsibiity., If suiticlent
faclitios are available, the emergetice of very tightly coordinated, closo<nit,
MULTI-Discipline daalgn tears will amorge. e : :

i}
s

a . ,f’ Ll i
Procedures and _Admlnm\lraﬂm Q .\\\ AT
_ . : ed v,

T

e

el

" !*3 — w
New technology {espacially integratog ssannioiag, proa: over traditional
functions. New Interfaces and procp‘%s noot 1.!'& : r\:ﬁ_};@‘gahad Lol managed.
An organisation must be Iy tune with Its informidoR, Bystams. Procodures and

pollcies nesd re-evaluation and modemisationas Seganisational information

-gystems evolve to utilise more moderm téthnology. Old puaper based procadures

need to be replaced with "communication protocols®. Commtinication is the now
key word {as Information 1s generally froely available). New administrative
relationships needed tb be established belween tho new teams organised to take
atvantage of the new Integrated systams.
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3

;

It takes time to implemert, organise, test ‘and ostablish new procedures,
Management and users must accept this. Theiallowing point is emphastzed once
again; thesa new protedures will not materldise by themseivas as a result of a
new system belng instdlled, Thoy must ba explicitly established through
‘negotlation buiween all parties Involved. . :

‘User Aspects -

“Ito three suppotting structures of & GAE system are Management, Users and Technology; .
Management has bean deslt with above and Technology is dealt with in other chapters e,

below. Some factors effacting tsers (and non-users) of CAE systoms are discussed,

351 Jobdesign .

Hor batween bumsn and computer,
taken over by the system, but poople

Declslons noed to ba made about task all
Bomealasks praviously done by people will
ara needed 1o run the systerm arki thelr will theralore change. Differont skills
&ta naaded. Jobs must be re-daslgn miake full use gf the bonefits of CAEand .
ot simply a translation from mun computer. Human aspact must hetaken

Intey account though, to prevent-litemess about having work taken away.
Retralntng of replaced warkers, % higher skl and alternative ackiviies,
should take place hefora a sys introbiuged, - .

_ s time 1s actually spant interacting with the system,
Cormmunication about a doslgn, meotings, design reviews, ete. are stil hormal
activitles. Information ring stlit consists of a ot of parsonio-person contast
but & lot of Information watld now be accessible via the systom, Systam ghd
sbliware and hardware lssues aften take up too much of a daglanars time. Yoy
ténd 1o get too Involved. A trained system administrator is ﬁ?ﬂ to{solats users
irom these problems, X3 ///

_ Only a fraction of & design

Users would experlence more farmallsm and thery/ loss attonamy ovar how
they dethelr jobs. It cotld b folt by deslariers ¢ forced 1o uge a coinmon
] herence to standards). Creaivity
and Innavation are agmiliabia and necessary Aualitiss in a.design team. Although, |
when the Individuality and ego that accompritilas thase qualities becomes coynter
productive, thon restrlctive measures hzdfe thelr place. The system Tﬁ b
flexible gnotgh to cater for Individuat ¢/ésign styles, but must be restrict,_-withi
reasonable bounds, 4 ‘ ' : :

e .

The role ofthe Drawing Offlce Sdpenvisor couwld be greatly affected by an Integratad
CAE system [MGT 40]. %raclitionally, the drawing offlce Is the custodian of ail
deslan data, whereas now, much-of this design data Is freely avaliable 1o anyone
z'f.lulrlng it. [ the system Is centrallsed, then power (and staif) tend to be remaved
fom the Drawing Office and distribuled to where they dre better utlised. The
authorityto allocate work between human ant computer could elso be removed
from the D.O, supewisor, -

s

Y
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3f5.2 Skill factm

Doskiiling, (I.e. the rapfacement of skillod peopla wlﬂ'hJe,s skiled people) does not
- generally take place: The oppasite actually tends tu fiappen, because designers
beglin 10 do thelr own drafting and dita control. Low skill Jubs could became
threatenetl. Much of tho functionality of Orafters, tracers, data c trollers, stc, who
perform little mera than a clarlcal role, would be t&.on over by the systemand usad
directly by the higher skilled dasigners. A side effect of this elimination of low¢!!
- skilled paople 1§ that older dosigners {famillar with paper based design) refuse £
directly ‘interact with the CAE system, This'ls Kecause they ses I as & "Data
Controllers” job, le. a menial task, despite the fat thatalayerofunnacass-ary. error
trong communlcation Is dlieninated, _

This Is unfonunate. because CAE systems raqulrs hlnher skliled oparatm than
simpls databage systems, yet traditional desigriers are expecting daia controlicts
to operata the systern on thelr bahalf, ¢This will not work, hence the requlremant
for an attitude and culture change. Expeérience has showh that successfil
Implamantations of CAE are opargied by higher skilled peopie. (One banefkt of
highet skilled usars is the Improvisd communication between systom developer
and usersdue tothe more sophlsticated understanding of therhlgher quality users).

Y] o : s e B
‘3.5.3 Dlﬁarnncas between usors and non-usm '

o

- 1One would expact dlﬁarem awaumrus from uire gm! non-users, namely' |
Nmmmmmmmnmtmmmwm They perdelvo
* thelr jobs 1o ba lass motivating, needing less skil, of lsss signlficarics, ahd *
haing less task identlty o
* Usars would tend t§be posnm. GAE goame to'provide bettar Job
opportunities, new procedures ure made importarit than old methads,
7 "Wwizkkia" are placed in tha Ilma Ilght otc. This can nause resantment among

Actual ﬂndkmsdmersomawhatfmmtheaboveaxp&tallms'- “ @ '

A genaeral trend was an all robnd negative fesling bocauss of the perceptlon
that designing I8 a dead end Job (whathar & user or not), This Is interasting,
because CAE could b parceived to open new doors, or could ba seoh as &
threat that degrades thelr job itatus (alieady shown 1o be afalss percephion). -
Both old and young sas the potentlal of CAE st the slderly don't see the

§ opportunitles In their own personat future while the young see CAE us a very

' important part of tholr futiure yet other organlsatiunal factors {salary, working
conditions ete.) tefw to play an even bigger role. Non-users sentimants
towards the technology also depend on whether thay chose to be non-users
or were axcluded for othor reasons, [MGT 02},

Job erkl goals of users and non-usors are the same (e.g. g3t a design done) but
jols content and methodolagy difer dramatically. \

L
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Non-Tachnlcal Aspects

Age factors |

Oldar paaple tend to remaln non-users and spend more time on suparvision, nigh
fevel creativa/conceptual design, and support and maintenance of old designs.
‘They spend relatively little tine on the detalled design of new projacts. Younger
designars spend renich time collacting information and are principally invatved in

.. the datalled design of new projects, Nany ald non-users don't sea any personal
bengfit in learning a naw "foreigr” tachnology and are quite happy to be delegatod

to loss Impartartt joba, This would be the group nearing retirement.

Younger peoply) tond to use the techinology first, The average age of users Is 39
whiia that of ngb-users Is 48 IMGT 02]. (An aven largergap is evidont In ESKOM),
The chances;4f sotmeone heceming a CAE user decline by 2% for each year of
age (Lo, s6neone 10 yoars older would stand a 20% less chance of being a CAE
user). Now profects go to users (therefore young peopis). Although younger
perle are less experienced overall, thay tend to e better cliucated and ricre
expérienced In moder technology. Care must be taken though, to not lose the
exporience of older people asthey are moved asldo, .

Young and okd have different lsarning capabilities. The young seem to lear fajter

.and rely a lot on memory vibile the eldarly leam by adjusting thelr oxperigncp to

new conditions, 1o, learn &, analogy.

Job securlty - L TEe : -

Generally there aca 1o Job raductions {as prormised by viirdots) [MGT 08), There

. Is often an increase I staff during transttlon phases and this axtea staff usually

3.5.8

romaln witit tha organisation ao benofits click into place and production is
increased, The percelved jobshreat seldom matorlalises If people are preparsd 1o
be retrained for now roles, Theta Is a fear by techniclans that engineers may take
over (and the same between diaftars and techniclans). This is & valld fear as CAE
systema demand highet skillatt opérators. In South Af.8a, this replacement” is
negated by the shortage of skillad englieers and the trerd to make engineers

managers. Tha very low skiited people do face a real threat and would have to be
- prepared to advancé thermselves or face redundancy. ' o

Non-users, and lbwér sklled plaopla would ba flﬁt 1o go In hard times. Those, in
which a company has Invosted much in training, would ba retained the longast.
. . fl}f’

Ergonomle factors . o Jf

p

' . /
These are vary often overlooked, yet can cause prablems that only surface in the
long term. Working conditions of “tarminal bound® staff must be carefuily

_consldered 1o rectucy health problems (o g. back paln, eye straln, stresstul chactic

surroundings, ete) Reduction In onhe-job soclal communication must bo
compensatod for by providing more non-job related soclal activities, [MGT 22].

L]
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3.6

Training

Training is absolutely vital f.ur bringing about a culture change and to rsap maximum
banefits from advanced techriolagy. This is probably o of the most Important, yot most
ovetlooked tacats of CAE. Tralhing Is repeatedly mentiohad throughout the "Non-tachnlcal"
sestlons of this report. Managers, Users, Devslopers, Maintalners, everyona Interacting
with the system In any waymust be adsquately tralned to cairy out raquired tasks. ThisIs
aven more vital in sop*tlstlcated environments such a8 Integrated CAE.,

~ Whather CAE Is. used In front-and design or only down stroam functions, aifects skill -
recuiiremnents. CAE suppont of front-end desig has kither skilt requirements. "Operators”

will tend to ba well educated ergineets or techrigians, if CAE Is only used in down-straam
operations (e.g. draiting), then deskiling could take place. Diawing ofiice staff, whd
praviously took an pctive rola in the design function, could acome little more than CAD
opierators / Data cantrollers, raquiring very fow engineering skiils, As was stated in "Rijht
arid wrong reasons for the introduction of CAE" (3.2.2), using advanced techrolog g9

a replacement for mental manual tasks seldom justifies the cost of the system. The furthér...

upifront that CAE Is uged, the bigger the beneﬂts. and t?'erefore tralning beccipes aven
rmore impoftant 3 .

‘1 ! 174
.64  Skills shortages .

Sotnerof the mést 'cumrhan sidlls shortage pri:blanis arefistod:

¢ Lack oiganara! computlng gkills: kayboard | use. data manauamant. computer
. usage discipline and conslstency, -

s Enginesring ability: CAE I8 not craative and thnovative, but is gond at data
capture, analysls and “whatdf* scenasios, Very advanced systems may aven
attampt to offer soma<advice Inhow a dasignmay be improvadd, but creativity
remains & hiran tralt and the computer used only ug a high spéded tool, Lack
of engineering abliity cannot be made up for by usln{ sophlsticated tools;

o Daslgns can be greatly Improved by iterative refinement. GAE's short design
cﬁgj tllme capabilities are very cften not prcﬁpeuy or Fully utiised dus to lack
of trlning;

o CAE ancouragas rationalisation and the devalopmen‘ of 2 modutar product |

range to reduce plece-part proliferation. In ganeral, engihaers are not
sufficlently aware of the logistic problems caused by Individuat designs.
Deslgners generally have insufficlent inslght into the operation and
mulntenance problems of the equipment they design, Modularisation gnd
consistency are factors thai enhance understanding and maintenance of
systoms, Modular designing for multiple purposes Is tm actuired culture that
roquires same tralning and a fot of practice;

» Contrallsed deslgh places an extra communication burden on designets who
tend 1o be Introverts, and Interparsonal skills and improved communication
tand to be iacking due to traditional islanding of functions.

» Formal tralning (such as at Techhicons or Universitibs) Is needed In larger
quantities. This Is bocause traditional, single discipline tearns, where a traineo
would undergo an on-the-job "apprenticeship”, are no longer well deflhed.
There may ohly be one expernt per discipline who would be too busy 1o act as
mentor to tralhees. The days of master and life fong pupll are (unfortunately)
disappearing.

p
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3.6.2
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= &3

Spamﬂc :llillll nowdad

. camputcr awaraness: Simple things like typlhg skilla, baska Gomputer
operation, what a disk Is, the differance beiwesn a FC and a malnframe
termingl, etc. Without such very basic siills, wrther trainlng and tise of the

7 gystemn ara severly hampeted.

» System Oparation: How to logon, how to use the menus, function key
operations, screan forme, 4tc, What fo do when something govs wrong (8.9,
& natwork dip or the database goos down). How to usa the provided facliitios
16 query data and produce reports, In other words, how to USE the system. .

¢ Concépiual model and doglign functions: Just knowing what keys to press
doos not help much i one doesn't know WHY. Dagign functiona and the
concaptual model must be mappod onto systerri pparutions, meny optlons.
screen foims, ote: This is very important if full use Is tobe thade of the systerm’s
advancad features,

o System Administration: The person(s) responsible for the administration of

the aystem must keow oll the raguired functions and procedures to keap the
gystom runiny smoothly, Thasa functions ingiude user registration and
accass profile \}iministration, database monitering, oloanlng out log tables,
Intporting data, otg,

o Systom Mai fance: Theteam taklngavermlmc«sama oithe nystemmust
be fully traingd In the technical aspects of the syster, The procedures to be
followsd In carrying out modificatkns, redesting antj placing back into

~ production must ba atrictly followaa, Standards must; always be correctly

ont appll . i malntenancais mx earrled out in avery d!saipl Inod manner, aystein
is ingvitibla. Sobing that approximetely 80% of & systom'l life time

aoém {8 consuimed by malienance tSM oe], It must ba ﬂuna properly, and t¢

do this, tralning Is necessary. -

@ Tealodng: In orderiotral pther poople a!fectivaly. mtmctarstrwmsalvﬁ st

ke wall trainad. Tralnlng tethnigues nesd to beadapted to m.ﬂtc the sidi and
organlsatinnal level and pembnamy of trainges. .

o

J’i
J’/

Varlaus tealring methada firo avallable. The most effective maihud(e) depm o

‘the type and size of the systbm, the mature of the organisation arx the nature of

the tralneas. Experlence hag shown that tutor based formal lessons are the hest
Introductory tralning and thipreafter onthe-job hands on taining. Once soms
axperienca is gained In the ulie of the systemn, follow-up, sdvanced lessons sanbe
prosented, (it is advisable to provide a separate tralning syctem so that produstion
data is not ak riakj, Users gahsrally are only intorested In lsarning just enough to
gat thair [bb done, This Is human neture and shouidn’t be overlooked by an

instructor. Sublle techniquss need to be used to make users soe the benafit'of.

broader thinging, Other methods’ such as Computer Based Tralning (CBT],

Imerastive Vid Inammlnn {(IVl), the use of annamtants otc, all have thoir placa. _

depanding on regulraments,

Y
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3.64 Continuation of Tralning .

it ;"
Tralning nveds to continue for a time aqual to that of tha life span of the system,
New staff members.and people changing roles (but still ramaining as users of the
system} need to be trained. it s unreasonabile 1o expect a newcomer 10 simply
climb In and learn the system. Continued, regular, formal training is required.
g‘tmln!ng may also ba required after each major madification or enhancement,

I
L

consl"deratmns for System Developers

l \ n/\i

The deve!opers of & system also play a cruclal ol and understanding of the shove

nervtechnical issues Is a prerequlsite, Genarally the people allocated 1o establishing CAE |

requirements are expens latholr own domaing but have little knowledgo of GAE tachnnlog;.s !
ItIs tnerefork diiflcult for them to visualise systerm raquirements when thay don'tknow'what
is possible and what Is ndt. This Is a vary frustrating time for system davelopers becatse
usars are generally only propared to have certain of their mund%manuai lasks
computert% (for fear of Inosing control), whereas the developor Is attelripting te bring
about rgvolutionary changes requlting a ma]or culture ghange (which doas’nat happens -
pvernight). Compitter systams should-be designed I o tashion which sliows for radia)
introduction (he. evolutionary, not revolutionary) offiarwice rgjoction of 1he systeny

* Inevitable. As & system is gradually introtuced, users begir i axpariencs the batatits hd

frustrations of missing functionafity} =nd wil, hopefully, gradually eogin o siter

~ behaviour In favour of fusther advancement, Both sides muﬁ‘tmﬂnuously ma'aﬁj
“concessions In arder to keep momentur, - -

’ (\1 '\ (I'.: !;. Yy

Managiement on the ofher hand must undarstand the difficuity n aralysingt’ curi™t J

procedures In an unsiable, dynamle environment, For example, as sbonusthe deva: rs

- have sufficlent detall about cortain activitles, the goal posts ars typically Wioved {sections’

ro-organised, people moved efe.) and large chiunks of system raquirements are invalldatad.,
The developers, I turh, must account for this and create sufiiciently flaxible s amgg that

_ are basad on logle and not polltics (as logle Is absolte, politics fickle).

Deveiopers need to employ “tricks” to bring abiout the required culture change. "Carral:
Dangiing” Is used by emphasising how a user's vested ihterests can be enhanced by using
the systein, if it can be cleady shown that a user will save time and effort at dolng sommthipg
that is particuinrly frustrating to him, new ideas wil bo aceepted. Lo, the developers misst
ot to know the users qulte intimately. Usars raiyst also sometimes be allowsd to design
srall parts of the system for themselves. This provides an all too impontant sensa of
vwnorship, Another aspect Is to consentrate on young people as thay are smore adaptable,
Idantity the key declslon makers and try win them over. Others wlll foi!ow out of fear of
upsatting thelr supetiors,

Users ofian demant that & tool must not restrlct o dictate activitlus, This Is true within
reason, but ong of CAE's strong benefls is rationalisation, This should not be compromised
to such a degree that other rolatéd benefits are lost, just to please the users,

Bevelopment should not attempt to exceed the Jimitations of the computer platiotm as this

. loads to compromised, difficuit to malntain software, Forexample, it shouldn't be attempled

tw creato fancy graphical representations oh & toxt-based mainframe terminal,
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4

System Models

4.1

| 3 Firstly ihe systsm is a Dasign Ald; -

Introduction.” . .¢ g

SR

Any information system{must be based on soma or other "model®. {MDL 25,32] For

axample, anAccouniting ystama may reflact tha Dual- wry dournaling systom and a Salary
packagql couid be basedjon a "Salary Profile Model“ . /

Dosign systams are best based on modeis that roflect the e{aulpment or system belnu
diesigned, If tha designer ban work with the computer tocl as though fia was warking with
a model of tho real ayster, then usage of the tool is greatly enhanced. This is-bacatise the
toat provides the ecessary faciiitles for the dasigner to think at an optiraum conceptud!

? . lave 4 and ot have ta kee transiatmg conceptual thought 1o & lower [aval sultable to the

toat', Canskler an oloctrical system dasign packaga for example. A designar thinks intarms

. of transformers, cables, switchgear and motdrs. Tho System must therefore enable the

dosigner to do just that. Helshould not hava to think in terms of database records or lines
and curves. The model mayywell ba Implemented using such irimitive ioncepts, but the
user iImterface should shiaid such implemantation detads from the designer and presant
himwitha ccmsla:ant usable ipterface whith facllitates thinking at the corect conteptual
level,

y %

Madeliing real world situations is difficuit because the modal chiosen Is very deperdsnt on

- the point of view taken. For example: a designer is Interasted In voltage and qurrent levals,
@ sitg angineer may only want to know which contractor i7olng what wark, a project
accountant inay p4a the systom as a series of related cost-sodes, planners may only be

Interasted In wiaitls done and whan i is belng done; and not how ar why. The approac.h
taket davijoping GEEDS was:

Lo}

" Sacondly a Construction monitoring toof; and

. Thlrdly a Cantract monitoring tool {Refer to *‘F!naneial Modals: {4.4) halow).
" Thig ordar of priority has abvlously elfocted the polnt of vlew!ram which the muda!s have

emerged. The driving force was to create & suite of models suitable for the design and

construction bf slectrical systoms. They are based on the real-ife way in which eloctrical

systams are mads up. The PHYSICAL Model Is the mals modal and forms the foundation
for all subseguent medels. In order to control tha design process, a DESIGN PROCESS
medel Is proposed. This model would eonirol the sequence and validity of operation belng

" carried out on the Physlcal model. The costs of the physical equipment contained Inthe
Physital modal canr be determined by having a "Cost Reference” Inte an npproprlate

FINANGSIAL Mogsl, Each of thesa mada!s are dlscussed Ih detall betow.
Refar to Figure 4,1.01.

b

. .
(1) Generalised GAD aystems are not optimal dasign imols bacause the deslgnar must thinik it terms &
primitive conceptssuch as lines, curves and surfaces ahtd not in terms of the physlcal objects with
_whish ha s working, The “ropresentation” fibsented by such a CAD systor carslos very little inherent
‘hformation and therefore arlalyals of tho deslgn representad is correspondingly difficult.
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4.2

Physical Model

The physical model developed for CEEDS was also Influenced by cenaln organisational
factors. It must be emphasisad that the main thrust of the system was to model power
distribution equipmant. But the model applieg equally well to process control equipment.
For example, with power distribution, the "Switchgear Board" Is a main component,
whareas with C&I equipment, a PLC Cablnet raay be the main component, The majorlty ot
functionality currently provided favors the power slde. A reason for this blas I3 that the
majority of Electrical Dasign Is done in-house whereas the majority of Procass Control
Deslgn Is dong by external contractors. One of CEEDS's main functions Is the smanagement
of power cables and most process control sables (therefore accounting for the well
devaloped Sable Deslan Functlons and the consplousus absence of other design alds),

Ancther lnﬁuenclng factor in Model design is the depandency on currently used
tachnology. For example: Switchgesr using electro-mechanical control has very differant .

» speciiication attributes to a switchgear using electronic control techno!ogy. This effects the

modei details though, and not the principles.

4.2.'1 Graph based Node-Link Mode!

. The concoptual model chosen Is & *Hisrarchical, Dirsctional Mum-ampn based
Node-Link Network", n . .

» Graph¢ The data structurp Is a gmph struciute (as oppossd 1o tha almpzer
structure far example) consisting of Nodes (Verticas) and Links(edges). A
* Graph structure allows any node 10 be linked to any othiar node and therpby
craating a "Network®, Alink may only be coupled to one node at aither end.

N ¢ Node: Any ploce of aquipnsnt that can be vlsuallsed 83 a“box' and has cables
' . punnectedto i, Is modelied as & node.

_ » Link: The cables cannacting Nodos. ] i
o Multl-Graph: More than one iink can exist hetwaen any two nodes.

» Hierarchizal: A number of nodes may be "allocated” 1o one nodes, or ona notie ©
I can be seenas consisting of a smaller "Network®, Links canalso be hlerarchisal
. in that a singlé conceptual fink may exist betweon two nodes but it may sonsist .
- of & humbar of physical links (i.e. parallel cabies).

o Diractlonal: Links can crirry directional Information. E. . the normal direction
of power flow or slgnal flow.

Figure F4.2.01 demonstratas tha graph concept and ﬂgure F4.2,02, shows how
-the model is derlved from tha physleal situation tara eonteptual reprasehtatlon to .
a data structure reproseniation. " _

An example of whara multiple nodes are allocated to another nodaisa Dlstrlbutie;n
Board (one node) that has many switchgears (eagh a noda) *allocated” to . Relar
to Appendix A4.3 to see how such allocations could be interpreted physleally, A
Hnk is hierarchical when miutiple cables are used for a common purposs, e.q. three
single cora cables, each with & unitjue wentifier (cable number), are required 1o
conduct a given current. There are three separate physical cables but funstionally
thiey are only one link. _
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Any operation Involving theink" must be cartled aut on all members of the link,
(For axempde, 31 cablas beionging to the link should bo routed along the sams
rgute arid nof split aver varlous aliernative routes). This Is achioved by heving &
“Parent Cable* wik “Chifdren Cable(s)” belonging to the parent. ,

The Lmiofdetaﬂthattlwlmodel mﬂstmﬁagecanalsovérﬁ and there aravarious
Jdechnigues that can e smployed for thase lavels. For axample, an oloctrcal
tietwork can bo visudlised having # Mecro, Mid-range and Micro conngotivity. o

N s Atamacrolavel, thera lsn’t everi the nesdfor actual lnks, One of the attributes. .
of a.switchgear for example woulkd be & ‘Fead Coda”, This would indicate the
~&nd user of the power sontrolied ;bcyhtha switchgear. Any notles In-betwesn the
* - gwitchgerr and the end user {such as junction boxas, transformers, spend”
conttollers, ete.} are ignored. Ring fend systems and altarmnative paths ang
ignared by assuming power flow in only one direction (the defauit direction
woul; oo chosen), This results in a tree representation of the distribution
network, Seo Figure FA.2.03. Thare are uses for this level of modeling, .
. especially for initial design whete unnacessarydeiall clutters and confusesthe “
K% Issua, F. 7 oxample detalied cabling nead not b known inarder to work outa
stilfatsdo distribution system ov in deciding which loads 1o aliogate to which
boards, A represantation at this lavel would resembio a "Single lino" dingram;

o At the "Mid-range" lovel, all nodes and alt eables (links) would be modetied,
Thic levet is very, gead at repregenting: connacilvity betwean eulpment, A

. repraser> ey at this lovel would resemble "Cable block" diagrams;
At the Micro Tovel, Individual cores within multi-core cables, and the Terminal
strips within Nodes would bp modelled, This provides sufficlent detadl to carry

out construction and commissioning of any modslled equipment, A
reprasontation at this leval would resemble *Termination" Dlagrams and .
detailed schematlc diagrams. Medelling down to termination level makes it
possible to provide avtomated support for the design of eyuipment such as
junction boxes, distributionframes, splitter boxes, ete, Hefdrto Figure £4.2,04,
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Figure F4.2.03

Faclitles should exist wheroby the Inegrity of these three levels is guaranteed. For
ekample, maero level cohnactions cannot be changed once cables are couplad,
and the ¢able path (at the mid-level) must not conflict with the Macro connegtion,
It Is proposed to gusrantea this Integrity by controlling the order In which actlons
may take piace, (Refer to the "Deslgn Process Model (4.3) below). Using the
répresentation schemes described below, a graphleal query could be set up -
whereby multiple levels are represented sinultanegusly and visugl vermcatlon eHN
take place

422 Systams, ldemtlnars. Equlpment Classes and Typds

Each Object (Node or Link) within the model must be ablato be uniql}elyidantaﬂed.
This 1s achieved by giving sach object a unigue "Object identification Coda", {I. 8
ovary INSTANCE of 2 nod orlink Is coded o indicataits place In the total system) .
The underlying datdbase management system ensures uniiueness, Along withthis
code a natural tanguaga dasctiption Is also given to anable hurnan Interpretation
of what tho vnde s, -

fy Each objact Is also given an "Equlp{nent Class", and within lhat Class, & Type can
ba specified. Soa Figure F4.2.05 for an analogy betwesn & node and a person.
The Objett ID Code {ahd attached description) describe anmstantie of a node and
Is unlque white the Class and Type give detalls about the node iiself which are
independent of the situation in which the node finds itself,

(1) Aninternational standard coding system has been devaloped for use oh powar statlons, It is known
as the Kraftwerk - Kerthzeichensystem (KKS) Coding system, This coding systemnt has been adopted
by ESKOM for use on all new projects. The identification code used on CEEDS Is code Independent
to allow for non-KKS "System", "Pseuda”, and Dumimy hodeslir 45 and to aflow tha systern to be used
for older Nen-KKS coduod stations, Verliication of the carrac”.iass of codes Is achleved by a specific
Coding system batch mode verlfication facility (Refer ‘v "Codlfication® (5.4.3) undér "Deslgn
Functions" (5) below)). '

"
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For {xample, & mator of given Type can be used In multiple locations, but each
location s unique. Thete (s one other kientifier which doesn't play a pan during
dlealgn but is used during malntenance. This is the "Stock Item® number, or Sorial .
number of a given physical plece of equipment. A Noda tdentiffer (for -
exarmiple) Identifles the node's positlon and function within arsystem and does hot
deperid oh which speciflc instance of moior is actually Installed dufing
constructlon, N

if this motor is removed and replaca?& with anather miotor of the same type, the
= removed motor retalns ts own "Stock item Number" but not bs Node identification
Number. The new motor (with ts own Stock item Number) inharits the Node
Iderification number from the removed moter, Both the old and the new motora
should have ths same Type Code. Spe Appendix Ad.1 for detalls on the KKS
Cading system and on lhe propased }&lassn ypo coding system, .

e Seq Figure Fd.z.uﬁ‘_foran ustretive example. - -
@ L _ o, 1 Code: QILAC1O,
. " 7Y Doscription:  UNTT 1 adu.e:ﬂ FEED PUMP
: Closs: MOTOR _
 Type: aEG/D‘l-«P? . . o
. Sertal No.: MT~602431 £

D iD .C?_de: AS-DPA~01 poo S 3
plion:  AUXILIARY SY S DESIGN. -

Class; ENGINEER
- Type: SOFTWARE “
Serial° No.: B%1333 5500 007

Codmg Analogy L ~
N Figure F4.2.05 |
1D Code:  M-A M- Mt VD
o Type: X Y ' X . A
2 Serial Nos . 1 2 3 £

cmaa Mo @" @ . @ @
, .:::::m?x / AL

1D Coder  MwA M-8 M~ N 3 (
_;_—.~ Typa:r X Y X ‘s
Serfal No.: 3 4 1 2

Molboggcﬁjth Serlo}] u%mbgr% uln & 3 aro Interchungable
Lds ]
Similarly for msgtora With Seridl nmbers 2 & 4.

Note:
*The ID Code r uina with ¢ given pogitlon,
* Cornponents of the same typc nrap:nterchonguhie. um a

Coding Example.

' . Figure 4,2,06
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" 4221 Type Referene Tahles o .

Two of r phbjact’s altributes are Class and Type (as rentionied abovq),..‘;!.é‘s'é

two cor ned could be used to provide # unisub sufere’nnaal?"ﬁ"iﬁm

Data",f’"\’-_ -0 Reference” tables are used io storg oll data rala ﬁ'g loag

- Typarpt equipment, Saparate tables aro used for aech Class of squipment,
Thaa¢/ata conitined Inthese T*f}o reforance taplogpire those dniibutes which

remainfixed for a given plece of
- frém instance to instance of ar squipme i
gpecific Node {or Cable). By giving an ublect a Type, all «i Gio attrlbuters

contained in the reference table can by “inharited* by that object, and eed
not b axplicitly stored with tha objact, Sorn attdbutes inthe referance tables
raybe "Default" valies. These couwld then ~ither be mberltad by an abject.or
-~ overwiitten In a duplicate attribute attached to 1o object. (Refor o *Detail of

ntlrlbutea__ 91  yarious nodes and links* {4.2.4) below).

. - - .- L . D A\
The attributes mntalna’cfin a reference $ibie would depand mgly o thi). .
Class of equipmentwhasie types are stored Inthe table, These artibiutes coulsi .

L)

b
] N

M fixed tachnicaldata, For exampio, & molor has,certaln E\«?

properties, physice*slzes, connection types, etc. {va ata, sinids

enaégm):lad load (nat rated load), for a specific nods, Is ‘Ié&chedrzu the
9 : far) ! . “ »

If the computer envlrmiment is suitable, graphical-{'uaga such as

torqua/spead curvas and bash plate Tayout could be coupled o the
referance data; <~ . o ,,4}5 : .
Default data {as mentioned abovaj: b

Cost' refarence(s} into varicus financlal ﬁmdels. Qf-,e Cast Roforerice
Sode could refer 10 a Financlal model that wouid Indicate capithl

exponditure (contradtual) cost for construction purposes. Other Cost
Referente Godes could refor to models that [ndicate sparas purchase
costs for malntenanes purposes, Certain other costs could be direptly
couplad toa type antinot referred to via & finarielal madel. This depends

-on how complax the obst determination of atypa olgcfaulpw:t Is. {Refer

to "Financial Modéls" (4.4} below); )
Expectad_'Iaboi' time {and costs) to raplace, ropair-ate, for Trade uion

and work load pamoses;
and there eould ba ?ﬂgl‘ly mare,

This Reference Information may be common to Deslgn./ Sopstruction
systems (o.g. CEEDS) and Maihtenance systems (g,g. PERMAG). If such
Reference Information Is available to both systems, th.-deslign systam need
only supply the malntenanda systemwith rminfmal Tnformation ( /haa Objoct
Identlflers and Reference Cades) bocauso all other data would ‘be avallable
In these centralised facllitlos,

o LR o Y\

auiprient, e atiriblises which cauld vary
s usage are attachekl to the

Mo
¢ \ B
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There are some complications in tha uge oithis refererice data. Thése include:

o Varlous projects may use different subssts of this reference data. (8. the
Majuba project may use a different set of cables to tha Kendal project);

& The cost rolerancas for a given equlpmem typa may be dificrent for the
various projects. {a.g. even though bath Majuba and Kendat use a cortaln
typo of cable, the cost of cables for Majuba may be highar than that of
cables for Kardal bacause of higher t\a"ﬁ'.:prt costs for Instance),

Possible soil'i}ans Include: , Ty

» } Uslng separate roforence facalt!ss !or eath pra]act. This Is the simplast
Jr walhod but could (eard to relatively Iarga seale ciu;:lﬁcallon of data; or

% "Project vodes' could ba Incorporated it the cestralised roforehoe s
systein to allow access to project spachic attﬁbutes. 0

¢ Separated "Lookeup" tables could bo-created and malntained for éach
- project with links Inta the main referanca fables, __

L4]

Forcurrcm reforence faclitlos and er detalls onhow switchgear arewrremly
spechicd; miertoprpandix Asd - - “

, 4222 Systems - .

Yaslous Jnformation comalned In the mode! can by grouped Into "Systams®
- _os seon from different pnints of vlew. Some groupings already klentiied -
s inchide: _ . ("T by

» Grouped by Contract:
All of the equipment that I to be suppliod uider a given contract Is
grotped together. (A dosumont that is produced along these fines I8
called the "Contractors Elgetrical Equipment Listing'), This Is achileved
- by allocating to evary objoct, R"Contract Code". Thia Is a link Into a series
 of Contract/Contractors reference fatilitlos contalning all relovant
information aboufthe Contracts and tl\YgCuntraﬂors).

o Grouped by "Work Package (activitylyn a Project Nikster Plan:
For construction purposes, ong must be able to dotorriine which
ayuipment is Installed ardd/or constrictey), and In what sequonce. The
total construction 1s broken down into wark packages {which are further
broken down I, detalled activitios). Thesework packages® are given a
codle, Bach objett in the physical modal ts tien allocated such a code,
Hefer to the "Deslgn Process Model’ (4.3) de.alls.

s Groupedl by physicat furictionatity:
For example: Turblno lubrlcation oil system, s t Dlower syatem, Mil
system etc. The KKS coding systom used as kdantification for oblects
within the modsl has an inhorent funct!onal breakdown. Refer to
Appendix Ad.1 for details;

» Grouped by physical tocation:
Each areajvolume within a "hullding” s glvsn a "Stiucture Cocde". Bach
object In the moded Is allocated to the area In which it woild be jocated
by attacliing such a Structure Code ta thn object, In this way, lists of



Page 40

L}

System Mbdels

I

-

equipment found In a given physical location can be produced. (The
striscttire coda Is part of the KKS Coding systemn. Refor to "Extansiona to
the modet’ (4.2.7) below and o Appendix Ad.1 for more detalls oh
Structure Codas), ' '

. e 3 iH
With the axception of ths Contract Code, all of the ¢ading systems used In
the grouplngs above are hisrarchical Ia nature. (Hefar to Appendix 4.1 for an
explanation of how a hierarchical cods works), A grouplng can be zoomsd
Into or out of by spacifying a more or less spacific search oriteria. Foraxample:
& complete buliding ray have the code of "11B", & large hall in that bullding
has the cade "11BAU" and & glven fipor area in that haly has the code
"$1BUA01", One nade may.have & structure code of *11BUAGT, ancther a

_ structure code of "1 1BUAGR and yet anather a coddo of "1 1BACO3Y, All throe
would be Included in an *11B* grotiping, only two In an "11BUA" grouping

and only one In an "13BUAOY" grouping. An édample of the use of the
funstional grouping Is how adisivibution board can be imploded” to reprasent
the combined loads that it feeds, (Refer to "Design Functions” balow),

Repregentational Schemes

Ona conceptual loval (Lo, fmman thoughtloyel) a “model represanting a real world
situdtlon can bo visuallsed, There are any numbiar of ways n which fndiduals
-, could visualise such & model, Some visualisation schemes are kientifled end
= discussed, The computor on the gther hand must be ahis to store, managoer ard
manipulete this“modal”, A compitar doas not hiye the visuallsation capabililes

4 of & human and consaquently a far mors well Jelined and rigidly structtred

kN

4.2.3,1 Conveptusl Reprasentation

. ropresentation sche -mﬂ&b‘a utiiised. Varlous sq*\:emas are briefly iwvastigated
and tha schema-on which

EDS Is based ls discilbsed in a bit more detal,

i e £}
: 3

x .
. The mental *ploture” that a person would bt%?or Kimssif of thig “modal® is
- ‘gighlylndwldual and very dependonton thala.

Wil pxparlence and point
view. A soltwars enginser could visualls

3 iri the form of a schematie dlagram, a machanjcal or oivif angineer may

wisunlisa It In three dimernistonal shaco as a serles ¢t 'boxey” oceupying space

andthe cablos as lylng on cabio tacks. inordarfora CAE tadl o ba as effective

- as possibia, the repregentation schemes offorod te/thy user should mimls his

own internal mental ploture as closely as poisibie, Threoe categorles of
representation have been ldenified: ‘

. \‘ Textual:
e Two Dimenalona! (20) Schematic (Symbiic);
il
¢ Three Dimansional (3D) Layout (Solld and/or Symbolic).

Eavh cotegory has its place In a systemn as they present varying degrees of
sotall and the nature and characteristics are diiforent In each, For example, &

it a0 & sotlos of leond Jolned by -
L E?' an elactrizal snginear may soe it as elecirical equipmant jolned vis
cable

80 Ixyout would probably not be tsed to calculate board loading, whateas o

20 schomatle represontation could serve the purposs and dotalls of a
component ¢an only be viewad through a text "screen®, ote,
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" white 100% for Instanon).
"How thess reprosentation can ba created and how thoy felite to other

Avery itr portant concept ta fealise here Io that these ropresentation schemes |

are only mechanlsms 10 view the model, All information is st storad in the
maodet, The ropreser.ation carries noinformation of its own (excep if data i3
added so the reprasentation and a rapont produced, refer 1o "Textus) and
graphical representations” (5.6.5) and *Configuration mansgement:
phifosophy" (5.,5.2.2) belowj, Al threw schomes should be fully accessible
from within any other one. La. f a sot of equipment is being visuallsed as a
20 schematle, the user should be able to point to ohe or nitore ohjeots and
gbtalh textual data or a 3D representation, Sknllady from within taxt and 3D

representations. Multiple reprosentations should be abla to be viewed

simultaneously. For example, | a text "window" describing the attributes of an
ablect Is beling displayed, a furthar text view of the reference data attached to
the equipmant type should also be able to bs viewed I so desiréd, Refer ta
Figury FA,2.08 for an example. JSC 07} »

Mcdifications to the model via any one representation schaive should ba
avident 1o all other representations besause theae representations are not
axplicitly stored, they are created from the model. Fer example, Ha noda s
addad via text faciiittes, it would appear It both the 20 and 8D representations
{if it falls within the solection criteria Used to genorate a rapresentation view).
Blllariy for ull other schemes, -

The exact ‘display would depend on how the reprasentaﬁ'on Is genarated,

- Thers shauld be a sumber of 20 display algorlthms avallabla to produce.
» varous formatc of representations. [MIN. 09,33,34,37,39,40] Thros

dimthnslonal ropresemtations can be created by using tha dotual X,Y,2
toordinates of squipment nodes, Al nodes selacted for viewing within a 30

* reprogemation, that hava ro X,Y,2 soordinates would ils on top of each othar

at onta focation {for Instance, a default of 1,0,0 can be used). In this way
non-dightizod nodes can be detected. Taxt scroens arp the simplest formit n
that either pre-spaciiied screen forms ara presonted, or floxible query fackities

atoused, Refarto"Design Functions® {5.9) balowfor detaliz of representation

moditication facilities, (0.9, zoom, pan, lsometric etc.) and for model
inanipufation functionsie g. create, move, defeta, ote). Display attributes can
be used extremely effectively to ald the dusign process, Golour, Intensity,
blinkinig, ine styles olc, could be used to dopitt and ald vieual identification;!

“of any number of situations. For e hiple, a fack doslgn could ba tmia '
racks

In 3D in which colour Is used to cepvet the different typos of rack (

are blue and LV racks are red for Insiance}. In the same reprosentation, colour.

could deplot rackloading {green 50%, yellow 50% ta 80%, red 80% o 100%,

n

graphleal represantations imust bo invastigated, Firstly, the graphical
reprosontations which are gonoratad for viewing during design, tend to ba
gimple leon based reprogsentatinons and net highly detalled, This Is because
thoy are usuclly cteatet to portray desirad dauta only, They aro simply views
of the model and don't exist inthelr own right, They are also totally unsultablo
for production documentation {e.g. sthematle drawings Tor construttion

purposes), '
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it is suriantly visyalisad that a set of Production documents tontalning a tixed
graphical representatlon will existin paralied with the model, Thesadotumenta
would initlally ba creatad automuatically, but are then manually relarranged fof,
aesthetic purposns. These daguments are not totally independent from the
system-fa that phjects daplcted on them must exist in the model before they
Cafiu,eral oh 8 docyment, (ng problem ks that an abjoct can be delsted
from the model and others added without first consulting all aitached
documantation. it is possibla therefore for a production reprasentation to “get
aut of synchronkzation® witk:the moded. It will be possible though, to verify
such documents agatnst the mode! for Integrity, before finally produclg &
hard copy. Tha verification routine could be Jncluded a3 part ofthe hard copy
productioniacilityto prevert incorrest data belng represented on ahard copy.

- itmay somotimes Badegiabie to hdve oul of date information ona document

- becausa the document mightrepebisent the state of affalrs at a given point in
time and @ hard copy of this may only ko produced at & lator stage, In the -
meantime changes may have taken place that causs cyrrant déta lo
contvadlcs that depicted on the hand copy. This situation should not arise in
‘awell courdinatad taasn, butredl life must be accounted for, Onga a hard copy
18 produiced for distribusion, the actual docy, nert can be revision controlled
and archived {in paper as woll &b elactronic madia). Referto Figure F4,2.09,
for & deplction of the relationship botween model views and docuprentation
balng produced from the model, Refer to “Tuxiual and graphical
representations” (5.6.6) and "Ronfigumtion Mansgement phito=ophy”
{6.5.3.2) for detalis on this revision control, . fu

Relations between Model Data, | B

Views of the Model and Dacumend

~ Figure ?4.2.09
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One last aspoct of modet represastation Is the(fnk toa 3D plart dasigh model.
The ultimate situation Is ona inwhich the Civil Structure Modsl, the Mcchanical
Plant Desigh Motiel and the Electrical Model areorie and the sarve tidrig, For
oxample, )f & motor |8 identlfied as being needod on & convayor aysiom, us
soon as it Is created on the Plant Design CAE system, It Is avallable 3o the
Ele.strical CAE systom,. Stmillarly for the Civil Structurs CAEystern, us coor
us$ a beam Is designed or a room dasignad, thesaumwtumaamav&ablafm
the machanical engineers to begin thelr plart design and the electrical -
enginaers can begin thelr Cable Racking Desigih, The extemal control of such
a systam is an lsste that needs to be negotiated in great dell hetwesn alf -
parties involved. Agroements must be made bitwean refevant partios as to
whan ¢ monedeslgnaoﬂvuylsstablema to be used by another.
Althougl_« GAE system will enablg contintious incremental adiustments to

4 the underlying models, people need non-changing base information with

“' which to wotk, The synchronizing of milestones and base datos will be a
planning and manugement function. Hefer to *Non-technical luuu" (3) g\
ahove,

Currently lhe Blectricn! system (CEEDS) I & stand alone syalam into which
data Is imported from Mechanlcal and Civll sources (it elestronic and papor
based formals). This data Is usad to create foca) 3D models for slectricsl
purposas (such as Rack Dasign and positioning of equipmert in 3D spacs),
Toensurethatihaiocal modal temaing uptndatawﬂhﬂwc!vlm machanisl
information Is an arduous manual task. The Elecirinal Modet (on CEEDS) and

» the 3D model {on the CAD systam) are also separate so 3D information js
Imported Into the alectrical model from the CAD for catia rowting purpotes,
This shiuation should be changing soon ‘with & change In computur- e
environment {Refer to"Computer Envlranment“ (B 2) batnw) S ¥

4232 Poysical Databass Siructuras . R

N\ Thephysical dutabase structure clapends on tha sotwars helrig used o m;e
" the mode! clructure and Information, There are & number of standard, well
developcd Database schomes avallable as commerclal products and a
\ numbar of lass well developod schemey avaNable &s "Mlﬂcla! lrﬁalllgumn
- Knowledge Haprasantaﬂun" schemes. [MDL 43]
.

Classieal Hiorarchical and Network Database adwméo wara not even
- conskiered because the morega?‘darn Relational Datibase uchamq Is far
supericr, [MOL 41,42], Other rices wisdern scimes such ”mﬂm
Oilerted (QO) Databawes and Frame Based Knowlatdge repress
. schemes were lovestigated from atheoretic %pol:}gﬂ viewand both arefi tly.
. very simitar in congept and secondly, are contenders to
tho current scheme. IMDL 7], Thers aro othor techniques that attempt to
use tha relational scheme, but In a noh-normallsed mansiar, to give it soma of
the capeblittos of a Framo Bosed Schoms. {MDL. 18], 1t 18 felt that « fully
fledged Frame Based System should be used Jf such functionality Is fecuired,
rather than "tiending" a loss sultablo schermo, This practies of "bending loads
to the madel manipulation functions having to-ba iNots complex a8 some
knowledge of the "bont schome s required by each funstion. This In turn
leads to longer developrment times and an intreased maintenance burden
! that I seldom [ustitied by the added functionality ot the "bent” scheme,
- Technieally, OO databaces would be botter sulted for the regrd el «F e
models described here but the choies of scheéme used wal sel taseis Wy -
which one wuuld bie technically the best for the job,-but on the avaliabiity of
a sultable commerclal product, g
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“The ORACLE Relational Dalabase Managernent systeﬁi viag chiosen for

vaviots tachnical and organisational rsasons. (The taxt release of ORACLE,
-namely version 7, has numerous O faatures, so the evolutionary move from

" relational to QO should be qulte srooth Jf the same praduct [2 used), Tha

‘advantage of having OO features at the ditabase level is that certaln

functionality that actually belongs with the data can be Incorporated 1 the’
database, Whereas the relational model, that only allows date Storage {fand -

not procedure storage} forces sll the da:a medilication routines-to contain &
such funetionaiity. (Reler to "Logging Facllities" (5.6.2) below for: axamples
of such funstionality),

-

GEEDS uses the relational schems for mode! storaga. Tha turrent achema is

K no: optimal and Improvements féllowing this investigation are tabled for the

major ovarhaul, The current p;]ncipias upon whlc!; the natabase.

S ture is based are:
e Nodas. Cables and Racks are modeliad saparatelyand alightlydl{f&ranﬂy

 Thayare all "objects" but Nodes cansist of many Classes wharaas Cables
- and Racks are already each a "Class’; . _

9 Gnmmdnnmzbutasafnodssarasturedinonalable.wﬂhsepamawblas “
JJor the detailed attribites of each class {with the axception ni the
milscellaneous class whlch santains only common dita);

| o Boparate Sets of Rafaranca tables for aach clasm (Flefar ao “Type |

_ Rmrancu Tablea* (4.2.2.1) abova},
v Financlat Model Tables, {Hafeﬂa “Financial Modolt“ (4.4) balow);

« . Varlous "Dictionary Tables" aantalnlngﬁodlng reférance Infonnatlon sre
separate from the rialn modal, but vetification takes place agelast these
t(gblaa;),) (Refer to "ﬂnaign Verlﬂeation Chaecks and Model arutlyuln"

P

. cantmcmal Ducuments Tahlasa {ﬁafar fo "Domractual 'Documents”
(5!5 3”. ﬂnd (£ :_ W .

‘-’J ¢ e
-0 'SystemsSoﬂwaraaonﬂnuration. (F{afartu ‘Software cwﬁgumlon
. Control (5.4.0) balow);
o “jsarintorface” structure, (Refor to "Man Machlne lmerfacamw)"
":‘(5 2) bB‘IW); v 3

¢ };'sitan;jard Reports" struciure, (Refar to "Standard Hapm;" (5. 5 2)
' 2I0W)

¥ *Model Struchire® nma, {Rilerto Appam!lx AS,1 for an examma of
"Macel Structure" Data). .

Flefor 1o Figure F4.2,10A & $ for & graphical ropmsent[étlon of the relational
moclel and 16 Appendix A4.5 fora dotalled description efthe curront CEEDS
Databasa Structure

[
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© managemant system, but those Tivolved with system tuning may nedi to

Jl .
Tha mcact storage of data on disk F/a detail whlch is left up'ta the data“hse
undérstand soma cf thase detalls nrder t¢ gain nptimum perlnrmance rom

the database
. : ' ' { ©
4.2.4 Dhetailof attributes of various node und tinks iy
e TN T
There are car:aln categories of att butes L Jd fe&r any bb]ect. Therq are

attrubutea that Sre:

o Commonto all ob]eols' o : 5
o Speclfic to a given clasyof bbject {.e. Dé‘mns). ind e

. & Rpference attributes Inheritet] fipm the; reference tables (daa!t with al o#ef
under "Typa Relarance Tables“ 4.2, 2.1}). .

Notss and cablas are handiedslig htl
* there s sssaptla¥yaniy-one Class uf
Classes of Nodas {e.g. motars, vaivi
hoxes, battgrios and many mora). Th
bozh nodas and iinks. a8 E}bjacts

42.41 yodas "

Ink, namely Calbles Whereas thets afa rifany
3, swltchgén‘ar, process computers, junjtion

dlﬂdranuy from aaah other, This is begijuse-
%
prlncipi haough, aré aquaﬂy applicalitie to

R oé.ommqn Nude Attribigiss lnclu1
\\ S”LID cada and ﬁewﬂpﬂon{sﬂt _ -_
et |

em (Refar 10 "Syatama" (4.2.2.2) 8

é

- ) ) B

ommon Adhﬂhl‘étrauﬁea butes s’uch as loua ata ku. cmat,
~ last uudated d;;tes, gource data lndl..atio remarks. >

. » Physical nttrlbq‘m such afjy¥, ,Z rdinates of & nodp's locatio
describad by the 30 aspecliof the model; .

# Common mode) attributes Such as "Parant Node", fo exampla.

. 1o whlgh & Switshgenr is i I ted, ls !ts F'arent Node;
s Powar roquiremonts 'y/ Fﬁlﬂ.oad uurrent, Powar Hatlna. atd, (T{jeso
\\ attributes are currp-m} re a ed a3 gommon atttibutas, but, considiring

li} "Subtieties of Power Consumiing Mo les”

complloptions Hota
themasdetallsboionglngtothosaf}l 508

4. {a28), Itisproposu&iam X
that hava such attrioutes; |

¢ Construction foadback'cl td suoh as "&Etg qoramissioned |pad
: hanﬂedwer- - \ o o .

¢ Notes, Each objoct.oon hajte any number of free format ta‘xt tes
attachest, Those are malnly thiere to provide the designerwith a il ible -
fachity In case th) provided dftributes are Insuificient 1o allow the o
to doal with & spucific situation), but could be used for any othsr purpd ses.
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8242 Links

o Class spachiic Administrative attributes,

3 i e
For example the Hesigner may want to Indicale that a certaln motor Is to

ba palnted a non-standard colour;
e Graphlcal representation attributes. These would be atiributes Such as

leon shape, default screen iocation, default tolour, ling stylés and

welghting, otc. Currently these are not fupported due to the Jack of a
graphical interface. (Refer fo "Computer Envitonment” (8.2) below),
Many of thesa attributbs would be overridden by the display algorithm to
highiight cenaln conditions, For example, one representation would

ealour each Typo of Cably Racka qlfferent colour while Inanotherdisplay, *

- the colour'a Rack takes on, coultd ba detarmlnad by ts % fling. . , ‘

. Detalled attributes ara thosa attributes that differ from one Equipmant Olass
to another, Lo, they are those characteristlcs whlc:h meke motors different -
o fram swltchgear for Instanice,

Dotalled Attributos Inc!uda y

e Those techntcal pitributes thet cdtid be varlan betwaan two Instanoas of
the same equlpment type, These would include, for example, various
settings, the qurrent rating of a switchgear's fusas. atransformers ncrmal

tap position, ete.
i\ Thosaattribites that, whan combined wllh-nostrates found inthie finantial
o) modal, would gsntribute th the total cast of an object, For example,

- torminal ‘slzes on a switchgear (argor torminaly are probably more.

expensiveior whether a switehgear has lopal currant and voltage
indication or not, For g link, its length would fali In this category. (Refer to
*Costa dlrectly coupled to the Physicxd model {4.4.1) balow).

Those costs diractly attached to & spacific instance of an. abject [Refer
to “Costs directly poupled to the Physlcal modal® {4.4.1) below).

it

o “iass spociic MCdol attributes, Thi 1D of the fterm balng supplied by 1
swltchgear {Faéd coda), clroult nikmiver within & Board, elc,

. %:ass specilio finks 16 Yata other than the Heference dala attachad 10
0 Type.

u

-1

Ag Links have only one class (namely cables), all aftributes are common,

- Atribute categorles are simllar to those found In nodes, and-quite a number

of aftributes are common between notles and links. Soma of the system
grouping attributes applicable to nodes have no meaning to Hnks. For
example, a Structurs ¢ode is meaningless, as a link could travarse any numbar
of araas while Hinking one node to another, Currently, construttion feedback
attributes for links are far belier deveioped than those for Rodes. (This is

" because one ofthe malnfunctions of CEEDS Is to maragethe cable contract),

it the system Is used to model links of & different ¢igss (such as optical fibre

links, for Instance) then link attributes would be strictured the same as for

tedes,

4
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4.2.8

0urrentiy only a small set of equipment r*lasses are being modelled. These
are Switchgear, motors and transformars, {This once agaln indleates tha
power blag within CEEDS), Any equipnient not specifically modelled ag arnt
oxisting Class Is regarded as "Miscelianeous”, The Class called
"Mist:elanecus" has no detalls or Type ard therafore no Reference attributes,
ohly comrron attributas, Refsrto Appendix Ad.6 for othar equlpment classes
being considered for saparate modeiling. .

The datall of attributes applicable to the "Model Extensions” hamely Cable

E;cklng and Cable Drums are dealt with in "Extenslons to-the model" (4.2.7)
oW,

s_peezai Nodos and Links

In ordar to model certaln real world situatinns and to enable desigh to take place

with minlmum gata, "System shjects and Pseudo objects" ara required.

Systam oblacts #ro nodes and iinks tequired by the maodsl to ensure consistnncy
in the absenes of roal data and to make the model pompatibie with sjuipment
labeting requirements (as lakd down In the KKS rulgs, refor to Appendit A4.1).
Examples arg; when a cable’ts required to be coupled to one plece of squlpruant,
but the «xact node to which it s coupled on the other end is not yet known, then -
it Isterminated to thaFLOATING" node. The modef raqulres that a dink has nodes
at both: erxs, 50 a*Systam® defined node s used untll the real node is kndwn, The
iink is then disconnectad {rom FLOATING and connected to its real noda,

Psnudu ob]ecta are noden and links that ars created In ordar 10 make the modal

work In vertaln reat world situations. To the model they appear as real objects big
In real ilfe they don't actually exist. Examples aro: When cne node is coupled to
another via a bus soupling, there is no real cabling involved, but there Is & link, A
"Ghost Cable" s therefore created to link these two nodes, (This could be handled
by creating a Link Class calied Bus-Bars, but there are so few such cccuirencaes

-that the extra effort Is not justified). A Switchgear his an attribute "Feod Code® to

indicate the plecs of equipiment belng fod from that switchgear. Normally dnly one-
plece of equipment isfe" o one Feed Cude s sufficlent, There are gasws though
where multiple loads are “Laisy Chalned”, All of these rodes are "allocated" 1o a
Parent nide. This parert node then becomas the feed coda for the switchgear,
Tha parent hode doss not actually exist and is therefore a Pssudo Node. Refer to
Appendlx M43 for more dotalled examples

Subtletles of power consuming nodes
i

Whean the anaiysls for CEEDS wasfirstdone, anode thatwas capahleofconsu“mg

power was medelled In‘quite a simple manner. Now that real data Is baling Inex Yod

into the fisdel, a numbar of Inadequacies In the madel haw. arisen. (Curtently

'wOrk-arounds" such as the use of Pseuda nodes are being used to overcoms thia

model’s shorteomings. Rafer to Appendix A4,3 for more detailed examples),.

Ny
] D
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Somaoﬂhesa Subieles as: o,

) Currantlythe Ioad current. ploctrical pawarratlng, powarfactor. otc. are quoted
at rated {ull load, (These valuos should ba aveliable through reference tables).
Subsequently cabies and tran arrners are being sized according to these fult
Ioad ratings. But tha shuation Qften atises where, for exaraple, a 50 KW motor
Is usad in an apptication t y requires 35 kW, This could bé to use the
same motor type as required for other appiications that do raquire 50 kKW, In
ardar toeduce the proliferation of spares. Cables sizad on the full Joad ratlng
in this sittation would thus be over sized. Simllarly power factor corraction
could be Incorrectly caloulated, Such situations woulg currently be tmndled
by attaching sultable notes 1o the spacific nodes; - -

. -curreﬁuy provision Is mads for only o st of ratinns. [£: only one powst
rating, starting cutrent, ate, There ath cases of componenis that could have a
number of sats of ratings, multipie speed motors for Instanca . For cabie slzing
purposas, only the maximum of these ratings Is nacessary, but thars may be
otherdesigh conslderations that do require such Informnation, Simiiarly a given
node may havamultiple requirements such as Main AC powar, Auxiilaty AC
and Auxilary DO power, (This situdtion is currantly handled by creating pseudo

~ hotes to recalve each supply, then grouping them intothe real “parent” nude);

‘When bosid loadifig and power balancing are caleulated, power nodes aré
_classiigd as slther.contintous load, Intermittent loat or standby load. Board
loading Is nat 8 $imple arithmstic sum of all loads, because notall loards would
be on at the same tine, or started at the same thma, Using the ebiove loading
classifications and corresponding diversity factors, a probabilistic 16ading
profile can be determingd for & board. This Is whare the prablem arises,
because some {usually critlcal) loads may have a chop-over system with
muitiple powar sourcss, One source Is s normal continuous fead while
anatheris its standby fead, So a“sehizophrenis” nods appears hecause to ong
" supply It should be seon as a contiruous foad yat te other supply wants.{o-
s00 ltas & standby Joad, (This situatlon is currently bandiad by atiaching ne* s
to thi2 relevant switchgear indleating whether they unction aga continuoy?
a standby supply. This is not  satisfactory situation hocausé cable sizing/
be shHected by the namre nf the laad and tha slzliy algarlthm* ca;v;u ad
'\.\ notGS} - f ‘.\
aGurranily, a node haa B “duty" which descﬂbnsra as r‘antlnuous, intermittent .
\r Stapdby. The Transformer slzing activity would make use of such duty -
nformation to determing load profiles, Cable sizing on the other hand also
requires a“duty*description of sorts in order to determine the desired volt-dmp
Hmits, For exarmple, cables feeding Intbrmittont loads can be sized 1o aljow a
5% voit drop, volt drops bn main transformer feeds may tiot exceed 1.5% and
on motor feeds, 3%, A problem arlses If the "duty"used for transformer sizifg
{8 also ysed for cable sizing because s Motor load and a transformer feed are
hoth Continuous but have differant volt ﬂrop critoria.

H ®

n .
2 e

4.2,7 Extenslons to tha model : : - Y

* The man thrust of the- t‘hyslt.al Mude! Js to modet an slectrical network. Some
extenslong have been added 1o the modal to facilitate Cable Rarklng design and
Cable Drum Management. _ o

&
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4.2.?.1 Cabla Hacking

Cable Racking Is raquired by the a!ectﬂcal médel to determine the physieal
tengths of lts links. Links carrying power need 1o be ‘slzed” (L.e. Cabla Type

. detarmined) and the number of parallel cables, the coare area and

insulation/armouring type are very dependent on the distance bstween a
supply point and Its lpad. (Signal catrying cablas may also need spacial

attentlon for long distances, e.g. extra screening, Insertion of repeaters, otc).

This- distance Is determined by dasigning "routes” batwaen: nodigsin A 30
model. Cable Racks and suppit structures are thon placed atong |
routamto facilitate the Jaying of a cable beMeen thesa riodas.

BooE

* Ratks are made up of stralght segrants. Thasa individual sagments are
modeled as nodes and the Joims batween them, as links, Cables are vated -

and lald on thess racks and In tha process, rack tilling and mass loatting can

be datarmined by considering the physlcal propanles of the cal:ﬂas wnenﬂy" :

allosated to any given rack, o T
CEEDS has fouk main functional areas, these beling "Nodea®, “Cables®, “Cable
Racks' and *System Administration”, Scione can sée that ta modaliing,
represantation, managemant and construction of the Racking natworks are
a very relovant past of thia complote Systam. To deal with the Racking mode
In too much detall would only chistter the main Issties. Many of the principles

. . which arg abigllcab!e to-the slocirlcal model ate common to the Racking
' miodel, aithayh 3D reprosentations play & greater role In tiie Raci-:lng Mndal

Rator tuAphgndlx A4.7 for detalis on Rack Moraliing.

e asnectmt is of Intarost though, s the madelling of Volumes and Arets
as objects. These arcasivolumas arg ldentiffsd by Structure Codas, refer 10
“Systems" [4.2.2, 2) abova, Racking design I8 broken into "Chunika® that
catrespond to volumes defined by these structure cades, When a cable 1s to
be routed betwean two nodes that are not In the sama, or even in adjasent
voluines, it becomes difficult to flred suital o inbetwaeh” volumes through

Appendix AS.4). if the volurnes are modelied as hodaes and links.are created
to represent connsctions to adjacent volumas, then & network of Volumes
can be buflt ug. [MBL 18]. ia tids way, a searchingalgorithm can bewsed to

&

r» which to route the cabla. Currdinly this is being done manually (Refer to ‘

find sultable routes batween far rem ued vefumes, Refer to Figure F4.2.07
for an exampls. There are other reasons for modeliing thése volumas. If & -

represghtative point (a.g. centre) can be, determined for all volumes, then
aquipment allocated to that volume (by attachlng a Structure codo to tho

node} can inhorit the X,Y,2 coordinates of the representative polnt, Tn other

 \words the node I foosely positioned within & volume. This could allos other

tlaslgn pro?sog thatnead a node’s lucation, to continug with tha estimated
‘position unilt actual placement takes place. It would alswy 2ossible taverify

= xhn coordihates of 2quipment already positioned In 3D spgte for integrity

rpgaes. Thig would be achlieved by checking that thp. nodes!, X, Y,2
thates. "all within the limits of the vcﬂume that théty are alibated £0,
i



5,
/

L

LH

| Systerm Models

Page 53

o -

o - )

<]

W ‘4-217-2

[y

B
T

T
’\

-

CHIN

T wi,
rr .' P
T
1

; P

:

1 "fh ™
L
’

i gp" | ENFPAS - R,

o

i

r?',.

s

gl dable Racks

Point of View, the fibllowits connections
v . L] " oo o y

F fom a Rack Connactivjty
exist between volumes: ! A :
AwQ -0 . .
. g - gr‘,-i‘ I . - .
-0 S
’ A ““”D ety f.',/ i+ . t

No dirget pothy éx_ist..ﬁgt‘waﬂ A - B and ) - B -

Relations be}we“@n Volumes to find suitable Route
X Lo o

0 “_ o . i o
Figwre F4207 . . .

“ T K

Cable drums f

° “Thia is essentially a real world extenslon to the model, Cables ars d_allvaréd

to site on drums. Each drum is registerad with the systein, Some ég;t&g

Y attributes would be "Drum identification Nutmber, “Cable Type®,

- length differ signlficantly, then appropriate Investigations can be activated..

Dellvered Length®, ete, A cable is dasigned on the systemand an insln%{on
Is Issued to thecontractor to pull a cable according to the detalls given 4 the
systom {a.g.: pul a cable of Type T, with a theoreticaltength of X, from ﬁod

Ao Notle B, The eontractor then remves cable from ong or more drumsto

carry out thistask, Oncethe [ob s compilete, feegback from sita would indicite
the number and fength of zable segiments: used to construct a given cable.
For each of these sagments, the Cablo Drum from which It Is removedids also
given. The people managing the cabie contract ard now In a position te - atect

any significant discrapanties between deslgrn length and actual iengti! They

are alsn able to determine how much cable should stll ba available-an any
given Cable Drum, ifthe caleulated avallable length and the actual avdllable

Other data fed back Into the system, such as number of Jolits falso

calsulatable), arid termination types (e.g. what glands were used), oo, make |

very accurate cost astimates possible by referencing the relevant Financlal -~

Madal (Referto"Finanslal Madels” (4.4) below and Appendix Ad. 10 for mere

dotails.
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“ Reférto Appendix Ad.3for a deseription of how 8 Pseudo Cable drumis used
to managa some real world situations sdch 35 the re-use of cables).
c . o

i

428 The Deltion of Objects

" The Dalstion of Nodas or Cables-from the system, although belng functions, are-

very dependent on the modal {Refer to the section on “Design Functions® (5.9}
below), The modet rastricts the delatlon of objects based on "Real Lia" rules. For
example, a cable cannot be deleted from the system if it Is atready allocated toa

* Rack. it wad first have 1o be un-routed befate deletion can take place otherwise

mvﬁ ck loading would be false, A hode cannot be dele;rfd if It Is belng fed from.a
switéhgear, The switchgear's fodd sode must first be rullifiedd before delstion is
passible; otherwise the switchgear containg false informiation Int that it indicates
that it Is feeding a non-bxistent node. No hode can be deleted if ithas one or more .
© - cablas-enuplad to it. Either the.cables must be un-couplad and re-coupled to
J~ 7 another node (such ag "FLOATING", refer to *Spacial Nodes and Links® (4.2.8)
above) or the salles must b deloted, A very sldgant software solution was found
toanforse %uch nites withaut laving to expliciiy state the rules. (ﬁefdriunpp':{ldix
Ad.2 for detalis). Thete are other non-physical critaria that could- pravent th
tielation of objects, refer to the"Oesign Protedure Model” (4.3) below for detalls. =
¥ Ly . ;
Hefar to Appendix A4.%, for same intaresting “compromt ‘* tothe model in arder
te manager real world problems. - . __

o

ES R et

quipment on a physical lavel.. Analysis of puwer is possible because firstly it is

~Jhe Physical Model_descﬂbéd above Is mainly used 1o ciaate a configuration of
Laﬁvaiy simplg and secondly, there Is & ona-to.one relationship (in most casas)

Y. Behwesn a model node and a consumer of power or a powsr control cirgult such

_‘asa switchgear, Contrel signals tand to befar mors complex because signals are
trangmitted throlighout ths network of physica) nodos and links to control complex
systems consisting of many nodes, it may ba possible to superimpose a Signal
Modél over the Physidel-Mode! i Individual cores of signal cablas ars modelied
(The micro level mentioned In "Gragh based Node-Link Model® (4.2,1) above).

_ Technology complicates matters in that multiple signals can be sent down a single

¢ "link {g.q. Timé domalo Multipiexing), so the suparimpositlon betwsen thg
requiramants for a Slgnal Mociel and those offerad by the Physleal Model afe hot
simple. (This aspact hias bean briafly Investigated but the majority of the desigh of

- control systéms are done as tum key systoms by axternal contractors, There was
therofore insulficlar({impatps to dFJ{a furthat). _

" . . ! "‘\fl_

o

S

&n
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4 443. 1

4.3.2

L

-« When must & cortaln actwuystan

fy

Genarul d!scunslon . @

a

Thé Physlcal model disen rzgiaw;l ‘bove. contalns tehnical, spacial and

adminlettative attributes, Flitihelal atttibutes are covered “under the Financll
Model bilow. So far nothing “has besn mentioned about the ali-too-crucal

. dimension of tine. The Physical mekel presents a static piciure of the current state

of affalrs. Thers are two aspects regarding the questlon oftime and sequenceand .
thesa, are: P

o Projoct \:?nlng This gives Time and Date. information ard hlgh faved

7 satuancd b dasign / construction activities. The Project Plan'ts very project

=g Sbeeiic and Iouks at the total pro]ac& llie cycle irom fsasiblmy sudivs m final
hancl-over, » .

» Def’ailed Dasign Procedure (Saquance) This governs the fing detalled
sequernives that nead to be adhered to In order to canmy out acloslgn.ﬁls project -
indapercent, Is based ol logical requirements and has ¢ a.equpma. No
duratlon. tims or date Information is contalnad n thls miod

There Is obviously & refation hetween thess i Saspects, "Ghunks" of the Des!gn
Procedurg Model may be referred to by a s‘ﬁgle activity on the Project Plan. For

example, an activity tmay read "Design cables for Unit ghe Emergem;-é Supply_

Board",.The actual sequance u@m I8 1 ba foilow ‘ln‘u‘ofng the design would be
detalledin the Design Procedure Model, In mher as, an agtivity pn the Projact

“Plan could reflect & single aetvity In the Design Procedure Model. Fér example,

"Frint Caide Pull Cards” on tha Projact Plan ls also an activity contalned In the
Deslgn Pracedura Modal floferto Figura r-'4 3.01.

Pro}act Planning L . S v

1]

Anwas mamloned In "Sy:toma" @22 2) abavs a projant Isﬂwh:led Inte work
packeges by means of a Work Breakdow: Structura (WBS) Th‘hsepackages are
<etermined by factors sych as: S o &

o

» What are the dependengies betwean act!vltlas. 1.€ what miust ba complotod
befora somettdng elss may.stad; *

. When'ls access to arf area avalable; :
» Whon are thy necessary support structures avallahie, s, o .

" Eath of these packages can bo hlerarchlcaliy brokan down furlli:er There Squ
- dependencles botwaen tasks that must be established, dorations of task must be

estimated and dates established and cafculated. 1t is not Inteaded to go int f the &

dotails of setting up PERT charts efc, as thay are well estabiishad procedures, itls
also not intended to delva Into this aspott too deeply beciusé thefe dre existing,
faciitles and all that must be established are interfaces. Refor to "CAE at An
Engineering discipline lovel* (2.1.2) above. _ .
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What must ba determined Is tow tids Pm]ac:? marzw up wittithe plwslcal model.
All that is requied lsto attach & "Tima Tag® o séh vbject In the physical moder
This Time Tag Is the nama/cods of @ Work Package/aativity in the Projoct Plam, If
any timg and date related information is required for a"glven Node, lts "Time Tag
(Work Package Nema)" can be obtained from the Physical Model and the Project
- Plan subsaquently querled for detalls about this Work Package. in this way the
project pian Is largely independent of the Aghyslcal maodel, from a soltware point of
view. They are strongly dependont onis conceptusl lavel though, because the

a

whcle Idea of the Projact Plan Is to faclliate the construction of the design,

contained in the Physical Model, zlgh Lavel Planning usually takes place before
" detailed deslgn and Is determined

asmali as g;ect Other aspects lnclude the avisilability of finance and pzéources, the
ufgency for the faciity, poitical ciimata, atc. Lowlave! jRanning, on the other hand,

Is highly dependant on the desigrvand s usually initlafly estimated based on past
experignce and s than updated as the design proceeds. Similar to the *Work

pachirge Tags' attdched to Objacts In the Physical Model, the Low Level Project
Plan "Madel" wolld have “Equipment Tags" attaq}aed 1o the Work Packages. For
exarnple:. s activity coulid read Install Motor *194 AC10%, whare 30LAG10 iy the
identificatien of & node i the Physlcal Model, Tha "Linkdng® botvween these two
‘mixdels Is riot & simple ong because many objets in the Phystcal Modal may be
, referred to In one or mora Waork Packeges and vice verse. This Is an ares whera
further inwstlgatlmmwd e reqqulred i tlnh: obupling Is requized far integration

pl.lfpom . !H R « f [

" (Refer to;Appendlx Ma for datalls on how mla ls turrantly mamgad In CEEBS
and for Ilml:ations impoaed a5 a result of the mo@!s not being tightly coupled.)

@ .

1]

Thera are’ many model nmnlputatlon functlons surroundlng the Phytk:al Jnodel,

{Hefer to the chapter on *Systen: Functionality® (5)): Thasa enable a dusigner o'
carry out his deslgn by'bullding up and manipulating thi Physical Model, (Refer to
Figure F4,3.02 for a dapletion ¢F the relatlonship ean the Design Progess
Maodel and the Physical Mods! Manipuation Functions), If thereds no conteol over
which funciions are used, artIn what ordar, thiaru can be no design suppott from
the system and the system can therefore not glias: «itee the intagrity of the design.
The Intantion of the Design Process Model (DPM) Is to enable software enforced”
control of the manipulation of the physical model. There &rs a number of reasons
" why a design sequence should be determined in a formal manner: “Thasa Include:

“w  dletorminism is required it a Gompuiter system istohe uﬁtmni:ontrd the design
procass; .

&  manual proceduras ara based on a solld fnundalﬁm‘t (bl.ckeﬁ up by comﬁutar
basext toals);

# <[t g known exactly what needs to be done and In which sequange, ln agﬂor to

achleve givan results;
o it allows for very tight prograss control and monltar!ng. and

® it provides the system with the ability to ensure deslan lntegnty of & very high

§ degm.

ctors of which detaliedt design is anly
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The technique utlised Is ne In which all ohjects in the Physlcal Motlel have various

Statuses attached to them, These stituses daplct the state of the.object regarding

a particular design procedurs. For exampz thare |15 a Deslgn State, & Coding State,

.+ perhaps a Construction State, A Cable could for Instance haVe a Design State of
wdantliflad" followed by “initial Type Datennlned" tollowad by “Initlal Routo -

, Determlned" ete,
The Daslgn Prooedure model depicts: o 5

** o Thelvalki statos 5 objoot can ting self g

[ REE ey

e valid sequences of states, i.6.-an object nan only prograss from any gmn stato
ta 4 limied set of other states;
,.ffu “ttie acticiis. that need to be carrled out ony ':1 ob]act toget It fmm oha state to
the next; and

SystemModsls . - ¢  Pagesa.

W

N

v the dependanc!éé histwaen states of varlous intor-relating o acts. Lo what

pre-cghditions need to bamet before actlons canbeallomd tomgvaan ablact
. ,u) from’ nne state to the next.

L]

Y |
When a Physlca! Model manipulatidn Function (PMME) wants 1o canU outa task
on tha Physlzal Modelthe fcliowing pmmcols take platess

The PMMF firstly idantifias the bbject(s) to be manipufated;

it then Ifforrms the DP model (WBM) thit It s “Function X {its function 1D) and
also passes on the list of objects it Intends to manipufate;  §

‘e &

PMMF I3 aliowed to carry out fts function on the objects;

It parmlssion s danled, the mncuonlslnformad oftha reasons,and ePMMF«'
backs off;

. lt pemlsszon is granted, the PHME attampta exacution of its funclian.
o A axacutlcn Is unsuccessiul, the PMMF olfars reasons and batks off;

CE

° & |fexecution Is sucoesstul, fhe PMMF lnforma the DPM

=]

:%n [

*  The &PM then in turn quarles fis Internat lnfonnatlan to daterining
- what tha folfowing states should ba-and updates the objects with this

. haw state, . o
o %

fafer to Flgura 4.3,04 for qdascrlptlnn of tha communication protoced hetween |

The DI rnodet then quarles the oblacts tn ste what thelf current statuses are;
The DMP then check its State Depandency Information 1o see whather the _

- the DPM and PMMF's, . . LS

A

43,34 Hapranantation of the Deslgp Frocoss Muﬂe(

The prupﬁsed Design Procedure model I3 cunceptually a State Depandency

~ Graph indivating how a certaln State attiibute of a plece of equipmiint {or a
cable or rack) moves from one staté to anather depending on it current state
and on activities carrled Gut on tha plece of equipmient,

., Refar to Elgure F4.3.03 for a deplction of such a grarm. The Stata |

Depandency Graph consists of Nodes (Vartices) and Links (Edgas) {as with
any ather graph),

M

._‘\‘ | 11

ke

o 7
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S ., - Design Process Model

Mampulatmn Funchons

= n

: (,7

o

Phyg;.cai Mndel 5o,
' Manipulat.mn I‘u‘ncuonsJ G

User -~ - . Ph.ys%nl
' Modt.l '

g %o,

1) User sclocts objects t.u he workeﬂ 5A anl:l activnl.as
a given function (eg..size these cables), -
2) DP Model wake up, T am’ rocess X and want to worl\\
~ an this list of equipment, ©
3) The DP Model then gueries each of the’ uhjects Cgo
defermine their current state,
Then for cach object with it state, it deterinines if “he
. oreguesting process is allowed.
4) The DP model thpxn granis perm:ssion to Pracass X to
carry out its operatioh on valid objects only

5) Process X carries out its functions.

6} Process X informs DF Model of its success in nxecuhng
its function (either sucessful, partially or not ‘at all).

7} If succes ruu} the DP Model determines the nésnt state
for the ob;ects and updates thae state attributes of the

obgect. : : ) .
Tle Communication Protocol I
between the DPM and PMMF's, ,

0 Figure F4.3.04

Wl

;:mm\iﬁic tion Focilities
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In order to progreus from one stp.te & the next, all dqpendamm- '
pauat-he valid and all the neeesﬁw } e\Ft.ioﬁu cgrried ou!.. y

'I-Iﬂ

&
State Dependa:qpy Graph for tha] Desxgn Pr‘ncess\gModel .
. Flgura_ F4.3.03

‘ma Nodes deplot $tata fcw axample “'Idanlmed" "Innlal Type L‘!atafmlnod"

Thallnksdawctaetlonsﬁmtararaqulredtobécamadumlnordartogutfrom
one state 1o the next. There can ba multiple links batwesn nodas, these
Indicaty jtamaﬂve ways of gotting from ona state 1o the ndxe, {For example,
to gat & cable from “Identifled" to "inltial Typd Detarmined” diffars beiwaen
powar cables (that must be slzed) amd Progass Control Cables (that are
possiblsselected from a standard), The Astlons coupled to a link can also be -
suppliod witiv a list of "Minimum Dath Requlrements®. (Flafar to 'Dnt!qn
Automatloty i4,8.3.2) below).

Many ¢ actlons would be simple 'statusldapanderw f‘hecksn ti; determine
praraquisite states of other related squipment. Graphical raprasentatlona ot
the DP model would depict two typas of link. The one type has a!raady bewn
dascribed above (called "Action Liiks");

o
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the other type helng "Fasudo unks:*"ouicﬁng deperdency on the states of
other equipment (called "Dependatin, ‘Jnks') Dependency links ara not
explicltly modelled as they are lr.clucled -.n “Depandency Check® actions,
which are part of Actlon Links.

An examp!e ot 8 "Dependency” link (or "Dapendancy Chack® Action) ls; a
Cable's 1D Number 15 partly darived from the Equipment Nodes to which Itis
connected, If a designer attempts to carry out the “Allocate Cable Number*
action 1o get the Cable 1D from Dumimy status Yo Approved Status, the code
statuses of bothy.end Nodes must indicate that they are In "Approved” status
otherwise tho action cannot be executed, There !s thus a dependency o the
states of other equipiment. For visualisation purposos, this dependency can
be indicatad by a link but Is physleally carrled out by actlan(a)

: s
" The acziohs depleted by'the Design Procnss Modal are limited ta computer

processes, Manual contdbutlon is the supplying of data. If an action is
triggared (s.g. by a designer) and Insufficient data Is avallabla to carry out the
tagk, It aboris and Informs the operator of what data Is misslng. In other wards,

. the BP modsl controls the Internal operation of the teol. it has no physical

¥onnegiion In any way o the Project Plan Model described above.

A

"By having a stand alane DP madd, "Phyatcal model manipulation funcﬂans"

vibod only be designed to ba able to converss, In & standstd, pre-determingd

_ mannar, with the DP modst, Tha DP model desides on the validity of an acttan
- and tha sequence of avents to follow. The majority of softwara servicip

Physlcal Model is thersfors NOT dependent on the désign process. EDS
doos not currently have a stand alone DP model as described above. A
sub-section of the cable design D madel Is hard coded into reluvant Physival
Mods! ‘Manupulation Functions, This leads te the very undesirable
malntendnce problem of having to modify many programs if thero is any
change In design phifosophy that affect the states and dependencies
batwaen states. Refor to Appandix A4.8 fo. Jetall$ on the clirrent system for

| Cabla Dasign (not construction).

4..5‘3.2 Design Automation

One of the very exciting possibBities opanad up by the DP model Is tha Kea
of "Automatad Deslgr”,

A dasign process can bie starled up by & designer wha triggers & funstion v!a
a menu optior of a screen based manipulation. If the DP model parmits the
executlon of this funetion, and ¢xecution is succassful, the DPF misdel is in
possesslon of the necesaary Informatlon to trigger subsaquent procasses. i

exetution falls, the DP model may ‘contaln alternative actions to be carded”

oul. Thete subsequent and/or alternative actions can be automatically
triggered by the OP modet itself, with no human interventicn: necessary. The
topic of minimum data requitements mentioned previously, now becomes an

- IsBug. Triggered functlons can only exactite ifthelr minkmurm rsquiremema aro

mat, otherwise they abor, so a chaln of functions would continue as long as
there s estough data to work on and would stopas soon a3 i 'ran out of data®.

—

7
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o, One mathod of getting the chaln 'GF events re-started s by providing tha
’ necessary data and than manually re-triggering it. Ancther imethod Is o have
a contint:ously active background *Minimum Data ronitor®, This "facility” has
knowledge of eath PMMF's minfrum data requirements. (These minlmum
regjtlirernents saould be attached 1o the functions themselves and not io the.,
Deslgn Procedura Model). it continuously monitors the Physlcal Model for
aquipment statuses and currently avallable data. It then checks the DP riadel =«
for valid actions following on from current states, it then checks for those
functions' minimum requlrements and compares them o the data avallable
inthe Physical Model, if it detects that sufficlont data is avaiiable, the Minimum
Data'Monitor can trigger the relovant funetions. The functlons then start vp in
the normal manner and the chaln will continue for as long as sufficlent data
Is avaliable. This function is simflar to the “Truth malntenance fagilities" founc
In some of themore sophisticated Expert System Shelle. With the
incorporation of Al assisted daclslé\ faititios, very powerful design
autamatlon facilities can be doveloped. /)

I % B & éome pointg to nole @

The DP moxlel MUST segport korative deslgn. Only the dealgn of very simple
systems follow a linear saquence from start to finish. The roversal of staies to
previous states rust be podsible and must be seen as normal. Upfront
- estimations, followed by Rterative refinements are necessary 10 prevent the
classloal "Chilcken and Egg* problem. For wﬂmple. Cable Rack design
depends t:u‘i Cable design which In turn deperxls ¥h Cable Rack design.

The des!gners oftha DP model must always guard againg having to know too
much information up front. The guiding principlgshould be thet a degign must
ba s\bla to be takan as far as possible on absolutety minimum data\

- “ On “acetthal’y must notbe uverlool'ed Is that tho determinationof exact statas _
3 - may not be all that easy. For example, How ¢can the situation be managed
whare specific attributes of an objo-t could be Invarlous states, For instance,
the Power Fating of a motor could be an estimate, a prellmibary valua or a
final approved value. The degree of confidence of one atithute vould affect
attributes of related squipment, For example, the cabla designed to supply
tha abave motor cannhot ba determined with 100% cetalnty bufora the
attributes onwhich it I5 based are aliknown with 100% certainty, The certainty
with which some data is known, & very Importani. This is because the

prohabiiity of re<work on & plece of equipment once it Js manufactured and/for 7 -

+ Installed could be determined using an emperical formula or 8 set of ruies. A
cost could be attached to°such work and provision made to elther counter
a the sltuation by Inslsting on more acourate data or accepting it and making
sthe necessary financial sivannoments. This aspect of determining the
"Guotinass" of avallable data has only just started recoiving aitanton and
muelt work still needs to be dons. (See Appencix Ad.§1 for a pmposed

method of handllng this aystem). e

&
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Administration of DP model Is a very critical activity as absolute corslstency
must ba ensurad, The mechanism of automated dasign is reasonably robust
because of its dependency on minimum data requireraents, but if the DP
model is inconsistent, ik would ba difficult to predict what couit! happen.
Graphic visualisation and manipulation of the DP model would be a great aid.
The DP model and the Physlcal Model are vary similar from a software palnt
of view and functionallty could be shared. The DP gtaph s alterable by adding
or deleting states, altering "dspendenciesi-and sltering allowabla actions
betwsen states, (Academicaily, this point of haying one model controlling the
modification of another could be taken to ddicUious lengths because "Rules”
could ba established for the modification of the DP model, and tules about
how to modify these rules etc.)

4.4 Flnanclal Models.

In order for CAE systems to perform a tole In real life deqflgn and not Just
academic/theoratical deslgn, they need to have a financial componen Op!lmal design ls
seldom the best technical syatem, kut the beat value for money gystemn®. Cartaln facllitios
are required, sush as:

~ .= Afaclity whereby a cost® of the design as contalned in the moxlel can be determined. \
L' (Referte"Limitations on Physical Model based Financial Faciities (4.4. 1,8) below);

& Facilitles that are able to give an ndlication of the cost of Re-Engineerlag (9.9, drawing
upklates, Te-distribution, ete.) as o result of a chango to the model; and — ~

;@ Otherfacilitles that ald In. the financlal tanagement of a project.
K The flrst two categories of ¢ust are able to be derived from the mudel tha thlrd categ
would require mctenstnns to the systerm.

44,4  Costs directly cohplmi to the Physical model - |
Cortaln costs are ablo 1o be derived direetly from the Physlcal Madel while others
have no direct relation with the model but are still contributory to total cost. Hefer
}.Imitatlons on Physlcal Model bagsd Financial Faclilties" (4.4,1.3) below,

Thé costs tha are of interast (o & new project are Capltal Expenditure-costs and’
an Indication of Re-engineating costs.

(1} There s a dellcate balance In abtalning “best value for money", What might seem to be the best Initial
solution from a capital expenditure point of view mav turn eut to have higher iife uYCIQ runnlng antlfor
malntenance costs than an Inltlally more expensiv. solution).

(2) Natice: "A" cost, not "THE" cost, because firstly, there are different typss of vosis such as
Enginsering/Design costs, Inlttal purchase and installation costs, replatement (spare pars) costs,
ete., and secondly, any of thase costs tan be mads up of a number of components, sovv derlvable
from the model, others niat.)
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4414 Cipital Expenditure costs

These are ¢osts that can be directly a&cateq to & plece of plant, ‘i‘hase casts
- canbe divided inta three cats;quﬂes' . @

A, Thosa that can be allotated to the Class and Type of gquipment and are
fixed. For oxample, a ceytaln type of motor may cost & given amount as
a gomponent. lrrespective of whera on the plant such a motoer io used

~ this component's cost Isthe samo. n .

B. Those allacatable 1o the Class and Type of equipment but are -
dependent on cortaln physical or tochnlsal attributes that are axplicitly
consained in the model, for a given Instance of that Class and Type. For
exarpple a cable's cost is influenced by fts length and numbar of joints,

C. Those thal are dependent on alttlb(aes. (aot contalned in the model, for
" aspecific instancs of the equipmant, For exarple, the motor in (A)
above may, i ohe speeific instange, require a special rust proof coating
wheteasdn ether instarcys this exiia is nofrequirad. Rust proofing tnay *
rot be an attribute catéi‘éd for In the moclel,.

Gatogories/A and B are costs which can be accessdd through the Class
specific Type Réference Tables, (Roter to *Type Reference Yables' (4.2.2.1)
abova)..Other costs spaciiic to an ipstance (Category C) would need to be -
alloeated 10 the épocific objest in the physicsl model o wouid not ba able 1
he accounted for by the system; (Tha scopa of the systems modalling
capabilles must be rnted s scrrs’]e poiny. -

o

. Factors which ke up the Component c:osfﬁre dividad inta camaguriea such
as Material, Transport and Labotir. Those in turn are further categorised into
Local Content, Overseas contont, import duties, ete. The exact siructure Is

- very sontract dependent. (Flefer to *Limitations on Physical Model basad
Financiat Faciiittes (4.4.7.3) below), The Financial models are "Hooked® into
the Class/Type Reference Tables by means of & “Cost Refersnca”, All costs
and charge rates are attributes of such a Cost Reference. A Cost Reference

- s attached to the Typs of an abjest, There may be more thehi one cost
\ueferenca in the Typw Heforence Tables, Daslgn and Construstion projects
would actess the "Capitdl Expenditure” Models whilo Maintenance systems

] me}' ACCesS "Spams and Replacements® Modala = \

Thare naed to ba sufficlent atiributes dos Ing an oh!ectsa that, IFused with
the Financfal Model attdbutes, & cost cah ba determined. For exampie: a

- cable's cost |3 dependent bh its Type, le number of Joints, termination
Jtypesateach ehd, otc. Each ofthese ai‘tlb must exist as part of the moglel
for cables and tho financial model must nn!aln porresponding rate prices
‘(»uri:h as cost por maeter, tost per [oint, cost per spacific type of termination
ate.

Plant Componant costs can now be determlued and therofore grouping plasid
Into Systems could give Indications of "System costs”, For exampla, the
Turbine system costs so much, all the equipmént in a given room costs
somathing else, ete, '
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4.4.1.Z Re-Enginsering Costs |, o a

Exact Re-enginearing costs as a result of a change cannot easily be extracted
(unless the cost of desigh activities Is available some how}, but an indication
of the extent of tha change can Ye obtalnag For axample, if an iD Coda is
changed, & repott could be extracted 1o indicate the number of documery,
I which this code exists and thiss the number of docurnants that may require

" a new yevision and re-distribution, If a cost ean be allocated to the changing

and re-distribution ot a document, an lndiuatlon of the cost of the chanue
could be determ!ned <

44,3 Limitations on Physical Model baset Financia Faciliios o

. to the model. _ o

The total cost of & project Is dapandent on many factors external to the dirgct
costs assotiated. with the physical plant. Hance, the.amphagis on “A" cost

_abave, and not “THE" cost, Unless a CAE system Inporpotatas completa
finanelal facllitles for 2 complete projoct, the costing capabllities are imited

“i those that can be axtracted directly from the Physical Model, Forihstance,
it a cable trensh heeds clearing as a result of rain and mug, and this activity
is chargert for, thers is no sasy way of linking such a cost to the physical

* model. Costs incurred as 2 result of bad weather, sirkes, penalties, ra-wark,

damage ropair. oto. are all real costs but vannot always be directly cousiod
d

_ Ancther imaion of the Financlal Models n general aré thet 3 very difficult

to make thom generie (such as the physice or design priccess mibdels). There
i & vory strong dependency on spocific contracts and prlcingsﬁuctqma. For
example, the Cabling zfntract may have vely different castmg practives to
the Switchgear contra

443 OtherFacililes L,

o Thess factities have not been Invest!(;ated Iy clotall but it Is armclpated that the ~
following facilities may ba yseful In an integrated system :

*
v

T»

A prior| facilities such as Budgeting, forecasting, prlclng. astimatlng oto.;
Historic facilities such as Involce veriflcation, comparlson to budgat actyat -
cost! Varaus forecast costs, eto.; and |

(Y
Time couplod lnrormatlon foracast rate’ of lk\\{uicing. cosh ﬂow over a p';ri
glo.

R

Integratecl spreadshest faghities cuuld ho provided for "what-if“ type analysls

The financtal facllitios on "'EEDS are currently limited, Expanded raquirements are
bolng Investigated, but, CEEDS s yirst and foremost a daslgn aki, not &
comprehensive financial systom, For a more c}'étalled account of squipment -
curently and shorly cortalning Financlal iacmuas within CEEDS, soe
Appondix 410,

0 . BT
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This chapter discusses aspacts of the required systom functioﬁ}ality ad ';t!wse araas that
show promising potential are highlighted, It sholld be noted that the facilities mentioned
horeare based on functions currently Implemented on CEEDS and oii antivipated functions

within & computer environment that supports graphical faciities. There are probably

eountless other facilitiea and functiors that could be provided to meet a very widescope
of user requiroments. The areas of Design and Interrial raquirements have been
concentrated on, and the areas of Financial Facilities and Construction Facﬁlmles ara briefly

" discussed, _

[
=

. The Man Mgchiné Irgtertacé (MmI). T

learn and is not gonsistent in the way it oporites, then the system (ill b8 difficult to use
and may tesy Yam rojeation. sistenty is an absoiutely vital criteris. Availabler

This i5 the mechanism by which users imeract with tha eystem. i th MM 18 not a;sy to

- computer enb.,  hents place a restriction on the usor interface fachities that can be
. provided. For éxample, CEEDS™s Impizmented on a Block Mode, nongraphioal 1BM
Mainframe with very limited screen dispiay capabilitfes. Scrgen display is limited to normal

monochrome taxt with high/low intensity only. This, obviously limits functionallly and -

effactive visualisation casabiities of the system. Modern systess nifer vastly impravoed
facilifies (Refer to "Proposed Future MM {8.2.6) below). It is not Ivtanded to go Into the
details of the paychology und ergonomics of MM deslgn. These aroas are well resaazched

and documented, (SO 03,04,05,08,08,14] Besides, MMI capabilities are usuaily dafined

by the-capabiities of theCommarciat Software chasen to da the job.

/]

Wl
i)

“ Menu driven kierfaces arp preferable to command driven interfaces because

Mernius can sither bo toxt based (with a shiont descriptian of the aption) or ioun

based with a graphloal representation of an activity, Jor both. lcons hava the

advantage of being language indepentent.bat are sombtimes difficult 1o dediphor
" if tha representation is not obvious. There are many types of menl stylos,

pop-down, pop-up, expanding, scrollable, Joint and ciisk, entar selection, e,

Onr:ﬁch agaln the methods chogsen will be strangaly dictated by the chiosen software
Suovironment, i

humans’ recognition capaklities arc usually suporior ti*thslr vecall capabiities.

Impartant Menu features Include:

« The user should not be able to get Jost. Theta must ba some implicl (e.p. one
e expanding into the next and 5o oh) or expllcit {e.g, menu name/address)
method of knowing where ong Is in the Menu Steucturs;-

»  Aplobally available fachity should exist with which to query the menu structyre
g0 that desired aptions can be found without having to flounder around o
massive structure trying to find where a particular option I5;

» Menu navigation should be quick, easy and obvious;

o
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- o The men options themselves can give an indication of expacied. bahavlor

For example on CEEDS the symbal following the t ascrlpt[on ofany option.
glv;;s an: Indication of mcpacted behav!nr Tha ing caﬁvemiana wore
us .

. "tu“ -a mm‘w meﬂﬂ is tﬂ fO“GW;
e “* -ascreenform ls to follow; T o
. - a program Is tobetriggared for axecutlan--

& "' «argportis tn be expacted For exampls, tha optton "Genaral Data
- Gluorigs...” wou[d lead to a further menl; .

s It possible, thabe should be multiple ways of selécting an option, &.¢. type in
= optlon numbier, 6 ticst ietter of opt!on, or highiight with EI'IBV kayu or polnt
with & mouse;

e Atcess profilos Should be built lnto the menus, A fully dynainic moﬂu structura
would only display those options 1o which & user has access. An altarnative iy
to ugh an indleator, for axample, a rarker, colour differonces, ete. fo Indicaty
usablo options: it Is prfumbla to display gl options a5 use an Indicator;
betause a user can thon becorme famiilar with what else ti. > systamyffors gveri
though he may hot have access. A menu optibn may also ba Invalid as s resilt
of the state of the systom and not because of rastricted access, or.a

“comblnation of bieth ressons. Differant afiributas should be uset to dlstingulsh
betwaen those options to wlych user amss is denied anx Hiose that the
sysiemthas rastricted; °

e Menu shrustures should! be keptﬂs "shallm“ 25 pcsstble Ba!her group more
optlons intu one manu then have many menu {gvels with fsw options; :

& Grouping oftgpuons should also by fogical so that related options are fourx
In tha same vicinity as each othar, The pravioys puint and this o could be
contradictory 50 a happy medium fay need io ba found;

o a o

Data manipulation faeili’tlu o

I & textual system, data manlpulution usually takes place via "Screan Forms' or
"Diatoy Boxes" . Some manipulation could take placs in 4 graphical manner, refer
to "Design Funclions” (5.3) balow. Design of such "Dialog Boxes" Is irnportant to
prevenit usar confusion, lsm 2u,22, L 24]

' Relovant lssues In the dosign of Data Manipulatlon !ac.litues Include:

.o The contonts (i.e. abject altrlbutus. thir descriptions and dlaldg/messages)
of a scremywindaw/box should be seiected to dapict the functign performed
by the screan. For Instance, screans allowing data updating ugualy contain
only reloevant ficlds and usually only display one record at a fime whereas £
sereans for viewing only, would contain mara information arxd vsua.lly dapini
mudtiple records so that gomparisons can be made;

& Auser should be able to detect which fislds ave updatable, am:! which aran’t
by a dispiay attribute. For example, updatatiie fields cmﬂr.f tun‘l. rati while till
others remaln some other co-laur i
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Model integrity shouid na' be jeopardised by data manipulation vla & screan
form. For exarmple, an object’s total data may be stéred In a number of tables,

- Aparticufar screen farm roay only be looking at one stich table. The "key* fisld -
- pehnecting all these distributed attelbutes together must not be alterable rom
within any Sceean Form, and simllarly a record should not beableto bodeleted

from anly one table. Refer to *Design Functions” (5. 3) below and 1o "Pnyaloai
Database Struttures" (4.2.3.2) above;

A usar should ba ablo to datect whethor a scresn gives hl?n vluw only, insert
onfy, update only, delete only or any combination of these privilege levels, The

- naming wonvention used on CEEDS Inditate the function of a scraen Thea tast

lottor Int a screen form name, Which Is displayed willrthe form, would be V -
View ofily, | - insert only, D - Delete pnly, ) - Update only ar M - Malntaln/Ful
privilages. Refor to Appendix Aé.1 for more detalls; ~ - -

Validation of data entered.In a screen Is discussdd in “Iﬁsl@*‘ ‘"@riﬂcaﬁun
Checks ard Model analysls” (5.3.2) tielow

Soreattform fagiiities ate alsodependent onthe technelagybe!n% dsad These

vary from tabbing between simple text field through to "devices” such ag

sfidors, dials, gauges, push buttons, radio buttons, switches, check boxes,
selactabla lists and INANY More, _

Raporllng Facilitles T o

D

Seoe "Document&tion Production Faghitiés {8, 5) beiéw far detalls of reportlng
faciiitles. From a Man Machina Intestace polnt ¢ r:fulsw; tbsraaro a taw requlrnmants
for the productlcn of reports; . e

[t]

uyatem I’unchonalir)ﬁ e .. ' Pagesy

o Except for userdefinad reports, all nthar reparts rhuu!d b dceessibia via

& tiisplayod list. Tha user she uldm:t he requlred ta remembar oommqnds

and repcmt names; o

» Thme should be flexibla query !acﬁltias an the it of all avallabla repotts .

50 that a user can find a suitable roport by slply querying In a "kay
word!text ratriaval’ manner;

. lfafepnrtexpects parame:srsql any surt. the usor shoult!be mate aware
o  ofthis fact bafcra running the rebort; " _

. wheéha report prompts for a parameter; .

o tho message should be clear,
ql:.
® ltshould cnnta!n an'‘example of expeeted input; .

* _ it should give an  indlication of allowabla format and lorgth of tha variablo
bieing prompted for;

. it should contain arl Indicate o default If the absenca ota valua CBUSOS
'tha report to have no meaning; and

" thera must always be the option to quit, and rétuin to a previous activity
from anywhere in a series of prampts;

" & Sureen durg‘(}ps should be possible; 0 |

o
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¢ A report should be able to be viewed on scresn before he!nq supmitted {gr
printing. This is o prevent paper wastage by printing pnsslbly ynwatited
- -reparts; -

¢ Priniing facilities should be fiexlble, A user should be Inthe posiﬂtmto chosa

from a number of possible printing locati™s and on varlous types of
printerfplotter. For example, pgople on the construction se should have local -

_ access and printing facfities, Large printouts should bo routelsto high speed

v line printers where as, small query lype prlntauts shou!d be printed jecally on

P printers for stance,

«. ® The status of printing facilities should be able 10" be monitored ago
~ . sy manipulated. Printer queuss shoudd be able to be viewed and Jobs rnust:-
;; able Lo be re-prioritized or dropped (within security privileges, for mmpla ong
| user should not be dble v drop another user's fob from the quaua)

used, Graphlopl reporting facllities are entirely dapendent .on the cqmputer

'!he fast two points are obviousic dapandem onthe Computar Envfranmaﬁt balng Z

Environrment. afer tu "Computer Environmnnt" (6.2} below,
v Fo . o i

Refer to "Uiiiuties {5.6.4} bolow and "Data mnnipulatinn tacilttlet" {8.2. 2} aﬁwe
for dutalls ory fext based quory facilties.,

Some of th qu:raments for Graphical Quefy facﬁltlas are dessribad In "D'u'lyn"
Functions" (5.3} below, but no detalls have yat been mvastlgatad Thts work’ ls o
cutrently umlgtway - .

The basic ph}iasuphy that should b% am s that all dats, axt:iu 'mnﬂdamml
data, must ha availalzle to be tuerled In a'totally flexible and easy to use mannet

B i w
u A

~ Thers are no maar fines batwaen conventional Help, guidance about how to use
the system, what i do when anerror accurs, giving sdvice about what fo do next,
pie, Explicit holp fochitles are therefore oniy partialiy useful. What is baing, -
Investiguted for CEELS Is the use of context Sensitive Hypettext ducumentation

e

facilittes. Thoso facilities would also be able ta link into relevant referencetables.

and *Error message / Corrsctive Action® Tables, The user intetface is given soma
Intetigence in that 4t is aware of what the user is dolng and in some tases would

bo ghle to agslst a user In sarrying Ut s Give gveafunction. For exampla,\if & user
unsuceessiully aterpts to sizba gable, the corras nding “topic” In the Hypertext -

Unentation is-presented, the Cable sizing function's analysls of why the

temptfalled, is simultaneously displayed and depending anthe reasonfor fallure, .
pusslble actions can be recommended. The ‘Help® facllity Is therofore not &

separate part of the system but @ fully embedded function. Relerto "System

Documentation” (6.5) below, A user should alwayg be able 1o aceess helps of some
sart, even in the event of a fatal abortion of & cutes .« activity, The system should
be robust enough that one process aborting doss not affest the access to heiy
Information. .
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5.2.8 Propnsad Fuiu-:a MMI . D

6.2

=ty

. PE’P""" Graphicat User |

Cutrently GEEDS tias a very ilmltéd MML. The models deseribed abova are very
difficult to visualise in terms of records and tablas, but are easfly visualised when
viewed graphically as nodas and links. Reter to "bnalgn Funcitons® (6.3} below,
When a computer roprasentation iiatches a user's "Menjal Picture”, L.e, matches
his own coryseptual model, then usage of the systam s greatly enhanced, Modern
workstation erdlronments havé extremely powerful MMI features including -
Muit-window, muth taskingl click and point, and aif the other faney featuras of
griaces (GUI s) The detalis are avallablp'in mang

§nces ISG 06,114,131

Othér factors . . LSISERC

[

The MMI ahould be modnlleﬁ within the system | !n a mannaer slm!lar to t In which
the system is modelling an aledtrical notwaork. In other words, MMI componants
such as menus, screon forms, repons, help scragns, etc., are all considerad as
objects. {nthis way, software malptenance Is kept to a mlnlmum a3 new facilities
canbe clbated by develaping therr in Isolation and then simply "regis{oring” them
In various places in ihe system, Integrity enforcemant and query faciities are

- avallablatoen rd datormina the souniness of the system In much the same

oy as that Iy hioh he gystam atternpis Lo ensure the Intetyrity of the models it
managaa. Rﬂ[ﬂl’ !Ila “bucumantahon Praduc;lon Facilitiw (5.5\ below, = . |

9

Dasign Functions

e of tho main functions of a GAE system is design support, The facﬂitiaa describad held
o those required for carrying Gut twtesiy process, Those are the Physical Model
aniputation Functions (FMMP'g) distussed in tha "Design Process Model” (4.3) abova,

Faclites needdd for créating and malntaining the model,varltying sl analysing the model
and ensuring Codig correciness are discussed, Most of the facliitles are required,
Irrespiactive of whether (e MBI 1s text based or graphlcal. The dis&usﬂlan presented helnw
I8 assuming the avafiability of sultable graphiga! facliities. o

é‘reation. motitication and délelion of Mndei Glijects "

i
" The modsl consists of objects falling into the categores of Nodes and Links. Cable ‘

Fta ckirig design Is ignored for the purpose of this Investigation. Principles, and

$ appilcakde to the Racking Mode! are very similar to those described boiow

" 'for the Elactrical Model. Tha functional mechanisms presonted to tha user for the
raniptiation of these chjects MUST BE AT THE OBJECT LEVEL and NOT at the
Interhaj database structure lovel, In othier words, If a designer Is craating a node,
he must do Just that. Ons operation, He must riot have to create several records
In several different databases so that when combined, they make up the attributes
of the nodde, Similarly tor deletion, When a node is delsted, the function carrying
aut this deletion MUST take care of all administration at the database level In order

" ta ensure the continuous integrity of the mordel. There should also be the tacllity

for making “temporary" changes, running an analysls, then "rolling back" 1o what
the design was before the changes were made. In thiz.way *what-ii* typo stidles
can be dony.
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Nods reation would take placa by activating a menl option, or Garrying out
appropriate aotions with a riouse; to presant & "Node Creation Details Box"«
The Node will have 1o be given an I Gade, 4 sescription and'a Class. The-

~ creatlon function will then firstly verify that the 1D Code Is unique, If so, i wiil

- -gacondly query the "Model Data Structure" database to find ol whete the
‘relevant insertions §45 the underlying databage are to take place. Thesa
insertiongrwiil then take place. In most tablas {excludlig the one I which the
descoriptics is stored), only the D Code Is (nserted (along with tho Date
Created anid Last Updato ilalds} The decisich as to whara the insertlons are
~ qptake piace is desikded puraly onthe Class of the node. Sos Append!x A42
for detalls on this "Model Data Structure”, -

The mov%ng plancde umy has meaninging graphical represematlon. Movlng
a node i & 20 rafiresentation, would be 10 improve the display, whertas Ina
30 display, the pode is achually places at new coordinates, 1.e. physickasiy °

O maoved. Movlng d noda may imply the moving of a link, sea balow,

- oty £y
. Nods deletion wouid take place by selecting & spscific node and asthating
the "Datele Function®. This function would tirstly daterming whether it s
physically” possibin to delete the node, i.g, If the nodas Is deteted, would the
intagrity of the model be In jeopardy. it Would thandaterming i the statuses
of tha node allowed it to be daleted. If both chocks are a tive, &t
oceurencas of tha node are reraovad from the system, along with ali directly -
toupled attributes, if either conditien.was not mst, the nod would not be
allowed to be deleted until all requirements had basn met, ?

Adding data to & node, and manipulating the data attached fo tha fodie can
take placa ih a number of ditferent ways. For exampie, simply roving node
in the 3D model would changh its X,Y,Z coardinates and could change the
. Strusture in which 1t firkls iself {l.e. the attached Stiucture Code). If such
changes wera done via & toxt based scraen form, tha noxt ime-the 30 madel
Is displaysd, these changes would be apparent. A noda colid ba "allocated”
ta anothar parent nwithy simply "picking" it up and "dropping” it onto the

riew parent node, Most hardatawould ba manipulawdvlatem based screan
farms, _
s.a. 2 Links C T

" Link creation can take place by maqhal aution or links can be autornetically
. Qenarated,



2

| \\gyé’tem Fuqcﬂoﬁélitj; " ~ PageTs
Ry : ; : :

PR : »

' Todreatea liniranually, the appropriate menu option s activated and & "Link
Croation.Detalls Box" would be displayed. The JD Codés of-both snd nodps ~
will have to be supplled-as well as an 10 Code for the link, Certain default dgta
will ba created along with %I::k {(o.q. default length = 82m, the averajje
length of cables on previous similar power stations), The create raltinoduill == _
have to verify that the node 1D Cod)are valid and that the Link 1D code is
- Unicue, An afternative graphlcdl way would be to place the mouse polnter oh
one of tha nodes, hold the button down and drag the poipter to the other nods
and release the button, Tho same "Link Creation Detalls Box" will appoar,
~ except that the node 1D codes (a5 'well as directional information) are néw ~
alreatly suppliedd and all that neads tobe supplied 1s a Link i) Code, 1f the »
systetn Is supplied with a setof "Link nams genetation® rifas, aven the Link
—==_{drae need not be entered, In this way the system takes care of all lowsr level
ﬁtaﬂ. - ur : .

L

»

w2

3 Gables for certain piaces of squiphent 6an be automaticaliy generated, For >
example, the required cable configuration for a standard switchgear canbe -
obtained from the relevant Referengetables. A switchgear bas & Type, the
Typo has a given configuration of cables, For example; & switchgear of Type

= o YIEANOE" segalros-Galile configoration "A4", Cable configuration "A4"

consists of one 40 core process sontrol cable Type 'XYZ", one 2 cova Fleld - -
irip catde Typa "ABCY, ot:e Motor Thermal Trip arble Type "ABC* and 4 8 cuve

- power cable, type unknown (1o be determined by sizing), As soon as the
switchgear Is supﬂiedewith its Type, It s possible to ggkgémtIWIy generate
all iinks assolated Wilithat switchgesr. ifthe dstinaitd: ‘uhthe cablo S yimews..,
{us is the cuse with the power cable) then the link tan Li a L
“coupled” 1o ho correct nde. A other nbdes are coupleg 10 tha FLURIING
node, (Refor to "Special Ndtles and Links" (2.2.5) abuib). As soptr a3 ihe
carract destination becores knowh, the tink |s "urfcoupled” from the
FLOKTING nede and coupled o Its correct noda, Link creation can be lelt ©
unti the Macrp lavél of connection has been finalised for a ssdtion of the,
design, All requlred Tinks can then be created In on batck. The automatic
croation of links s iimited inthat it Isbased on macro-connectivity, As a result,

* In-bptwee: nodes would have to be inserted manually. (Refor to the "Graph
based Node-Link Model' (4.2,\,3) abwve and to Figura F4.2.04). - o

If a node Is Incorractly cotipted Yo another nade via &link, it must be posa@e
to "un-couple” the Hnk fronrone node arkl "couple" it to another. Textyally this
tan be achieved by guerying for the link then repidcing one node 1D Code
with anothar in the "Cable Dotails Box", Graphically & can be achlaved by
- selecting the link {in which casa dispiay attrlbutes highlight "handles” for the
link Rtself and for either end. To un-coupie and re-couple the link, the pointer :
Is placed on the end "handle, the mouse bution pressed down, the handials =
wiraggod to its new Jocaftin and the button released. The underlying safiware
takes care of alt database maripulations recuired. o

&

At
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important factors determining cable slza Is length, Volt drop dlong the langth -
of the cable fidst be within an acceplable fimit, Initlally & cable Is slzed at a
default lahgth ta get an estimate of Type. The cable is ther routed using this
Type. The bhysical propertiea of a given Cable Typa would determing whethar
a tack s sultable or hot, Onee an estimate route Is found, the rouse length and
thus the cable length, shoulc) be more accurate thasn tha default length. The
cable Is then re-sized using the more acclirate fength. If the Type changes,

- the route I$ queried to determine whather It is still suitable for the new Type.

For axample, if the hew Cable Type has & larger diametar, K'ay overlif a

section of the ¢urrent route. If the route Is no longer suitable, the cabla wili -

have to be un-routed and re-routed. This iterative g-bcess continues until the

" optimum solution is obtained, One of the interesting features of the CEEDS

Cable Sizing algorithm Is that cables are optimlsed on cost amtd Yot just
t&;hnloal criteria. Refer to Appendix-A%,3 for detaila on the Cable slzing

~ higorithm used In CEEDS and on some tactors stil requiring investigation,
A - " .‘\' . -

Tha u-routing faciiity rermoves a cable”rom a route and adjusts the rack illing

- acoordingly, Refef'to Appendix A8.4 for details ori the GableHeuting faciitles »

used I CEEDS.

,,0ur;emry. the, sizing and rofiting faciiities are manually I‘prepa?éd" and (T(L
Once the design process is better understood and controlled; the Rteration

deg_;jbed ahove coutd run automatically,

} - , i \ o . : o
Thc/succaSS of cable delotion depends on the statys of tha cabla as defingd
- inthe Design Process Model, For axample, if an Instructiop has alrearly bean -

given to & contractor 1o pull & certain cable, or fhe cable aireardy physically,
exists on the plant, the that cable cannot be delfated, It g cable s abls ta be
deloted, tha deletion rauting must take care of all low level astivitles, For
misle, Fho cablawasalready routed, it will first have tobe un-ronted hatore
can be deleted. otherwise th“rrgck % filling s compromised, .

i {‘a\iﬁ;‘l

@

~ A CAE system lnvolved in the dasign A{f 'Iarge"niﬁlti—diéﬁpliné.and

multi-contractar projects cannot operate in Isolation. Thege may ba [+:0e
porilons of a desig.that are done externally to the CAE Bystem, In ather
words, the source of data may be witlely spraad and the CAE system.must
be Ina,position o impon such Edernal Nedes and External Cablos datcdrl’f

system must be in a position to checkdor minimum data reguirements and

sor duplication with Olsjects already existing within the maln system. if the

‘ti'.':f'-:. ractor supplying the infarmation does hot sybmit & schematic drawing of
some sort, then suificient "indication of environment” informiation must be
supplied withan object, This Is so that the designer using themain CAE systom
s able to corractly couple up these external objects. | "

CEED3 currently supplies external sources of data {e.g. contractors) with a L

PO based daté capturing facllity that is aninhigtent sohipongit of tho compists

CEEDS syster, Data captured on such “satellite” system:ﬁ‘ne supplied to the

Maln system via magnetle disk. The format is cbviously compatible with tho

gnport voutines ard all other necessary routines to cotmpare and verlty, log
eclivery, ete. :

i

[ X L : . : e 'Z
- Gable Routing inveXiss finding the shortest suitable path batweeh the physica) LA
location (X.Y,2 coordingtes) of the end nodes aleng the Racking Network, -

Ocl .

The - -

i

il

o ) ) i R f
Power cables need to be slzed In order to determine thelr Type. Orie of the L@

.\. q

-

|

I

%
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&, a. .4 Graphical Guery capahilities "

&

!{’}

- The system should also be able to export data for use by other systeni'é On
CEEDS, exporting falls into two catogoties. Data can be exported from the

l

system In a format sultable for divect use by the PO based satellite systems.
This is 50 that contractors ¢an have their data "handed” back ¢ hem for
updates. Thesé updates can then be re-imported. The second category

actually falls within the General Query Fachities. Any data can be exported

onto magnetic media in arny possible format. (Thie same does not necessarlly -

apply to importing data, Fagiliities for imporiing random formr#a must be

posslbly bea imported). t

o8

* Text based querios are deseribed in “Utifitfea" (6.6 1) and elsewhore, A few

graphleal manipulation features that would be reck cd for graphical basad
desligh are consldered below., -

- Firstiy, & must he possibla 1o display only the apaclflc aroa of lntoras*t. With

vizry largo designs, & would be almost Impossible to prosent all detalled

~created on an Individual basls, They are not an Inherent part, of tho system. -
" Only the data that Is compatible with the system's dats slructum could -

information at once. The “shpcific area must be tatally fiexiile, For axample; -

adesignor may only be intorested it the Medium Yoltage Digttibution for Unit
1 of a power station, or a speciiic board awd il ks power related details, or

-~ allLV boards, but onty showing Progoss ontrol cabias, no power detalls, etc.

The "seopa of display must be able 1o be established by selting leva! of dotail
as well s spacifying which equipment Is fo e displayed.

The display must be allowed to ba adc@ed to (irlcluslan) or ramuved from
(exctuston). The incluslon funstion will present flexibia query facilities so that
the user is able to select whatever equipment he warts by whatever ciipria

he wants. Exclusion is achloved by seiecting thi raquired objects on the
display and Yexcluding” tham. Note that excluslon is not the sime as dolei. -

by the "pjin} and click’ method, by surrounding the desited objacts with a
fiexible "f,ivie", or by uslny tha flexible Guery faciitlos.
H

Excluslug simply removes an object from tho display, Selection Is achieved .

Hiorarchical (nested) nodes must be capable of belig *axpanded” to show
their Internal nodes or “contracted” to hide Inmtemal detail. This ldea of
Expansion and Contraction can big taken to a higher lovel. For gxample, a
hoard and alf the loads connocted to that board should be able t6 be
contracted {or collapsed) into a single “temporary pseudo” node which

Jepresents tho entire load of the biard, The opposhe should also be available,

Lo, the expanston (exploslon) of a *bundied"” node Into s constituent pleces.

In this way a deslgnar is able to concentrate on specltic data without being

swampied In unnocossary detall.

Othor standard graphle facilities such as zoont, pan, fit serdin, wingdowing'
ete. shiould be available. géandard Al display faciiities such as isometric views
ote. should also be avail le. Refcy to [SC 18] for detalls of such facilitles.

Liberal and flexible (custamluable) use should be mada of display attrlbutos
to enhance visualisation capability.

0
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A2  Design Verification Checks and Model anal 4is

Bl

Variflcation checks can be placed intss two broad categories:

o Systef. _ y

Those that ensyre that the 'hece.‘i\sarv level of desa Wtagrity Is maintalned in

“order 10 prevant software problemis at the database level. These vetlfication

checks MUST be sofiware enforeed and are not able tu ™ 1 by-passed; and
These thut ansure design and deslgn progess Integrity. It would be cieclrahle

for some of these checks to ba software anforceabilo {9.g. a cablo casini kD -

delsted cnea art instructlon has been given to a contractor to pull the cabie).

While other chacks would be counter productive i enforge< By dictating that -

too much must be known about sormeth ng b befare it paitbe Inserted lnto the

_.

sign Analys!a"

"There is no clear line between thesa two categorios, ;h/g na exlrerne could be

- called "Data Infegrity checks* and the othar exdrame, 7

There Is dlso a deligate balanca botween how much "omlm'l (data entry)
verification 1 usad as opposed to "hateh verification (after buik entry).

L

On-line verification slows a system down, bﬂt dutacts arcors as soon as thoy
are made. They al$o tend to e simple checks because comiplex thacks would

take too much titne and make the system unusabla. Qbviously the computer

environment plays a factor in this speed/verification tradeofi).

X

Batch verliication on the gther band has no effect on systom speed as thay

can be #tm durlng low usage perlads. They uan thus be far mora
comprehensive than oeWline checks, -

Anothar factor is to allow for flaxibie terative design, therafore having aslittle
anline verification as possible, but theuser must nut e gble ta placa thi maine
backbong of the modul injeopardy.

"On-ling verdication Is also divided into "Hard" and "Saftv vatificafion, Hard

varification will totally pravent an action ¥ it is incorrect, while solt verification .

will only give a warnlng. bt wil not prevent the action. S e

"
3]

Vi
85.3.2.1 Verification Checks: {Data Integrily checks) - /

1 " i
The system shoifd be avle to take care of itself regarding data Integrity, In
other words, if it is attempted o detpte a node, the system should be able (o
determine whether It is possible or not, If it is possible, tha system must than

carry Hut all the necessary actions without having to rely ondho user 16 -

remember to carry aut any further astions, that if not caried out, could |eave
tha system In a state of compromiged integrity, whish In turn could idad to
catastrophlc failure if not corrented.

Verlflcallon checks cad be divided Into Syntactic and Semantlc checks:

. Syntactlc checks are used to check on the valldity of the format arid range
of data fields. For example, only digits, "+" and "", and a dec¢irnal point
ors valid for {iclds expecting a number value, Othor éases may be limited
taspacitic chatacters In spaeitic positiong. KKS rules dictate sucha format
specification. Reler to Appendix Ad,1. Somy cases require & range
specification, for example a phase angle may only have meaning botween.
0 and 364, any ather value would be Invalid, or a Switchgear could only
be "LV, MV or "DGY,

2
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o Semantis checks are more dificult to carty out. They are chiocks that

would determine whether an action, or a cortnedtion, or some other
a,-; criterion, MAKES SENSE in the given gontext, Far example, deleting a

cable from the model when It already exists in the real world does rot

miaks sense, A semantic check would be used to deteot such 4 sltuation,

Another exampio would be if a switchgear specities that a 4 core powor

cabfe is required (3 phase + neutral), but the squipment It Is supplying
~ power to only requires a 2 cora DC supply. Semantls checks are
- essentially used to carry out procedural and design valkdity chetks. -

¥

‘Some mechanisme to carry out the above verification ghecks include:

"« 'Checks Inteyrated Into the user Intetface (screen forms), These indlude;,

o . hard a":oded' rangé and format chegks;
° "] value must exist i 2 dictionary sqrnewtére else” type cheoks.

T °qu example: the 1D Code of a Noda thatis belng typed In tho *Cable

Didtalls® streermust existin the system asanode otherwlse that code

Y suiportedbyal Jilty wherebytha other ditichany’ can ke queriad,
‘ avplue selacted and this value attomaticdlly Insertéd inta thee relevant
ﬁe o, Lo. "lookup” iacilitlés.

M |mdatory Quta. entry. Ie. the form fo:cas entry of tata it spacific:
@ f) xl(.,) before the systom san actopt data from the mrm.

.. Dapendency Checis: For examp!a. if mrm i!ald s & speclﬂc value.- .

" thén anbther must be ﬁlle@ In accgrding 19 a Given criterta; - )
. Databeise level ﬂhecks siich: as mandatory data and Unlgug’ indexas.

& Backg ipund aotivity checks, such as those that would be used by the
Process Model (Refer to the "Design Process Model* {4 a4 -

Deslgn
~ abovel A transparsht background activity i& iﬂggered to canry out &

check ,‘.vr it Is continuously monitoring activitles and “pops" up with a

suitU ) message and action when tha rondltions for a check are mot;

s "What H this table but & not in that table" type chr.tcks. The use of

Interge iqns. unlons, and other set operations sreduseful for thistype of «

check, \ “or example, this typo of check would e uéed to detect untouted
cables

the Catﬂe Route Table, o :
There are many batoh type data integrity checks that can be cactled out to

detetming the "healthiness* of the moclel, Refor 1o Appancdix A5.5 for a list of

. surrent andiproposed Bateh chacks for CEEDS,

5.3.2.2 Analysls -

Design analysis Is at a higher Jevel of checking th:m stimply checking for data
integrity. 1t is not intended to delve into the detall of any specific analysls, as
these are solf supporting toplcs in thelr own dght, but they do requlre
mantloning.

"

W

not e gocopled by the. syster. This typs of check la oftar .

Nithoutrélying ori n status indicator farinstance, This 1s achleved
¢ by promucing a fist of all cables In the Cable Details Tabley'that aronot in
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These checks would Include statistical analysls of the “goodness* rfa deslgn,
and humerous techntcal analysis acﬂvlttes Includlng -

« Powar Fiow analysis;

o Dynamic Network Stabliity analysis;

& Power balancing and board iuad!hg analylsis;

o Signal Path checks (for Gl aquipment); ote. o |

Design "Goodness” anafysis would cengist of determining the porcentage of
data available, compared fo what is ultimately required and alsa tha
confidence with which this data can be usad. (Refer to-Appendix Ad,11).
Missing data reports are also usedul in aid:ng ln the desigh process.

The cutrent phifosophy with CEEDS i rh A package that garrios out an
analyls function aiveady exists) ;/pm guldhk Jorfacs o thal package
rather thanirying to rai.nvemt& ¢ *mnd, Porexample, a package
called "Power_SystemShn - Agmry! (PSSIE) Is a pighly
sophisticated Qa:i Aot J\ﬁ Jus.eﬂ in the nrga tion.
CEEDS must now, upp!y uuzin, (Jao thig féi!ﬁty 33

Mechanicat GAF aystora e ﬂwir &qui‘(alenras ; Iysis checks 5U0 as finite.
‘elemen’t an&,,afs. 3D coliiam deteMON ok s, ste, Civil angineering
toms would hava faciiitids auch us volumy dotermination, of leragular
o \ pes (0.0, § dam or & mine dump), the quantaty of il recuiradt to-bulld part -
of avoad, stross atatysis of core#eie structures, ate. Elacironio ayatems would >
includa, for exammpie, analysls of this tmil distribution ona printed clrouit board
(PCB) or within an integrated circuiﬂ @Lﬁhnulati:m faglities, atc.

oo

"1t is the ability of the sysiem to cafry ot such analysis on the "modal” that
differentiates CAE systems from simple idatabase systems or computermqatﬁ
Deaughting systems. if these analysis "routines” are fully teractive and -
able to maka full use of graphical !mtures, then very poweniul CAE systema 5
are possible, _

. h ’ ' 4

538 Codification - T | 1

‘._” .

In any information Ksg)!stran‘l. fiberal use Is madde of "Codes”, One of the factors ¢
influencing the ease of use of a system, Is the ease with which "eades* canbe  °
remembered ant/or fooked up. There are varlous schools of thought affecting

L)

. eothihg, ) '

One extreme Is that codes ave no meaning at ait and are enly used by tho
database system to facllitats referenco links to the details attached to those
codes, and the role the codes play is usually ranspacent.

The other extremp I3 that a codea Is made up in such 2 manner that meaning
is Inherent In the coda itself and the eatle is created according to a sat of {ules

The first method Is fine If access 1o data is always via the information systess, but
as soon as the coda may be used externally to the system, posstbly within manua!
methods, then the second mithod is preferable. The philosophy adopted by
CEEDS has tended to favour the sesond method,
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Many codes used bya CAE systsg_,l_. will also be used by a number of other systems.
If a set of codes must be acoessible to a numbier of systems, then corporate wide
dictionaties must he established. The responsibility for the contents of these
dictlonaties must be piaced with a centrallsed body, not with any one of the major
users, This Is to prevent the modification of these centralised referance facilitlos in
stich a manner as to suit only one player, while disadvantaging others. {Refer to
"High Level Development Strategy” (2.4) above for a development approach to
centralised faciilties).

These centralised dictionaties fall Into two categorles:

s Generic Faforence Data and f{’
» Praject Specific Data,

!rr

. 7
Geherls data wauld include Coding Systerms Key Parts and Code Craation niles
whereas Project Specific would include for instance, a "Master Recard Index" of
all currently Identified valid and cotrect Object ID Codes. '

§.3.3.1 The codlflcation of Object ID's

Tha systam tfoes not do code verlfication upon entry of codes because the
exact coda tf a plece of squipment is not always known up-front. In this case
"“Durayteotdes can be used that may or may not adhete to a goding systems
rules. Thase dusmmy ¢odes can then be replaced by ap, codag ag goon
as thoy bbcoms avallable. The administration of thls &
carefuily controlled to pravent the entry of the real
cocde still xists, This could lead to tha situation where there are two individual
objects are identified to the system, but they are actually unoe and the sarme
abject. Another teason for not enforelng a speclfic coding system's ruled s
. thatthe system may also be used to modal plant that adheres to other Codiig
-gystems. The current philosophy |s that the system allows the entry of ahy
alpha-nurapre Object ID code as long as # is unigue. All the Object ID todes
In the system can then be verifled, in batch motle, against the rues of any
given coding system, :

On all «ow CEEDS projects, the codification of Object 10's Is dictated Dy the
- KKS Codhg system. (Fefor to Appendbcida. 1), Forverification of KKS codes,
use is madde of.a series of "Key Part diotlonavies", Validatlon of o code agalnet
thess Koy Pans Involves firstly checking the format of the code (e do
numerical parts contaiy only numbers, and do each ofthe alpha parts contain
a valid gharacter) and secondly, checking the hierarchical relatlonship
between different parts of the cotle. This procedure cannot guarames the
correctness of a valid code, but It can detect cades that ara definitely nvalid,

‘ .
A more sophisticated chocel invoives the comparison of the English
_ description of a plant item against what the cotle deplcts the plant item to ke,
Koy words are attached to key patts of the code, A "Percentags correlatian”
- check canbe run to detest whether certaln kaywords appear inthe description
or not. The closor the correlatlon, the more likely that the code and the
tescription are correst,

-
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5.3.3.2 Other vodification

Objectil codesare but anefacet !nvalvlng centralised lookup and varmcatlon

faclllt!es. Other "Code chtlonaﬂes" Include: L

o An Abbreviations Dictionary conta!nlng ai! official abbroviations and
altornative abbroviations for use In ¢reating shart descriptions or whare
Tong descriptions cannot fit Into the preseribed width, For exampia "MOT*
or alternalively "MT are used for “Maotor". MTR would be an rnvalid
abbreviation.; _

o

e ACuntract Area codes Dictianary contalnlng all vaild confract arcas Into

* which equipment an be grouped;

» A Structure Code Dictionary contalning all valid Azes arilt Volume {Roon)
codes. This dictionary Iz actually the same as the "Objact iD Master
Rocord Index® mentioned above, because Areas‘ankl Volumes can alsd
tio span as "Objects". (Reforto "Extensions to the motel” (4.2, 7}abnve).

e Documentsate glvenan Identiiication ode. All valid codes are reglsterod

nthe Drawing Information System" dictlonarles. These dictioharlas make
up part of the documentation configuration management information
systern whish is avaliable on a contralised basis. Documents may have
another kientification schema intornally 1o & specific CAE system {Refer
_to Appendix A5.2) bl as soon@s thoy are Intended tabe used exiernally,

they must be “registered” with thB contralised facﬂny and ba given an

uﬁ'clal ElucumentlD. | it

o Class and typa cndes are currentiy ‘not avalialie on & centraﬂsed basls
but are being lnvestigated on a corporate lovel, Refer to Appendix Ad.1
fora pms!hlaarha.na. The "dictionatles" making upclass and type coxlas
ate actually the Type Reference Tablas discusssd In™Systoms,
ldentifiers, Equipment Classes and Wpas" {4.2.2) abova,

& Many other miscellaneous codas exist and are elther gtored in
'“Dictlonaries® or are hard coded info the ralevant software. If thera are

" more than about five codes involved, and fihere ts a chancé that & cade
may clange ot bo doleted, or others be added, then it is advisable to

create a dictionary. Software can tien gquery the relovant dictionaries

sl

rather than having codes hard coded Into routines.
534  Artiticial intelligence (Al) Technology

Al technology can play a vilal réle In futiro CAE systems, Design Is an inherontly

. Innovative and creativb activity, Canventional software technology s unable to
"mirnle such bebaviour but modesn Al teshnlaues can ¢ome a lot clogerto carrying
out tasks that appear to requlre intelliyence. Some ideas are discussed, but a
detalled investigation hag not heen done atthis stags, Thera are a number of areas
where It s envisaged that Al technology will play malor roles.

Al
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& Model reprosentation: Instead of usinr); the relational model, an Object

Oriented / Frame based rapresentatids ‘could be used. This will give the
facilitles working on the model the oppcrtunity to carty out far more
sophisticated functlons such as “inferencing” . It is currently felt that the
"Deslgn Process Muodel {4,3) may need aticher representationscherne than
that offared by the Relationial Model;

s  Integirity Checking:
Backgrotind Integrity checking programs ¢an be tmacdle much more efficlont
by using Al search technlques. itstead of using "blind" exhaustive chacks
where much duplication and unnecessary work Is carried out, thus slowing the
system down, "intelligent” checklng can be done thaf eliminates or minlivises
this extra burden,

¢ Design aids:
"Expert Systems" can be consulted to offer advice about design acﬂﬂifas and
embedded systems canactually automatically carry out otherdesign activitles.
For example an expert systern can be used to carry out sutomatle switchgear
deslgn, The selection of a suitable switchgear is based on certaln rules, the
available range of equipment, attribitos of the load being fed and the
environment in which it finds Rself. The "rides” congist of a "irst principies pait
{deep knowledge), and ar "axperience” part {shallow knowledge), The deep
knowladde Is obtainable from equipment catalagues and "caleuiations®, The
shallow knowledge |s obtained from experienced switchgear designersif the

rules are adequate, a large proportion of switchgear should be abls to be

. stlacted automatlcally, thus refleving the designers of an essantially myndans
task. The designers are now able lo concenttats more on that smallor
proportion that have special contlitions, Design optlmising within mnstralnta
is ancther area whete Al technlques excel,

"« Design Analysis:
Far morg sophisticated analysla of a deslgn pan be carrlad out using Al
techriiques, Things fike "Rellabllity analysis” bacome pu@albla. :

¢ Other areas that have not even ! ™on identitied yet...

Canmruéﬂon and Financial Functions

The natual progression from design, 1s cr}nstruction Construclion movas a CAE ,éystam

fromthe comfortablo confiney of a destgn oitice into the real world of dinty hands, deadlines,

contractoss, legalliles, finance, ote. The rdguirements for a design akl systém diffor

substantially from those of a Construction ald system, Constructlon Systom regfulremonts

::iava r:gtd yet been analysed in detall, but a few aspects that play a role have giroary been
ehtif . y
7

# Construction oriented Informatlen. : ' / -
The system should bo In a position 1o provide "Bt of matarl:fg;/ ports, "Matotlal

Delivery schedules' ete, These would ald contractors in thelr buyl equipment and
materlals. Soma equipmeont, spoclal cables for instance, must he iImportad and lony
dellvery times aro a reality. The sooner estimates can be magit about material and
equipment requirements, the sovoner contractors can stant ordeting arkd purchasing.

Dosign Information should bo presonted In a format usefu for the paopie. actually.

Invoived in bullding and commissioning systems,

» Site feedback:
Centaln Important attributes of objects can only be obtained after tonstruction has
taken place, These attributes are used by subsaduert processes, Invoice control for

¥
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Bxampla. and must be abtained from site. For example, an actual cable may consist
of a humber of lengths alf jolned together to make up the dosign langth, Each of these
pleces may have come from differsnt Cable Drums, This information must be fod back
Into the system tofaclitate cable cost determination and Cable Drum Managsment,
The astdal length may differ significantly enough fromn the dasign length to warrant
Investigation, The reasons for such differences must bo made krnown 1o the systam to -
facllitate modification of the madiel to reflect reality. The model serves no purpuse i i
conflicts with the real situation, This site feedback can also be used a3 an indication of'
construction progress, Tha CAE system can be expanded 1o admibistratively suppurt
. the complete commissloning and hand-ovef process.

¢ Flnancial functions: /
Involeing control, budgel varlation analysls, financial rapmttng. ote. arp al yunctions
- that can be sugported by the CAE system.,

CEEDS I currently malnly a design system with Site interface capabilitles limited ﬁq cable

and racking attibutes heing fed back for Involce control. There Is massive room for

- expansion in the areas of Constructidn antl Finance. Those aapwts are ctg;anﬁweuelvlng

attentlon,

o

Documentation Production acillties

'

"
©

Besides uldlng it the daslqn process, one of 8 GAE systams maln functions Is théJ

production of Documentation for Daslgn, Contractual and Construction purposes, The
typos of reports that can be extracted from the systent are onlylimited by the data and

data structures within the system, Technlcol, Managerial, Admiinistrative, Audits, Bil of
Materials, Cohstruction alds and many mora shauld beable 1o be sxiracted fromihe sysiem

In'an sasy and consistent manner, On CEEDS, threa levels &t documantatiof productian o

faciiities wers identified. Thesa are:

¢ General Repomng fonintieg (High Flexlbllity. accesslbla by all us&rs), "
¢ Standard Raporls {Leower Floxibliity, access Is control[abls toa certaln degree); and
» Contractual Documants {Fixed Format, restricted acceﬁk)

A
1

561 General raporting Facilitios ",

The general rgportlng faciiltlas are totally fiexitie and a repart'a format and tuntent
ara docldad Gn, created, maintained and adininistered by end users. Users are
able to create and store thelr owir repost "programs” on gn individual basis, Thase
can then be run by the users whanevar they so deslre, Each raglstered user Is
allocated a smali amount of personal disk space for the storage of such report

programs {amd for other purposes), The administeation of this space is a user

activity, not a system adminisirator function. (Refer ta.*Utilitles” (5.5.4) below for
detalis). All data, except confidential data such as passwords, are avafiable for
query purpouses, On CEEDS, access to a flexible quoty product (Oracle’s Query
Management Executive, GMX) Is avallable fram every manu. (nthls way, the ability
to query any desired data Is nover more than a few kay strokes away, Tharg{s no
?er;!d [m continuously travnrse large monu treasto find thia necsssary screen query
acilitlos,
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B.5.2 Standard reporis

8.6.3,

ey

0

There are some tepoits that are usalul to a wids variety of peopis and nrqpmduced
on & reasonably regular basis, These repots are pre-written and mads avaliable

~ to users via a "Standard Report” facility which Ig essentially a "select from the list"

tybe facllity On CEEDS, most meniis have avcess 10 a 'jglaport List" via a
"Repoits.. menu option. Access to thess mentt options ard, contréliabie In the

norrial manner so that certaln reports witl only be accessible by cenain groyps of

people. (Refer to "Sacurity wlthin an appllcatiun“ (5.6.9.2) below),
t! . _" "

A Raport !s consldarad as an "Object" by the aystarn. it has ;

s anid (Namaly the Fllo Name/Flle Type of tha roport progran), . |
» ' adascription (that would appear In the "Raports Lists" above),

o O

& asetof instructions {that would appsar It a separate 'w!ndW' of ;ha report

3 Hstlfrequnsted) and e

» ancptional set of "hard paramatars” that can ba passad to the repan pmgram.

{Soft Paramaters would be promptod for by the report when jt Is activated,
while hard parameters are set by tha,systerm adminlstrator. Haed Parametors
are seldom used but the fagllity exists i heeded). Paramemrs anable repons
in Yo floxible In the data they corrtaln .

2 talis of Standard reports exists which contalfia all reglstemd repons, with tm'a
dbove atitlbutes, The narnes of thase reports are validated agalnst the stitware

configuration managemant system. In this way It is impossible to register a seport -

that has ot already baen repistered with the software canfiguration sysiom,
tharaby Improving system intagrity "Software Qonfiguration Control’ {6.4,3)
below. An associative table exlsty In which raponts ars *ailocated” 1o be avallable

" fromm one of mara menus. In'cther words, & single report czn be made avallable
. through the "Heporis..." optlon on many menus, or can be restricted to only ana.

Whan aliocating réports to various menus, the system ansures that tha raport exists
and that tho menus exist, onte agaln ansuring systers integrity. Refer to Figute
£5.5.01, Qug. ; facilitles exist on both the "Reponts List* andthe "HapnrtsfManu

allocations Hst so that a usor £an ses what reporis afe avallable and wherato find

them. it then depands on tha user’ § ACCBSS proﬁie as to whether the rapoit can be
run or not,

Ctontractual documents

U T

This third category of documentation produced bya aystom s the most strinnmﬂy
controlied arl has the striciast access out of all the categorles. Thase documents:
act as instructions to contrastors to carry out work. i there & Iradaouiate control
of the Issuing-of such docurnents, cost implications could arize as the resuit of

re-work being dong by the contractor Decauss of incorrect information contalned

In these documents. Manual precedures must exist for the adminlstration and
distributio, -of those donumenls

The "Contmctual Dccumentatlon Productlon Facmtias" provida the following'
1. Bach document Is requlred to be reglstared with the system;

2. lssue and Revision controt are carrled out;

H
2]

o
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4, Elactronlc archiving of prevlous ravlsions ia carrled out” * -
8. Ba—pﬁntlng of any prwlous revision f ﬁny issued document c)ln be dons. argl

"f-lollback“ ofan Incorrecw Issued {but not yet dlstrlbutad) document. (Previous

Revisiop numbers arg re-instated and the capy of the document Intha archlve
Is deletexd).. _

The lagt f’we iasuea are what ifferentiate Gontracluai Documients from Standard

Haparts; ; . _ '

o

6.5.3.1 Modallng a docummt as an ohjatt

J

a.m.‘.a Conﬂguratlon manngament phllo:ophy

Contractual documents ara rdeled as ='nb]acts“ Ina mannarﬁ miar to
Standard reports. The only ditferance is that a Clags of document 3¢ defined
- 16 which the software program producing the document s aftached. Each

instance of a document Is identifies by a sombination of a Dacument Class

" and a Search Criteria {nat a file name/tyne as with Standar: . pparts). Othar

-~ additiorsal atributes Include "Drawing Numbor(s)" for relerence to othar

Documentation Control Systems (Refer to “CAE on an Engineering
dlscipline favel® (2.1.2) above). tn the case of éf;’rﬁl.-‘:lfl'h‘s these Drawing
Numbers ara links Into the "Drawing !nfom:atlon

spocific documantation system. %;J

ysten® and the pm}ect .

.  Foradetalied dascription of how CEEDS manages contractual documants .

" rofer to Appendix A35.2. This is an editad sxtract from the Hyportgx:
Ddcurnentation $ystem being supplied with GEE.‘DS, ;

o

" Configuration management of documents a]ways poses (nteresting
problems. Hybi \Qanual and CAE design systermns have compiicated the

mattar even fith ﬁs Is because Manually produced documentatioh, -

which Includes traditional CAD drawings, and MODEL BASED Intograted CAE
- systam produced documetiation cannot be vievod In the same light Refer
to Figure F4.6.03 for a compatison between.tradifions! and mocdel basad
onfiguration control {also known as Version orlented and Change t::;lemad
canﬂguratlan control). (,\ W

; (&

Traitionally, & document Is th ‘ounm» . hs cwn dala, Le, the data
contalnad on a decument [s stor de Hmant. This document
and the data R contalng caero e ) ~ aontained on ong
doeument could also be zéntalned on fg- mm r Df CaF dosuments, i
suchaplace of data Isto ¢hange, itIs up {3t qerofthe dozumentation
1o firstly know alf the places a piscs of Informaation may resitle and secondly

1o arrange that the data Is changed In all thuse aees. Vary strict procadures .

must be athered to, to ensure data Integrity, but it remains a manual task,
There are nosabsolute enforceable machanlsms 1o ensure that all changos
are made In n error frae manner, Each time a number of changes are made,
annthar revision of the documeant Isdssued and distributed, Changas mate
glrica the last revigion aro summariued on the desument and ohee again thore
Is no guarantee of cotrectness. Previous revicions can be reviewed by
retpoving them from storage (if sych a facility oxisic). _
‘\‘J :

2}

kY
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., Control, rifor to Appendix A5.2,

§.5.4 HReporiDsslgn

1 Aumbering and a date for all pages. This Is bacause if gAengthy pntout j
 the parts can at least ba sorted, Graphlcal plots must contaln the necessary title
{r" bilocks, signatures, elc. ' _

1
) L s &
o | v

LU | if i

..J ) '_" B o .
With 3 MODEL BASED CAE system, the mode! s the source of all data. =

Documentationdsproduced by extracting relevant data in & given farmat and
facing it on paper. The document Is no fonger the source of data, it Is simply
a paper based reprosentation of certaln aspects of the moedel, A plece of

Information may once again appearun any number of documents, but ifitIs

1016 changed, there is no nead forthe change to take place on ail documents.
The change takes placd in only one place: the source of dats, namely the

" ‘model. A Document has a dual hature In that It consists of the actual report

* and a’Change Summary* rapart. The actual report contains the tachnical data
© as’at the date it was produced. The Changs Report contalns a listing of all

Il

changes that have tdker place on data contalned in the actual report betwean
the dates of the previpus revislon Issue and the curant revision issug. Refer-
to Figure F5,5,02. change data is extracted from Historie Datd, Referto

"History Facilities® (9/6.3) beiow. When adocument Is froduced, the actual
report Is archived Ini sloctronic format for fater retraval. In this way any
previous revision of a CA Ldocum_ent can alsh be reviewed. There are faclities
avallable for producing Mikeo Fiim versions of tha documentation difactly from
magnetic media. Change feports can always be re-genoratad by slmply
supplying thara with any two dates. This is 85 long as tha Mistory data Is stili

. on the system. in this way compatisond can be drawn batween any two
versions of a document, L '

For detalis bn hniv CEEDS canles out Contractual Docurment Configuration

L]
4]
: . R
E]

The contants and format of reports ate very Impartant i effsctive usage 1a to be

made of the rapdd. Firstly t must be deckied whether the repost is for spagific
-and/for goneral use, Genetal teports tend to.contaln quite & lot of similar data, but

in a simple format, whereas specific reports terd to-be falrly complex and extract,

* data from a large number of piaces, Exactly what dala appears on a document Is

also Important bacause the regdaer of the document 1must be glven adedquate
Information for the document to be meaningful and non-misteadihg but not so
mugch that irnportant data 13 swamped with large amounts ofirrglevant data, Layout

important data and in giylag the data a meaningiul struclure, For exatplo,
switchgoar schedules sre/printod In vertical blocks to mimic whist the physisal.,
board would look like. Effidlent use of papor surface must be cong 652940 prevent
papear wastage. - ' ( ,,i\‘ '

Company standards must also be adiered to for ail contract
documents, Printouts are pratixod with a standard “Administration” page, which
slearly containg the docutment title and any other required administeation (siich as
names, approval signatures, ete.) Printouts must contain 4 common haaderpage

torn,

- and print attributes (such Zzz:;olour and bold printing) play a part In highlighting

s officlal

[+

)
.
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5.5-5

s

Textual and graphlcal mpraaanlations

The decls.an as to whathor a graphical representation Is re:«qulrad. o Wik ethera"'
toxt hased report will suffice depends entlrely on the nature of the Infolmation,
{Arguments are simifar to those presented In *Ropresentation Schemes” above),

Crrently CEEDS dilioctiy produces only text reports. Data for soms rapants can
be exporied to CAD programs to automatically produce a graphilcal representation,
Faclities for automatic drawing gensration are cusrently being Investigatod on ths
CAD hased Racking Design Facilitles, There is surrently no control aver CAD
generated drawings contalning data that I also in CEEDS.,

The concapt of automatlc data axtrastion and drawlng genomtlm\!gr graphical
documents, jollowed by manual touch-ups to produce & production quatity
documant are currsntly belng investigated. The situation could arlso thiat a merger
of Modal Based CAL configuration contral and Verslon conirot of documents
containing thele own' date, could arise. (Soe “Contlguration management
philosophy" (6.5.3.2) above), This would happen if Graphical docurents were
stored separately from Modidl Data but would be able to be automatizally verifled
for earroctness against model data. In this way ransparency is lost but Flexibility
is galned: 1t is foreseat that this amalgamation would be the interim simanon untit
all docu‘}“ i'ntatign can ba fully generated by the systam.

i

66 Internal Functln’ns,antl--v'.!_tllltlas
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smam Securny

Thote are various lovels of sacurlty regartitng the use, of camputar appllcatlons
Thesa are:

i

Physicat access to comiputing faclities;

Logén li‘ﬁs and passwords to galn goctsy 1o & machine/network;
Logon iDs and passwords to galn access to an application;
Access, within an application, 1o spechic functionality;

Access to databases with varying degrees of privifages; and

Access to conain columng andfor mwswtthln a databasae with varying degreas:
of privilegos. ' _ (

Sar,:urlty arangements are vary dopendent on the computing envlronmam belng
used for tho CAE system. The {ollowing discussions are based on tho platform that
CEEDS s currently implomented on. Refor to "Current Platform® (6.2.1) bolow.
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5814 Ac".cess to computing !ucllfiles and applications

<

integrated CAE systems covering & very wide fleld of activities should pfbvlde
easy and sufficlent access to ¢ m{npming facilities. Access sholld be
distributed 1o provide the best possitiie working conditions. Soms teams may
regjulre to work In close unison and should be situated In close proximity (9.0
a communal terminal room), while othets prefer té work in the privacy of thelr
own tetritory, Both sltuations have merit and equipmert dlstribution depends
on avaliable rosources. Exparience has shown that at ieast ono sér of
centrafised faciltios {srequired wharea number of poople arg able to agcess
the system simuhanaously, remain within earshot of each othier and have the
usa of support Taclitles such: as writing boards, overhead projeciors, efe.

These facillies are used for tralning, desigr reviews, close cooperation ™ -

activities (such as cesign activities that affect one or more lmmfaces batwaan .
discipiing groups}, Bie.

Logon pracbelures to a spocific machine oF to & network should ba slmpie. _
yet sooura. Aparson should ke o rogistarad user with g parsanal password,
The registration of usars 16 aceess the computer facitles Is usually handled
by the administrators 9{ these faciltles (wh'l are net necessarlly the
administrators of a given Appllcation), Dapendity on the pariouiar system,

“ actoss to a particuiar spplisation should agaln be a3 simplo as possivle, A
“person shotid also be a reglstored user of an application with an application
I£ and password, The registration of people as users of & given ¢ yplication
aro managed by the Application Administrators. (Refor to "Seeurity within an
. Application” {5.8.1.2} below). Thesa ragistrations should ba on an individual
basls, not a growup bagls, This is 50 that the activities of a Indivlduaqican be
loggad and any maliclous activities can for instance be traced to JogBloggs
and not sienply to Accolnting. To get o the CEEDS application, &.user is
presonted with & menu from which he [s 1o seiact a partisular environment.
Onco seluctad, e logs onto the sprcitic envirorment by giving his Inclividual
1D and password Tha system then presants him Wwith o menu of appllcations
for which that individugl Is reglstered. An application 15 then sclested, In this |
case CEEDS, Logonto the application ceuld batransparent using th ahnady
provided *Epvironment 1D and Password" or could be axplicit where an
appggzétlon 10 and password must be providbd CEEDS uses the latter -
mothod,
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5.6.1,2 Security within an application =

Oneo lnelde CEEDS, alf faciitiss are acdessed via menu options, Accaca toa
given optlon is dependent on this Individual who has legged on, Each user s
registerad in a Usar Table with his User 1D, a Password and personal details,

Asers ara able to maintain Hielr own personal Watalle, but c:amn;.r;l query or
‘madify anyone sise's persopal data, Each user Is also given
. Profile” that determines which faclities may be used. The access profile Is

*Access

dependiant on the function that the pereon carries out on the system. For
example; a cable dbsigner may have "view only” access to switchgear desigh
tiata bt. ‘Inay have full access to the cable design faciiities and data, Each
user is given a "Default Access" that allows them to View all {non-confidential)
data and producer certaln reports, but no access s givan to any data
madification facllifies. Tho systerm administrator must determine what fav/iities
would be reduired o carry out a givendask. Access to these options is then
given 16 the persoh delegated to carry out that task. This access profils is
achleved by meang of an associative tabla linking a User ID to any number of
Manu Optlon ID's. [When editing a user's profile, the system ensures that the

- meny optlon exists and that the user oxists, Integrity Is thus encured). For

tletalls on Menu Optlon ID's, 686 "The Man Machine Interface (MMI)" (5.2)

,abova,

. Report faclities are avallable wherady a user s abloto print or plot his own
menu access profila intrea form. Alist of alf userswith access to a given option

is another useful roport, Referto *'l.ﬁgglng facilitles” (5.5.2) helow for details

. on "Uaer Activity” logging. Query facliities ara avallable on the User data but

arp Tustricted to Names, Telaphone nimbers agd Location, All other datais
considered confidential, .

W

56,1 Database security _ . .
" The degres of securlty bult into necess to the databaséwepanda on tha

security philosophy and faclities provided by the Database Management

Systam, ORAGLE provides excellent and comprehensive securty. [Ref

ORACLE datahase administrotors manual], GEELDS has only imade use of one
layer of Security at the database lovel, Al facilitles that ara abiato modify data,
dp so dirgetly on the main tables. Quary faclitles arg based on a set of
"Synonym" tables that aro based on the main tables kit have Viewing
privileges only, Le, data cannot be modified via queryfacllitlras Thaphllosophy
adopted was that i{ a person has access to a manu option Iin which glvan data
ean ba modified, then ALL lata acsessible via that optlan is modiftable by that
person,

It it Ia cloamed necessary, vary sophisticatod securlty In whichsrickss can b
limited fo certaln Shlumng and/or rows within a given database, based on

" some or other ctitérla, with varying privilege lovels ,can be ﬁcupled to an

individual. These priviege levels consist of privileges such as tead only,
update only, Hels:e only, Insert only, etc. or any combination of these. Thore

Is a proportional relatlonsnlp betwaen the sophistication of security antd:-the
administration recuired to maintaln integrity whenalteting privilages and when -

adding or removing users. IF there is no securlty; there Is obviously no
administration, Totally flexlite securlty roquires a grest daal of administration,
The develapers of an application would need to determing the approprlata
level based on risk, throat and audit recqulrentents.

N

,
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5.8.2 Log;s ig Facilities
| Any lnformattan system that supports activitles that have contractuallagal and/or
financlat implications and where dispites may arise, must have sufficlant audit
facllitles. Loy rables can also serve a number of other functions such as data
gathering for trend analysls, detection of system problems, the re-establishment
of data inadveitently or maliclously Incotiiectly changed, ete.
The foliowing logging activities were klentified for CEEDS: )
o Design Data Change Capture (Refer to "History -Facllnies"'(s 2.5) below);
» Extemat Data Import/Export logging;
o  Usaractivity iogging; and //
. Heport &nd Contractual Donument Prlnt togging. /'
S Logg%ng metivitios should ba totally tranSparent to the user. ( > .
B 1 6.2.1 Extarnal Data impori/Export logglng  * . .

CEEDS rellog haav\ly o gamarlng of infor. natlcm fmrmothar disciplines -
{espedcially Machanioal Engincaring, whe asministar the machanlCal designs
where mators, valves, e, are ldentifled), ideally, the slech vl design system
shoukd bo Intagrated with siber. daa!gn fackithes Hif mosl Nechanl..al design
. ls dutva by extarnat-contractors and thelr datudws to be lmparted PC based
“axternit data capturing” faciities are-ugt and parcel o, EEDS and are :
- distributed to ralevant contractors it ordefor them g caih.sfsthelr equipment
onto magnotic media In a format specified ty OER, These disks are .
impotted Into CEEDS. The Importing is lepged axd thi L‘ﬁt&. disk numbser,
cantractor and user are capturad, This is 1o pravert any disputes about wher
Information became avaliable onthe systef, The L3skNumbor ts stared along
with each plece of aquipment on that disk as a “Sour’s of data indicator,
Edulpmant within CEEDS with & commann disk mildibes (or grouped by somoe

° - other criterld) can be expartad I tha sarme format.as Ve Imported date, The

exparting of dats in this mannar Is simllary logged. (Rafar to *’impc:n!ng and -
- Exporiing of Motlel Data" (5 3 1.3} abova).

o

5.6.2.:.* User activity-logging

4] .
Thogse menu options which are classified as "Transastional* {.e. these optlons
whare data modification can take place) are logged every time thiey are
activated. The Menu Option 1D, the user, date and time arelogged. (See "Man
Machine interface (MM} (8.2 above). Besides providing a.record of who
Is duing what on the system, this Jog data can be very usafy! in determining
Sysl‘&am usage proliles over a peﬂod oftlm@. gither grouped hy LsekRRr IMenyY

(1) Inter-arganisationat Integroted systams are even further Inte the future ihan intar-givisional CAE

systems,

Bl
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Analysis can provide many useful indications on usér behaviour; for axampla,
an up-swing In activity Just before a design freaze date desplie the necessary:
data having been avallable for & much longer periad can be detected, Thei
functions provided by the system can also be analysed to determine those|
that are used and those that aren't. On CEEDS, a fog entry is ailso-macdb sach
time a tiser logs on and logs off, in this way, the time spent logged onto the
system can ba determined (atthough this tends to be meaningless, as ks not]
a mipasure of tmé spent actually using the system)’.

{ \
6.6.2.3 Report and Contractual Document Print logging

Currently Goneral and Standard Haports are not logged, Gontrastual
tdosuments are logged each time they arg printed, (Referto “Documaentatio
Productlon Facilities" (5.5) above). The Documerit iD, revision fiumber, dat

i&r ara logged. This provides a full audit of contractuat documant
provld by CEEDS. Ths document logging on CEEDS could bs Improvard

i

It may ks deslrabie to log\the number of coples produced and the number of
pagiss used with sach prind, in this way overall paper usage can be determined
ml‘:la users with excessive per usage can be detacted and appropriate actio
taken, ' : : , _

5,624 Admifistration of log data e,

Al the above loq data aro-stored in various database tables The numbar
racords could gat quita large and perlodic cloaning out would be required.
* CEEDS provides administrative teports that detail the numbar of records | h
these jog lablop. Based on those reports.it can be determined whelhar“
cleaning out I$ required.

Cleaning out Is dons by supplying a date to tha "Clean out Log Tables* faciity.
All-records (fora spaclilc table) oldetr than this date wiil ba exportad to an
automatically numed flat fils. These rocords are then deloted from the
_ database. This flat flie 1s then archived, and will sventually $pool onto taps.
8 . Tha naming of the file Is similar to that for contractual documesnts, except that
’anotr;eg‘ mechanizm Is employed to ensure unigueness if the same tile Is
craatec’ more thaiy once within a day This is bechuse thers 8 no revislon
‘umber to ansure unlqueness as with the conteactual detuments, A standard

report provides the administrator with the number of records: older and newer.
thana givendate. The cholea ofthe specifis date s a deficate balance batwaen

. desies for as much on-ine Information and the cost of disk stn[aga

Faclitles should be provided to retrieve and reload. archived data baclgﬁinto
. thelr respective databases if complex analysls requires database type quoty
facilitios on the data. Othprwise vlewlng of the flat ﬂtes should suﬁice

a

(1) Ohe aim was to prove an -ntarasﬂng chservation, namaly that tho loudost critics of tha syswm wora
the people who had used it the least, ;
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6.6.3 Fﬂstory Facilities

if the changing of attribute values could have design, comracmai or ﬂnanclal
inplications, it Is advisableto provide audit facilities. CEEDS has a"Mistory Faclity”
that captures changes In data Into various History Tables. Thetollowling Information
Is captured along with each ¢hange: -

e ID Cads of bject on which the change took place;
¢ The name of the speclfi.. attribute that was changed;
& The pravious valye of the sitribute;
e ‘The ID of the user Who made the change; and e v
¢ Tha Date and Tlme that tha chnnne wa made '

v Some changa "rulgs" Ineludn. °

o [ftha 1D Codg of an nbiect Is changed, t IJID ¢odle in the Mistary tabi that
v ofthé naw code, the attribute hame is it Gade“ arxd pravious value ia Ao old
ID Cade,
» lianobjectls delsted, thells code Is that of the deletad ohject and tha pravlm:a
- value Is "DELETED",
o fanonminually triggerad function s responggble for changlng uf an attribute,
the User 1D Is the nams of the Function,

ln this way & comp!ete history Is Bullt up of alf re:e\gant data regarding 2 changs. o

oy
Thote are a cnupie of factors inﬂmclng dacisluns 28 to what change capturs

. = U v fatlilties are noadad, what data nesds such fnr.:llitias and whal muat basione with

[

the data one captured.
L]

56831 Facliiies Requlud =
. Fiestly, tha change capture faail[;!gs should be abie to be "switched ori and

off* In an sasy mariner. They must also be able 1o be applisd 1o extenslons to”

tha systum without requiring softweare modifications: This implies a "History
Facllitias Distionary" of somsy sort. The Mistory datéd must baabla to be quatied
In as flaxible a manner as possible to extract any desired Information. It must

be possible to archive-old data and then recover that déta If nppessary, The

fachity should be l'ﬁ!atly transparont ta ths user.

The mechanlsms used wolld dapend oniha computﬁranvlmnmant amaﬂable
(Rafar to "Computer Enviratmant’ (6.2) balow). it would be preferablato,
~ have such faciiities bullt into the databass manager bacause then, lrrespecﬂve
of where the changes are made, they will bo-captured. (fthe facllitles aresuilt
Into the Phyeical Madel Manipulation Functlons (PMMP's), it would be
possible 1o bypass them by meditying the tata via facilities which dor't have
History facliitios bullt into them. Another problem with hiaving the fagilities buiit
Anto the "user Interface” Is the Intreased complexity of thnsa faclitios and tho
resulting additlonat iaintenance burden, . .

o

Y
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GEEDS has had 1o resort to buliding the facilities into alf data modification
0 - software because the nhecessary funetlonality was not available at a database

level. (The latest pending version of ORACLE has Object-Orlented Database
suppoit and much enhanced functionafity at *he database lsvel, These History
facllitied could then be bullt into the database management sysiem, thus
refleving afl lnﬁerface soﬂware of this burden}.

Referto Appandlx ABA fnr details on CEEDS History fatilities. “
§:8.3.2 What data to chpture '

What data changes need to be captured obviously depends on the nature

and Importanice of the data, the difficulty with which it was obtalned and most

Impartanily, the severlty of the consequences IF it is changed and the old data
Is not available. On CEEDS it was decided that all technical attributes attachecd

to an object, excluding thosa in rafergnce tablas, would Be auditable. All aata '

regarding Gantractual ducuments i also auditable,

Reference information 15 not pmvlded withthasefacilities. Batch type Integrity
checks are pravided td detect and correct forchanges in reference links, The
systert doesn't allow a non-existing referonde link to be used. But, if & valki
referenca fink is used and attached to an object, then the referance link Is

delated, the object will not know. This situation wil be datecmdby the ab:we- .

Integrity chocks, o
All racards in all databases have a “Date Created” and a "Last Upﬁatad Date"
witlch are automatically maintained; These ara very useful in datecting whare

oy and when changes have taken place and In synchronfzing related Information,
If eertal data was supposed to be frozen past & certain date and It's Last

Updated Dats is at alater date, & confiict of interests could arlse.”
« . Thesamw considarat,ons resd 1o bo given to History data regarding the lavel
of on-ling dataversus tha cost of storage and retifeval as what isgiven to other
- Log data {Refer to "Lopging Facllittes' (5.6.2) above), Ancthar factor

affecting History Data s that &t Is needed to produce “Change reports” for

Contractual Documents Reior to "Dogumentation Production Facliliisy'

(6.5} abave). History data MUST retnaln in the databass for at i 2 the length -

. * pitkna requlrnd for vie revision change of all documents aceessing the dita
in questlon _ '

iy

The utilities: prov!ded with a systern depond largely onthe computerenvirunment

and the desired level of functionatity. Utllities discussed here are those provided
by CEEDS,

6.6.4.1 Flexible Query'Facllitlas

Theaystem must be rolatively strict inthe control of data modification faciiitios.

§ Exactly the opposite philosophy should be applied to data query facllitles,

namely:

) lhere must be sulficlontly flexible facilities fo be able te cany out ANY
possitle Guary; '

14
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& _users must be able to create, print and stora fully-cuistomlisable repprts;

e facllitles should slfow for the creation and storage of ‘personalised
macras® for the pmductlon of reponis; o {

¢ they must be able to extract data into flat fﬂes Inany posslb!e format, (and
{at lzast) down load to PC's and therefore prlntors, thisks, tape systerns.
egh

Reter to *‘General Reporting Eacllities" (5.5.1) above, Use is mdde of the

QMX {Query Management Exscutive) ORACLE Product, which provides 2

fungtion kay driven, "graphlcal” query by example interface which Is vety easy .
1o leamn and use and yet extrerely powerful. Access is also provided to the

Structured Quiary lang*uage s

k) Facliity for mors complex repotts {SC 16,
5.6.4.2 Quatles about th syatem Reet! ““\d ' NS

It an aasy, Hexible Qnd-mnslstent
mannal for:

L]

The aﬁtem should be abie to ba Guer
» ﬂndinn & many option that carrles m:t a das!red sk and dascdptlmso!
“what it does, ie, quury systam functionality; a

.# the database structum for all tables and then all columns within thess
mﬁlas. 18. query the moclai databasu structure;

® what standard reports are avaiable, andwharothay are accasslbia from;

¢ who Is responsible for tralning, ndmlnistratlon. system dwo%ogmant.
- mamwnance. orror logaing, etc..cﬁnd

T,

« & sadavelopment history of when ma]nr updates wera nuijsnn;! whatthey
' entalled,
oL f _ > u P

5, 3.4,3 Communmﬂm tacult\p: !
: Communlcatlnn faci!ltiasipre racuired for-
o tho administrator to Inform all usors ‘of modifications, !nmndad down

e =]

M)

periods, happenings, ota) Such messages should be dlaplayad whenag

user Jags onte the system.

i

| & Inciividugl users to commiumicate witti the admtnlstmturand {oeach nmar :

Inter-user file transfer facilitlos, orthé e-mall systam onthe same maching
as CEEDS ara us.'ed for inter-user communlcatiou

5644 Others facililles . __
4 fif;'.'_"l'} Other genoral igclﬂtles Include: e “ R

\\l

'-‘:":\ o Standard Operating System Filo Maintenanco utlities fér tha meintenance

of pnrsnnal files, raport pruceduras. nota flles, repont data, ete.;

¢ A dgtaridard text editor (e.g. xEDI‘D for wriung procedure files, final
~ toush-ups to reports, 6o,
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# A general print facliity that al!uws
° alectlon from = Hst of report data ft!es E:a prlnted. g

5.6.5

° vlawlng oftha rapon data fo ba printed;

- printing any number of coplas 1o any ya!gl_d network firinter;. )
* thosblfylosstadeleutprnerd; "
* mmporary ovarrkla ofthe default printer ID;

° g prlnter managoment facility to view printer status, vlaw ns queue,

tirop reports from the queua ate,

&

Masupdam facl!itles

¥ e

' Thef‘é’ may bae thives when mass updates are tequired, These tetwi to lp‘; detabasa

typa manipulations and not model related, For example, a contractor has defaulted

" ard tha contraet has beeh taken over by another contracior, The contract code

e

. theyaradonathmughtha"sackuuor"by;uslnn Sticiired Que
. -mmands diractly onthéa database, Audit facilities are by- passed {Thisishecause
th detaction of changes are built Into the normaily used Interface, not the

tnay than nasd to be changed for alkequipment aflocated 1o the previous contrect.
Another, commen update Is in comecting toscHptions, for exampls, In short

desoriptions some.peophe may have usad "MTR" ahd others "MOT for Motor, A -

mash update can ba dona {o change all occurrences of "MTH" to "MOT" for
ma“m o ﬂ n a

Cutremly stich updates are dons by ﬂpproprlately trained peapllg only bet(:sags?
nguags (SOL,

databes. Faglities are becoming available In.vary moder databases whereby
audit Taclities will be managed at a database levcal Insuchacase it doesn't matt’er

- how tha data ls t.hangaci it wdl b sogged)

s}

£

O
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- Most of the discussion so far has centered around the use of the CAE systam and the

system itself, This section discusses thedesigning and buflding of the CAE system. There
are vast similarities batween designing and building a Powar Statioh and designing and

building the CAE support system. Many of the enginesring pringiples such as requlrements .
_analysls, user involvement, conflguration ranagement, ett: are advery similar. The major

factors in the bullding of CAE systems are;

o the computer environment;
e e development resources; and ' -

~» adevelopment methodology, _ Ct

'The develapment strategy Is also Important. Questiofs like:

» "Do we du the devetopment n-housa or de wa hire a consulting company '

& "Do ws buy off the shelf products and attempt to Integrate them or de we start from
 scrateh 7, 1

i "How much !nvolvement fmm othar !slands Is required at this stage ?°,

and §0 cm, must be answeres up- front To ga Into "pattle® without & well»thought -out

stratagy zq to invite defoat before 1!16 batlle has even begun,

i o W
.o . a

62 -cbmputer Envtr‘amhent o

)
;

The myre powsriul the computer envlrnnment the motg ppwaeriul thé CAE system can
puten!!allgol:le A Computer Environment Inciudaa both tizrdwars and software. Hardware
featuras contributes malnly 1o speed, accassibility, graphics capabliity, storage space,
Interconnectabllity, ete, Software contributes mainly to functionafity, user friendiiness
{e vhﬂity). flexib ity, modeliing ability, etc. Mush-emphasis has been placed on the

Impe: - e of non-technloyHssuos, Technical issues alsa play a major role, For example, ~ -
e

a serluus haravsare fallure'A & full production CAE system, can br!ng almost ali activity in
an organisation to a stancistill, How many times have the words ) can't do anyihing, the
computer's down", echoed through quistened halls. Software fallures (bugs) tend to cause
usors to loese confldence in the system. A single report that gives Incorrect answers ¢an

* undermine many man-hours of good work, A comparlson will be presented betwsen the

cutrbint CEEDS platferm and the proposed p!atfurm fo hlghllght the abcwe hardware and

software Isstias, 5

4]

8.2,1  Current pisttorm

CEEDS Is cutrently lmpi ,-I} on an {BM mainframe using the VM operating
system and the ORACLIS atab
7 orvia onine FO's runpp J terminal emulation software,,

i

ase system. Access Is eithier via "dumb” terminiafe

o
-0
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Advantages

i

. Gountry wide access by ESKOM personal, including construction shtes;

& Hardware and software maintenance are supported by full departments as well
asthe hardware and software vandors, Administration and maintenanca of the
mainframe environment is a massive task requliing massive resoutces;

Support facllities such as "hot-lines" and fault control” are avallable;

Reasonably good seéurity, full backup and recovery faglitles run by operators,
disaster recovery and cohtingency planning are covered;

24 hour access, with operators and support staff on standby;

Very littie capital axpenditure on the part of users;

The avaliabliity of ¢ -velopment suppon staff and pro]act maintenance teams;
Very large storage capactty.

® & & 9

Running costs, equitsiant rental, CPU Time, storage costs,

! & Users have very littls say In what software is to be made avallable’, Le use the
) faciiflies provided or make alternative amangemients;

¢ the normal buregucracy surrounding large systems;
limited screen capabilities: Monothrome Block Mode text facliities only;

¢ limited printing capablitios (leltcd Character set, o graphle charactars are
supported);

® “Tha malnframe uses tho EBCDIO charactor set and FC's use the ASCHI
sharacter set. PC programs using malnfraime data must be wiittan with the
differences in mind; _

» NO graphics capability;

« Difflculty In sannesting to other machings, e.g. the CAD VAX mlntcomputera '
and stand alone workstations;

& reasonably slow, especially at peak Ioadlng times;
¢ the avallability of sultably qualified staff;

& there are many projects competing for resources and ﬂma. and politley
bacames ettangled In the process of determining priotities.

o

&

{1) GRAGLE fs writien In "G* anid was orlginally developed for the UNIX envimnment The ohly sultably
larguage on the VM Machine was FORTRAN. Halfway through development, sotne compatibliity
problems between ORACLE and FORTRAN were disce. ored. Thoy cruld (o # lved by usihg "G, but
no*C" complier was avallable, so ungainly work-arounds had to be useed, e evaiuation of o sultable
"G compller was completed almost a year later. FORTRAN Is alﬁo veiy ..m'tpd e iy ablllty to bulld
and manipulate Sornplox data structures such asiryoy and iink@dwﬂwaxlm wery, & )E;ulrecl by some
programs. These programs were devaloped an f,- s anr’ A4t mansfenms lSetwem mainframe and
PG, a very clumsy way of doing things. '
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6.2.2 Proposed future platform
’ &

The proposed future Computer Environmenit for CEEDS consists of a. series of
Ethernpt LANS connacting the Malnframe, Workstations, standard and high
performance PC's capable of supporing graphics, printing and plotting facliities.
UNIX will be the predominant Mainfraie, workstation and high end PC's aperating
system, All applications running on thie UNIX environment should be rinning on
top of X Windows and should have a & gs Istent user interface (a.9. Open Motif or
conforniing to CUA) [SC 09,11,13]. Smaller PC's should bw.running under
Microgoft windows {DOS} or Prasentation Manager {08/2). ' »

The Idea Is 1o use the malnframo as a data server In which all the mod:™ J data will
be stored. Tha high performance graphiq workstations will bo used for ftost design
activitios, PC's and terminals will play their narmal role as mainfranie termidals, -
PO could double astiow perfarmiance graphic workstations. The database will
runas afully distributed databass over the neiwork, X windows (and other standard -
_ products such as tha Network Filing System {NFS)) will provide all the necessary’
" factities for running fully distributed app!lcat!ons across tha netwaork, Hafer to' '
' F:gura F6.2.01 _

‘one important factor Is that Organisational standards must be estab!bhed am.i all
equipmoent. coupling to the system must adhore to these standards, Thgs
Organisational standarcds must ba hased squarely on intermational standards stic h
. ag those advocated by the Open Softwars Foundation (OS8F), International
7, Standards Crganlsation (ISO) and the institute of Elogtrical and. Electronls
Enginaers (IEEE) , .

ther factors Inclugie-the provision of sufficient suppoit Izﬁra-structures Fiepalrs.
Insurahes, guaraniens, eeplacerient parts, hotlineg - malrtenance fees, liconse
foos, running costs, oo, mugt all be taken luto account, It must bo decided whothar _
101¢éase or purchiase equipment, Are costly malntenance agreements necessary,
are sofiware product upgrades necessary? ete.

This platform does not ydt exist I(1 E SKAM, but & number of moves ara belng made

irithe fght-cirection. Ethernet LANS are belng installed, wotkstatlons aro heling

purchased,"UNIX Is being svaluated as a universal operdting system, efe. The
tollowing are sofme percelved advantages and disadvantages

\\_

' Advantages

[}
¢ Very gnuah more powarrul fachities, The environment offers such roh and
flexibi Jachities that few restrictions should be enccuntored; «

o:: Nacessary software canbe purchased and Inaded onto locally owned facilitios
without being requirey to earry out normal bureaucratic procedures
ssoclated with the mainfmme.

L l.nc:al system udminlstrators would experience far mors autonomy in the
management of “thelr" placn of the system,

Dlsad\'avtages

» ‘The chronle shortago of people skilled In such an énvironment; ©

o the massive learning curves exparienced by poople entering such a new and
gomplex environment;
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i

o i individual departments now own thelr own equlpment. thoy must either
estailish a local support infrastructure, or enter into agresmants with
torporate wide support faclities, Such faclitios are notautomatlcaliyavattable
simply because one is a user of the systom;

o Secuilty administration Ircreases.

Plus alf the normal advantages and dlsadvantagas assoclated with centialised and
distributed facilties,

Essentfaily, the proposed system advocated centralised data access using
distributed functionality, Functionality s placed whers it Is able to exscute best.

63 Developinent resourees\\[ | S

[

o

A\'_N a 0 ’ PR
%Lo three mam resource requlrements are: ¢

)
s Wel trained peopla, . « )

e the necossary computer environmont (Coveted In "cnmmster Enviranmént (6 2)

above); : u
» Tirse. '

Costis nhbropt Inall thewe, =~~~ | P
6:4.1  People o

People with the necessary training can he obtalned viaa number of sources.

+

o Inhouse: ﬁ
Q; In-hotise tralning of sultable people i3 along term solution that has a number
' of benraﬂta which Intiude: o ;

e cheaper I-house exportise; . " |
¢ loyalty; .
. developed prochicts iave a mora stable, secure lfo time;
. o minor enhancements and modifications can be made ‘g,ar?luw post
“' " gome difficutios are: ’

& often, people displaying the potential of belng qood snftware englnanrs.
ore promoted Into management positions; o

o after recelving oxpensive tealning, o person finds himaeli sy mabla
anough ta demand remunersilon packages that cannot be met by largel
organlsations, and the company looses skills.

It I3 also ditflcult to attract sultably potential for smplayment Bacause of the
groat demand for soltware ukiils,
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& Professional/consultational services:

® as mLch skill Is avallable as an organlsation Is wnling to pay for. These
skills don't come cheaply though;

o Companies oftan havs an Information ‘Technology (IT) depatment -

2 {previougty known as Data Processing (DF) departments) and use must
- et mado of these facilltlas as they are often cheaper than external
i CO“SU’t‘dms. ’

‘e Acadomic and Research Institutes: >\, 8\

o Universities and technical nbllegas are always onthe lookout for projeets,

‘Especlally those with Industral appiation gnel backing. Professional

3 researchers with very high skill fevels can be "employed" through

- “universitios to carry out parts of a project for which In-house skifl does
not exist angl for which it would be toa expnnsive 10 use consultants,

. Organisations that have bursars at such insﬂtutes should make use of this
potential m.aouwa )

832 . Time i | | ’

v The time required of users 1o be involved In development of the gystem and In
training to use the system must be catored for (Refor m ;Hesuurce plarmlng"

(@8.2) abova} B

The time required to actually cany out the l%rk of ﬁreating snftware facilitles Is

vary often under.gstimated, This is an In rent danger of software project
management becausa there are so many unkilowns that time estimates are vary
ofteny way off tho mark. Antther danger that prafect managors must be aware of iy
tha milscancaptiun that the more people throwp at & task, the quicker R can ba
done, This may bs true for tasks like digging ditdhies, but complex tasks requiving
ahighdenrer of inter-communication have a eptium loved of poople, whers after,

. the corhmunlcailon burden hecomes caunter pr uctive with an increase In team
members, {SM 07) ' _

Tha requlrements, for specific faciities must be Idertified sufficlently In advance
hecauss, alltao often, facllitios are only daveloped whekit Is too Iate, The "We ward
it yesterday" syndrome must also he avolded to pravent developers belng
pressuriced Into carrying out "quick and dirttes”. This practlce may solvs Immediate
needs, Eut it leads to large scale malntenance probless and system degradation
that could be very costly in time and money to fix up at a later stage,

W
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6.4 Building and Maintaining the System

6.4.1 Design methodologles

Every experlanced softwara project manager has developed his or har own styles
and methoddlogies of going about developing software. The exact methodofogy
daeclded upon depends; an many factors such as: ) _
. ¢y

“The level of pxpertisa within a devalopment teanﬁ

The size of the development team;
. The sizeund nature of the prolact; (Very lmpnrtant}.

The Intimacy with which the daveiopera Interact with the uaersand the users’
management; g :

o The suitural advansement of the users (in a computer sense);

o - Whether it Is an In-bouse or contracted out project,

s The availabllity of sultable CASE tools; ' S
». The avallable cdiputer environment; : o B
* and many mors. ' * '

A few alternative approaches are briefly discussed (Sea [(EM
04,09,10,11,1%;,18,17,18,19] for more detalls on methodologlas), There are two
extreme approaches, with a continuum between. One the one hand, It can be
attermptad to establish detailed-design specification before actually creating any
software, The other extreme is to do ali development by rapld prototyping, An
0 optimum approach for a'apeciflc project would s batween the two extremes
somewhere, The maln fictors In deciding whereto pitch the methodelogy are, user
capability {le. do the users keiow what they want), and the avaltabiity and
wphlaﬂuatian of prototyplng touls, The project marager must docldes onthe "best”
approac

‘ . The approach taken for CEEDS was slightly diiferont to notmal because the

A development was drivert as a speculative venture, There was very [ittle deslre by

; users tp got involved bocause of the normal reslstance to changs (Refer to
"Non-Technical Issues" (3) above). Attempta at large scale Joint Application
Devalojimant (JAD) sesslons were abandoned vety soon bocausa the total scope
of the'project was too large 1o he covered in ary one session and the number of
people involved was too large. Therg was also little drive from the users to actually
get something done, Most viowed the exerclse a3 a waste of time and money. A
new approach was Utllised whereby key pro-activé individuals were Identltied and

* very close working relationships wetre established biztwaen the dovelspment team
and these . individuals. A combinhation of estabiishing reasonably detallod
requirements and prototyping for demonstratioh purposes was put into actlon,
One of the difflcultles experlenced was that the nature of the task, hamely design
suppott, Is actuplly an extremely intetlinked task. There are so many dependencles
that the "pleces" chogsen for analysls and prototyplng had to be reasonably large,
Quite a kit of ro-work on alteady developed sections had to be done to account
for details discovered during tho design of & later section.
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Prototyﬁthg has some very imporiant advantages. Aeiioung these are: o

a Usersare batter abloto unclerstaggjnd visualiso proposed solutions;

# Some of the scepticism can bév@liminated whan clalims by developears pre
sctuslly shown to work. {This requires quite a high quality of prototy ng
though); S A '

o New ideas ate trlggered ln usars, and user involvement irnproves as a result

Getting users io set up their own detalled specifications Is also a technicue that
shicourages deap invoivement and understanding onthe part of the user. This can
only work though, if the user has the desire to get the Job done,

One last aspect that requires discussion Is the use of CASE toc:ls On CEEDS a
stand alone CASE Tool was used. A graphics based PC CASE package was used

* to do all detailed dosign, [SM 26] The design was then coded and knplemented
on the Malaframe. Tho PC based CASE too! was sultable for initlalgeslgn, Onte -

coding began, small adjustments had to be made In order to get e system
worklng and deslgn omissions were eatered for directly on the malnframe, The
CASE documontation and the real deslgn soon started drifting apart, Desplte a!l
efforts, drift will occur, especially with a prototyping approgch, The dual sifort soo
beeomes guite a burden and the CASE documontation Is abandoned thl 'lamr“

the systoms “self-documenting” copabilliles become usable. There are CASE

products that ar based directly on a database gystem, for examplo ORACLE has
2 CASE product that Is able to eventually create the database structure and limited

processes. The advantages of an Integrated CASE tool Is that tho CASE tool Is

Incorporated as part of the system, 1t should be able 16 be pdapted to perform the
sfiacassary ¢cenfiguration management funotions. Inthis way the system Is largely
self documenting and self configuring. The normal maintehance burten can be
greatly raduced by using such slrateglas After all, a CAE systam is belng bullt to
support complex engineering deg’ s\ and censtruetion functions, why not dpply

tha exact same principlas ln sup m tha function of deslgnlng and building the\\
- ysten foel? ] . _ )ﬁ)‘x '

odlng, Imp!ementat!on. Tasttng, Productloif aqd Hanid~over
2

e Plan of action and proceduras. -
A relatively dotafled plan of action must ba established alony with proredures
for writing tha software, Implementing the systers, carrying out tho necessary
tasts, establishing user acceptance procedures, placing the systermn Into
production-and final hangd-over to the users and the maintenance teams.

These are atl factors riiuid by real iife systems. Simply wrltil?g the software

Is only a small fraction ofthe total eftort. A development team inoring any of
these aspacts is placing tha gyétem in danger of facing rapid degradation, vary
hlgh maintanance costs and-possibis faﬂura

£}
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. 7
¢ Stops determination: _ :
One of the diffictides faced with the CEEDS project was the difficalty in-
determining and Himiting thie project stope, With each step for which. analysis
was completed, more stepswers klentifiad. The project thus had an expanding
scope. This wastolerated tothe pointwherea: enlimitwas placed oncurrent
development and all other identifled ahsan . inforust were noted down far
further fnvestigation upon completlon of the limiied scope, This it was
- dictated by contractual obligations. The system wag designed to enabla a
+ cerlain group of users (namely switchgear, cable and Ruack designers) to fulfil
thelr contractual obligations with the minimum of effort, Further expanslonwill
take place In an evolutichary manner, building upon already Tald down '
strisctures and providing Integrated tools for more and more design,
construction and flnanclal functions. . o7
o Cost Justificallon: o R
. |SM 15]. A very important and very diffieult development ac:‘ﬂ;i:y Is the cost -
justification of afl davelopment. All too often benefits are Intangible, suchas: -

3

w

4 & guicker quorytimes; . Lo
. ;;__. constant avallablity of data; o
s the eatly dét::c;lgn of dqslgn arrors;
o -the gbility o do far mote .ui‘;~ft‘t;nt deslgn;
. th_:s ab?lity to carry out mova iterative refinements;

¢ the reduction of Incorrect coding; ete. -
~ Itis difficult to presmpt cust savings dueto sush biahifis, but what cax\pe “
done s to try dotermine what the lack of such facllities cost on provioys
projects, This overhead cost should bo substantlally reduced with hi
_Availablity of GAE counter measures, For exampla, a recent stucdy has showr
“that the amount overpdld on a previous project for which thers was no cably
Involcing control exceeded $he total-cost of CEEDS developmant by a facte. \_
of about 1.5. One can then postulate that such dverpayment would ba 4
Minimized with the avallabliity pf the systzm, The system has thereforototally
oost justifled itself on only ongfunctioh, amely cable sontractinvoloe control,
But this Is not & true Justification because it can always be argued that the
same stuation may not oceur again. Tengible gost savings can be altributed
to things such as reduced paper usags, using cheap cdmputer prilatouts
rather than very much more expensive CAD plots for “schedule® typo data, -
the abllity to use theaper hardware to get the same Job dong {(hamely low -
petformance PC's and Terminals, rather that high performance CAD
workstations). -

L8

:
]

. 8421 Generlo and project specitic standards

The procedurss shoksn about above are dotalied i a set of "Standards®
documents. With CEEDS, these were divided Into Generle standards and
Project Specifle standards,

4
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Generic standards are thosa conventlons and proceciures-that would be
~ applicable fo @ny development projsct underaken by a team. Aspects
covered by such & dogument woﬂld Include:

o Procedures to manﬁge the rw'ﬁ*' wen of these standwrds The amount of

. re-workthat could resul frorﬂ 3 ai.mﬁdrds change must be taken Into acmunt.

e Dasign Proceduras: ..
» CASE Tool procedures; -
¢ Configuration management procedures:
°  File Reglstration; -
. Registratior of corﬂmég utiilties (ibrary functions); SN
°  Version control; checkin/ chedk out praceduras. "

s General reciirements for the pxoject ianual filng system. )
s Implementaijon, testing and B uctI procedures:

& Useraccaptancy prﬁceduras.

s Performance fonitaring procedures;

N

» Tuningsprogedures; |

. ) ’ w0 By . -
* Malntenance procedures: \)‘l?’

@ Etrorreponting and logying procedures;
« ‘Change/enhancemant taquest procedures; __ ]
4 General reqUiFémeﬁis by maintenance reams for take jwnr of the system; .

* General reqmrements%r g project’s Manual filing system‘ ' _ o
» soﬂware soures codle standardsis, N - y

o Styls; _
¢ Source cods d_ocqmentaﬂon:
 Mintmum error hanling capabllity and input valldation;

» User Interface guldellnes.

» Data structure quidelines (e.0. criterla of whtan to use third normal form and
when to compromise for performanee gains);

e Dafinittons of terms | a Glossary (for exathple, what ‘exactly ls meant by
"module”, "table, "database" ote.); ‘

» A developmant ahs. wlatlnns dictionary;

» Gonera dozurnentation stamdards.
»  General principles of file naming, table naming and variablofeolumn naming:
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" Functlor key usags guidelines: "

W

[y

It

¢ Report layout-guldelines;

" e Screeniayout guldelines; - ?

% Backup and archiving phllmophy.
¢ Training guidelines; and )
#  Minimum requiremints for contingency plans.

Pro]act specific standards ara thoss conventlons and procodures that would
~ be applicable to a specifls project:They are dependent on the development

team. the computer environment, the avallability of utiiitles and tocls and the -

nature of the project, Aspects covered-by such a docurnent would !ncluda'

* Individual tesponsibillties and areas of axpertise of devi}l‘opment team
mémbers;

« Detaked index for the project Manual filing system;

o Spacific detalls of file naming, table naming, varlable/column naming. index
names, ete, (Refer tunppandlx A6t lor examples), '

. Allst of Speolal orrenewed fles; . o o

e Furiction key gsage standards; . & ' - "
0 Detalled oparation of the Gompliing and Iinklng pmcedures'
® mescr!ptlnn o{envlronments

™ usar nams& dlsks, disk sizey, dlrﬁctorles, etc.. | .

databaee use ctatahasa slzes,

. nff-llna Fcbas enuimnmant‘i. "

~GAD %mvirunments, \ ; - . “-;3_

The spiit Into develdph*ent. lmplementatlon, training and 'smduction
envlronments.

*

w Detalied report fayout standards (hsacllngs. ates, page numberf', motcr‘.
report identiieation, ete);

: (] L n:,.:"'-f
o Detalled scroon Tayout standards (Screan n:;mlng. Mému layouts, the t‘!isplay \

of non-standdid function keys, feetback messagss, eb:) [sC1g

# Format of erdr messagos ('For Inforraation”, 'Warhmg\ and "End ﬁrmats % :

and attributes);

» Dotalted backtp and archiving prosedurss {during davefhpment and during
production);

« Tralning requiterngnts, methods and p!ans {for deveiopmeht staff as wull as
users); and o _ . o

# Detalled contingency plan(“ - i VY

Both stts of documents must be filly corfiuration controlled 10 ensuro that
thay are always up to date and that aggteam members are workling according
to tha,correst verslons. _
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8.4.2.% Tnstlng

133

Adequate testing of the system [s vary imporiant. Us&m toose confidenéd In
a system and the developers of tho sysiem, if too many "bugs® surface after

1tosting, Initlat testing by the devciopers must be extremely thorough. This -

{dsting mainly ansures that the system operates propetly end is as fault free
as possible, from: a soltware polnt of view, There after, user testing must take
place to ensure that the systemn meets thel? specifications, {This was a

problem with CEEDS seelng that there were no officiyl user requlrements. -

1Jsars only started actually using the system during implementation and the
convarsion from an old system. Modifications made to the system to cover
problems detepted during this pariod had to be dealt with quickly. The
astablished procedures made adequate provision and few tachnical problems
wera expetlencad). Once user tasting is completé; finat polishing touches can
be dona and system Hand-over can take place.

Test progedures fo manage re-testing after a2 major change must aiso be

- Ugstablishied, This would Includs a'syt of known tast data, New functions would

be carrled out o this dada. The affect of a new function on the test data must
e known in advance. Cheek fists wnuld then be followed to idemafy any
passlhle Integrity protiem :

£.4.2.3 Conversion of ol aysierris 10 the new system

Avety Important factor that must be planngd for well in advance Isthe transfer
of data fmm any exlsﬂng waterr.s Intw the new system.

Factars ta ba taken into account includa

. C;Jnverslons can take & considarable amount uf time;

» ltis not always pnsslble. ot des;rabla. toruna hew system andanoidons

i paraitsl, Especlaliy systems whosa major tasks include conﬂguraticn
contmi )

s Rea-structuring of exl“ti\‘tg data tofit Into new data structures can be uite
a complex task and is 1ot always possible, Large amounts of "new” data
may need fo be generated in order to meet the new systetn 'S
reguirements; _

o Extrome care must be taken to not lonse any data, This may be difﬂcult
i data structures and attributes differ too radlcally. : . 3

» The néw system may énforce a higher demand for data. Infagrity, which
could fead t6 a massive burden on users if data from the old systems are
ok very sound; -

s There i3 a shortage of tralneci\isers at the stage when they 'aéa needed

the most; and , \_}_

» Now Reference Tables need to bee “filled up® with refersnce data prlor to
the systern maving Into productloni

)
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Advanced planning can ensure that data on existing systems s krought as

close as possible to that raguired by the new system. User Involvernent Is

Imperative, because, aven though data transfer would probably be dohe by

the impiementers of the nbv systam, the data belongs to the usergy Often

decisions about specific data must be mide based onthe data Itself, Onlythe
owners of the data cansnakse such decisions, ‘

 8.4.2.4 Possible Development Scenarios |
o . & : [
Sl The project outiined In this report Is @ major ut..ortaking probabiy
. approaching 20 man years. There area number of possible approaches, each
rvlth their own advantages, disadvamages and characterlstivs. Those
nelude: -~

*  In-House developmerit;
T« Privatization of ateatn within the parent compan;r

% Hiring of ﬁgnaultants in an advisory capacity to'support Inhouse
developthenit _ _

» Commissioning of a software-house on a contract hasts to carry out

~ complets developmen
* Jolnt induiy and acaderic dkgwllopment' B

& jn-house development: _ \k
The choice of this pptlon depands on the slze of the arganisation and th
focal software developmont capabllitles. In & small, dyharmle, profit
orlented enterprise, this option would probably place too much straln on,
availabla rescurces. Such énterptises requlre a short ferm solution and °.
wotild ba willing to pay for it They cannot afford fofig lead timesto altiow -
for learning curves and research and development work, Large
organisations on the other hand ofton have thpir own Information .
Technology {(IT) departments. The skills avallable within such a
dapartment should be adequate to manage seasonaldy large projects.
The Inertia present in large organisations would provide the tollerance of

- long developrivent fimes. It is also possible to establish teamsa within the
_engii oring diseipiings with the dedicated task of establishing
speclie tlons and then Implerenting the system oneo IT has done the

dcvelo&ggnt 1f such teams contain sufficient softwara skills, they could

actuailysearry out prototyping which Is handéd over 1d IT to ploso fite W -

productign, Maintenanics of the systems could also be taken vewr by

spadial IMmalntenancs tearns, Within the engiticering disciplines, teams

wolid be getup for each major development island with one discipline

acting in & cpordination role to ensura that necessary inferfaces between
4 the Ielands are ostablished and adhered to.”

_ y )

(1} Within ESKOM, a possitle scenarlo would ba the establishment of a team for each major disclpline
{Electrlcal, Mechanical, Givil, Chernical and Transmisslon) and possibly having Systems Enginecting
acting In a coordination mile, 1T wnuld act ao a sorvico functhon to all theso toams, In this way, -
sofiware conslstensy Is enhanced because a single development team (IT) Is reaponsible for all
production systems. Regular Interdiscipline meatings could be organisad to promote cross
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o Privatization of a teant within the parent company:  ©

A modern tendenoy Inlarge crganisations is the privatisation of specialist,
functions Into small spln-off companlps. Most large western
organisations guffer from beurocratic nertia with many employees

adopting non-productive attitudes. The type of people required to

develop and implement high technology systems tend to be pra-active
professionals. Such people often find it difficult working in the restrlctive
beuracratic environment of large organisations. The formatlon of a privats

company with the express task of developing such systema Is & possible

way of creating the freedom required. There are problems with this
approach though, Firstly, the members of 8153, . a team have {o become
very businass consclols, thereby causing distractione, Secondly, & very
close working relationship Is required between the users of the system
and the developers. This close relationship could bs placed in Jecpardy

when users reallse that former golleagues are now working for\

thetnselves. Thirdly, small private companles simply do not have the "

rasources raquired 1o cany out large projects, Unless an agraemant Is
reathed betwaen the privata group and the in-house IT department ag to
the tse of resources and the taking over of systems, private groupa will
find It difficult to manage iarge scale pro]ects spread over a wide fiald of

expertise,

"k

. Hiting of tonsultants In an advisory capacity to support” in-house

davelopmaent;
If inhouse rescurces are insufflclent to get a project going, sultable.

consultants can be commissloned to aid in the process of establishing , ;.

the hecessary in-housé expertise,’

a

pollination of ldeas and to establish Island boundarles And Interfaces. L3KOM management s
favouringy the in-house development strateqy

{1) This option has been labted ag a Iast resort by ESKOM management because of the poor returm on
lnvestment expor lenced lr} iho past,

Y,

\.\
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somplete dovelopmen:
* . This optlon Is probably the path that will be taken by small companles
' that lack In-house capability, it 1s highly unilicaly that laca grganisaifons
withthie necessary skills avallable would contractoutto'\%n r'e houga.
if resource problems are experiencad, & first option would ba an attemipt
to employthe racessary skils befors contracting out, This obviously also
. depends afthe level of skill and speclalisation required. itwsuld be easfor
to cortract out for vory high sidli and speclalisation requlrements because
there may not be lang term amployment opponunltles fot stich skills
within the organlsat. n

e Joint Indusiry and r demic development:
Those areas of & f requlring In-depthyesearch could be done in

coﬂaberatloh with

of such Jolrd venttifas, industry's view point on this approach tands to be

that they enter Into such jolnt.ventures more for the sake of helping the

% academle institutes out of soclal obligation that actually axpectit;?son‘m
~ return on the Investment of time and money. This situatfon Is ¢ énglnj

with the Introduction of academically backed "Sclence Park® typs

Instifutes thafmlw out resez{jrch but with 4 business approach.
Detalled plans would need to be grawn up and the resources. raquired {0
achleva the set time scales would need to be determined. I these rhsources
arg not avallable In-houss, then varolus combinations of the above options
could be USG\ fo achleve the-end goal.. o

Refgr to Appe‘nﬁx As.2for plans on future CEEDS dovelnpn;uent

Ly

84,3 Soﬂwareb nfggurﬂtiﬁh Oﬁnirol | ' : COR-

number of "components’, Strict configuration management of these compoenents
Is necessaryio ensure thatthe systern dogs notdegradetoo rapidiy and tefaciitate
modifications, enhancements and new developmerts, As has been mentioned

sonfiguration managoment of the model, can be applicd to the conflguratign
management of the svstem. ltself. {SC 02]. Essentlally the configuration
manage 1gnt systor 18w, Bront In the cystem, it [syot stand alone. in the saino
way that the systemt enforcea madifteation tules on the model, it.also enforcns
modification rules to the madification of itself. Inharent advantagy are that it 1
difffouit to carry out un-authotlsed ag- h;lc miodiffeations and the syS-m fooks after
itself to a large extent. In the sarne way that the modal cannot be made foo "tight"

inorder to faciltate terative deslan, the systern configuration minagement system

cannot be made too tight, It must be possible though to query the system for any

“exceptions and software Integrity problems. The exact detall of the softwara

"moxclel" is hot dealt with In this repon, butit Is simillar to the Physleal Model already
presented. "Objects® are divided Into Classes such as Reports, Monus, Screen

~ Forms, Gontractual Documents, Flles, Usors, atc. "Links" are refations such as: a

certain Report is allocated to.a certain Menur; a certuln User Is allowad o use a
certain Mo Gption, ete.

0}

o Commissioning of a softvsare-house on a contract basis to cary out |

demic Institttes. Refer to [SM27] for more detalls

[CM o1~09§ ate projects teﬁd o be quite comptex and involve & Iﬁrga.,

“above, the principles according to which the CAE system carries out its -
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- Techni ,\al Docurmentation, arediscussec briefly. i - {":-

T . a2, ||
Systerq Documematﬂon rF
__ | |

Bocumentatlon Is onie of those aspett of a softwara devely| ment project that Is cruclal

yet pften ignored, An Important dellverable of & sofiward! development project Is s
doclimentation, The procass of producing documantation stjould’be the driving forc'@ 4
project: Tha software that is implamented at the end of a pirafbot 18 Virtially useless wh:out
adequate desumentation, The mathods of producing docu ntatlan arg brigf "scl*issed
Thern the tw main caisgorles. namely

\s\-r Bogumentation, (Includlng system admln!s:rauon, and
r:

L

8,

TR ) 0

L -

6.5.1 Msthods of produslng npnumenta*lun

Trad“!onally,documeniathn ls supptled aga hu'k'}/ of manua,ls Thaee manu&g
_ often find thelrway to the back of cupboards, unded[9ilds of other simifar maouals;
" stuck behind pilos of dusty old cemputer péraphénigilla, atg., and afe rend by only
& very smaiCperceitage of users, The documentqition m‘hthodologv vocated
here, for future CAE systems, differs qulte substintially from the.paper basecd
eitiation Just dascribed. Except for a small tnforrjation manual, describing the
srstem In very broad terms, Instructions on- how t-i get onto the system, how fo
gﬂ It rinBing and howto Zeeess the on-!:rfe thucu ntatlan ﬂiere will bevery fittle

clal paper bas documantaﬂon S »

The turrent, syste Ktﬁi Pdged bn GEEDS tons
o gystem. AnyPC B v usi a8 a termingl has
mainframe Sessfon™dnd.2) simiiltancous” PG sos
g software i started uf, te ypertoxt systom 1§ notps
¥ over tathe mafhiraind sbauiun and logs ents CEEIS. He s now In a position to
swap bet\’mm tha malnframa session aad 4 GEEDS hypertsxt hased
docuimentation. Moving the documentation onta Pihwag ke only viable 3olution -
» gonsidering tha ﬁwzre restrictions i “the oapalility of the roalnfram, K
advantago s this the PG aocumentation can be “pdickaged and loaded L‘h the
%Inhanm Allugars are thesfn a pusition to ".’er;‘g:iu " thepackage onto thelr local
and "ari-package” the documentation In Gid
tiope by electronic means. If shianges e mddY £p the ddtliméntation, a riew
"package*is Joaded and all users are Infarmed by g lang of 8 logon messags, that
new documerdtation Is availablo. This alioviates many of the problems of papor
hased dosuments such ag pri g, bindlifn, physics| distribution, the difficulty of
madntalningy the documents, distributiy b fngo shelpts, etc. e 20,

e of q Pc baged Hypartext
abiitty to swap betwaen the
fon. The termingl emulation,
efi_land fhe usertheh swaps

T‘mre aro many shortcomings 10 this aystem t‘muglvl masﬂy as a result of limited
computer capabliles, Urers who have "dunib” terininals don't have
- documentation facilitlos. The \ype;texf systpet s 1mlted 10 the use of ASCII
symbols, no_graphicy; can be Ysed bocausd e sivap over to the mainframe
_segsion cannot takey. Jco with thy PC In grsgilcs nipde. There ara currently no
formal metheils.of making hard coples of sectidns ofithe dacumentation, Sesudn
dumps ean bo madad; but this s a ilmited facility. TV he Wynertext concept ksalf has
* somo isadvanitages, It Is designed speciiically fybe ructurelsss, Heraln Hles Its
ﬂaxlb Ay and afso itstendsney to diserlentate first 'Im{  Usars.

PR

etdlunit. Distibution latherefore -
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6.5.2

i

&
$ome of the requirements for documentatlon accompanylng futire CAE systems
are:

¢ The document:ﬁion must be an Integral part of the total systerm. It is therefore
always the latest vergion, and ho distribution problems exist;

Tha decumentation and help facmtte__as are ona and the same thing;
The documentation must be coniext sensitive; .
The orline facliities should be hypertext based;

There should bea structured index into the hypettext facllity. This is to prevent
the dicotientatioh mentioned eatller; i

Text and graphlcs must bo able to be intermingled. Aldmation should be used

* " e

for complex explanations, if the faclities exdst. Ultimately, one could have

context senskive interactive video as part of the dosumentation systam;

o There should be & fully formatted printable versisnvof those parts of the
documantation that may be useful Ir paper far for Independent reading, The
faclitlos to print selected portione of this documentation must be a standard
part of tha-system, If the printable documentation is stored separately from the

onedine documentation, complete contigniration controf will have to exorcised

to prevent any inconsistencles,

[9eF]

User documentation

The following aspe&ta shouid be doctiented and available to & user: .

» “How to access and exit the system, l.e, f “Gemng started" chapte.r.
* Howto use ihe documentation;

@ oEverything to dowith the detalled oparation of the system, Function key usage.

- how to use mehus, how to produce repotts, how to do queries eto.;

& Theconcepts uponwhichthe system is based, Deseriptions of the models and
faclitios are required; =%

e Thereshould be tutoria}l matertal for users wishing to get golng on the systety
by themselves, Formalveaching does not sult all users, especially busy ones:

o Handy lists of codes which are not explichly stored In a datdiyase dictionary,
.8, a Quick Refereiies Guid » For example: a cable has an “Al/Ground" fiag

to indicate the predominant enviconment in which it finds itself. Acceptable '

codes are "A" - Alr, "G - Ground, "U” - Unkniown);

s Conventivns of usage. Thers may be a number of valld ways cnf dolng
something, but one way has been agreed upnn. and all users shouk fu!!c:-w
the laid down convention;

s Hints and tips of how to get out of jams. Thera are many smal odditles that
cantake placée ofta system, espesially viw distributed across a largs network.
Experienced usars and developars should bo abla to add to this Itst;

@ Details of the underying database structures for those advanced users wishing
to carry out advanced querles;

e -Detalled proceduras to carry out cerlain design functions.

\

N
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3 Technlcal dat;umenlation

This Is the documentation that will be used by system maintainers and future

davelopers, It must contaln all the nacessary documentation to allow a newcomet

to carry out a succassful modification or enhancerment, Aspects that shiould be
~included are: _

e Malntenznce procedures. This is perhaps the most important part of technlcal
docurnentation, Very exact, detaled and step-for-step proceduras muat befald
down about how one goes about doing a modification or an enhancement.
The necessary authorisation hisrarchy and administrative procedures must be
stated In detall. The more softwara enforceable thase procedures are, thae safer
the systam I8 agalnst un-confrolled andfor un-authorlsed modification,

o« ® CASE Too! documentation, This should provide complete documentation on
data struttures, deta flow tagrams and process decomposition diagrams.
# Sourcs code istings. _
¢ ‘'Detalled databasaand data file structure listings.

Paper based coples of all iocumentation should ba kept in flve proof sates in case
of major disasters. - _

13

RO
] o
v

66 “'System Administration 1

 The adralnistration of the syster i3 Important to keep the syatem running smoothly, Even

thatgh a well writter: systetn takes care of a lot of its own adminigteation, there are many
gotivitiss that still require poople to make decisions and carry out certain actions. Systam

L]

_ administration would inltilly be done by the davelopats until nominated usdrs can be
trained to take over, Typical activities would Include: ' :

User Adminlstration: Reglstration of now users, delation of old usets and menu acce
profile malntenance, ' B

System performance monitoring: Checking system speeds and reporting to the
necelssgry tralned people ¥, for instance database or oporating system tuning Is
requlrad, : o

Frror reporting: Usars must havd snmgone to which system problems can be

addressed. The admiiistrator In turn would contact the necessary peaple to take care
of the problem, '

Database monltoring: Yhe slze of log tabiles needs to be checked perlodicaliy and data
removed to archive if necessary. _ .
Data recovery: Data may raguire recovery from archiving or computer system fallufe
may necessitats disaster reco tery when the systom la runntrgg agaln.

Administration of backup facilitles; T

Administration of any requasted enhancements or madifleations to the system,

Informingall usets, via alopon message, ofanything effecting the systerm orthemselves
as users, For example, i new documentatlon is available, or the syster will not be
avallable for some pariod of thne, etc., users must be Informed, '

Carrying out any "behind the seenes / through the back door" fixups that may be
{eﬁ[ulred fratn time to tme due to newly disgovered "bugs" and/or untimeous hardware
allures,
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o

The system should contaln an Adminlstrators Tog in which all administration activitles are

logged for audit purposes. For example, f a mass delete s requested, tha person
authotlsing the work must do $o In writing and the action must be entered In the
Admwistrators log. : S

L ) g
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7 Conclusl__ons

T

The creatlon and Implementation of large scale Computar-Aided Engineering systems i3 not an

easy task. There are many players Involved and the envionmants in which such systams are

employéid are very dynamic. Organlsations sometirmes changatao fastfor thelr information systems

to keep ffack. Often the very Introduction of such systems leads to organisational change which I

turn fovdes the systemio change. Such systems=aiso tend to be very complex and very interlinked.
! _

“The sul tess of CAE systémg fs-very dependant on Hikherous nen-technlcal fssues, Management
+ Involveinent is imparative anid cannot be underestimated. Reslstance to change Is.absciutely
norma_ Jevelopers must acsept the fact that thalr Ideas are golng to be rejected simply on the
hasls that they advocais thangs. There are technlques that can be employed to overcome these
,-;’/g?ablems. Tralning Is one such technlque that plays a vital role. Tralning [s the one method that
7 overcomes many inharent problems &f !ntroducing high technology Into an organisation. The
establishment of adequate procedures ls another necessary activity without which fallure is -
Inevitabis) - A : , '
A vary sound modelling foundation ﬂ('vhlr:h is based nn mathematical fheory Is pecessaty. This
ensures continued research Into faster and inore efficient algorithms, The midel base chosen,
- namely hierarchical graphs, I & very powetfid and flexible. medelling teol. The same technlquos
ean be applied to the modelling of elactrical nébyorks, racking networks, structural connactionand -
softwaro conflguration, - WY L0
: Wl : . : B
Developers must attempt to prevent the complaxity of the model from exceeding the capability of
the surreimding Model Manipulation Functions. Therd must be suficlent functionality provided to
Arry out baslé model manipulations. Viewlng bf the cantents of the medel must be very flexible,
the contents and - o {20, 30 or textual) of a display must be fully, easlly, sonsistently and
Intultively customisacle, Goniféunation Managdmert pringiples must be supported and adhered to. -

A sound strateqy which ingludes absolute discipline and a methogical appraach must be adhored
to during dovelopment. Waell documented and lald down malntenance procedures are raquired 1¢
anable a quick rosponse to changing needs. Without very stricly enforced malntenancs -
procedures, systenys wolld tend o degrate to a polnt where maintehance and other costs
gasosiated with systom degradation dhd unavalldbliity become prohibitively high,
g >
The organfsation must be praparad to move with tachnmogy.gha conmuteﬁﬁ;!atfonns must expand
to utiilse modern hardware and goftware, Standards in Griphical User Intotfaces, notworking,
databiase technology, operating systems and languages must be adhered to. Modern Artificial

{ !Pteiligence. simuslation and todelling techniques have their place and must be investigated. .
L {, St

W . I
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i

Yy, | ‘\/" . " : : |
. A2 CEEDSIflaws -- Py

CEEDS 1 was the first atternpt at developlng ‘n integrated svstem to support the Etectrlcal o
Enginearing design process. it Unwiitten law of goftware tiavelopment states that a systeth Is
seldomt "right* before its third verslon, There were & nuinber of inharant flaws In the data structure
and in the development methodology used, these Include:

The development was not runas a software development preject, (Which tend to hava tha'r dwWn
spocial raquiremants), The normial assockted consequences resulted, :
Nianagermentwas not sul’!iclently Involved, New pmedurﬂs were never adequately lrwestlga\ il
or esiablished. .
The data structira was not normailsed This led to data dupllcmlon which in tum led 0 Icss of N
dataintagrity, The structurewas I;asad on Qutput Docliments, Le. an Auxiiigry Power Equigment

- Database, Switchgear Schedutd Inatabasas. 1 Cable Schedule Database, ste: There was no

. appearing on thesa base documents could not be sonaistondy handled,

The malnrrama systern was.old, over utlllsed and un-rellable resulﬁﬁa in frequan; Joss of w m;?rk. b

undetlying model, Moditication of data was Inharently difficult to carry out. Equipment not
The systam was not fully spesified up-front amd had no conslstent date modal. ;t thus "svoived"
a8 now Idoas and requitemants came to the fore, These were then shoatiornad Intathe existing
datat structure making data manipulation routines Increaslngiy c%plex and difficult to malntaln,
Interfaces to othet sysiems were not feasible by aay meam potiier than fat fle'transfer, |

The databasca wchniﬂnngas Ipadequate. Accass tines w:a too slow which forced the use of

‘Forlran Advanced Auﬁsgqa direotly to the date files. This fikide thd wholg system veryvulnerable

to data slruetare changm and thus very byitle. It was also gssentially a singla yser system that
woutld fock it files a8 soon as a ugyr accessed them, thui freezing all other users, )

System malntenance and- modlflcatlon was extramaly diffieult bacause. ni ihe goftware

envlronmant, the database structura and a ek cf dncurnantanan

=



. Page 18~

(=

-+ A4 KKSand BSF Coding Systems
o Source; ESKOM KKS and BEF Presentation Material. T

0 . : i .
3 : 1

i &

USE OF BREAKDOWN LEVELS IN THE]
S KKS SYSTEM |

SERIAL NUMBER n I ;
OF BREAKDOWN LEVEL[} | b
' - |lreranll

PLANT SYSTEMS. RQUIBMENT GQMPONENT

Q B oy

s L 11 |- I

e
RAME
OF BREAKDOWN LEVEL

4 G .
'ﬁ FO|FYIF2LFRp FN ||ATIAR AN A3 bt (B2] EN

F‘T“ *

DESIGNATION |
OF DATA CHARAGTER

o

o NATURE Ejafn|n

OF DATA OHAHAG‘!‘ER .

Laoﬁu NlATATAININAfAINININ ;]

' BREAKDOWN LEVEL 0 = TOTAL PLANT IDENTIFICATION
BREAKDQWD\LEVEL.-: = SYSTEM IDENTIFICATION
»  BREAKDOWN LEVEL 2 = EQUIPMENT UNIT {DENTIFICATION
BREAKDOWN LEVEL 3, = COMPONENT tqem-r:ﬁrcmon

&

-lf

l

'BREAKDOWN LEVEL 1 AND 2
I8 MAINLY USED FOR: *

LANNING AND-PROJECT DESIGN
F DIAGRAM CODING
»  EREGTION, MMISSIONING SN
OPEHATION URVELLANGE

| IBREAKDGWN Lever 1 TO S8
. -+ I@MAINLY USED FOR:

MAINTENANGE, STATISTICS
SPARES AND REPLACEMENT PARTS
PLANT BUDETING AND COST CONTROL

LS

H
t



% B ‘r(l) - =
SERIAL NUMGER [ 1"
o onenoom e, || O 1o, zna ) :
TOTAL ' : EQUIPMENT |1  UNIT
' ,.Mumm Lvet | PLANTH FLRETION UNIT | COMPONENT
.| DESTGNATION 6 |{[FolFafe2ira] mn- [lada2l an  [ag] falsel sw
Y] OF OATA CHARASTER |1 ) : y .
NATURE . LA {a ' Ial al '
e || N LN ATAAINING ) AININ [N jA L ] AN

. 4 < . K ; F“J | ..k e .—/(? I v
X R ,.-"7" I | ; 1 q o
b . p] j Y I

' |:’mnssxl=1‘sn‘rmu ' ., 5 ﬁ"/ e S

o / CLASSIEICATION | ’
; ' P 'A: . &

P ;* (I0ENTIFICATION ) TOENTIFTOSN |
| FUNCTION - BREAKDOWN  LEVEL| e e
' (EaswFaane | ¢ fl
"f '. | \. - O
@ | s
: i .. g - o
kN _ [ iERSIRERENT 7] ) o
EADINETS \ ) ;
e o [reastnenen caetier Jod 1Y
v . _ . " o s b
{ EOUYPMENT BREARDINN LEVEL| | o
uy .-.' .. . . N 0
[Ceassifyenrion } - (ZoENTIFXCATSON )
| AFY A r 'E . m 3
[PUNPINS UNITS | [ BUNPING UNXT Joo2 | . -

]



G 0 INSTRUMENTATION AND CONTAOL EQUIFMENT o

D
B ({INSTRUMENTATION AND CON%&‘QL EQUIPMENT}

B CONVENTIONAL FUEL SUPPLY |
P (HANDLING NUCLEAR EQUIPMENTS
" & WATER sUPPLY AND DISGHARGE o
'H EQMVENTIONAL HEAT GENERATION
J tﬁuct.am HEAT GENERATION}
K (REACTOR AUXILIARY SYSTEMS)
L STEAm, WATHR AND GAS OYOLES ok
M IMMH"MAC%HIN%\EETS .

N PROCESS ENERGY PREPARING FOR USERS OUTSIOR

]

Ll'lb RESIDUE DISFOSAL

1

Page 120 _
I ’ _,\n!
J .
0
(SERIAL NUMBRR . i 2 g
OF nnsAxno\vﬂ LEVEL o ' _
NAME - ’mm‘. " gverems || gouwuenr  ||éommonenr
: 4 u !
or gh‘emoowr: LEYEL 'rPLAHT _ X Mt _ A
R g \
DESIGNATION _ ; . N
OF BATA CHARAGTER {p G -:0 F1IFaiFa el [lasfoe AN A'q Aty ? N
jHatune Anonnllulatatalnfulalan I Sllala|nln
g ' . ' [ o
o lr & . I A
. b o 0\] . L\ &
§ A NETWORK AND msrmburﬁn PLANT T
B POWER STATION ELEGTRICAL POWER SYSTEM o Y

f

4§



. ‘Page121

) . ‘
¥ R
o
\00R/018/20/38% a - ) | KP = I8/
R —— e _- . I T
© EULECTRIGITY SUPPLY COMMISSION. & OPS 0014 2/
KEYPART . . ) 7
* . w ) ' ) S : | o e
KX POWER PLANT CLASSIFICATION SYSTEM :
. . - i ) . _m§
L©  STEAM, WATER, BAS CYDLES "
LA Feed water system”
| oLAA < Faed water tank, dnéa;.ﬂng a1
D . G- fram aa!?iﬂnﬁ imtllhtian feedwater tank Infet o
) to ; tank outiet incl, hesting; Inctalistion amf yapour )
’ g cundemer , N p

LN S

Iy

o

W

Feed witer p@%‘&tm {exsl, feé:l water pumpigg system asd
md water heat o -
o o

= from ml Qnd‘&mr Lank outlet
58, “Romelt  boller (hlet header .

LAG  Feed water pumping sysem (exoh. intereonnectlng plplag hetween
£ B boostnr arsd malu pmp)., Y )

u

o frum F‘ pumping systum euatton nozzle

© . c  pumping sysem discharge noazie

LAD  Feed mttrf‘%qﬂm system (MP heatars)

R . from . heater fnlet
-C to heater outlet inel, desuperheater nmi draln

cocler when Integral part of huter

4

a

-LAE High pm:ure witer jection tystem (superheater attempnratur
spray system, HP bypase spray system)

+ £

Arom exal " faed water piping system

to exel user (g, superheater tttempuratorl
Ny

spray wtte*n)

from cx::l: fend water pnp extrantmn (t&a-—-nff nonncctiun)

from exel  branth of snother system
L r:;el" user (e.0. rehester attemporator) k=

LAF Intermedlatu pmg:,?e mter injection ystern {rehester sttamporator

w7

™ Toe REQISTERED ASGIFTENT 13 AESPONSIOLE FOR DESTROYING AL, SUPSRSEDED DOCUMENTS

G

4]

i



. Page 122

*

G.

= ' : v oow - |
/ o :

W

SEMIAL NUMBER "y . R
OF BANRKDOWN LEVEL '
: ‘i E) I K
NAME : Ul eabiement ||
OF BREAKDOWN LEV\" ?Y#TEMS UN_IT COMPONENT
DESIGNATION 6 {leoleslealeal ex |jaifaz]. an lag m!ai BN
OF mg'u CHARACTER ) "’_ .
[NaTume | ’ |
'L ; - I L . B - - |
- * . [MECHAN!GAL EQUIPMEN‘T (MAG’HINER"E) [
A A FIETINGS (VALVES, DAMPERS gre) o
A © HEAT EXCHANGER UNITS
AP ENDLESS CONVEYOR BNITS _
" A N COMPHESSOR, FAN AND BLOWER uNn's *
) A P pump ONITS .. .
< [&] . lmacmmc.m. EGUIRRENT (PLANT; -
B H  STOHAGE UNITS (VESSELS, TANKE)
A ) 80! HEAYING SURFAGES .
B R P;plbﬁuc‘rs AND GHANNELS
= [DIRES T MEA Mmsumwﬁ CIRCUIT |
8- :-,Lsarmcm.\numrmcs
¢ F FLOW :
n et LEVEL o «
7 6 .p PAESSUNE - S '
e T TEMPERATURE .
lst.ac*rmcm. r-:ms:mem}

T T i

p G A SUB-BISTRIBUTOR
4 @ S SWITCHGEAR EQUIPMENT
6 T TRANSFOAMER EQUIRMENT




Q

I3

. L2 i

SERIAL NUMSZR "o o o .

OF BREAKDOWN LEVEL| . m
NAME oe 5 lo ge [|eomeon

OF BAEAKDOWN LEVEL SYSTEME U EQUIPMENT || CONPORENY

e " _UNIT

PERIGNATION = = M - g . ifro|Friraira) #u la1faz AR Jaajis CEY L

OF DATE wmﬂ%’mn oo : vl :
[narune AN IN{[Af&INH N Ala[uin

|or DATA CHARADYER. 3 : L |-

. o ' . o ) @ o
- 1 . . . . ' . B . _ . . .

]| {MECHANICAL UNIT GOMPONENTS {(PRODUCTION) |
] i‘}

'K A . VALVES, DAMPERS _ o3
" K O o " HEAT EXCHANGER f .
R Fe ENDLESS GONVEYERS ?
K N COMPRESSSORE, BLOWERS, vsumnfons, FANS
CK.P /fpuups R R
R | MEGHANIOAL UNI“!‘ EQU!PMENT (AEXILM%W)
K B{&_f’_“ BRAKEY Y
M q cHanzodes | ' _
MK CLUTSHES AND  MWPLINGS o - .
¥ R ° PIPING PARTS L&
[@] / [WNSTOMENT AND EONTROL U1 f'r;;;;c; oM P‘cﬂ""e' 7S]
" ' {NOT ELECTRICAL) i
Q@ N .  CONTROLLER SN
o » MEASURING INSTRUMENTS, TESTING a:nmmrm‘r
a R

IMPULSE' PIRING : . _ :

1

| { ELECTRIC UNIT GOMPONEMT$,|

'rmnsnuc:-:nq:nom NON-ELECTAIS TO BLECTRIC QUANTITIES
ELECTAICAL MOTOR ' . “

SVATCHES, SELEGTORS ' -

TRANSFORMER Cooe

Pl
- %2 m



Page 124 S o ‘

D : . L o “ -~ ¢ s
§ [=] BASFIX FOR (PAOCESS DASED CLASSIFICATION
i,, PREFIX FOR POINT OF INSTALLATION CLASSIFICATION
= LAGZ1 APO1l __
- 4 CWADZ BBUGR 4] - & - -

LA
»,

[~ iACZI APTIO | L .

Sl WALTT T l CHALZ r ) @ .
. wt

|

byl + CHADT GADDS -
. 1}"> | i N5

)

’ +--aac}na-'

N\ e = BBCY3 68007
: e C A
= LAC21:AP01D




n M - o ! . .
— . . o Pege 125
(j B _._h ST d o ’ T
. - . L 1} v .
A "\ ' L T, . o i )
o ”.. d. .
. S 8 J
v w ° e g ¢
o i .
e ) 5 )
. . ) g / ’ . .
£778 = ANGHAMARY shetem : S
80 = PERMANENT iR PR T
o PROTECTION SYSTEM - s a
5G0 = SPRAY WaTER
. SYSTEM

NeT N, :
“ gnn S BT RN wovivcrsmbormrctaamn
LAUNT

H
' PN UHIT
g e
L Sommma Hin
’ /rll.!
I‘_?
i

by

e



Page 126

 CLASSIFICATION FOR
PRESSURE MEASUREMENT

L e L

IF : m = AR T Y
| [=] PREFIX FOR PAOCESS BASED CLASSIFICATION ot

ay ' i g .
B [3] PREFIX FOR POINT OF INSTALLATION CLASSIFICATION

: MAIN CONTROL DESK
' £y :
oy - [=1ABiD &bl

/ | E- WEICITIR

MEASUREMENT o~ ﬁ y

"o CABINET
. + GFAIR Pt
o °
f )
2%
 MEASUREMENT [~ Lagid crani |
RACK !

= LABID CPOUY |

"

Y




* Page 127

P wCODLING WATER SYSTEM
PA = MAIN CODLING WATER SYSTEM

warw, ///‘ L e [ |

HATIN FUNCTYON o e gy JA-Sea)

i R A fEReL s
s i : = B it e | S| -

BUUHTIHG NB. ) ‘ . . ‘T[_‘M T“Mm L .
e, ~EE— L= SN
] : . ,. _

AP = PUMPING UNITS

@




Pago 128

*a

U = s*rnb AR
UM = STRUCIURE FOR CONVENTIONAL
HEAT c.‘mcamtcu
UHT = STRUCTURE FOR-FLUE GAS
DESULPHERIZING SYSTEM

T 14
0 m} 33
y (RTATRTRTR g
LUlHiTio] glal ™y oa
o 5 ik B
| | &
o .“ T Nﬂo ) 5 . i
' STBUL‘.TUHE-*- ‘
og] _ LEEEL NO. D!
' Euon NG, ;

UKYT 53
LEVEL 12 oo



W

" WHAT IS'BFS?

IT 15 A COMPONENT TYPE CODE

DESIGRED TO A USER REQUIREMENT

) *

COMPONESY IDENTIFICATION CODE (BFS 3"

BREAKDOWN |

LEVEL 0 S e
- .- - I , . " Lo 5 T )
DESIGNATION -“"".i‘:ﬁnu,mm ANV ACTHR 1Y0E » VARIANT
, v AR :
<s . . &
KPA 00034 . AAA 00
EE 73 ; "CL I
I‘UMP gyt | ’ e
CENTRIFUGAL PUND s
MANLIF AC U e
TYPE (SPCCIFICATION ) ¥ | ¢
. SHZ508, HANUF ACTURED ‘
(N 1972, HPM 1100 RDN,
1000 m3 /i, : -
MAHUFACTURER No. 33194 "
CURRENT N .




Page 130

o o

TYPICAL BFS BREAKDOWN

KM MIXER,

BHA
RuG
FC

Kl

o

RHA
o KNG
KHC

kP PUMPS

“HiA
- KPR

B
KT
KTh

"

sSTUMER - ..
MIXEHR

STHIRER
RAKING MACTTINE

PONPIESSON

LOWER

CAN

CENTRIFUGA,

POSITIVE, [HUSIL, ACEMENT

PURLFIERS
NRIERS
SEPARATORS
FlILTERS

g

KU CORRCRTONS
NG BREAXDOWN

XV fURNERS "

RVA
RYR
RYE,
kYA
Rve
RVP

PULVERDECD FURL
o

GAS

AN,
COMINZD
tILOY

KW WOHKSIOP DEVIGES 1) »

RO pREAKDORR 7 )

K

-

si‘nnmww TERT Wi ur:vu&.i:sza
NO BRIARDOWH

K2 SEECIAL MECHAMICAL BEVICES
. HO HREARBOUN

M MECHAMICAL UNIT GOMI‘ONEW S (AUXILIARY }
j y

NR BRABES

A

HO DREARDOWN
WP FOUNDAT TONS

HO %BREARDOWN
.',"( .

i

[h
R

)
.

COMMIEISORS, DLOWERS, FANS, VENTICATORS '

rl

&

T PURIE [ERS, DRIKRS, SEPARATORS, T'ILTERS
L KTA ' '

L 1Y



-f\".;'}‘

Page 131 ©

e

.
¥ " i ey
Y
. N
oo
0
. W
@ R - . P S e )

« INTEGRATION

OF PLANT CODE ‘& STORES

3 ) @ fi
! -

=1 pLANT CODE

il - KK? “- Ilnun nl-o ﬁkz i8] =
. dx o !
- DUSCRIPTION |
1 ASSET tin,
o 1256
"
s
Bl 1 ¢
HEN
L
- AN
MEI
& 1

H

CODE



&

. o . . .
- o e ; la' * .IE] "
LT \h o
Page 152 K k ! o,
- 1
. e ]
. L
A o
D \, ”
. o
4l
& . " fee
fr

%

" PRESENT DATA BASES o
[DENTIFYING SAME COMPONENT

o . v
, .

kt . !
]

8RS (4 F | DESCRIPTION | TECIL 0ATAS | DRAWING Ho, | STORES
PRRS t2) | DESCRINTION | TCLIE DATAS | IRAWING o] STONES
KRS ' (3) | DESCRIPYION | TEEIEDATAS | DRAWEHG Ne, | sTORES

2 {%RS {4 ) | DESCRAMTION | TLON DATAS | onawing na. | sronts
) : & '-:\ ) " .
. 1, c{'] BESCRIPTION | TCEIL HATAS § DIAWTNG Ho, W!ES '
LT N
o & ” W "
w0 h Y ) . | B
L WITH BFS
-

KES 1) DENCRIPTION
{8 s

BFS
T COnE

KES 2| DESCRIPTION |

L

TECH. BATAS

BRAWING No.,

W TR R N ML S S e

ST0RCS
W B A e S T i iy
SIRCS

MAINTEMANCE
TNSTIRICT1ONG

GO uly et e At A VI M e

31H

RS 3] NESCIIPT DN
LU I
KKS 4| DESCRIPT FOM

w

P4

G



* RATIONALISATION & INTERCHANGABILITY
| OF STORES ITEMS,

o

L5]
¥
4.,
= b i
4 Y
e
L i 'l-!,.a.f‘ o
t _,0 @;’ ) . )
. o >
JLLT .
. \ @
' @ \‘:::':a )
. o S o kY
‘S. . ® FA]
[~
2

orFs § *-'mﬂ'-f--w-‘--'::--:u--- IS ?_‘T.:.f.q;:.‘;..-...;,;im.;. BFS 2

N T N

kRS 4 PE wew2 p kesta ) L onso fhoso howes o f}oxes oy f]oaksn f) res v




' . ,.\// " k Lo
Page 134 : s o
. B u Y]
.|| + . ...‘:'r" R o |
* i ol __ ' ) z:l“ o 5
| § . \3 I o ’
COMPONENT wrfi: HIS ror-w
2. o 14
Ty f/ _ ’ p
I e F’RESEN] - A
" ? S
ry
Z? t °
h. [ e
N : B4 e @‘ :
1 o \ "o )
P o ) u:-'_c' '
o
| e - NISTORY OF |
o « ' L L Tl [ 2. ) '
- : 'F"((i" TROD = ARG - POSITION
. # ’ . . N L
E” . II._ o ..i-f"G ) - ) . @ = EL‘ "
N L L DESCRIBYLON A
) ’ v . “3 o
g HISTORY OF WHCRD )
AIGET Moy fmmimosmarvims coumann QN ASSEY a
. i3 LOCATLD
. .
n ;D Gﬁ.' .'
. w @ . ) ’5\\“!
? __ e i :
{ " .
. 5
" ) [
; ] ,ﬁ/ |



) | R S page g
= - ) ‘ “ . h Ve : o C ?-'
>0 <
., COMPONENT HISTQRY . ~ - |
. & o .:_ ) . . . .o : - &
ws -+ WITH BFS - T
Y oA ' ’ T e 0
It o @ . ’
* .. - . I ! o
. ) o ‘ ;‘: - - 4} . "

{ o mawrcome | : RISTORY GF
: . e o b o et I FLANT

R oy i T . : "
ya W KRS - oD - akz | ‘ POSITION -

t
L] e
o o [ d y
" . v \
P o . -
a .:‘- [P - [P S WL B . kN . .
y - 9 =]

Ciyorgnrirbat sy .
A o DESCRIPY L0 : o L e ”
- o | P - / |

- xt O OWISTORY OF WA “ | -
o ASSET New  feemsmeeeeemen i INEASSET !
L o L 16 LUCATED

. o . ) o 4 o
DR ” L marany o t @
™ ) . '“ s 1 AN e M T e b R e “_ﬁ TI“: r'l'f'f:\-.,v.
o - O UOMPOMERT
. N - s .
2 1/(\‘
A n .
.U J—j‘l ; o
) J ...,]
I I.‘.Ir_
Y '!I‘ :



€y .
Pagje 136 )
- ~
s el e
., »..;.;;‘_r _
I . ({J‘
I . . n . ,
Us ING\\ HISTORY TO EVALUATE PROBLEMS
L] . §
) SYSIEA L.
; L1 s . oms® -~ msa _ )
l B 1 s Owse ! o 0,0
O SIEMNS SIS A L, e
a N ) - o
° = T g4 KES 3 8K% G '
’ . ’ Jurs sy w4 Om's 2|
- . fy ¥ o ° ,
N . ﬁ‘l:(l " B }{5{-\\' ﬂ ) | N]ﬂ . i:‘w
mEY Ksh o, wse 1
Qurs 1y Owesaos ':{r. Vars e
. s At SIFRLG /; %
| . 2y
. ' SYSINI &
T . - 0
P RS 1 . Kng 2 565 1 i )
Owss O G urs 2
. = SIS AliL s
w o '::’ 5 o
l.“ FOSTYION RX% 9
§ FAILURES OF MOTOR DUE 10 LOGATION OF STEAM PIPE
(SPECIF (C SYSIEM DESICH PROULEM)
o . ’ . b
2. rOSITIONS KKS 1, KKS 2, KKS 9, AND XKS N
HIE MOTOIS HAYIE FAILED L THESE POSITIONS
ONLY WIUEN T SIENENS WOTGR 1§ USED
© (T OF EQUIPMENT MO

B

o

Q)

2



‘r.T; l\
Page 157
- 3
AN . f‘.l}
g ) B o :
_ #4.2 Model Structure Reference Data: ;
N AModel Data Structure chtlonanrtable Hes at the heart of allfunctions responsibla fd}thecreation, .

N\ delétion and renaming of mody” 'Gb]ects, 14¢ example, “Creata a Node”, *Delete a Ca'pler, ets. ms s .
g "

basically & lnkage mechanlsy Setween oblect cleeses and the relational model used.” Q store
attributes of Instances of the/ { classes, Refor to Fifjure FAG2.01, Ny
‘-‘.‘H_‘-- c%:\_.""” - i . . .. -: -::;:“: r71::=:_—3
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The table structure Is as follows: (o

Table . Column Colunn
Name: Name: wascription:

COMCON ~ GOMPONENT/CONNECTION CLASS GODE

TBLNME  TABLE NAME |

KEYFLD  PRIMARY KEY FIELD

KEYFL2  SECONDARY KEY FIELD

INSTFL  INSERT FLAG (A-ACTIVATED, D-DEAGFIVATED)
- DELTFL  DELETE FLAG (A-AGTIVATED, D-DEAGIIVATED}

‘{Qs Table Nama i3 the name of a relational datahasu table that:

1) Fiay dlroctly contaln atttlbutes of an nstance of an object; or " o
2) may refertg mhag Instances of ebjects. - s o (%

n N b
\&

7TADIG CRTDTEY, DATE CREATED

1,\;

. Provislon Is made for objects whoss unlque identitiss are made un of two paits (eontractual

documents for example), Usual!y onlyone key [[Qld' Y% sufficient,
The ‘insort fiag" ndlcates to the “Creata an Ublecl" functions thase tables frto which recards must,

~ ba Inserted when & new instanice of an object iszegistared. if the flag Is active ("A"), a record wil

be created, if it Is deactivated D), no racord will be createrd. "

The "delote flag! Indicates to the "Delsts an object” functions those tabies rom which reco (s)
misst he rem, when an Instance of an pbjegt2s delsted, if the lag is agtlve {("A}, record(s)’
ba daleted, i It Is deactivated (D'}, no recgia(§) wil b deleted,

The Model Data Structure chtlonaty tabie will contaln a list of ALL piaces. thruuuhout the relationa)
modeli where an object s stored or referred to, oven if the record rontaling a reference to an
object Is nefther created nor deleted by the activation of any of the create(pr delete routines. This

- facilitatas the renaming of an objectbecause gﬂlallstessemla}lylellsﬂw"ﬁe mean object’ routine

alf the places where stch a ¢laws of abject "r{d itself In the refational model,

“This method of motlel "maragement* has add}tlahal benefits, those balng‘ )f_(

1) Model imagrlty Is managed in a very simple (and :herefora speedy) manner, The mm
lh‘““"!&t‘it action is deletion becmuse of the tippling Impllcations of an ebject being deted in
such a hianner as to compromisa model intagrity, Basleally If & refarance is found to an
phjsct in any location whiere the "delete ﬂag“ Is teg-tivated, then that object cannot bo
deleted bofore the reference Is removed, One problem with such a simpla mechanism Is that

It cannot eac,'be analyzed as to why a deietion was pravented without buliding Individugl
checks into the program. This s undesirable as it removes the generic nature of these
routines. It Is poaslble though to give the table and cofumn names that were detested as
gontravening the Juletion criteria, buf the user would then have 15/ Interpret the physical
reasomn. .

© 2) Tha rotitines that oreate, change and delete chjects are tolally generle. Le. a slngie "Greata an
object! routine Is able to creata any clags of nodés, recks antl cahlap.

3) The capturing ¢f changas due to deletion and rahamling takes placa %na totally generlc
manner as well, (Refer 10 Appenidix 6.1), i ]

i
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The! folowlnyy I3 & extract from the GEEDS Déta dictionary tablo for LV Switchgear Nodes pd for
os: o o

OBJEC T.CLASS TABLE KEYFIELD INSERT DELETE

CBLS
| CBLS -
\ CBLS

. CBLS,
©BLS

SWLV

Y

SWLY

~SWLY

© SWLY

SWLV

SWLV

SWLV

SWLV

i
[ " §
/
: ﬁl n
3
o
Lel
7
i
.‘_f kg
.".
.

CBLDDT
CELRTE
CELSDT
CELSDT
GBLSNT

 CBLSDY

CBLSDT

CUpDIS |
- NODSDY

NODSNT

SWDCDT

SWLVCI
SWLVDT
SWLVDY

SWMVDT

0

)
n !

CABNUM
CABNUM
CABNUM

- CBLPRT
CABNUN

SYCODH
SYCODL

SYCODE
SYCODE
SYCODE
FDBCDE
SYCODE
FDSCDE

SYCODE"

FDSCDE

Usopooo»uogogol

A
D .
A
A
A
D 7.
D, N
A
A -Js.
A
D
A y ,
B
A" !
D
Y
|.'|
|
[
i\
]
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A4.3 Working within the Model to hndle real world  problems

There are & number of real world situationa that "stretch" the model beyonkd Iis normal capabiililes.
In these cases compromises nieed to be mads, sultable *work-arounds' established and
conventions set up. Anumbser of identified problems are listed below and ihe conventions adopted
1o solve these problems ate detalled. -

A4.3.1 Nodes:
o Varlous interpratations of a Board Node: P

A board can be seen as o "eabinet® containing Individual Glibleles In which
switchgear are housed ar it can be viewed as switchgears being fod off a busbar,
For board loading purposes, the second interprétation Is used but this poses
prablems for aquipment which are part of the board but are it connacted to the
busbar. {Ses next point), Refer to Figure FA4.3.01, /,/

- 4 .

There are also various agtlons for the modsiling of Sub-busbars within & board,
Ona Is to congider the sub-busbar as a separate board and the other Is to consider
thasub-busbar as a loatless node and ta allocate all of its leads tothe maln board.
Refer to Figure FA4.3.02. '

o Coding Inconsistencles introduced by KKS rules:

Switchgear Labeling rules state that the Switchgear Cublsle has a "Point of
Installation” code which kientifles a given switchigear In a board. The switchgear
rublele must also display the ldentlty of the nede that if i feading. Normally this Is
“nio problem as the node that Is being fad Is separale from the switchgear cubicls,
Thera ate cases though where the hode belng "fed" Is the switchgear cubicle
ITSELF but has a different coda. In other words, ona node is dentlfied by two valkl
codes, Auxillary supplies to a board fall in this category becatse they are part of
tha board and tht{&havo an identiflcation code indicating this, but they are actually
f belng fed from arsource external to the board. The solution addpted I to create &
Pseudo node for tha *Code” being fed. All the attributes of s "Fed Node® are
lnherited by the switchgear cubicle. From a board loading point of viey,, the "Fed
Node" draws no toad from the board of which it Is part, but froth the pbint of view
oil the board feeding ths cublcle with auxillaty powsr, the cublsla Is seen ta draw
aload. :

These situations ate depleted In Figure FA4,3.03,
o Single source with Multiple "dalsy chained” loads: :
* - Agwitchgeat Is modelled In such & way that it foeds e single load. Thero are cases
whera a number of loads are "dalsy chalned®, In this case orie pseudo node is
created with all of the multiple real nodes atlotated to & L.e, the pseudo node Is

the "Parent" niode of all the reat sub-nodes, The switchpear tipn Indicates that it
feeds the one pseudo hade, Refer to Flgure FA4.3.04. ; )

¢ Single node with myltiple feeds o diffatont characteriatics: "

P

A single n.de may recelve power from multiple saurces, The natura of thase suurces could
be different, for example, one node may racelve Maln AC power and Aixillary AC and DG
power, In this case there Is one Real Node which Is modelled to contaln multiple pseudo
nodes. Each pseude node hag the load characteristics of the partioutar stipply Risrecelving.
Refor to Figure FA4,3.05.

fl'f:; L]
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A4.3.2 Links:

o Non-Cable connections:
Thera are link classes that are not catered for expllcltly bacause of the low numbsr
of posurrences. Busbars and ¢direct bolting are examplas “Ghost o Psoucio”
Cablas are used for thls pUrposs,

» Cabling tu Pseudo nodea:
Sumet;mas thisre Is the need to create a Pseudo cable coupled to pseuda nodes.
An exgmiple of thls is the creation of a cable fitom a switchgear cublcle to the
"SPAH B This Is for pumoses of specifying terminal siza on the switchgear,

Real cablos must ba r;oupled toréal nodes, ot pseuda nade, In the case doplcted
inFigure FA4,3.05, the Macro level conrsctions are to the pseudo nodes for board

Toading purposes, but the cables can only be pulied to !he real-noda bucausethe

psaudcr nodes-don’t exlst iy raal lifa,
» Spiit cablaa ' .

One of the fundamemal assumptions of the Noda-ink model Is that/s link o4t only
koconnacted to one node at sither end, Inthe oase of large multl-core cabies stch
, - asthose nsed for telephone trunk cables, the ¢able can be spiit and torminated to
fow - muliple end polnts. This is modeliod by creating s pseude hode at each spit and
- thr:)l cable i viewed as multiple links, event though it Is actually | single physmal
cable, -

» Damaget] cahies

&
o
ey
A

it

Tha foltawing Is an amrant fmm a CIEEDS procedl.n'e document deta!ilnu Gabllng axcaptions,
Author: Johan Planaar. - A ' e L ©
) HANDLING OF cl\m.ma equr;‘nons N csens%

The following excapional cases soridyming cablo instaiation on MAJUBAhave boon dentifiod and
nees to be addressed In the contaxt of the CEEDS cahla inanagement sys!qm.

“ 1. AEPLAGING RORTICNS I WHOLE CABLES,

When a patt of  cable or i camplate cable needs to be replaoed the ful!owlng aapeota
need to be consldersd, _

1, The original cable’s inforination heeds to be kept_lntact.

2, The Instruction 1o pull this new cable must be lastied via # cable pull card giving clear
Instruction to the contractar on what noeds to ba done,

kY

“

Al

8. The contractor must be pald for the new cable,
4, A record must be kept of the haw cable. ..
B. The cable drym managemant system must be atcurately maintained,
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. Modelling of Sub-Busbars
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o 8. A claar link must éxist between the original and now cable.

Looklrm at the above statement It Is therefore clear that a new cable number noeds to be
“generated for the new cable. The lssue of a now roviston on the orlglnal pull card will
, mean that nona of the above cordilions can be met, -

| thevalfore pmpusa the following strategy to overcome thls pmblem

- 1. An additichal field is placed & tha cabla pull eard for notes aﬂdspacmc inseruction to
the oontractor )

2, A rew ceble number Is derived from the oriulnal number b addlnu a numefsic value- m
the place of the Jast two characters of the cable numbe e. g 1BCC1001BFES will got
a cable 01BCC1001BFO1 i a portion of the cable needs to ba feplaced, This numbering
. systern will therefore establish the link between the two cables but the now cable wﬁ! not
* appeat on any cablg schedules or drawings,

3. Then new cable will come from and go to a durmy node "JOINT" for mmp! ah?h
will be regjistered on CEEDS as anode. The aclual length of tha now plsce of ¢
now alsc by gMan )

4, This cablawﬁl not be rnutacl a8 it wilt take the route of tha cable It replaces, - »

5. When tha new cabio la puiled all site foadback tor th[s cakiewill be gpmpleted and the

cable drin managament systetn will therafora be kept up to date.

6, Tha repalred cable wil in )t respocis mcist on drawirigs and on CEEDS a3 the origina
cablo but & full record will exist of the repalrs,

7 Tha contracior can now Involes for both dablys under differant gable numbers and no
confusion can therefore exist s to what was done on sitw,

- USIﬂG EXIST!NG-GABLES FOR OTHER ABPLICATIONS. : v

This situation can come abiout i praviously pulied cable s discofinacted and re-connacted
& ﬁtg)arant node, {§7 axampls. a temporary cable Is swung over m the perrnanont
locatl

I & new pull card is prinfed in this casa tha contractor may pull an entlraly now catle i no
tloar instructiong are ncluded. _

PR

Thi following approach ls prnpnsad.

1.0 thg cable numbor does not change a now rovision of the pull card must be printed ‘

using the pullcard notes figid to give the contractor elear ipstruction,

.. 21lifthe cable nurnbar doeg change the orlglnal cable must ba cancelled firee. The original
“° " cablo must then ba registered on a dummy (psiticdo) eablo druim nnnlainlng the iength
% gfthe cable. This drum wit bql handled as free {ssue cable,

2.2 A new cabla mue.t now be qanerated and a pull card lssued for this cable using the
notes feld for instiuction and raference fo the criging cable number.

2.4 With the complation of site fexdback the new cable must be reglstered In the drum
management system as soming of the dummy drum.



)

. NOTES: .
o ht mushfe roulized thatthe cabla numbar is the key to thé eble managament system and groat

care should be taken not to re-use cable numbers once a pull card has been prlntud baeauae

there might be hidden contractual Implications. ' 7
# Thacontractor must bethade fully aware of the fact that issie of 4 » cablo pull card means
“that the previous revision must be consulted and he radst famillaria himself with the stetus of -

the cable, it is not an Instruction to just pull a new cable. Woe must also enstire that we are famillar
with the slatus of the cable bofore we make changes to the pull card.

i

'}

g

oY

B
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A4.4 Current Reférenc*e‘Facllitles
Currently Reference facliltlas anly oxistfor;

» Cables; )
« Cable Racking; ' .
o Switchgear; and
o Transformers,

This Is malnly because detalied design/specification of these classes of eculpment takes place on
the CEEDS system wheraas the detalied design/spacliication of most other equipmant takes place
cisewhore and the data Is then imported lnta {'.‘-EEDB for cabling and rack deslgn purposes,

™,

Ad4dA Cabllhg. ' . ' - ifj .

There ate two Relérence Tables descrlbing Gable Data {axcluding the Cable Cost
Hefsrenca Tabla(s), refer to Appendix A4,10),-

o The main table contalns for each cable type:
- & Physlcéd properties such as:

< s Mass (kq) por meter; - v
. Dlﬁmgtar {min); " | 3"
* @ NunborofCores;  °
) betault tength on a drum {m); . S | o
. Whether the cahla has calibration matks or not and inwhat unks;

) Annuumdfus\%ﬂxmdred Indlcatlon.

PN

v Elac:trical properties: \% _
o | & Vohage Grade._ ) S
| o Fault cun'anl. ‘Q\ ({-,' ' “
9 Arelarence to Core Eldﬁtﬂcir\romrﬂe% % '!: N '.
¢ Oonfractua% proporties: \\\{Jj 1} i |
'f{,l_-‘_?-- ol ", < \

e Currentand altarnat!wa411/5(¢gufatc.t'ura:srlwbJ
e A Cost Refsrenca into the cahle financlal fat Sitles. P

The Core Electrical propartios were separated aut of the maintable because there are many
diffarent types of cables with éssentlally the same conductor core properties, The physical
properties such as cable diameter, number of cores, valtage grade, anmouting, ete, may
change for cablos with the same core propertles. These coro propertles include:

s Covearea;
o ACand DC resistance / Km; J
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& ACand DC voit drop / Km;
.« ACand DC ground end alr rated currents;
e Reactancs /K.

Many ofthesaatrutes ara usad bytha mb&o slzlng programta daclda maéhltabla ea;sla

A442 Cable Racking: , | S

As with cables, Fack refefénce data is saparated lnto two tables, but. rdiﬁeram reasans.
Thera |s a maln Rack Reference table whicl, desoribes a ruck's bhydliical properties and

- anotier, the Rack Loading Referance Table, defines alfowabie filing o rmlﬁfndtng on
tha sityation in which the nacklnd ls balng used 0 N i

‘The bln Table woukd nchude for each Backwm R

4 deseription; . 1 )

a Cost Referanca to the Aack financlal models, :

wiith ard holght or diameter; Lo

Cross suctionat area (this could ba calculated, but Itig axp!lcmy storad inorderto spaad

up tha cable routing program);
Ifagivantypabfracklsimadfﬁrprmsscohtrdcablasinmmmmn and farMVcables
I anether situation, tha filing criterla would ohicusty differ. Fefer to Flgtir PM.4.01 for (
an axample. The F!ack Loading Heferbnca Tab-a would include' o R

» RackType]” . ¢

» fack Application (usage altuatlon), :

»  Stiling allowad, Th!wﬂuamyoﬁyb«xcoedsdbymmhg brugmmlfpenntulon
15 grarited In each case: in this way a iuman designer must assess each situation g
takd ragponsibiity for the detisionto over fill a ratk, Tha actual value is determined fot
sacly stuation In which the rack tvpe s used arxd Is based Oh experience gainad In

; ~ provious construction projects.
® an Indlcatlon whathar the % ﬂlllna 3 declded by cross saetlonal are or width ﬁiinm '

5
»

' o
-

Situstion: Process control cables 11KV Power Cables

o

i

Hesvosoosseill A 4 d.l.
80% Filling by Area BO% Filing by Width

"F’ack Filling Crlterla.

)} Figure FA4.4.01 |
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Ad4.3 Switchgean

I

 Tiia Power Station Elactrical Englneering Deparimenit (PSEED) has developod a set of
Standard coriponents from which switchgear sssomblles are made up. Along with this set

[ of"Standard Citcuits”, Is a set of Design Guides which depict most comepon situations. The
design guides essentlally provide a Hst or all valid comblnatlons of components which gq

* Into making up switchgear.

Switchgear eomponents {standard clrcuils) and valid cerribinations are stored Monacmbla.

A flag indicates whether & record Is for a component. or a cornbination. Other atfribut l/a

include a description, relevant drawing numbers (Standard Clreult, Dosign’ Gyg
\'

Cabling/Termination diagram, Manufacturers drawings. elc, ), kwe-range (If ap

i connecllon typo and cost references,

All components and combinations are lse eavdsion contraliad, The reason
a switchgear is specifiad as & given combination oh a given date, Thare |
4o this specific combination, At a later-stage, a modification may

combmanon A switchgoar now specifidd with this combination would

cost coupled

& made to the

ssibiy have a

» differant cost. Ravislon control I$ therafore required, 1t Ts anxlclpated that ftura switchigear

caetin;j would be couplad to the Gomponents, The cost
arithmetic sum of the costrof the components making up

f a combin
Zombina

The spaalﬁca:!an of switchgear i this matiner, le, speciying a given' cnrnbln%
" tha optimurn manner of supporing switchgear design, Thig ls because a switchgear must
0 ‘tia complotely spacified up-front, thiieare no facljtissto al ‘?mtivo derign of swltchqg,ar

One of the feawres of CEEDS is that It Is able.
switchgear. Currerdly this generation 6f cables i3 |f

n Is tht.n the

Pagd 15'; :

L}

=l

Ty

4/”
/,

nisnot .

generate toquired raies coupled to
lted to powpr cables. Yhe inclusiot of |

a Gable Contiguiration Rel‘aranoa Tabie would factate tha zGtomatio genaration of al.

cables (power, protection énd procys control) attac
comblnatl:m Is given a Cable Conlig. Aolerence

«sonnected 10 a glven combinatlon. The reasoitior sepa
-0 _the switchgear combinations 13 that many mmbinatl

4/ configuration.

d toa switchgear, Each switchyagr
which defines all the cablez
g the cable configurationsfrom 3, .
8 may share ihe sameg cabling. \

k%4 cable type Is predsfined, that typ Is Inherited by the [jerlérated cable. W not, she cable

must be sized In the normal way. Usually all nen-power

Refor to Flgure FAA.4,02 for an exampie,
A4.4.4 Transtormeérs:

b!es are abla toho predeﬂned

Qo

Thoreferencedataas iz currenﬂy Implomented CEEDS Is vory speclﬂctaﬂla MAJUBA
project and Is restricted dus to daclsions taken to it the typus of transformers used, This

was done Irs order to prevent excessive profiferatio

Tha Trangformer Relerence Datrvhas only one table

e Primary, Secondary and Tertiary Voltage;
& % impedante, reactance and reslstance;

# Nodoad and fulldoad losses; G

. Cooling typo;

\of spare parts,

nd Includqq\attribmes such as:

u"‘Ik

e
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NODE 1 11BFAQ 1AADD 1
CLASS:

AT
VP HI/M/O0

b

.Swi'tchgear Reference

Companent Cabla
Combination Bescription Conflguralion
: R0 | HELD (N TYRE § 4 ¢
A | seie/o DG FAL RELAY el
SC20/0%  F REMDIE VOLTAGE IgiCARON  TC e
( 5¢10/01 EMERGENCY TRIP RELAY G
\ SCI8/02 EHERGENGY TR RELAY e
B "‘---....‘LM o 11
— ! ™~ R H o
N S BT HIA00:5010/0 :5618,702 s wn
§ W/an/01 H1£01:5G10/0 £5626/03 5| oz
! | ' oL
| | !
‘-§'_—_~_—~:.:‘_\. ‘W*M.M-M.M I
e Cable Configurations

Cols & Cable :
(‘,ouimumthn* Funetion Cobte fvpe . w oo we we

W ) =
Lo . ANG 1AGY 4
Vet P UYGOIALY : v
Vo1 £ WWGTHAEK -
| 1O | |
] ! b |
1 t i i
f“m [ ——L )
Cable Cable Functions *
Function Dwagriplion .
e AU Powat Cubls (
] Protess Conltral Coble
P Huszons Prolection Coble
F Flald Insteinrent coble
{ }
! i

W

Switchgear ‘Standards

Figure FA4.4.02
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o Whother nimerous protectlon glrcults are requlred or hot. For example. bughhotkz, oll
temperature, low ofl, DC fal, fan fault, eto.

¢ Al relevant standard drawing numbess,
It Is possible to oreate a transformer cable corfiguration referonce fact!ity slmllar 1o that

- intencled for switchgear above, However, the limited fumber of transformers isa factormat

wolild probably prevent the davelopment of such fachities,

a

&

4 . i {:Sl’

A
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A4.5 Current Database Structure

The f0110w1n9 is a Tist of a1l tables making up the current CEEDS
relational Model. Rafer to Figure FA4.5.01 for an 1nd1cat10n oF
the relationships betwden tables,

Table  Description: o
Name:

ABRDIC  ABBREVIATIONS DICTIONARY

BORDGG  SW/GR BOARD DETAILS CHANGE CAPTLRE
BORDDN  BOARDS DESIGN NOTES
BORDDT  SW/GR BOARD DETAILS ;

CBLDDT  CABLES DRUM DETAILS |
CBLDRM  CABLE DRUM ADMIN DETAILS P
CBLROT  CABLES Fo$ ROUTING TEMPORARY TABLE
\  CBLRTE CABLE ROUTES’

. UBLSCC  CABLE DETAILY DHANGE CAPTURE

- CBLSCD  CABLE PULL CARD |
CBLSCR  © = SCHEDULE CABLE COSTING
CBLSDH  CABLE DETAILS HISTORY
cs N1, CABLE DETAILS

CABLE SIZING TEMPORARY TABLE

CBLSNT\D CABLE NOTES .

CBLE CABLE TYPE ELECTRICAL REFERENch

clil SRM CABLE TYPE REFERENCE : R

GBLSTP CABLE DETAILS TEMPORARY | o T

CNTONT CONTRACTS/CONTRACTOR MATRIX
CNTROT  CONTRACT [ICTIONARY : ! &
CNTRTR _GONTRAGTOR DICTIONARY -

l
CODDCC  PROGESS / P.O;I. CODE DICT, CHA&GE CAPTURE
CODDIC  PROCESS / P.0.1, CODE DICTIONAR
COMCON  DOMPONENTSYCONNECTIONS DICTIONA Y

' DOCSCC .  CONTRACTUAL DOCUMENTS DETAILS GHﬁNGE GAPTURE Y
DOCSCL  CONTRAGCTUAL DOCS CLASSES S
" DOCSDH  CONTRACTUAL DOCS DETAILS HISTORY e
DOCSDT  CONTRACTUAL DOCUMENTS DETAILS
DOCSLG  CONTRACTUAL DOCS PRINT LOG
DOCSNT  CONTRACYUAL DOCS NOTES .

DYADXC ~ COMP./CONN. DATA TABLEG DICTIONARY
DYEDCC  CUE DAYES DYCTIONARY CHANGE CAPTURE
DTEDDH  CUE DATES DICTIONARY HISTORY |
DYEDEC  GUE DATES DIGTIONARY

. EXDTL@  EXTERNAL DATA IMPORT/EXPORT LOG

FILORF  FILE FUNCTYON REFERENCE
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.STRDIJ, STRUCTURE, CQOE DICTICNARY (IMP. FROM PERMAC)

S

FILDIC FILE CONFIGUR/FION DICTIONARY .
HISDIC HISTORY TABLE ADMINISTRATION DICTIONARY

INSTDT  INSTRUMENT DETAILS
MNUOPS A LIST OF ALL POSSIBLE MENU OPTIONS

NODSCC  NODES TABLE CHANGE CAPTURE

NODSDH  NODES DETAILS HISTORY

NODSDT - NODES TABLE | : | :
NODSNT  NODES NOTES - N e
NODSM.  NODES PHYSICAL LOCATION © o
NODSTP  EQUIPHENT (NODES) TEMPORARY TABLE

RAGKCG  RACK DETAILS CHANGE CAPTURE
RACKCD  RACK INSTALLATION GARD INFORMATION
RACKDH  RACK DETAILS CHANGE CAPTURE

" RADKDT  RACK DETAILS

RACKNT . RACK NOTES - B
RACKRL ~ RACK LOADING REFERENOE .
RACKRM  RACK TYPE REFERENCE

- RACKSG  RACK SEGMENY DETAILS

RACKTR, RACK DETAILS TEMPORARY e
RAKROT  RACKS FOR ROUTING TEMFORARY TASLE

P

REFDIC  COMCON REFERENCE TABLES SICTIONARY B )

REPSDT 'GEEUS GENERAL REPORYS

SHDCOG | DG SHITCHUEAR DETAILS CHANGE OAPTURE T

SWDCOT * 0C SWITCHGEAR DETAILS

SWGRCF  CABLE CLUSTER FUNCTION REFERENCE -

SWGRRC  SWITCHGEAR CABLE CLUSTER REFERERCE
SWGRRM  SWITCHGEAR TYPE REFERGNCE -
SWLVCC LV SWITCHGEAR DETAILS CHANGE CAPTURE
SWLVDT LV SWITCHGEAR DETAILS

SWMVCC MV SWITCHGEAR DEVAILS CHANGE CAPTURE
SWMVDT - MY SWITCHJEAR DETAILS

TRFRCC .. TRANSFORMER DETAILS CHANGE GéPTURE
TRFRDT | TRANSFORMER DETAILS TABLE .
TRFRRM  TRANSFORMER TYPE REFERENCE

USRLOG A LOG OF ALL ACTIVITIES USED BY A USER

USRPRF  PREDEFINED ACCESS TO MENU OPTIONS BY USERS
USRSEG  ALL PERSONAL DATA OF THE CEEDS USERS

A Tisting of all Columns for each of tha tables is available but
§8 not included in due to excess bulk.

{
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G

A4.8 Equipment Classes being considered
for detailed modelling

Currently the following equipment classes are bolng mudelled In detali:

¢ Cable Racking;

» Cablos;

» Power Distribution Boards;

o Madium Voltage AC Switchgear;

o Low Voltage AG Switchgear; o

o DG Swiichgear;

o Trgnstormers; - - _ B

» Jupction Boxes; o e ..

» Mdtors; and L S |
» @ alkothers ere Miscellaoous nedes. o ]‘ _

" “Tha cHiteria for uaterminlng whether an equipmant class needs o bs modenad:ﬁn dotall Include:

. Are ihe attrihules sulfigiontly different from existing classes to warrant the l!ort ?;
» Ar,p the quantities of & Ypeciic class sulffolnt to warrant tha effort 7; .. \
» Arzthore exlsﬂna 5 -qlona systoms for such equipment ?

Cther aqulpmamﬂmtcan sllil bo modelled Ily{{nore detall lncy'g. .] e

. Piantmstrum !
® Balterlas. , o S o 1l|‘
v Battery Chargors; . o :
«_Batiory Tripping Units; _
. prPmuf Invortets; . | s
PLG'&; . ) ) :
. Maasuremenh Alarm and Matering Panels,
» Local Gontrot Fanals;
» Valves: ° __ _
& Robldttva loards (Haaters); o . g
® Supplypalnts; -
° L”lghtln;,-, i
® Protection panels,
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A4.7 Cable Racking Facllitios
Pator to Figure FA4.7.01 for an example of Rack Modelling.

The following is an edited extract from the CEEDS hypertext based user
documentation. Topic links are left marked in the text by a pair of *#’
characters. .

“Author: Johan Pienaar. o

*#***************#8#*#***#******#*#t****#******#*##*******#*#*#****

TOPIC rack_design .
ASSOCTATE initial_rack_design , updatina_tha rack“dasign ;
approving {he _ratk design , rack_site feedback

()

TEXT
The rack design proc¢ess consist of the fo11nwin9 basie steps

1. #INITIAL RACK DESIGNY, , .
2+ RUPDATING THE RACK DESIGNH. ' .

. 3. #APPROVING THE RACK DESIGN#.

4. 3RAOK BITE FEEDBAGKH.
%

**#***##*#****#******#***##****#*##*****t*******##******#**********

TORIC initisl rack desion :
ASSOGIATE volume, rack_application, dummy_racks, waterstones éi

e

TEXT |
INLTIAL RACK DESIGN -
Centrb’ 14nes of Tuture racks should be digitized in a Bvolumes

representing the area the racks would b& 1n welY.in advance sincs
the rack sizes. need not ba ascurately determined in order for the

- initda) desilan to bie loaded {nto CEEDS but the #rack applicationf
R must+bo given.

“Only the certre 11nes of the rack. segmenta are drawn on the

Digitizing package and the placing of the 1ines noed tharefara"not
ba that procise.

“Thig meana that d#dummy rackst noaed not ba 1ntruduced into the
system to catar for changes in the width of a rack In order to
keep ohe of the edges of the rack in Yine, nnly the cantre 1inas
need to 1ine up.

This will mean that the racks need not be re-digitized if tha
width of some segments changes, Jater on in the design process,
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A

The only dummy racks that will be allowed into CEEDS are thoss

that dre required to bridge two racks and thereby creatinm.

a 1ink batween otherwise geparate racks for routing purpscs: \

Once the initial design for an ares is complete the design for .
that area can be exported from CAD (Micro Station) and loaded onto CEEDS.
At this stage the technical status will be IDF and these Facks are
therefore now availabls to CEEDS to aid the sable design process,

el

" When the racking design is 1mpnrtad into CEEDS the segment

. handlad vely ca

Tengths and #meterstones# for the beginning apd end of each segment
are calculated and updated in the Segment and rack details
tables. For this process it must be ensured that the rack

-sagments numbers follow each other consecutive}y./y

[ .
Prlays in the 1n1t1a1-\é£king dasign will therefore delay cable «:
ubsign since routing fiid sizing can ot ba parformad. o

g

*M**#**#*#ﬁ#**#*#****#******#%t*******#*ﬁ*#***#*#**#*****#****#***

TOPIC updating the _rack_desion
ABSOCIATE rack fiiling °

TERY I

I it° 1s seen that some racks are gatting fulI or soms racks have ,

 besn left out the rack design can bo changed on "CAD and re-loaded
into CEENS. Changet to the rack design will howevar infiuvence '

design da n1r¥:dy -exi8ting on CEEDS and mist tharefors be
fully, The two aspect that will be” affeutﬁd is
Gable Foutes and #Rack f1111nga. ,

Upon uploading CEEDS will perform the following functions.

1, If a segment has bgen laft unchanged Lhe ax1st1ng data on
CEEDS will be left unchanged. . .

b !
2. If tha width of a segment hag changed tho rack'type will be
updated and the rack T411ing of ths rack will bs recaleuiated. If
the f{11ing now exceads 100% a warning will ba 1ssued that some
cable will have to be unrouted first and the process is
terminated.
3. if a sagment has moved in. any way (cnardinates of the start or
end of the segment have changed) and there are c¢ablas routed on
the segment a warning will be {ssued to unroute the cables Tiret. -
If there are no cables on that sagment the segment length and
eoordinatos w111 be updated on CEEDS,

4, New sogments will be added,
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‘5. Segments that have been left out of the Updated design will be

deleted from CEEDS 1f there are no cables routed on that
sogment. A warning w11l again be issued to unroute cables routed
an this segment first.

#H

#****#**************#*******#***********#******************#*******
TORIC approving. the_rack design .
' }nsactars rack,.installation_cards

TEXT

APPROVING THC RACK DESIGN

Once most cables have been routad and the regquired rack widths
mors accurgtely determined the final rack design is again
1mported into CEEDS as anh approved dosign. :

The rack design status becomes. “Fu11 Design Approved” (FDA) and the same

chocks will be performed as before.

. Onte the rack design has passed through this process the
T grack tnstaliation cards# can be approved (8tatus bacomes "Final Fuily

Approved” {FFA)) and printed on site.

o

iH _
ttx***a**x*s********sx************x**x**sm****z*******m***#:******* '
TOPIC rack site faedback o : : _—
ASSOBTATE © . ( . o
8n o & ]
TEXT 2 U

RACK SITE FEL M, . o

At various stages in the rack cgnstruﬁtion cycle the progress muat be
f111ed in on the rack installation card and enterad 1nfu CEEDS using the
rack site feedback facilities.

Thy stte foedhack will serve as an indication of the site progress and u111
indicate any deviations from the racking desisn.

¥

Once the sito feodback on the rack dasign indicates that the rack

has boen buiit tha. cable pull cards of cable routed on those racks can

be pirinted.

No racking invoices will be processed, Jnless the site feedback is complete.

L - - R



t**#******m**&*#*******3**:*#***3*********##*****#**:****2***:*****
TOPIC meterstones
ASSOCIATE

TEXT
RACK METERSTONES

w A meterstone is defined as the distance from the start of a rack to a
‘certein point on the rack traveling a10ng tha radk segmants.

The start-of segment 1 of a rack w1if therefory have a 0 meterstona and
tha end w111 have a meterstone of & if the sa,mant Jangth ig bm.

_The matsrstunes are used io indicate whore the cable entars and loaves
the rack and In what direction 1t will frave) when printing the route of
- tha cabla on the cable pull card.

[ } N

# )

***#*****xz:**:#*##*txtt***x******t*#********t*t*******tx*#******ts
TOPIC voiume

TEXT
9~D VOLUME 9

This 1s'thawu91ume in a 3~0 space representing a area of tha Power
“Station that 1s 1dantified by 8 structure code. ey

The Tocation of the area 13 mnaaurad from: tha centra puint of the station
~and “all equipment and racks 1n that ares ara placed in the valuma using the
digitizing process on CAD,

i \mh
**t*#******t*****t#*******:*&****x*#*#****st*t**:*#***tx**r**t****#
TOPIC dummy,_racks _ QD _
TEXY |

Dumny racks are imaginary racks that pfesent a posslh1a route for cables
but 1% does not physically exist on site. Dummy ruobs ars identififed as
having a 2 as the Jast Sharacter of the rack type,

Ghoat racks”(short L shaped raocks used on CELNS1 to fqrca @ aah1e onto a
certain rack) will not be allowed on CEEDS2 since the routlng progran
will take care of these situations by proper rack sdieq’ Ly dur%aa the
routing process. In this case the Data {n CREDS shau B mvdaﬁ tha
physical situation as closaly as pnss1hne.- : : ,

1
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Ghost racks ara also unacceptable from a routing point of view
since 1t ingreases the pumber of nodas 1n the routing network and
thereby taking up valuable memory space and slowing down the
routing process. (See Cable Routing)

L

#*t*s#****#***t**************#****t#***#*##*3*t#x#******#*#*****#**
TOPIC- rack Fi1ling o :

TEXT @ oy

o -

PRDCEBURE T0 CALGUL%FE AND UPU&T? ?QX\FILLING QF RACK SEGHENTS.

For a given rack type and applicationjgst tha fo110w1nq'
.- Area/width flag (RACKRL.ARWOFL)
% f1111ng alloded (RACKR)..PERVOL) ¢ //J

% if the segment 1s FTiled by area ] - o
Add cable widthss2 to RACKSG,AERFIL. .
‘ealeulate x f111ing (RACKSG.AERFIL/RACKRM, RAKAER * 100}

elss n - Yoo
if core area ge 16mm sq (CBLSRE. CUREAR) j o ‘
: agd 0.5 % width to RACKSG, wlnch a
glse
add width to £11711ng RACKSG. HIDFIL
aloulate X f111ing (RACKSA.WISFIL/RACKRM.RAKHTH % 100)

- Add waightbof 33n;§ (csLsnﬁ CABWGT) to total on rack (fiald must
6 adde
> {f % $117ing exceeds X Fi1Ting allowed print warnﬁng
‘ 1f % f1111n9'hxcaads 100% print error and ruﬁ1back._ oo

i _ o '-;.._\rﬁ: o

et
*********************************************ﬁ********************* 7
TOPIC rack_application .
TEXT

Racks are a11 dadicated to carry cartain tup§§'o? dauﬂa that
should not be mixed,

The rack application codes are as follovs. \}

P« Process control. . .y /
L = LV multicore cablesy o AR
8 ~ LV trefoil groups. L : : _
K - W multicors cables.

=
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TORYS rauk_*%sta]1atiun_pards. /";‘“'.M b Y

\ TEXL m | SR IS
mcx INSTALLATION CARDS. - S

Rack 1nsta11ation cards are the only contractunT documants whhraby the

| 9 contractor can build the racks’and involce Eskom for the construa&tpn.

y

Each racking card printed on site will bu given a uniquqasaquenca kumber
anﬁ strict control w111 be exercised on the hand?1ng of thesa carﬁh.

The data printed on the cards are darived diractly from the -

r%ck dfgitizing Pprocdss us eqrin the design of cable r&nks.L

R

?heﬂrack installation cards should be acconpanied with the ra?avant 2*0 and
3D rncking design dfawings to faci]itata cuﬂstructfan e

8
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A48 0ur£‘\9nt DP model for Cable Design

CEEDS doas hiot burrantiyhave a stand alone DP modef as described above, A sub-sestion of the
cable design DP mpde! has been deslgned on paper and Isfard coded Into refavant Physical Modet
Miinupulation Fundtions. For example: the selection function for submitting cables to the Sizing
R tutlne "Knows" th\\t only cables whose current status Is “IDF" can be submitted for sizing. The
sizing routine then ipdates the status to "SZI* whon &t has succassiully sized a cable, Thuse
functions know whatthelr prerequlsites and following states are because these Songitians are hard
coded Into the progréms, This leads. to the vory un ’)pslrabla malntanance problie of having to
modify many prograims i thare ls any change i #53ign philosophy that atfacts the statos and
Ydependoncles botweo flalas. BEET

Refel to Figure FA4.5.0¥ o 30 uyﬂicatlon ofthe cumntly Implatmanted model, Below s an axtract
from CEEDS documanta

' thst desoribds the Cable Daslgn Phllosophy.

Y]

CABLE DESIGN PROCEDURE. , . . -

Author: Johan Pienaar. . _ o

This docurment oltlines a prop W cable ceitlnn pracedurs for Use with CEEDS 2.

1, IDENVIFYING A CABLE \\' oo '
Inordorforunycamm ‘Imllymdston cEEnﬁatiaaat ona Bﬂd ot tha cablo needs to
be mnnactesl to a Nedo,

Atthis st e the cable wil [+ an internal CEEDS cahie nuraber that wil lder.tiry the cable
loCEEDSforthareatom tonce in the systemn, - - .

A power cable tan b madu el GEEDS'atavery oar!y stage buallacatlng aCEEDS
cabls number to the cable.

It was decldod to use an Interdal n r becauss oftha factthattlmautual pabla numbar
can only be aliocated onica the odas of thy nodes on both sidas of the cable has -
booh approved, :

Ik
\

ThisIntarl GEEDS numbor s madis c\ as follows.
NNMANNNMANN A "
t Board that aurlplies hm pawar.
_mclrcult nwm_bar
Cablofunction
Sequence nmnber o& chiid,

A child cable Is defined ¢3 a cable runniag in paralie! with another cable and pésfannlng
the same function,
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NODES ' : CABLES ° 2
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Format: crmr _ .
B ot ot

— Sized grd Rogsled E.'::h::{ly
© - fode Staas SRA Sze ond Rovte Asproved
¥ — Tecknied] Stais FRA ~ Finat Roule Approved
B - Construction Sletia/ FFA ~ Finc! Fully Approved
£OP ~ Cord Printed
| G — Coneeled

“"ﬂb ( 1DF — Mentifiae .
c- cer S21 ~ Sizad triticlly
R ~ Roter niticty
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Figuro FA4.8.01
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¢ = Gubla —-fl ] 521 = Sized Initiclly R N
“R - otk J © RVl = Router Inftidly .,
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The concept of a parsnt cabla with assoclated chlldren oables will forrna vital aspacﬂnthe
handling of cables within CEEDS In that If cables are used In paralle) the cabls Yroup wit
always bs Identifled by the parent cable and all the other cables making up the group wil

. be Idantiiled as chlldren of the parent cable,

i

One of the atiributes of any child cabls Is the cabla nuntber of its parent. Parent calbsies wil
therefore have no parent and the parsnt cable ol =™ w4 "NONE" value.

Most processes will only be performed on the parent cable and the chlldren cables will
autortically acquire the attributes of the parent,

The new cable Is inserted into the Gatia Detalls Table through the inset cabile scraen form
found under MAEAIC00.

U(Mpdata'g{;g t)he tabie tletails are then dovie through the Update Gaﬁa Detal!s screert form
0

2. INITIAL SIZING CF POWER CABLES.

N

If both sklos of the cable are knnwn. the power cables oan be slzed. The inltlal sizing ls

done on the default fength of 82m Unless a more accurate estimate of the cabie fengthls

ghvsh before hand, :
&

The Ciible sizing program may generate addi&ldhal (children) cables,

The results of the sizing program can be analyzed by studying the two reports produced
by the program. These reports whl reftact both the electtical and financlal sonsiderations
givento selocting a certain cable type. The progrivm wil uisa the moat economical solution
blgltt tah be overrled by the cabla deslgner by t}géaﬂng the data In the sizing temporary
tﬂ [: % ) \

The eurrent| lpgs {(amps) given Inthe gable referencetablearemvenfors cablastouchlng
When updat 5 $hla tablo care must be taken to Instire that the same convention Isadhered
to. The oizi wilt adjust tha derating factor If sdditional cubigs eva gane.atad :
-and/or when the dafat( lt!ng ls changéd in tha sizlng re&,rauoe flla.

The .sizing program aﬂbwa’ foi“ the adjustment of & numbar of parameters such as
temperature, depth In ground, spaclng, ete, by changing the defaul values the s!ztng
iparamelerfﬂa

Ones the cably has boan sized the Technlcal statug of the cable will change to 8Z) and the
cabla an how ba routed.

3. ROUTING, -

Bofore & cable can be gouted both nodes that it s conestod to o/t bo dighized and
tggﬁlgigal rack design Yor the areab the cable must pass thz tth must be loaded onto

In order to run the routhig program tha cablas that are to be ( uted must bo solected from
the Cable Detalls Table (CBLSDY) Into the terporary sizing Yable {CBLROT). Alithe Racks
that the cabie cart be routed on must be selected from the Rack Segments Table (RACKSG)
using the faciiities on GEEDS. This wiit only select parent cableg since the children cablus
will inherit the route from tha parent.
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Tha routing program will find the shirtast rotte for the cable on the avallable racks and wil
placethe parent and the children onthe rack segments by Inserting the cables Intha Cables
Routes Table (CBLRTE) and updating the % Jilling of the sepments In RACKSG. Refer o

Appendix AS.4 for more detalle, :

The routing report must.be ¢ sulted and the routes cheoked 1o ensure that they are
correct. Cablas miust be uhei-ied If the selected rout1s not cofrect and racking design
must ba checkad to ﬂnd the tause of the routing error.

It a route I found for the cableigroup the technlcal status wili be updatad to ATE and the
cable can then be re sized.

4. RE GIZING

AN

- gigainto ensure that the sizing ani! ecunomtc parime

Oncethe daslgn iangﬂh of the: table hay been mgre atgcurately ec;l:tai?‘ad. the ‘;:ab,{lls 'lsén si;fhd
raaro metfor the new design

If the number of cables chanaes. the cablais unrouted ard the status reset o SZ,

If the cable ske 15 changad by the élzing program the rack filling wilt be updmad If the
new cable nowno longer fits on the selacted route, this cablewdl be automatiady un: rourdd-
arid the status reversed ta 821, Tha deslgn length will be retalned so that the next teration
of the routing and s!zlng procass wiil be more accurate,

{f the re-slzing program ls successful, the slatus wili be set to SRI,

& ALLOGATIDN OF ESKOM CABLE NUMBEHS

Whan the deslgn team is satistiad that most of the power cables fora panlctﬂar board have
“heon allocated, the program that ciocates ESKOM cable numbers can b run, This
p s will generate cable numbers for the power cables ii'such a way that children

o3 will got consacutive numbers to the parent and cables will be numberasd from clrogjt
1 upwarda ustng the cable numbering rules defined in KKS ducuments.

Irthis program Is run 100 500N, subsequent reruns of the program may not give cntirely

satlstactory.results as gaps may appear In the numbioring coguence because thers may
be mote childron cables of previously numbered parent cables and caibles may have bisen
dslpted sinoe the last run, ~ » )

8. APPROVING GASLE INFORMATION.

Once all codos assochted with a cam\re baon approved and the racks the chdde Is-
rolied on have boen bullt on site {as conflrmad via Site feedback), theh thb tble can bo
ammved for the printing of a cabla pull card.

This f dore trough a scroen form that shows all Information that wil be printed on the
pull caid snd tha responsible cable designer must then check this Information and i cortect

approvétho cablo design

This puts the calde ln the final approved status (FFA) aftar which no further changes can
bha made to the cable désign.

Pull cms for all cables Inthe FEA techiical status can how be printed oh sites if and when
requ

7. PRINTING CABLE PULL CARDS
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&ﬁmm form list of ll cables that are ree;ly 1o be printed is preserited from which tha'
64 ave selectad for the printing of cabla pull cards.

The complatioss of s functian will print the pult cards to the selected printer and sach pull -
card will be in""fm uftgua pull card numbpr which are allocatad asguentially. A pull card
mybereprér w ﬁze}@s damagadmthe printar but this wilt be marked asareprlntand :

- Onena pulicard hasbeen printed this cablo can no longar be daleted from ﬂmsystamahd

 fthe cable Is cancalied it will e marked as cancelled and a cable cancellation note will be
taste:cog“ ;g inform the site rapreaantamra s e contractor that the cab!u -has heen
ca

8. SITE FEEDBACK | . |
" Whenthe pult card was beeh !ssued to the eommctnr\ne feedbsack must be cmnp:ema ,
and fod hack Inte CEEDS as soon and often s possible:This feedbatk will not only update
the cable drum goment systam bt will also serve as Indlcation of tha"progreaa on
sitato thr& cable desi team o
9. GABLE DRUM mﬂlq GEWENT. )

As soon a3 a cabla drum Is deliv admaﬁaﬂwdiwnmustbonﬁacatedanﬁskm cablo -
Drum Numbsor and then ragistered onthe drum management system, '

. During o feudback of cable information, 1 cable fengths and drum pumbarﬂ that the
“<pable pomde from arg recorded. The drum déoamnt oystem wil chack that the cable
types tortaspon 8 it wilf updute the cal lan _ .

Recordcanlharatmbakopm&sveryai alanqlhofcabletakanoﬁadrum o

LAl

LI

e
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A4.9 Current Project Plan Link in CEEDS
The problama with the cutrent implemantation of CEEDS and tha Projeet Ptannlng Package aro:

" & GUE, the project plannlng packags, Is an oﬂ»aha-ahetf product. There are no easy waya of

“sceessing lts "databese”, other than via provided faciities which, limit the data extraction
capabitities toa manually triggerad extraction of data Inaflat fiis format, CEEDS cannot therefore
directly query CUE data. CEEDS, in tum, Is based on the ORACLE Relational Database
Managoment system, which is not direotly accessible by CUE. :
» CUE and CEEDS are riinnlng on diffarent malnframas with diferent operaling systems, so
in:emammunlcaﬂmmmnmnad . \\

Tha sol'uuon chosent was to duplicats limited GUE tiga within the CEEDS snv!ranment. A "Work
Package® referance table was created, Each secord feprasents a high level Work Package and
containg i3 CUE Identification, & dosoription, two activities and ono daté for sach activity. Refer to
Figura FA4.9.01 for tho! GUE representation and the corregponding CEEDS record structure.

A "\Maﬂf Package® 1D 1s altached to sach ohject I the Physleal Model. The gholee of which two
detalied activitles to choose ot of a Work Package, and then which data to choosa for thet activity
- {e.g. oBrly start, start, eary finlsh, finish etc.) ara loft to the discretion of the designers and panhors,
A agrios of amiacllon' crog” are wiltten for QUE to axtract the deslrod data Inio & flat file with a
format suitablo Tor nporting Into CEEDS, The extraction front QUE to CEEDS can be & reqtuar

o aclivity, o a pnce off, followst by duplicate updating on both syStome. The dsta duplicated within

B

CEEDS Is only & fraction of that contalnay within CUE ag I Is limited 1o key ovent: and a key date
withlrian avent. Any attomptio expand these iannmenfummrwmﬂd be couster productive bsaausa
ofdnplicutiuncfeﬁort._ 2 ;

From whhin CEEDS, 1t wotld be possibie o gut!!sw of equipment that wan be groupsd by am
-oriteda, If unyiuruwr dotals are raqulred almta wcukpackage ard kg actlvltles. GUEme

' tobe consulted dirsctly, - . | ,.

Thers are obvinus lhnuatluns tothis o !ntegrabla mtem 'mase inciude:

» 'l’he fimnitation of & otes A0-0nB mapping hatwaen squipment and work packagaa. -
I.lmited date bused quety vapablities within CEEDS; o

. Danger of CEEDS duplicate data falling oul of aynchrmizanan with at:tua! GUE data. itls not
possible to ensure constant data Integrity. Reports coming out of ond syéiem ey be
contraglctory to reports coming-sut of the other system;

» Possible need for regular mantall tripgered updates; and

o Planners need to be fralned on tw difforent systems, \/\

]
h
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, . A4.10 Gurrentand proposeri Financlal Models /
D CEEDS, / rg an électrical design faciity, woulld only attempt to do costing o those classes oi

exjulpment actglly &-wived with Electrical contracts, Equipment covéred by other sontracts (e.g.
ho holar mechanicsl contract), would bs managed by other systems.,

ceEDg currantly G faciltiss for datermining costing for Gabling. Shorly Cable Racking wi st *
. Bath of thesa facllitles are dilven by having varlois cost tatcs altached to a Ty
of Cable or Reck. Thean rates cotabined with physical altrl such as length and number of

joints would determing the cost of a cable or rar” Racking Is slightly complicated by varlations in
the support strustures, The sarme rack tyne cou'd cost more inu ghven situation due to haavler or

more oomplex suppoNt strisctures.

it Ig intorxiedl that Switchgear costing will also take place on CEEDS, The ciating phﬂosb‘,:hy for
switchgear is vety diffarant to that of Racking ar Cabling. This Is because a Board Is made up of

_& number of Cublcles which in tum are made up of a numbser of componants. Costs are attached
© . to components. The spocification of & swﬂchnaar‘ldenttﬂes all of these componarts ar the cost

can thus be calculated),

: lmunﬂke';y’tfaatmmmmmunnwamd balncmpamtodm:othaaymm baaauseofmorelatwuy

small number. These could be mamgad manually mure ifectivaly.

Gurrmﬂythereamnuplanaundarwayta Include oustlngforc &i equtpment basauss oﬂha tumkey
‘nature of G &1 contracts, i

on.

!
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Ad.11 Proposed Attribute c\nnﬂdenca Factors /

Deslgn Is @ serles of processes, many of which are dependent on fheoutput from prevloua stages:
The "goodnass" of the outcome fiom one deslgn process s vary dependent on how well previaus
processes were done, On CEEDS, the start” of one of the main deplgn processes Is the information
gathering on aquipmosnt requrrlng power. The more accurately these powsr recuirsments are
known, the more aceurate subsequoent design processes can be, For axample if.a powsr rating I
only & rough estimate, then the cabla size ean glso only ba a rough estimate,

A system using " Canidence Factors" attached to salected atiributes s pmposed as amethod of
tmeasuring the "goodnass” of supplist data. From these factors, an Indleation can by obtained as
to how good subissquant deslgn atiributy:, vould be, At the end of the process, an Indieation can
be vbtained of thacprobability and extent of ra-work on a system T it Is bullt with data 'of 4 given
tuality. Costs can be attached to this re-work and the relevant dellsion makers can either accept
suzh possible e?(sts ot attempt to Improve the !nitia! data and try to bring down the probabllity and
extent of ra- wqr .

Attributes playmg a ma}or role in design prm,esses must ba lclentiﬂed and supplled with facuitias

. for attaching a Confidenes Factor to each such.atirlbute. For the varlous.design protesses, .4l

the source uf stipply, eto. An algorithim Is used to carry out this process.

cabla sizing, it must be decided what atiributas arg required to canry out the job of dbtermining new
attributes, These are called ccnmbutory.ﬂttriputasand Dependent Attritistes respectlvely,

Fi:7 exanple, the detarmining of a cabia type depends on ihe pawer rating of the load, s starting
currgat, Its full load currant, whether it's a two, thes or fdidr wire system, l;s disfance away from

o

Each mntributory attn‘luuta,daea not haverthe sarna affectonthe de?ert(ﬁa attrlbutes. For'éxampie
Starting current may: have a less Important effect on cabie siz n Fower Rating. Those
welphting factors foreach ofithe contributory attribiutes must be deterrnlned The weighting factors

- aloigy with the confidence factors of contriblitory attributes are used to determing the conﬂdenca :

factor, uf the wpendent athibite,

For emmpla Power Hatlng. ‘length and number of cores are very Imponant for table :ypa
determinaﬂon while full foad current arid starﬂng vureent play a lees lmnortamt role,

The confidence factor of Cable Typo Tay be natt.ulated as follows:

_ DAl = {CAwt*CActy, CAwl2*CASI2,.. 6 Awtn*CAcfn) !
Whéte: _ "
DActIs the Dependent Attribute’s cenfidance factor,

© CAwt s the kth Contributory Attributes’s Welghting factar,

| CAcH is the 1-th Contributory, Altributes's Confidence Fagtor.

-5
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A network of such depandenc!es can be establlshed iy each case a suliable 5. ﬂction and
appropriate walghtlng factors would need to ba determined to give end eonfidencd factor values
that are meaningiul and reflect reality, Gase studtas, control exorclses and walghting factor Wining
would need to be done and data gathesed for quite some time before these cohlidence factors can.
be used with any reliabllity, . _ !

Such a scheme would be Implemented along similar nesto all other models discussed In the maln
goport. In other words, ali attribufes and relations between attributes are expilcitly stored Ina
databasg.rid self querying programs writters to use the data. In this way, dependancles can be |
changer\and tuning done wlthout havmg to madify scitware afl the time, 52

.
3
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A5.1 éhangJ Capture chillties‘ "

- ldeailydatachanuacgma?e shadiake paca? Iytramﬁ:rantlyand should napmraan shange,
Irraspectlveofhow e change was made. Unforf dnately tha database management bsing
used on CEEDS d ot provide sufficlant fudkctionality at the databasa level to -such

' fac!llllas are ot attached 1o refargnce date m se such data shauld not change too

=z 2 Galmn fe which changstookp[ o
L oPrevfcusvalua.' . *

faciiiiivs. The g proac taken on CEEDS Is#/to Ige. All changes tyiing place thro ereon
forms and by pre-wr on data procelsing progijms are caplured. Any shanges niade d rectly to
the database via the Structured Quefy Languagi() (SQL) inte \?&m captured, altho
changes shotld seldam take place. Ibwes also dbcidad that ¢ ring would onl
on data that could have contrastual tmplicationd/4 an aud!t s [Was not Avallakle. Che

As 1.1 Change Capture 'rabla

The juisegd on GEEDS is that 4hch screen form through which data on|befected

tables can hd ghanged has 4 "Griost" nasociated with it, This ghost (chang o)

tabip has the same structure &5 its "has [ table with the addition of thyee fialds, Thipa being -

. Uger Ihm i{nateand Change/Defpta flag. Every lime & racord Is changed of id
7 the pre-changedatais writtentothe ohifhga capture table; On a ragulsr basls, the
captufe iab!es am cleared out pnd s contents compreased! into thalr corr
. hetmagont "hlstory‘ éz;blps -
‘.ASJ»E eﬁlatory 'rablas-
% ki
‘rhmmrﬁl ?nt higtory tgbleshavatl-l
) Jl!) \r zi eu e " oo
o which change'topk bléci. )

m.' |

"5 .
}foilgwl'ng stiriites:

4

® Dataand Hime of’nhaawe. and -

LW u:;erlbofpersmvdmmadéﬂw nhange. N %&
. % On CEEDS. snweab:es epklsgmr For.iaa. Oahlaa. naeksﬁ:‘ammma: n ler-.{fs an

Work Packl. 0\ o
. A51.3 Hlstory’rahles Ditior ﬁry: | i Sl

A Hlstory‘l’ables Dic! nary descrlha }ﬁe refations betweeti Tablgs, thek Changs Capture
Tebles and thelr History Tablos, Th y be a number ofthange capture tablis that ara
clearey] out ko &-gingle History tablb, For sach changs capture table, a flag| indicates
wiether the change capturing Is actlys or fiat. If the flag indicates that the fajlities are
gwlichid off! \thascrsanfarmdmsn piiita pra-change records Intothe chanfje capture
v r\ \

LN

/”J
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A5.1.4 Historlc Data Compression program: )

Refer to Figure FAS.1.01. A Historle Data Compreasion pragrain clears all Change Gapturé-

tables Into thalr correspording History tables, This program reads the History Tables
Dictianiary to declde which change capture tables to clear lnto which history tables.
Because the program quetles a dictionary which descilbes the configuration of change
capture and histcry tables, the data struciure of the physical model can be expanded
without modification of the compression program. Maintanance Is thus reduced because
all that 1s neederl Is the insertiua of entra records in the History Tables Dictlonary,

The compression routine firstly scans through the change capture tal ie tofind any records
marked as deieted. it then racords thesa deletions In the history table and makes the
pravious value fleld "OELETED", Any othar record then found In the changa capture table

" that has the Same koy as a deloted record i3 itself deleted. This Is becauso the changes

th’:t tepk piace 1o a record hefors it was deleted are not of any Inlorest and are thus
discarded. ’

it then compares the remalning records in the changd «apture table with the detalis table
on a column for column basls 1o determing exactly what has changed. Detected changes
ate recorded Inte the corresponding histary tables, Once all records in a change capture
table have been processed, thatable s clearad to begin the next round of change capturing.

This activity must take place outsida of normal use Liecatise to ensure that no data is lost,
no changes rmust be captured whilo the eomprosslon rauting is belng run. it could be
¢ripled to a time activated Klggar to execute on a rogular basls during night time hours.

A5.1,6 Change capture tor Data Préoa_sslng programs':“"* ) .

A number of Mode! Manipulation Furntions carry out duta modifleation, Thesa changes do
not take place via seroan forms as mentionad abova, There are two mechanlsms avaiiablgs
o stich programs, elther write the complote recond to tha changae captusa (CC) table or
write Just the changes directly to the.appropiiate History (DH) table. There Is a ¢holce as
to whather the "User is the peison whi activated the routine, or the name of the routine

 itself, The cutrant phllosophy Is to use the routine namo because there Is no guarantee that

the routine was triggered by a person, it sould have bean triggered by antabior process,
The most impottant of these functions are‘data Import routines snd the Objest iD Change
and Dalote routines, '

AB1.6 Uses of History Data

@ Hisioric data Is Kapt as an Audit trall for:

o Tho production of Change Summary Repoits for contractual doctimants, These

documents contaln all changes that hava taken place 1o the Information depitted in a
gocument betwoan one rovislon and the next;

¢ Theoorrection of accidontly or maliclggsty changed data;
To detect whic made certaln changos;
o and any other audit activitles,

/
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A5.2 CEEDS Contractual Documentation: Production Facilities

The foilowing is an edited extract from the CEEDS hype?text based user
documentation. Tople 1inks are jeft marked in the text by a pair of '#'
characters. , _

i

s#****a*a#*******************w*******s*****#*******x****z*t*:************qu**
TOPIO Std_Reporte | | |
TITLE How ta geneﬂﬁha Standard Repnrts | . e

CEEDS 6an produca three type of documents- Q

4) $General Raportsﬂ
b) Standard Reports and -
- @) #Contractual Rapﬁrts# ' " - Co a
~In Most manug there is an upt.nn "P Reports...“‘ Repurts acoessible
Y from this fac111ty are regarded as Standard reports, They are pre-written, =
fixed format reports. Standard reports are written in such a way as to be
of general use to many people. If a yser requibas a Speciﬁic report, .then
the ﬂ@enarn1 Report1ng Facilitiost should be used, .

How to use the G@nmral Reports Facility:

- On asﬂecting the ”Repurts...” option in a menu, you are taken intu the
“Gonoral Reporting System”. A List of Reports accessibie from-a given
monu 1s presented. This 1ist is given in a standard #0racle Scrosn Formd
in which all standard query facilities are available, . v

- Piret of all, you nsed to select the desired report. This js done by ./

. using Next Record, Previous Record and/or Next Set of Records Functish
»Koys to get the cursor onto a desired repoPt, NOTE:- Arrom Keys. sannot
- be used. See Tips below. ,

= Once the cursor 1s on a wanted repbrt, prass function key PFi5 (or PC
squivalent) to see any Ingtructions that may be suppiied with tho repert.
These instructions ard somatimes nacessary because. same reports prompt
for cortain values and the instructions will give you prior warning of
such prompts.

~ To create the report, press PF16 (or PG equiva?ent) This acgjvatas tha
program attached to the report, which creates a File tontaining the
raport. (8See #Report List#). The #Reneral View/Print Facilityk is than
activataed to give you the opportunity to view and/or print the report,

Tips: o _ “

if there s a long list of P~;orts, and you Want one naar the bottom, 1%
will be guite slow to use Next Record all the way down. .I% i3 sometimes
fastar to go into query mode and give a search ¢riteria on %he report title
that will only return the desired report. You can.then run it directly.
3 . i
There are facilities for passing parameters to reports. For more details
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on kow Reports are Registered and allocated to Menus, see “Reports List".

h'

****ﬂ? **#***:IHII********#**********************#*****#*#****#*****#*##**#****3*

7 TOPIC | tdﬂﬂmports List ‘ . P
TITLE Standard Reparts L1st " -

2

p Ary ﬁStandard Repurts must be registered in CEEDS 1n thamﬂeport List.,
A roport is identified by 1t Title. Attached to a repoft is a Report
Program Name (consisting of a File Name and File Type). This Report
Prograay File 9s the program which ¢reateg tha report, Aflso attached to a
report are jts 1nstructions. %

LH]
e

When a report 19 registered, it 1is a11oeated a Wmenu addreds#. . This is tha
menu addrass from which the report will be jccessible.
“ For example: If a report 1s given the menu addiress off MAAADOND fhen the "p" -
Y option in manu MAAAQODD wil) contain this rapors. -

p ' If a rapory 15 to bo accassible from muitipla menus, the report is siﬁp1y
ragistered any numbar of timss, each time being given a different Menu
IJ\ddress. . _
There are view facilities on this Reports List. \ '
(Ses #System Query Faci11tiesﬁj . , STy

X , A 1ist of parameters can also be suppl1ed for a given report 1f
J;ﬂ’ needed, althowah this facility will seldom be required.
Also attached to a report are two flags:-
one indicating whather #"User Activity Logging"¥ 1s ta take plaoe and
the other indidating whether *Docunent Print lasgins {8 to take place.
/ gurrently both thesae 1095 are de-activated. = : :

"
' l’***t**t*#********ﬂ‘#*****f********3*-@*****#**#*****************#***3&#********

TOPIC Guheral Reports
. . TITLE " fieneral Roporting Facilitjes ®

CEEDS can produce three type of documents:'
. a) Goneral Reports

“h) #8tandard Reportsi and
-g) #Contrastual Reportss

@anaral raports can ba genaratod using SQl. Plus or &QL QMX, both
ORACLE products.

Fnr baginners, qu 13 far aasier to use thah SQL Plus, and for exporienced
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4

TITLE.* Contractual Documentakiol ” "

usars, GMX can be used %nr auick simple quertes. You only need to- fa11
back oh SQL PLus for more complex queries.

In general, Facilitias exist for ANY usory to creata thelr OWN ﬁux a1 Plus
reports, save them to their OWN pr1vate storage area and run them ah sV

“time, ) o 1 \ |
To Tesarn eithsr QMX or Plus, refar to the rp1evant manuals, or attend the
ralevant courses. 7 L

**t*t*t****#s*##%t#***#r*****x***#***m**s*t**x*****%*#***t*t*t*&*mt*ﬁt:ﬁ#*#*t*
TOPYIC Contractual_Documentation

CEEDS can produce three type of documenfs:

\—\n . . £
8) #Genera] Reportsi S L
b) #5tandard Reportsé and S K
©) Contractual Reports - 8 x ('

Tha term “nontractua1J 1s a ga na 1c tarm used to fndicate an ducument
produced by the cEEﬁS “conggact a1 Documentation” faciities,

T
D a M-

chqracteriat1cs of thase documents includes ' . i
having #a Pre-Spedified FiXed Format#, .- L v
“#Revision Controld, : e
Lintted access (via #Menn Acsess Profiloss), el
Print legging, eh T
#Document Arch1v1ng and Re~Print of- any previous revisinn oo

tE ot g

_The documents pbn t spacitically noed to be used For contractua1 purpaeas,
“ they could for instance be used as construction aids, _ Ny

Each tihe a "Contractual Documant“lis fssued or re-printed, a Tog entrWQQs
ma?a nftthe Documsnt, Humbar, its ravision; date and parson requesting Che
printout,

\0thar Related Topios: #Documentation- ciassesn #List of Documents#,

BN

**t‘#*#**##**#***#**#***#*******#****************"’**#***********#*3*#******#*'-‘*

TOPIC Document, Classes N :
TITLE “ Dogument Classes ® " N ni

Ay #tontractual Documentd made known to CEEDS must bo g“ﬁén a "Documant
Clase”. The registration of coentrackual documents within CEEDS is covered
16 the #Document Lists# topig.
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Y, (7

The Documart Class 1s a two characteéy code, the first character giving an
indlcation of the Subject.Matter (e.dg. L far LV Switchgear, ¢ for cables, R
for a Roum, E for general Equipment etc.), and the second character giving
an jndication of format {e.g. § for schedvle, B for Block Diagram, € is a
Cabling/Termination Diagram atc.). _ _

Far. Exahp1e- The Document $lass LS will be an LV Switchpear Schedula,
. .CB 18 a Cabis Bluck Diagram,,
€S 15 & Cable Schedule, _ ,
VW is a room(va!uma) layout drawing.

_Nota: There are. svie contractun1 Dacuments that CEEDS produces and soms
hat CEEDS rafers to {Known as Internal (1) end External (¥} documents
"respactive1y) Every Document Class must be glassified as atther an
internal of an ~pxterna1 documant» ! , *@
_ Attached to ‘sach Internhal class 1s° tﬁ& nahe of the software program that = .
gonorates that docupcnt. This.is kHbwn as the Report File, and it

defines the Format of a given document. If it 15 an exf ‘nal document,
this attribute has the vaiuc.'No Files". -Aleo attached 6 each class is
the name of the “Bannér"” and “Genersl Notes® Files.: Swe :
#Report Layouts fut detai?smof thesq f11es, and of the general format.

Note: Thera s an exception fo the we!l dofined Document Class

presented ahgva. In the case of Rack Layout Drawings, # given

drawing may Wpc1uda multipie "volumes” or & “volums” may be split across
meltiple documants. To-allow for this prodlem, Rack Layout Drawing go from
{lags RO ~ R9 allowing Tor 10 vardous combinations. A Rack itself has an
attribute indicating a numbar from O - 8, which whan combined with "R" will
thdicate the Rauk layout Glass of the ﬁocument in which 1t wilt appear, -

L] 7

**************t**i*%#i#**#**#***3**#****##***#****#*********t***#******#**tt**

TOPIC Docqmant , List -
TITLE * List of Documents .

[&]

Every Document / Diagram / tawing REFERENCED by CEEDS (1), as well as
pvory #'Contractual” ﬁucum{ L4 PRODUCED by CEEDS must be registered within
_CEEDS. AT such dacuments ara agisterad in the Documant List,

(1) ~ This applies to dhnuments whose “numhars" ara not axp1ic1t1y stored
alsowhulre within CEEDS.

A dacumant hE 1dentifiad to CEEDS by a combination of “Document Class® and
a "Search Criteria". This combination must be unique. The search

criteria is used to 1dent1f¥ documen@s within a given class,

Examplos: | | |

The LV switchgear schedulé far Board 118FA will have a dacument numbefsof:.
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ASTBFA o . . | -
I L Seafch Criteria = Soard $ode -
L -~ Document ¢lass = LV é 1tchgaar SchaduTe

The%cab1a Schadule for tha same board w111 be identifiad. as CS 11BFA,

[ IO

A Room/Volume Laynut drawing for the volume identified by structura Code " ¢
01UcB01 witl have a dncbkfnt 1dant1ty of VL 01u0801..

Othar attr1butés avtached tp a documant are:

o

= Date of registraﬁiun. p
= TitTe: A description of what the dncumant 1s.
- Two Drawing Numbers (DI€ and KKS)Y For referenys to othar do umantatﬁdn
© pregistration systems within the organisation, :namely nrawiﬁs\xnfo}hat1on
System (DIS) and the Majuba Documentation Sysgpm (KKS system .

Y - Noté: If these numbers are proviced, and ara skad for on a dncumant,
then they will appsal on that document, 1f they are notentered in
the Document List againet a g1van oucument, they obviously cannot appear
- on the document. i §e

- The BSurrent working revision numbey (See “Revision contra1“). -
- Tho Date at which the current rovision was. set, in other word the date at
whigh the lsst revision was issuod. i

Ly

o

.

From a Softwaru paint of view the fc11jﬁy;g attributei are a1so defined.u_; .

« A paramstor 115t- which 15 sent to the Report Program daf?ned as part of -
the Document c1ass (RormaYly only the saarch criteria 1s 91Vﬁﬂ as a
paramater) “

- A "Data F112" Neme. The File which g craated by the Raport Proaram s
given this bame. The Data F{le Type' is gonorated by the archiving -system-
as part of Reviston Control, -

o {See ¥Document Classes¥, and u“Revis1on Contralh gar more details).

This DatanF11e Namu +ol!ows the f011ou1ng convantiana: s

x Tha name must ba 8 characters in 1ength.

% Tha first two characters are the NDecument c1ass. :

% The Next § characters are the first 6 charasters of the Saarch critay}a.
If the Search Criteria 1s less than B characters, pad with °X's.

% The last character is used as a unique identifier to resolve possibla
duplications that may occur within the first 7 dharactars. If no
resolution 1s nocessary, use an ’X’. . <

| ) )

Exsmplos:

Fer document LS 11BFA, the Data File Nama would bo LS11BFAX

For document VI 01UCBO1, the Data File Name may be VLO1UGBY and

Tor documsnt VL 01UCBO2, the Data File Nama may be VLG{UCH2 eotc,
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HGTE- A Flle name of 8 chérdclers could creato guite a severs restriction ..
“in tryiug to resolve duplications as using the full alphabet and aH
- digits, only ‘36 confiicts can be resolved for any given conflict.
BUT if the search criteria is used vorrectly, it should satdom-have
to oxcead & charactérs. This-is only & regtriction in the Mainframe

N - enviroment,, _ _
@ L . ' s L - . ) (4B
o # u‘~;~:-\ ";‘ w. . / . )
Saarch Criteﬁa for some comnon do?wneﬁts. o o .
swltchgpar Schadulas: 6 Chavacter Board:,codé ’
~ Sable Schedules; - § Character Bosrd Coda ©
_ - - . {date grouped by Contractor ?lith'{n ] dm:ment) _
= podipment Listse 2 Character Contract Aren Code, |
. Raak ,,nyouts. ) o or? charac!;er Structura Coda fdafining a vo'lwm).
r‘) o N & o o

8 - m The (‘ontrantua? nocumeutatfaﬁ "Ra'rls-ian Changn” and “Ra~Pr1nt,“ 'facﬂ 11‘.155
S, are based on this Document List. In other words, when sa'«!actmg a documenl;
’ ~ for 153053, 1t 1s selected Trom this Tist. 0o
&
flote: “The Raviaton Ghange and Re-Print Facilities natura'l'ly only work on
-doawients whoss Documant Class 1nd1 t..ates that thay ara Internal

« 7 documents, . . , o

e .
Sae lRa -Printing of Cnntrac*ual“ nouumar.tsm ° & ,
o o oy - ,
:1:w*nm#a.t*a:**a::r**ame#:m:*t#at*sm:at*t*tﬁt*t**m&::r.**wthmtt**tt**tttu*tx*w&*
TOPIG Revisinn Control - : & oy .

er

TITLE * Revision contro1 “

o

el

£ The Ravis'lon Control Phi'losuphy usad 1n cEF.us fur lcont:'actua'l Ddeumantalt
differs slightily from conventional Brawing ﬂffice Proceduras. cansidar the
following time reprasentatinn* .

Working ' e .

G Raviston: QO o1 : ne - 08
- o . .70 w7 standard &
LI L. ™ ~ mA LY.} " on L. o qanera} .
¢ t3 | | "

-5 Jssue 00

b= Disk 60

1-3 RewPrint  b> RowBrint by Re-Print
00 00,0 00,01,02 -

1 I}

1
I
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Genordl Procedure: . |-

-

b

v
\
i

At time t0, data begins to be entered into the system. \

#General and #Standard raports# can ba produced at any tima thenééft .
Once it is decided by the ralevant responsible people that a “Cdntraciual
Bocument" steeds to be Srsated, then that document is selected from t
*Contractyal Documents List" and it is “Issued". This takes place

“time L1,

The action of Issuing“ a Contractual Document from CEEDS invelvesg
the finllowing steps: '

* Tha~prnaram that creates the documant is activated and a documant 1le
is created, (See "Document Classes”)

“ % This f{lo can then be printed to obtain a hard copy,

% The file is then copled to a (EEDS archive’ d1ak. This file is now safa .

and is available for #re-printingd. = ¢
{This file is_given the File fiame provided with tha document detalls -
when & Documqgt is registered, The File Type id\genarated and’

% {Ad{cates the Document Revi;ion and—the diabe; 1t 1s arnhived.

H
a

The File Type' format.jj " 00001023 o B e

1 ﬂ

8 Ju . . Day
. . ' : Month

T 1k Year “

X ~ Reviston Number

L
3

“Hote: A st of Archivad Uocument Fites is avat1abla from the
© gontractual Documents Menu,

. % An entry s made into the CQntractual Document Print Log indicating

-

Genera1 @otes:

which document was isgged, ity revision, the date of issue/print and
~othe person reguesting/the Yssuing of the document, . o
% The currsnt wnrking revisian numbesy for this document J& incremented

by 1,

 This whole cyc1a then repeats itself far suhsequaﬂt revisions,
"For each CEEDS produced Contractual Document, a cd¥respond1n9
ﬂ"@pntant Change Report“# can be produced,

. Y
Fas b

v = Ganeral and Standard Reportsjhan he pro&hcad at any time. Thare ara ho

restrictions placed on these reporis.

As soon as a coptractual document is "identified”, f.a, registered 1n the
gystem, 14 has & WORKING Revision Number of D00 by default. This can be
resat to take into account any existing revisions that wero

prnduced by other means (such as CEEDS 1),

For more details, see: Hnocument Classes# and #hocumant Registrationd

A
i@
i

o
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****************3***********#********************&***********#***********#****

TORIC Re_Prints - i
TITLE % Re~Printing Ddbumants v

"

R

A11 Contractual Eacum/Lts are stored on a CEEDS archive disk, .
(See #Rovision ControTd). From this area, any revision of any docurwnt
altready produced can be re-printed using the contractual dacument re-print.
facility. A1l one needs to do is select the deairad document and provide
the desired revision numbgr. (Hote that this revision numbsr can only go
as high as Working Revision - 1) )

14

The' Ra-Print Fac111ty is available 1n the Cuntractual Documantatfon Menu.

It may happen &hat the cuntractual pocument File that 1s bping requested
for Re~printing has boenh removed f'rom the CEEDS Archive Disk and hae bean
backed up onto Tape, If this happeas, you will be informed that the

raguest will taka a white (approximately hall an hour) bacause the
Mainframe operators must recover the File from tape and re~instate it onto
the disk. Hereafter the procedure garries on &s per normal.

- (This may happen in the eveit of trying to re~print a very old dociment .

that was removed from the Archive Area- ta conserve disk space)

o

,xtttmfmt*******t***#t*z*********t*##t*****:*#*#****#¢tt#*#*t*t*##*t#*#*t*ts*x
- TOPIC Report, Layouts :
 TITLE * Doument Layouts "

e '

The Pormat of one ué?w si of contractua) document may differ substantially
from that of another.\‘xhe format of any Class 4s specifically customised
to meet the roquirements of the ugars of that document Thara are sams
basic guidelines though. :

A11 CEEDS provuced c?asses of Documents will have: "
~ i\ Banner/Administration Page: |

Ihis 1s the Tirst page of a report and. hag an enlarged Title, an
Administration Block (for signatures ete) and possibly a headar or foot.
which 15 common throughout the complete documant,

Other than tho Header or Footer, the contents of the Bahner Page are
-stored 1n a'Flat f1le (tho name of which 1s attached to the Class, and is
the same as jits corresponding Genoral Notas Flle). This f11s has a File

Type of “BANNER". :

~ Ganeral Notes Page(s):
Thoese paue{s) contain explanation and contractual notes which are
applicable to ALl specific documents within a Class. 1l.e, they are notes
explaining the contents of the Class of Document., . L
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. For examﬂe the notes 1n this section will bo'wpplicable to ALL LY
; : Switehgear Schedules irrespective of which boaty they are for.

This page mdy also contain a Header or Footer i) cowmmon with the rest’ of
the documant. o o
Otbipr than tha Haada <5 Footer, thd r‘ontent’s of the Gaperal Notes Paga,
are storad in a £1at f1le (the name of whish is sttached to the Class,
and 1%,%he Batie as 1tz corresponding Banner Fi w. This fite has a File
Type ‘of "GENNOTS". g = ‘
» = Spacific Notes Pagﬁga) (Uptiona‘l) e .
~ Within the CEEDS #Model#, there is the facility to attach”*Notes® to each
9 - object. Notes attached to ohject(s) within the'scope of a given document
can bs extracted and prin'rad here, _ w .
T 9
=~ Ravision Notes Paga(s) :
Along with sach new ravision of a. donument, there must he 4 set of notes -
déscribing the, changus made o the o utents nf the document since the
- previous peyision.
CEEDS hae the facilitios to attach "Notas" tl& any Doﬁumant idantified in
, the #DhGoument Listit, Ravision notes are entsred (using these facilities)
" against a spacific document. The compilation of mviswn notes can be
.greatly aig/d by a #Change Reports..
\Sne Hmaﬂsmn contm?l for more dataﬂs). “
~ Swmmry Informattnn Page{s): (Optionzi) - ”
Often & document may contain a -large guantity nf datailed 1nfcrmatton and )
sometimes it 1s quite useful to haye summary {nformation of some sart,
(But this is determined & the fypction of the document). - 3

o
o

e

~ Report Body Page(s): , \\
This is simply the bulk of the doctinent cmttaining the main information
“of the report. The format of this section is spdciFically tatlored to
sui tha purposas for which the ducmnent was dasianed, ‘

<~\§'\ .

& -
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AS.3 Cable Sizing Algorithm

One of the interesting features of the CEEDS algorithm I8 that cables are optimised on cost and
not just technlcal criteria. The core area required to carry the desired load Is detarmined based on
technical requirsments (Refer to the "Cable Sizing Program" below). The old manual selection
mathod employed & "cable selection graph” to determine a suitably sized cable. Normally, the first
cable to meet the requirements ras chosen, but It Is possibla to run two smaller paraliel cables
rather than one large cable. CEEDS explores varlous posslble comblinatlions of cable sizes and by
querying the Cables Financial model, the capital expenditure cost of the cables s determined
(inciuding lzbour, terminations, etc). When a minlmum cost Is found, that combination Is
recommanded, o _ _

Investigation§ are Pianhed to determine optimum cable sizes based on lifs time costs. i.e, capital
expenditure Is welghed up sgainst elactricity losses Tn the cable over the Iife time of the station, It
Is possible that & larger cable and therefore more expensive, could end up being cheapet In the
long run due to lower ingses. Thera is also a trads (ff between having & limited range of cables to
choose from tg prevent stock proliferation and bging able to s%ct the oplimum cable from the
widest possible range. , S

The following doctimentation was writien to accomparty a PC based product which was developed
In conjunction with the actual CEEDS slzirg faclities. The two programs are very similar excapt

that CEEDS does cost optimising whoreas the PG paskage selects burely on technical attribites.

itis adequ{gta though to dem_onstrate the technisal selection process.
CABLE SIZING PROGRAM. e
Auth@r: Joben Flonaar, ‘
INTRODUCTION.

The G based cable sizing program was doveloped for use Within PSEED as an ald fot thb sizing
of powercablas, The pragram was developed spoecifically for Majuba inthe process of developing

S

the CEEDS slzing program. If there Is a need for the program to cater for other stations I can

however be mudified without diffisulty by creating the cable reference fila for that station,

The purpose of the sizing brﬁgram I8 t’match the cable type slactéd from the avaflable types to
the load that must be supplied in such a way that tia minimum specified criterla are met with the
most seonomle cable type for that purpose,

Thecable sizing program !s based on the same concapts as the CEEDS 1 program written by Andre

Katze, The major refinements to the program Is the caleulation of a derating fector based oninputs

of temperature, dapth in ground, and number of paraliel current carrying cables, ©

The slzing program will only select cablos specified 'iﬁ the slzing reference file {ai this stage only
for Majuba - MAJUBA,REF) T
REFERENCE FILES. S | ;

Tha maxlmumﬁbrrent for every cabla ls given for 3 cables running in para]lél Inthe caht’ 3 Yerence
flle, “1:??8 values are extracted from ESKOM Standard MBIM 461, and are maintalned By e cable
speciallst. =

All default values can be adjusiwd to snsure that the derating factor Is calewlated more accurately
if the conditions deviate from the defaults glven. There should however be very fow exceptions.
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L

° AL wmperature {Defauit 30 C);

N
n\\tha design length that 1s used to,

SIZING PHILOSOPHY.

The cable sizing Is done In a-slmifar fashian as woulld bs adopted with the manual slzing of cables
using the volt dran cuives by evaluating the following variabies. A

I

‘-'_-. . \:r

& Ground temperature (Default 25 C} i the rable Is run in ground (Indlcated by the alrfgronnd
ﬂab)r T . ( ]
e Ground reslstivity correction factor for cables run In ground; v
s Addhloral derating factor that can be used ‘to manually override the ca!cula‘ed derating factors
if requlred 9 :
o The nominal voltage dictates thaypo of cahle that wlll bé used;
(galculata Vel deop; :
HF\Iﬂem.! gutrent to calculate voltirop and fqr minimum cable size selact’nn-
» Starting burrent 1o calculate starting volt drofl;’. :
o AltfGround flag for selection of unarmnuredlarm.hured tables and the correct current tables;"
¢ Connestion type to select the number of cut’bs and voltaga type; ‘
& ‘The % valt drop allowed; \
\

i3

The defating factor Is ca!culated and Is ther applled tr: the maﬁmum currents as specified In the

clrront tables,

_ . .
The program starts off by selegting tha correct\ m o maxlmum current tables for the specified
voltage grade and application comblnatlﬁn e _ {5

{t then starts with the smallzat cable and compares 1Hslnaxlmum cuirrent with the full foad current,
I¥ a wutable cable is found the percantage volt drop is calculated and ¥ It excesds the maximurn

- allowable % volt drop the nm e tablo Is selected and tested untll one i found,

Now the starting voit drop is ca'.ctﬂated antiitft axceeds 15% of the nominal voltage a blgger cable
is selected until this criterla Is also satlsiled. ))

If no sefution Is found an additional cahle*{s( added In parallél the derating factor Is recaiaulated
attd thie process is repeated,

The prcgramv.mretum the number of cablé groups that can be used as wellasthe maxtmum Iength

- 4hd gable can 1é extanded to without axcoeding the volt drap limits.

it Will also give the vult drap and % volt trops on which the selection was based us woll as the
caleulated derating factar,

The results can be pririted on a line pﬂntw and the number-of parallel groups can be Increased, (A
cable group can be seenas a set of cables that logleally belong together as a single entlty, normally
a Maulticore cable s considered a graup but If three singlo core cables tra run in 4 close trefoll
formation 3his aleo forms a single grows) ;

.~ Thesizing pragram used in CEEDS2 wiit actually select the most economical combination of parallel

cablag that satistlos the mintmum orliterla.
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CONCLUSION.

Tha slzing program should size the majerity of AC power cabléis correctly according to the criterla
stated above, For some DC joads, other exsaptional cases anﬂ deviations from the given critorla,
the cable spechalist must be consulted,

Costing is not done In the PC based version becausa of tha amount of malntenance roqulred to

"+ the data to Jleep It current, espoclally  olher station are Included lator on.

e
The program was written by J, Plenaar In RSEED (x3882) am can ba ucad by any person wio feels
thatthay can use the software.

Copias of tha softwars cat be cblained from the author and any suggestions will be wa!cqmad
Improved versions and reference files for other stations may be made avallable from time to timp.

O

' """"l_ﬁ?

J

4]

if
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AS5.4 Cable Routing Facilitles

The routing facllity consists of & routing prograr that communicates with CEEDS via temporary

database tables, A "preparation” activity is undertaken in which deslred Racks and Cables are

selected from the CEEDS tabler into these temporary tables. The routing program ther rautes the -
selected cables on the selected Racks. The main tablas ate than updated In one process, This

method allows for the most flexible use of the facllitles. The fallowing extract from CEEDS

documentation describas the Routing Phllosophy in more detall,

ROUTING PHILOSOPRY,

Author: Johen Plenaar, . |
The routing program Is dl‘vlded into & large areas that perfcs;‘m differant functions,

1, Inltillz the network matcx, {:_\

2, Firid the segment closest to the ond of the table. K ) \

3. Find up to 6 segments closest to the sturt of the cable, .

4, find the shortest route through the matrix from the start segraent to the end segment.

5. Caleulate the filing of the segments the mbla I$ routed on and reihstato the matilx to it's

origlnal state.

i “‘I

Stops 2to G are rapéalad for avery mbla and steps 4 and 5 are rapaated if ona of the segments in

the optimal route (s full bofore the matriy Is relnstated

Forroutihg purposes apodals defined as in polnt in space wheretwo rack segmonts maét.tharafore
segmants can h‘fa aean%s conne?llngawa nodes,

The hesrtof the programisthetwo dlmenslona!adjaonncymatrbc (ad][1} []]) thatdeﬂnes conhaotivity
between node land | Ivthe notwork, It ad)[il{]] 01t mear:s that a sagment exists that sonnects node
110 J and the value of adj[j{] s tAa record msmber of array racks(] where this segmem is dafined,

Racks{0) contains a gegmant with infinitely long length and a function called seglat i() Is used to

oxtract length of tha
Another array called node]] Is used 1o store the coordinates of overy nodda In the network.

mont from sacks In the funttion that finds the shortest route.

_ i
Refer to Figure FA5.4.01 for detalis on the Matrlx layouts and relationships.

A segment always starts at | and goos to | In tha convention used in the routing proﬁram. if the
segments‘goes In the other direction the start and end meterstones la raversed by the program to
snaura that the rmeterstones are correctly calsulated f.ar putput to the routes table (CBLH TEz)..Roler
to Appendix A5.7 for detalls on Moterstones

1. INITIALIZE NETWORK MATRIX.
Initlally every ad){1f] i= set to 0 to ensure that no nodes are cornasted,

Every segment that must be consldered for routing Is now read frofn the tomporary Rack
segmonts 1able,

It the start node for the sagment alrendy exist {the x y and z coordinates of the atart of the
segment already oceurs In hode[]) thia node is taken as the stait node of the segment,
otherwise a new nude Is created.
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“This process 1§ rapaatar.l for tha end noda,

. 0

2

This new ssgment Is now added to racl\&[] and ad][l}[l] and adj(l] [l] Is sot to the Index of
the new sogment. A cheok Is performed 10 ensure that the directional conventions are
adhoredto. .

Record is kapt of the total numbar of nodes sagments n thes nktlal matrx, .

2. FIND THE END NODE,

{Node Inthis conmxt refors to Rack Nodes, not Equlpimnt Nades).

{ The end rack Is fdund first because there Is a groater chance of nok finding the nd rack in
*ha network becruse of lower rack densitles at the pirnt side of the racking design. if an

“and rack ls fiottound the rouﬂng process is stoppad and the next cable is anemptad

To look for the n.nsast razk evory n?gle isvisited,

- ifthe snd of: 3ha eable coincldes with the poslttnn of a ﬁoda that node Is usod as the start
. ricdeofthocable. :

(l

Othotwise the prggram craatea & now nadah .

itthen‘checks fthere ls a conmcﬂon betweeh two nodest and ] and ¥ 30 & point xqyr,z¢ fs
found such that this polnt Is tha intersaction obthe sxtanded cantre line of the segmant and

the shortostgm from the cabla hd polnt to this sxtanded lina, ©

£

prolmm.wmfaﬂsonthe uegrnent(batwaennodaalanﬂj) thastaokatthemd point is

" chlculated from the new nodo to x,w,2e. Othorwisa the slack Is catculated from the new

hoda to the ond pf ihe rack whets the mble will Ieava the rack,
Thaslack’s ealcu!atad lntlms:zma wayacahlawould be installed on alta The cable moves

vartically down until % Is horizontal with the position whers it wil r the sagment and
then Is bent throuqh g0 deqraas and moves horlzontally diroc:lyt rds the pgmant,

)= abs(zixza) i gqn((m_m)a + (Y“YE’Z) . . - -

K121 posttion of cable mrtm X2,y2,22 - poalthq where cable entomtheksenmem.'

I the shortest distance towards any segment Inthe n fcsrk axcoods 5m an SITor message
Isgggmhatmaagmntlsclosarmmmm andpa!ntandth'ecablelanat
1o

When the closest segment has bean found a new seument Is creatod that extends fiom

i

the cabla end polnt to the postion where the cable whl laave the rack network. i thidpoint

falls on a segment hotwaen two nodes the eriglnal segmant Is divided and a naw nods ls
fcluded in the mtwnrk matrix,

3. FIND THE START NODE, - o 7
Finding the start node Is very similar to finging the erd hode axoopunthiscaaethesclm '

"

sbgments are considered and Inciuded Into the natwork, -

L]
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This fs done by first ﬂndlng the closast segmant. raplacing it with two new aegmenis to the
newnodeand fepaating the processtofind the next dos\stsegmant. Betausothepravious -
v, sagrents are now excluded from the natwork they will Rat be found agaln duringthamedt &
I;:gtl?g.f Sheqmantﬁ tothe now node argalso not conskiered by only examinlnu thooriginal
rit of the maly

To find the stait segments this function only considers segments that pass wlthln i min
the xand y {harlzontal) direction of the X and y coordinate of the cable, Thc:;uarucal height
Is not considered although the cable stack may not exceed 20m. @

4.an THE SHORTEST ROUTE, o

This program Is basetoon the Nicholson Method !MDL 28] to fingd Iha ghott,? routa
hatween wo nodes in g network, - .

The Nlchu‘ iy algoﬂlhm 13 very efficient for this type of mutlng problem inthat it aaarchaa
from bot!: dos {the start and the end noda) and It terminates s soon s the conditlons
. foﬂha shunast toute pre n met thereby rgducing the number of lgeztions considambly. '

s. upmrs ﬂAc:k quma. : C

)

lfaroutehashaqnfound forthe r:u““‘:a%ﬂlilng of avery sogment is upd&%ftheﬁack

2}
o

v

Segments Talio {RACKSG), if the flling of ta sedment excasds thiy alicwable Ming {as

-Nstad i Yho Rack Loading tefersnce Table), a Ing Is given bt fhe cabldwhl sttt be
placed or that route. 1t is up 10 the racking and cabllnc duslgﬁ team 1o dacide thss cabli
ahould be unroutad or nut ' .

1f the filting of the segmnt excsods 100% when the cable Is placed on the segmen that
sagmant I8 exciudée from the matrx and another amrmpt I% mada at muting thembia

¢ FIJTUHE ENHANOEMEHTS. .

. 1t Il found thak the size of the mateix Is siill ibited dus 1o merory constraints, mathods
coud be Investigated to shange thp addmsslng of the mairlx to m:plolt tho trlafigiar
stivctire of the matrix,

Thema:hudscunanﬂyuaed should niveanlmpmvamantmtha!lm&tthatwas encuunlarod
on CEEDS 1 butmrtharlmpmvememwould meanareducllon inspeed. . Lo

another medication that wil b Investigated is the specm\ on o tsrmedite nodesin
the naiwork that tha cable must pass through,

1%

. 5
o
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K55 CEEDS Batch Intagritychecks - -

There are & nurqbar of integrity and deslgn valldation checks that are avaliablo and a coUpIa that
are still ln the pipeline. These checks Tall into thae followlng categotles: -

‘'» Heference Talte Integrity checks, Reference Informallon for a given class can ofter constit of |

a huinber of telated tables. Link Intagrity betwean alf these tables must be chogkod; These
checks do not directly Involve the mudal clata and wil be used by the snealallsta respoasible
for raferanee data. - .

o System Software Integrity shecks, There are & number of tables used'to &escrlbe the sqftwaro
. system. These contaln jnformation such as the standard reports list, menu optmng, usor
* information, e cmﬂguratlon informatloer, model structure Infarmation, ete. An un-toordingted -

modification 1o soms software could place the system integrity at risks Problems due to the

breach of lruegﬂty may not be discovered for some time and it may be 1o late by than, Thase

chacka don't [nvolve the moclel date and wil ba sl bytha system developtirs and maltainers,

. ModelBasedclmcka' S 0" v
: ™ chocks: Documontation is aﬂan dictated by me mvodsl, For @mmpla .

) Documy”
., tharo she me a Swﬂbhqear Schedule and a Gabla Schedide for each Board In the
) QYS'BH‘I. &1
- o KKSCodews tlon chacks: Datecting codes not adhﬂﬂng 1o KKS rulés.

e Dictionary ks Ghatking the validity of "diclionary" codes I the model. For

example, are alj strutture codes used in the mode! valid accwdlnn ta the Strueture

a Coda Dictionary? S oaef

» Objoct Integrity: This Is » very mportaht chuck, If an objact Is not aihmd comactly
Bevare errars oan ocew.
® Modal Stetistics Repork: The number of Nor.laa. Links, Racks, Boards. Swltchgaar.
Mgtors, stt, can be showrs. Other statistics such as the number of Strucitfe cudes,
abbraviatia"is. tract arens, documents, elo, sra slso usafal, Parcentags completion
ara wisovary valuable, for axampls, for cables, gho%slaad. % routec; % pulled

ane ot are used for diract Indication of prograss,

» Cunnecﬁvl!y Imteghity shecks: Thosa Ghecks wit ba used Lo ensure that tha Macro level

connectivity and the sable lovel (Mid level) arn compatible and will also lru:llcatatheuc )

. nodes not yet cabled up.
o Dotailed Diesign Intagrity checks: Separate vory detalled shalysls can be carrod aut

- o various design aspects-such as "Switchgear” design, "Cabling® deslgn,

"Transiormer" dosign, otc. Theserapors would contain quite alot of inteiligence Inthat
. thoy effectively dotermine po.,sihle “faults” In a dasign,

Al ofthusa raports should be available Iu“sﬁnn'ary"fommt and "Detaled™ format. Summary reponis
should only contaln statistics of Integrity violations and detalled reporls ghould contaln lists ofthe

“gulliy parties",

sl



A8 C%E-DS*Namlng Conventions

/7

"This appendlx consists of editd extracts from 1#6 OEEDS dagg!npmant standards, -

Il

,—,.:_,-Aan.i File Naming

n‘} n

© Bystam (VM) requlves that a Fite Name start with an Alpha Chardeter, and st .

confain no bianks. File Names follow & CEEDS convegtion, wheraas flle Types are
usually dictated by the software using them. For exarnpie FORTRAN source files
have thaFRaTy ¢ of FORTRAN and dperating system sxesumble ‘script” fies have
tha type of , ORAGLE Roreen Form ﬁlas are typed INP {or suurce and "HM"
for pomplled. - o )
e Any fﬂanamamustba g¢haractars lonu. It, by Sollowing s charrules,a nama
I3 not 8 chataptars tong, it will ba padded with "X's’ or a number sequance,

"' 'Tha first lettor of & namo Indigates the function of the e, For examile, M -

mohu Hes, R - g, § - s¢reen formy, X - date transtar routines, P data
prbesssing routings & v

« Tho remalning savan charaoters depend on the categoty of file, i.e. whathur
they are Menus. Bcreon fors, ele.”

26,441 Files definlng fhie menu structure
& P o

» ‘The first latter Is an "M, Y

e Thefile name of the root menu Is MROOT000

a . )
MROCTO00
- . T Az GEEDS nfermotion Systern,.- : Antds

3t Teehnlcol Refaranca Yobles,,, |
i Sys\anr Admaitietratisn.,.
L

N T

§ F: Gollware Molntenones...

¢}

MAOOGO0N S MBODOOQO, = e e a ~ = MFOQO000
a:co&u@iﬁoﬁum...’ . _ = . ‘o
02 Notlit.

Colsos... ) " o
4 Rocko,,

] ngm'ta

MAAGOD0O - "MAFO0000 [RREPSDTP.FRM |

| vy

CEEDS Menu Structure Naming Convention.

Flgura FAG.1 0‘1

af

;2& meln dompanents In CEEDS aro Opamting Syatem Files and ORA(‘a.fE Databass

Flies have a Flle Name (maximum 8 aipha-riumerie charactets), and a File Typa -
“{maximum .8 alph&numeric charactors). The IBM Virtual ine QOperating

/.

T
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o The menu called up by option A" In MROCTODD Is MAGO0000,and the ano
called up by option ‘A’ In MAQO0DAO Is M.Wooon, oto. Hefr to Flgura
FA8.1.01 for an example, : _

e ‘0’ Is used to pad the name to eight characters long.

» Manu- options wore rostrictad from A’ 1o P’ duo to sereen space. 'Q° aiways
bulng *Return to previous meny® and 'R’ being "Return 1o ROOT menu. Hafar
t . toFigure 7.1.08 for an exampiv of & CEEDS monu, :

e Option ‘P’ is normaliy rservid for the "Reponts... option.
® The humber of lovals was restrictad to 7 28 a result of the mg langth, (Thls was

not fourki o be a practical restrictlon), A
= . :":‘E"'»'ﬁ‘\ln
A8.1.1.2 Fllos datining Screen quma o oo @Y
o o Thefirst letter is an 'S, . b
S » The nextﬁlattamarathosenﬂhamamtabledlsp!ayad Inthafom (i)ataeomd
e ho extracted froim other tablesfor display PUIPSS, but usually, a screen form
Iz baged on onty onetable,
& The lastletter glves an Indication cftha actlnns thiat can be carded out on the
form. )
Foraxample; o ,' ) B 7
i '-v*WmMomm~z. : p R
I- Inaerthnmy, ’
s o . 2
L C - Capturg(Insort und update inserted rocord only),
D - Delaty only, S P -‘ ._ ,
: : S S .
U - Update only, T : @
M- Malntain (full access), |
Referto FigureFasdoe,  Privilege -
' @ . ’ | ~ insert only
Table Nome ' . oo b Y - View only

U = Update exlsting dote -
0 ~ Delste records only
M- Muintmn {Full prlvilngus)

\ets: N

~ (Refer to Figure FAZ.1. 04)\
"S" e, Screen Form \ \

Bergon form name.

Examplesr S B OR '_‘D NT M = Maintain Board Notes
. S CBLSDT V = View Cable Details 1

AT '

CEEDS Bereen Form Nansing Conventions.
| Fuguse FAB.1,02
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e Sou*lable namlhg balow for how the table name is derived.” \ "
& A Screen forms name Is displayed along with the form fo ﬂrsily act as S
referance In the case of errors, secondly to ihdicate the tabla narne
- worked cn and thirdly, te give the indication of privilege leval. . \
. AB.1.1.3 Report Files " " o \
v e Thafirst latter san'®, >
’ , & For non-centractual reports, the oanventlon is tha same as for scraan ?orms.
/ ? axcapt that the iaq} letter Ig a sequense number. _
]' . o ,t.\:l
Table Name .. N | /L :
(Refer to Fi agure FA7. 1, 04») ' Sequence Number (g
"R" Report Progmm : | \ ' ” b
. \ f Y

Report Program Name.(u__ 1 T o T
\R BORD N T 1, = Boord Notes forret § 1.
; R c BL S DT 3 = Cuble /Detalls forrhat # 3

oA "
[ Q

”Exnn;ple,:

w
4

CFhDS Repart Na.mmg Conventmns. e "

'Flguré FAG.'I.OS_ o

 For contractual documents, the sezond and thid lotters Indlcate Bocument
- Glass.lhatourlhtoseventhwmaiaequlpmentc!assandthelastIsasequnnco

number, . Y
+ Soe Figure F.B\M;bs.\
AsidaOthorties 7 I o
Namlng for other files is loss rastrictad. | o

e

. wify:

. Thbﬂrst letter indizated function, !
#» the next G indicate the talte belng: wotked on ) poasibla), cthoiwise a
meaningful comprromise 18 made,

o tha last letter i usually & sequence number,

A8.1.2 Table and Column Naming
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Phge 198 , W
TahlaNamaséndtheCdumnNaméswuhln!hesatabiaswaresatateeharactars.tocomply
wétgv a FORTRAN limit on varlatie names, anc 1o match Inwith tneﬂ!a namlng convantlnns
above. - 2 . o
n /_,7\ . . [ ._,(,? s - : Al
A&i.aa"ﬂ'ah}g names . o
Se° Tha first four charaglars indlcated the equipment lass being modsled, For
T wample: CBLS « Cables, RACK - Racks, SWRDG - BC Switchgdar, MOTR -
., S8 Motor, étc, Thase oyuipmant classes-are exactly the same as those used
, 5 internally within the model, Common Nodsa data [s classified undor NODS, ©
The fiith and siih characters indicatard < 3 $ gspoct balng modelad, For
bxamp!e.DT Detalts, NT - Notes, 'I'P-Tern*.ﬁriuv. RM-Reference Maln O'YPG).
CRt - Cogt Referenca, ste, N
: &
Refer io Flgure FAB.'A.M A
* v gs.’l.z.acclumn n_ames\ ’
: g e o o
--Equipmﬂr__it Clags ] - Table Functmn /
- . _ .
Board BORDN . /DT Defdlls .- o
DC Switkhgear ~ SWDC . o] WP Noutes - S
LV ‘Swﬂj hgear  -SWLY o | DbH Details History
MV Switchgear  SWMV . A\ CG  Charge Capiure * .
Cabies ~ caLs. N RC:  Cost Reference
Tronsformers ~ TRFR RT  Type Reference .
. Racks RACK ’ \ etq.. - % .
Gtc.' 5 = ) a . o

N

it S A ! “-./
- R
. : it 1|( \
N : !
e,
e

Table Namo: _ i
Examples: B ORD DT = Board Detalls "_'!:‘ : ° o
0 Anen B -O.R\{) N T = Board Notes -

CEEDS Table Naming ,Ccn;\renrt._ions
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H o, ﬁ Column names are made as meaningful and o:w sterit as possible within the
g [ “constranis af & characters. Stat.. abbr&vlatlcétf are used, for example a cabie
lp2 T EaCB, a OBL or CBLY (ot 2 CAB or CABL), depending on the number
,,v__.m., d}”har@t? g}l[vaﬂable. o
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CEEDS Menu Layoutl_ Examples.
S

 PFlgure FAS.1,05
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v i . [} ' -\\;;_\
S S CEEDS 2 - = 0
t MROOTUDO. | ' 1-MAR-91 |
; A39319 MAIN ROOT MENU B T 14354080
: ! b "’\_ . " - ilk'b :
* - 4 - bl Lo dh *
. _ _ E
* A = CEEDS Information Systam.-.. G
* B = Technical Refersnce Tables.., o
* ¢ = System Administration... : '
¥ 0 = General Data Querfes... '
. . b " .. t
. - . i
. % F = Software Maintenance... !
* G = Information About CEEDS... :
. . . I
@ - Quit to EXIT R = Returh to EXIT -
. . . . i
mmem PF15'~ GENGRAL QUERIES =—--=n PF16 = MENY QUERTES ~- %
[
1
' | §$e1ect a men 0pt40n : .. A
¥
. . - “ : [
= Blogk 1/1 meswesens I e "y
D | | S ot )
Pagely | - Gountp W;«\w/’/:f
% : CEEDS 2 ~——me s mirms et e SR i)
1 MADOOOLO . e o ; s s 11*MAR*91 ;
| A39310 |  CEEDS Information systen. .. M4:55:00
i - !
E * A = Code Dintjonaries... !
t L : . . 1
; - G = Terminations / Signals... . i
i * D = Components (Nodes)... : I
i * E = Cablas & Network... :
: % F = Racking & foutes... :
1 i 1
1 : @ ’ I
i * I = Dosign Activities... i
p ¥ 0 = Site Facilities... !
1 ! 1
I . : i
E Q ~ Quit to Previaus Menu R - Return to Root Menu '
l . " -
o PFA5 2 QENERAL QUERIES * PF16 % MENU QUERTES —smrmsonem *
. v )
1 t
i Se1act a menu optgoﬁ’ a :
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1
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A6.2 Future Plans for CEEDS Development

The following is an éxtract from a memo sent to Power Statiom
Elgntzical Engineering Management in Octiber 1980, .

Synopsis: y

As it Is now approsaciing fﬁ tine to begin implementing CEED3 2

within the divislon., It is|felt that the time ig right to take a . .

logk inte the future of CERDS. There is still mamsive potential . R
to be gained from the proper.zpplication of Itiformation T

Technology within the division, and in a wider context, within

;ll parties with which the division interacts 1L carrying ont its
nainaas.,

The purpose of this doZument is to:
~ lay down gome thoughta as to posgible future sceparivs for

' GEEDS, _‘ S
~ to provide some of the technical de ils, ' -
~ tc make other people aware of where e plan to take CKEDS (or,. :
at least, where we would like to meé|CEEDS going), - b
« to attempt to get management spproval for continued dﬁvelnpnant :
. along the lines outlines below,
= to highlight-the importancs of varioun groups taking
ienponaibility/o ership of varions CEEDS facilities,
o emphasize the/meed for sonuunicationahetwean the various .
disciplines in Esgineering and laatly, an st importantly S
- to try establish‘enexcitement withie thel _vision {not a .
folae, misinformer. xpacbancy), go that people realise that
CEEDS §8% *ﬂ~*abl for laproving the performance of the ’
der;’ de ﬂ is wiot a political lever. an enpire building N ()
h

£Xe tqfaa N

Variouﬂ\rel ant aapechu will be detailed, i{ncluding: .
« What bha‘ EDS ohjectives are and why these objéctives need
atrqn@ support by ul% partien involved,
Pongible future devsiopment phases for the CEEDS prodest,
- Reg ureos required for future development (People. Knowledge
Technology), and
- sone general observations regarding current shortoomings and
possible future appliocations and marketing potential,

Job destroyer, ato.

- Development Objectives and End Goals:

In order to carry out & development with the magnitude (and
possible importance) of CEEDS, very clear objectives and end
goals need to be established quite far in advance.
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The end goal of CERDS iz to provide an Integrated
sei of Computer Based Tools to aid the division in
carrying out its every day activities of designing
and building electricul and control systess for
Power Stations and other plant.

This end goal is obviously broken down into further detailed )
sub-goals, and the work required to achieve these suh~goals must
be determined, This will not be elaborated upon here,

The point that must be emphagized thongh, iz that these

objectives need to be strongly and continually maintained and
supported se as not to lose momentum and motivation in our
striving towards the end goal. When engineering sots out to
design and buldd a power station, the operating Power Station ia
the end gotl and everyone should have a very olear wental picture
of where thoy are heading in order to reach the goal within given
ronsbraints.” Without this conceptualisntion, chaos wonld bo the
result.of any large scale offort that has no fized end g~al, It
is no different in the designing snd implementation of large
peale software aystems, It ir for this rosson that details are
given belovw of how it is envisioned to continue with the
evolution of CEEDS. Menagement approval of these (or other
negotiated) objectives are essenbial for the cnntinued
development of CEEDS.

To plan, budget, attract queiified personal and to keep a
qualified team together, requires the apnrovul and commitment; »
from management and the users of tho tean’s products., Without
this epproval apd comeitwent, ¢ &ye ¢is he no motivation or
dedioation witfiln a develophenz tdam and Lhe capabilitied of the
team will degrade to only be & ﬁfrcient to keep current systems
functional, Incentive and creative drive will be lost,

had
s

CEEDS. Developments

- CE“DS a:

CEEDS 2 im o VM mainframe based system with textual model
manipulation and witk little built-in "intelligence". (Design
Proceduros that are catered for, are hard coded into "Physmical
Nodel Manipulation Programs"). The introduction of the Model
Concept is not entirely suitable for text based pminfrane
systemy, Yut it iz going to pave the way for tha next phase,
namely CERDS 3.
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With training programs scheduled over the next couple of

months, many people will be introduced and trained on CEEDS 2, .

go dotails of what the systems’ curvent capnbilities are wil?
not be elaborated upon. What il ostlined are the planued
activitiss on the curtent nsystem ovér the mext couple of
nonths.

« The system needs to ba tested and approved by its various 7
Yownera” (such as the design teamy, the speciallsts, the 7
drawing office, systems sngineering, projocts, ete.), Once
minor altarations are made to bring the system into
accordance with uger pequirements, and reprcpentative uszers
have signed off acceptance certificates, the:-complete gyStom
will be placed in production. Only then will the system be
honded over to IT for maintonanve. '\

. = The systal needﬂ to he documented. Documentation that is )

planned includes! j
» 1) CEEDS concepts and philosophies : o ;
~ modeling aspects, '
~ configuration management,
- using the synienm,

‘%) Divisional procedures to carry out antivities that naka '
intengive use of CEEDS (asuch e switchgear deeign, cable
design and administration)

3) Technic&l doenmentation - hard copies of source codu,

~ waintenance -philosophy. and:
procedures, .
5 - J o~ testing proceitrae, : .
¥ p ~ 1EW documeritatiton, .

1} RegiatrntiOn of all pource code into thej new 1T socurce ;
vode management gystem {CCC). This will he coordinated '
with the placing of the ayatem into prod&ction.

b :
1_Uﬂera need to bs trained on the systom. Th{a is going to
‘voguire sowe dedication from users, sepecially thome people
who have » busy schedule. It will also be jn on-going task
:oriwhéch cartnin people wil) have to be apucifically
rained,

- The Financial Mode) needs to be mnalyxed and expanded,
Firstly the Racking Cost Reference Database needs to be
croated and included in the system. This will them at least
provide the ability to do acourate Coble and Rack Costing.
Facilitien for:

- the Incluglon of budgatery figures and couparison to
sotunl figureaj

- forecasting ¢l cash flow and involoing rates,}

- invoicve control and wvalidation:

nti%l need to be analysed and incorporated into the current

ﬂyﬂ 13118
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A Fin&ncial ¥ode)l for Switchgear Costing can also be

- consldered,

"

L

- The syatem must be experimented with to improve and optimize

ite performance., Many concepts currently incorporated into

CEEDS have never been tried and tested in a production

environment. The real world has an sbrasive nature that

:ggdg to dull the cryatailine struotura of theoretical
ei8.

The scope of the equipment covered must be expanded to cover
a wider field. Arcas that atill noed attention include:

. % DO equipwent (batteries, charges, UP3's,ete.): : o

¥ Protection equipment;

¥ CRI equipment (instrumenta, PLO's, Gomyral Panela, etols

Now that tho Phyaical Model ie being -introduced and fine
tumed, attention oun be turned o improving anaiyeis W
facilities, This would include previding tight coupling of
dats between CEEDS and packages such as B38U/P3SE {(eleotrical

i

. system snalysis packhges). Another aspact that hus received

some attention, but could bo greatly improved 1s the aved of

- date intesrity checking and data “nvailmhilitw“ mnalysiss

+ Nodea and Cables have bee

Functiong cuuld be developed that autnnmtiaa}ly deteot

‘possible problexs in the coding and- deacribing offubdecta.

PG Baged data ﬁaptufins rncilitien for in-howip use nnd more
apecifically for contractors have been developed. Once these
have boen tested snd wodified to meet upers. requirvements, Lhe
pereonnel responsible for contract managesent will need 4o
introduce the software to their respectivs contractors and
encovrage them to use th “nyaten, Current)y the oapturing of
arad for, Onee the PO Lbased,
goftware i8 in use by contractors, and they understand the
larger concept of CEEDS, then contractors’ requlrements own
spevifically be investigated to wake  the ESKOM/Gbntracto* i

informatlun interchange anoohher. .t

There is also the possibility that contrautura can wake
direct use of CEEDS using Kskom vquipment. Comparison - ©
facilities for comparing CEEDS deta to data contaimed in |
uther systems maintained by large contractors (such as
Sicrens) could be provided.

The Design Procedure Model needs in-depth analyeis and must
be formalized. Back design is currently aided by softwarp
developed as part of the CEEDS project {CRED - Cable ®acking
and Equipwent Digitising), but 1s not econsidered to be an
inherent part of CEEDS. CFREDS imports & Rack Design from the
CAD system and considers it to be correct and approved,
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. What atill needs to be done is in-depth research into
suitable representational schemes for the deaign procedure
wodel mnd an analysis of the larger scope of design
undertnaken by the division.

The benefits of such a study are that the whole operation of
the division can be analyzed from an informstion flow mmd
information sharing point of view, The design proceds can he
formalized (and yet still be flexible}. Thic should reduce
the divisiona dependency on a few key staff members that hold

everything together. Another benefit from the formalization

of a Design Process is that it can be incorperated inte the
underlying information aysfam (namely CEEDS) sud therdfe

provide additional functionaliby and “intelligéafw” i u
donign tools. Y 3 ,

-1 sy

b

- CEEDS 3¢ Se P b ’;2 ‘,__ ‘?J“‘z: .

The CFEDS 2‘nyatan will migrate ot: Yku & nuuwhhtuﬁ wacknta»iwn
and YC besed syntes: uﬂlri the nainrrana onky fnr masy storsy
and country wide dccess, O This stage involves retwoving the
barriers betwsén CEEDS snd CAD so that they bevnua ote and ihe
pane. The model will have a graphical Promt-end and will allow
direct graphical model monipulation., The “Design Peocedure
Model" will be a separste entity and will control “Phyﬂicul
undgl Manipulation Programs that would in turn work om the
"phyuical Model", The separation of the Design Procedure sodel
ae § self standing entity will be to pave tho way for tho next
phase {Ceeds 4), (This separation of the Design Modal way even
be implemented on CEEDS 2 for softwere maintensnce resaons).
Included below sre sowe pointe relevent %5 the proposed further
development of CEEDS to & next generation cystem!

« The hardware environment will be different in that the
complete CEEDS system will be splead over various systems,
(Se2 Hardware roscurces below), It ia proposed that

- initlally, tho design functionality of CEEDS will migrate to
a UNIX based werkstation platforn. Thkie environment will
allow for the integration of CEEDS functionality with CAD
functionality in a stable homogencous environmunt {Not
possible on the current malnfrase zystem), Followlng this,
more and more CEEOS funchtionality will migrate to the
graphical environment and eventually the mainframe will only
ac;iaa 8 Ymodel databnae aerver“ and wide arca communications
wodium,

This nigration will need to take place {n & nusber of well
defined stages that arve dopendent on numerous ovielde factors
{many of which are dependent on the 17 depurtment), The
stages would probakly follow a scenario as oublined below:

" .J’]I

[ (-
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5} The introduction of cheaper Po's iuto the network to
’ \xpand the user base and to develop and test thé
. Ragilities required for distributed procesning (whereby a

1) Development of basic graphical design facilities {8ee next

point below) on a single stand alone UNIX CAD
Workstation. Many new concepts and facilitier will need
to bo doveloped and learned to achieve this stage. This
will place a kigh learning curve burdes on all

- development staff involved. .

2) Integration of the latést CEEDS 2 demigm witkin this oW

Thie mey »equire the rewriting of large sets of\CEEDS 2 ‘
procedurlds as thege were tailored for use on thedzsintrome *
and were written in FORTRAN.

gruphical functiosality, (Still on a singla wﬁgzitation).

3) The simultancous investigation of the use of medium and

high range PC's as GEEDS terminals in the new environment.

4) The linking of two workstations via an available network

to develop and test the facilities required for multi-user
capability, ‘Thia will incorporate 2 whole host of new

- gonicepts ond software gych as distributed database
" gervers, file sharing, communication pratocola, security

eto, . The network will also need to be ofhluated for mpeed
and functionality. Co

)

program executes on u workstation, bui uses the PO an ite
front-end hardware). This allows the use of a
sophisticated syastem on a hardware platform consisting of

fi

'

& fow exnensive uorkatntions and a horde of very uuch
chaaper Pt a,

Yaring this develapnent CEEDS 2 will gontinue with nroduchion

‘an~disturbed,

©+') The final atage will be ‘to ingcorporate the mainframe as a

' network node. This will allow the mainframe to act am
datibase server. The result will he a combined CEEDS 3
graphical syatem and a CEEDS 2 textual eystem.

After this stage the environment will be eﬁtabliahed for o
full soale migration of fmnctionality off the Mainframe as
deseribed sbove, o « "

- Ths sajor development activity on CREDS 3 (frowm a software

polnt of view) will be to provide a weans of interfaciug to
the various wodels in a graphical fashion, Specifically the
physical aodel. -

~ Another davelopueﬁt will be So provide a conpistent,

standard, point & alick interfuce operating within a standard

windowing environment. ' Yhis will have the benefit of reduced

training requirements because any extensions to the systom

i
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muat he provided with this standard interface and therefor
requires training only on the concepts, not on ﬁﬁe detailed
operation.

{The Btandard referred to here ig the energing de~fanto
ptandard of X-Windows with the Open Systems Foundation
Windows manager (a Microsoft Windows/Presentuation manager
look-a~like, fzel-a-like)). ]

- 1£ it proven too difficult to implement the design proceas
wodel on CReJS 2 in the mainfrawe cnvironment, then it will
bo dona as part of thim project, s

~ = PFinally, the software development approach can botally nove

over to Object-Orientation in which all atkributes {(and
ce;tain functionality) of an object {entity) repide with the
object. -

CREDS 4"

Part of the on-going avnihtinm f Iy nystel is that is grows to
incorporate leading edge technplogy as that technology becomes
comméroially available and viable, Al technigues pre begimning
fo emerge from research laborabories and are being applied to
the solving of real-world probjfems. Part of the CEEDS 4
"project” will he the investigation potential application

areas of thie technology within CEEDS. e learning curves o
will again. bo wajor obmtaclen and for tuis resson it im

proposed that Full time atudv in this particular area bo .
undertaken.

The full potential of Al teuhnology hag not yet been
investigated in any depth but some preliminary thoughts include
the following:

The CEEDS 3 syatem will gain iuhelligence in the form of

- Background "Trath Mainfenance” systems that ensure duta
integrity and exception handling, o

« Deisign Rule verifiors, vonformshce to contract verifiers
ete, that are tied to the Design Process Model(s),

= Front end Expert syntemn alding in n varicty of daily
nctivities from Desipge sotivities to invoice control. Design
sotivitien could include aide for Switchgear selection, motor
and traneformer sizing, melection of appropriate protection
equipsent and strategies, dable selection and design,
intelligent cable wouting fnd equipment placement, network
stability & reliability optimization and wany more.

~ Diagnosls of mady aspects of the model can be carried out by
Al techniguen that could not be attempted by conventional,
algovithmic methods,

- Intelligent docomentation production tacilities could be
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developed that would be used to gemerate quite sophistivated
reports and documents (especially those of a graphical
nature). For oxumple, system block diagrams could be
en:ireiy generated hy conputer for many given pet of soarch
ariteria.

~ Intoraction with other systeasm:

Aa activity which can take place independently of any other
developments will be to investigate the feasibility of \
lntggrating CEEDS with other systems. These mystems could
includes _

= similar syatems for nther diauiplineu (e, Hechanical %

Civil),

- systemn that provide sevvives to CEEDS (eg. Project
Managesent Packsgen (CWE), Documentation managenent {hza and

* KKS Dogumentation systems), cte.) and

~ gyatews to which CEEDS providen a service (eg, Plant
Maintenance Systems (PERMAC), Enginaering Bimulators
(PSSU/E). eto. ) 2

- other CAD systemn such as Geographic Inroruation Syatomns
{318} used by trananissiun and diatribution.

. Currently CEEDS Us dapendent on dats fed in from LUE. The DX8

and Majuba documentation systema can be uade available to CERDS

- users, (EEDS will expurt dealgn data into kuRMAC for plant
- maintenance purposes.

Some stand alons PC databages have heen abnorbed into CREDS and
are mede avzilable to all CEEDS users as a centralized
function, Bome intlude the OFfflcis) Structure Code Dictiomary,
the Official Abbreviations dictionmry and s list of contrast
areag. Home of these "Dictionaries" will need to he neparated
from CEEDS and made available on a centralised basis for ugse by
other npplications. These dictionaries lnclude Structure
Codon, Abbreviations; the KK8 Key part dictionsry and later on,
the BES Component Listing. These will noed to be administered
by section{s) representing all wsors of these centralimed
dictionariea, Wor exmmple, & centralised XKS Key pant
dictionary will be used by CEEDS, PERMAC and ‘the Majuba
documentation pystem, skongst others, and should be
adeinigtered by Systems Engincoring.

The PSSU/E interfade ia to bo investlgated shortly. If
roequirements arise Por CEEDS facilities to be used to manage
the depign of an electrical syntem spread over a large
goeographlcal arek {(eg. township reticulution), then interaction
with a GIB will be inventigatod.

= Usn of Intarnational Coding Standards:
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The CEEDS physical model has specifically heen deaigned to be

. KKS code independent. Code verification facilibies will be

_provided to carry out autowatic verification in batch mode to

" provide an indication of possible errors in coding. Separate
verification facilities can he provided for whatever coding
syaten ls being nsed on a given project. (This was to provide J
CEEDS with the capability of carpying out Lifex type work on
old stations not using the XKKB Coding System. It alao makes it
posaible to use meaningful pralisinary codes (non~KKS) during
initial design.)

CREDS s fally compatible wuth the KX8 &nding system being used
on Majuba.

If the B¥B system is adopted within BSKOM, in-house coding will
need to be translated to comply with international standards.
1f this comes about, there will be an even stronger link
vhetween. PERMAC and CEEDS ag & plant item can be identified on *
CEEDB as a PERMAC stock item during design, and maintesance
planxing san aotually take place durding warly stages of deuign
{and indeed, could influence the design by taking
maintainability into scoomt). )
Q '

Bevelopatnit Resources:

All of the above ideas are not worth the psper they are written
on if, s are not able to executo them dus to lack of adoguate v
regoutcon. From a developwent point of view, the hoat Impoxtant :
*rapources are people and facilities.

- Peoplea:

- One of the major problems facing ESKOM during the development
of reasouably sophisticated software systems is the shortage o
of people with adequate skills. Unfortunately this ig a
world-wide shortrge and no easy solution exists {especially
not in Houth Africa), It hae been managed cn CEEDS 2 because
the level of developuont has been fairly fundamental. There
are a couple of reagonably sophisticated facilities but
nothing approsching what ie still enviaaged. .

The softvare systoms thah would he used on CEEDS 3 are very
sophistiocated pnckages and this fact must not be overlooked,
Quite complex facilitiea would need to be written to provide
the graphical functionality demanded by a aystem such ag
CEEDS, At this stage;, it is felt that further development
would be hampered without intensive tralning of all people
who would be intimately invelved with the graphical
davelopment. This would most probably involve attending
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training course offered by the software vendor, The more.
gpophigtizated the systems being develop, the more prominent
this problem iz going to become, There ieg therefore the need,
for continuous on-going training and education. All teaw
membeps are encouraged to participate in further study
schemes in order to equip themselves with the necessary
background to carry out their jobs. If very skilled:
individuals are identified, these people should be looked
after and encouraged to renuin in the technical f£ield.

~ One avenue that could give us uccass to high quality research

and .development personal is by making use of our

univernitics. (A recent project proposnl by the univeraity or;

the Witwatersrand, involving the development of a system for
urban reticulation, is of great interest to us. It could be
of great mutual benefit for ESKOM to become 1nvnlved in such
'Y prodect).

% The Information Technology (IT) department uill always be

involved in any further development and the Engineering
Departaont will always he somewhat dependent on the qunlity
of gervice provided, Thin ls & good thing, ag the IT
departient iz quite n good source of the high quality -
programmexrs and computer golentists that would be needed for
conaultation and developwent of sophisticated aystems. These
gorvicon aoue at a cost though. "

~ Other departments involved in similar work cnn also be talded

\

for sxpertise and advice. Transmission Englncering is such a
department. ' -

- Annther major resource coustraint is the awailnbility and

time required of key line personal who would be used to
provide the necas%hry technical and procedural user
requivements for the developaent temm to design against.
There is no sasy solution for this problem becanse key
personal are needed, ag they are usually the people who know
what s required and at the same time they ars usually losdod
Ege heaviest ag o result of iteir being eble to gut the job
e,

= Geperal uaer-invnlvenent is also required to facilitate

training and the scceptance of changes that may come aboni
with the introduction of & mew technulogy.

« Havdware and-Software faullities:

In order to gain potential benefits from some of the ideas
mentloned above, & rich software environment is required. It
will bave to be realised that & system ip limited by the software
and hardware technology within which 1t s developed and

€3
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implemented, For axanple, the nainf{rene has very liuited;
graphical capabilities and if grxpiics are & requirement
alternative platforms will neéd to be obtained. On the dther
hand, the purchasing of facilities iz very expensive and the
purchasing of any equipment and software must be cost justified
agninst potentlal hemefits (tangible and in-tangible).

Software is often application specific, hut if software can be
limited to standard products (az approved by the EBKON IT
Department), &ll the benefits of doing so will ba available,
Benefits such as bulk order discounts, cheaper version upgrades,
hot~line support, in~house experiise %tc.

With Hardware, it 18 even more important to stick to ESKOM
piandards, ‘The IT department has a whole infrastructure
supporting a vast amount of equipment., Facilities such as quick
turnaround maintenance and fanlt control are available at mich
cheaper rates than are usually available from the suppliar,
Another beneflt is that eguipment can be thoughly evaluated by
tedws of knowledgemble people before we even consider purchasing
such equipment. _

Dther factors ave thinge like network compatibility, The I
departxsent uikl not Just allow any vandom equipment to be
connectel to any current or future networks. IT also has the
t;sk3o§ ‘woving with technology and they have the reacurces to do
‘the job.

A point that wust bo taken into sccount with hardware is that
Engineering cannot go it alone unless they are willing to pay for
that privilege. . A support infrastrocture is required.

Disoussion of_atbengtha and Woakuesges:

- The nenign Process Autowation (DPA) Team has been involved in
the development of CEEDS for some time now and hopefully will
continue providing a systoms development service into the
Puture, One nspect that has been overlooked in the past and
reguirer attention for any future work Is the need to cost
Juntify activitien. This is currvently a weaknoss in the teaw
ag no-one has exporience in this area. It iz alao a difficult
netrio t2 gquantify as many benefits are intangible and other
henefits are the provision of facilities to prevent mistakes
made on previous projects, or to provide better control aver
invoicing, for example,

~ CEEDS is n large system and covers many activities within the
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- »The current CEEDS system ig not easily narkatahle. Firstly
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. department, It is alse an expanding system. A time will be .
reached when the development toam will be unable to carry the
training, implementation and adwinistration loads as well ag fo
continue with further development. ilelp in implementing the
syatems, and in training future users will be requirad from the
ugers., Users/owliers of the aystem will need to become very
much more involved if CEEDS iz to reach its full potential.

= Opganizational plamning and need for inter-departmental V.
comannication regarding the development of systems similar to®
CEEDS will be regquired. This Is to prevent duplicationm,
enhance interconnectivity and prevent the black~hole phenomenon

(enpire building))..

becauge it hag been designed to meet the needs of Eskem in
building Majuba, Massive customipation would be required to
guite the product for other environments. Secondly, the
whinframe platform it has been developed on puts it out of the
league of many potential sualler customers. _

CEEDS does have merketing putential though;

~ The current syaten cotild be uaed in 4 bureau faahion“’with
.only minor additions,

- A sub-gystem of CEEDS could bhe inplenenteﬂ on .a PC for small
projects,

- The full, or a sub-gyaton cuuld‘huhigplenanted on a stand-
Qlone workatation syates, _

- knaw-how and experience gained during the development of
CEEDS which is applicable to other p ojects can now be made
available {at & coat). . Y.

1£ CEEDS 8 is developed, it would be far uare‘\arket;hiq 8 16
would run on cheaper platforas, wounld be far uo}e‘s 1e ond
would £it in line with world trends in gra;nxual L 26 an

ot

goftware technology. ;;uﬁf" N
LN

- If Eskowr Engineoring competes in the open market aé&i F‘\other
engineering contractors, CEEDS could provide a vital )

competitive ‘edge,

- CEEDS. principles could be applied to other applications such as
urban reticulation, transmission, building projects (in Eskom),
other plants such as Sasol, Yscor, Momgas, etc. CEEDS could
alzo be uwsed in flelds other than power statilon construction
such ag shipa, vehicles, ete, _ _

i



i

S: (6 March 1991} - oo

The JEEDS 2 asystem is in prodﬁbtion dﬁd pany of the aotivities
desgribed under CEEDS 2 devalopsent shove have already been
comlileted, .

An Interpro 6000 workstation hns h;en purchaged for the purpoae'

of developing CEEDS 3. Work has begun in this Pield.

roject to investigate the creation of an Integrated
gineering Information Syatem (JEIS) spannling all engineering
digciplinea and plant operation and waintenance has been
initianted. .

B
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