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PItOGRAMM[NG AND KIEDULING AS MAN- PROGRAMMERIN{: EN SKEDLI,F.RING Af 

AGEMENT AIDS WITH SPECIAL REFERENCE BESTUURSILL/MIDDELS MET SPES[ALE 
TO MUNIa} AL F.1.IrrR]an 1 UDERTAKIMGS VERWYSING NA MUNIS[PA[.E ELEKTR]q· 

TEITSONDERNEMIN'GS 

by deur 

P. J. BOTES. B.Sc. (Eng.), Pr {Eng.), F.S.A.1 E.E. P. J. BO'rES. BS¢. ling• Pr lIng) GS,4141 

1. INTRODUCTION 1. [NI C[D]NG 

The position of PERT 2 modern manag:·menL Die plek van PIRT in mnderne beguur 

M Managemew Tdmil I./ Behtuurstegnieke 
The Town Electrical Engineer should act as full- Die Stadselek[rotegnie„ Ingenieur beh,)1,[, a. n 

fledged inaliager of hk Council'K Electricity· Depart- volwaardige bestuurder van :, RL,ad se E[ekir,de® 
ment He s. therefore. aperson whomuslobtainttle depanement op te tree Hy is dus 'n persoon wardie 
h */ts b> util„ing ihe available labour lo mist beste rei,ultate moN verkry de.ur middel van die 

him in the execution of hJS „sk. Such a manager must voordeligste aanwending virn d,e pers/ne wait hom 

/,sess a comprehensive knowldge of the manage- by die u//ner],8 vin n (auk moet bystann. So 'n 

Ii,en[ 141/ He must he able I Wsualise the 4/cal beBr=der mael ·n .fgerunde begr. W dl be,lull.· 
course of exeoutlon of the programme of work by slawk boxit. 14 moct die logiete verloup jan die 
ille,n, of a delited schedule id es,ential activities. In Uitvoer|ng v in 'n werkprogran lan visual,scer wan 

order to ro -ordinate the effort of subordmate die h:ind van 'n gedel:Ile/rde persons /:hll Van noodiaklike 
aktiwiteite and U, head •Iraight for ihe objective by means d pur 

poxeful motivation, lhe nianiger must execute *he con- Ten Inde die pogings van onder#.kikle persone 
plete managerial lal The complete managerial task buum le bnocr ¢n deur middel v:rn doelgerigle lei.ling 
consisis ot: (ip die doe// df / /uur. IniN die britilurder die 

valle bestuurstaak I,lvaer Die *le bestul,r.taak 
behels 

1 Co-ordinated planning 1. Gekoord/necrde beplanning 
2. Co·o,dindled Drgan]Slng 2 Gekoordineerde orlinixering 
3 Co·o,dinaled mouvinon. 3, Gck.8rdincerde £,k[Lverend. i.i,tinpgce,ing 
4 Co·ordinal:' control 4. Gekoxidincink hellx/grrng 

As th„ al,pect ha, been covered emprehen,vel> Aanges[en hierdle .„pek meer breedv<,erig he- 

m u pre,inus paper, 1 khall confine myself w planning handel 1, in die voorifg„unde refin:/. sal ek mv 

und control only and in par, icular lo certain Lcch. slegs bepaa] by beplanning en beheerwer,ng en in 

nique, und suppor[Ing aids which simplify rhe tasks di¢ be,onder by Rekere legitieke er hulpm,ddels wat 
nf planning and control. die beplannings. enkontrole[:Ake vergen,·/.lik 

1.02 C-ardinated Plannint and Contro[ 1.02 nets"il en Ilehemwing 
Ever> nam,Ver mu.t do hiv own planning ax far Elke bcstuurder mit .0 vcr moontlik K> cio 

1% posK]ble beeau,e in de enid he himself will bm the beplaninngswerk perrig .langesien hy dle pe 6001, 1, 

person who mui account for the execution thereof, wit op die ou end rekenskap w die *wing daar. 
The least a manager haa the opporinity to do his own van moct gce. Hoe minder die bestourder gelenT· 
planning [he least enthu·,1415m he w[1[ have for,he plan held hel om self beplanning te doen, hoe Ininder 

and Ibe weake, le // oramalion d bc, entnesiasme sal by M dle plan he en Ilue swkker 

sal die koard incring .te. 

Planning can be defl,1,/ aS the •eterminalion in Bepl/nning kan ge/finieer word us die voor 

ad,·ance of fliture cvents and denudf und [he draft,ng ///Mg van ((iekumslige gel// en hehoefte·. en 
of sound and elective plan, of a¢tian / face [hose dle ophtel vin gchande en effektiewe pi.,nne v.,n 

evenIs and demand' as [he) Inalerialite. aksic om daardie gebeure en behoeftes tigemoit le 

sien coo, dit gebeur 
flanning furthermore. includes accwnes which Ileplanning sluit wrder werkgaamlde in wai 

are connected to ihe delerminat,on of long and short perhonde is aan die bepaling van lang- in knmer 

term oblecives, ihe compiling of estimaze,&. pro- myn d/Iwille. die opgel w hegrolin©, werkprn- 



gran„Hes of work. timciables of work und develop- gramm©. werkroosters en die nniw/kcling van pro 
nienl of p.),cdures und methods of work sedures en werkme•des 

The following example illu,trateN the v..lue 01 Die volgende voorbeeld ge¢ die waarde 2/,0 goe]J 
good planning: beplanning m 

In a municipal electrici[/ undertaking with 1 10 'n munisipale elektrini"i'Nonderneming mer 
grow[h rate of plus/minu, 8· per year Ihe present 'n gro/Rempo van +- 8„'n Jaar Nal die kipus]1eit 
//pachy of cable, and transformers will he overloaded un kabels en transfornmmi mellen,d oorlm word. 
mmally Prceautionary methods mu,1 be taken m Tydig¢ maarreek meet getref ward anders 31 kn,isse 
avold a crix„ By enlarging iniallalion# too Nian may onliaan. Deur t¢ woeglydig in·.lal!:,sies i: vergroo• involve unnece,arY /1,1 and dis„palinn To co -o,In kan onnod,ge koste en verk„„ung meegcbring word. 
8 [he completien of re-inforcing rhernes wh the Om die /100,14 van versterking,skenm Ke lair 
origin / Ihe need calls for careful planning. sailival met dle on„lilan van die be}cen© duaraan. 

kos fyn b:planning 
Being in con,rol the manager must exerc,0 care Onder beheerw,ering of kontrole meet die be· 

that [he acuvines anninue in accordance with the sluurder loesien k die werksamnhede voor,yan m 

plan of ac[# prewou,ly laid down. by - ooreens/mming // die plan van optrede wat ncer- 

$ is. dcur 

4,} eujuating and comparing the progress of the (a) dle vorder,ng van dle wark en res/wi wi,1 
work and resulls wih *he plan: beh.,al word to ve, gelyk met die plan en le 

evalucer, 

(bl appropi [alle action where dev•atton, occur. <b} [o,pa,lik op t¢ [ree wa,r afwikings uourkom 
4/ if need be the se[,ing of new ,/heduled date, [c) de.nood, nuwa docidalum, te stel en 41,1„/4. 

and ihe making / adjuxtments, sings [¢ maak: 

When a proJeci consists of mul.phase, it becomes Wanneer '11 proJek vit multi»fao bestaan. raak 
more and more d•Ilicull for 6 mana•r to exercise dit al mociliker vir die hewurder om deur middel 
control uir the progres,; of work by Incans of personal van perioonllke roes,g. venlae en verg:ler,nis m 
superws/n, repori :ind meeling, Such proves·.es are die vordcring van workc. beheer / te oeln. Sulke 
Ime consuming and dir¢:1 111¢ alienlion nither to whal T,rosesse is tydrowend. en mtig eerder 
hg. been done dead die aan,lag 

& emphasising thai which 
op wal godoen K. in plaas van die k lent le [aa, wl should have been done For thE red,0/ techniques •uleil ..,P •[1 wai reeds gedic, mis gewees her. Ge.olglik 

a, notwork.programming and scheduling of ,,ctivi[,e, is 'grueke ·:oos n.werkpro.mmell. en skeduler 
h/ve been developed which help the mninager to pay ing van work„amhede ontwikkel wai die i„·Muurder 
speela) all¢nlion [0 +hose eveni, Ihal requir: hi, urgent help om Ey .landug alleen toe t¢ ·.I,Jh op hardk 
atten[Ion. in·:tead / concerning himself w,th Ihz faselle van n proJek wat %y aandag il,Ingend nodig 
even/ wth do nat require hi. .ittent.on. m thal will hi. in sled: daarvan om hom beslg te hou mel d:,ar. 
no[ affect ihe scheduled date of the pm// The dis die fusette wai nic hy dringende aardag nod,g het 
criminating use / the man/gemen,·by-exception sys- Ie. i,f wai nic die VOi100!Ing,datum van 'n projek 
lem speed, up the now of work and saveE moncy •al beT]tvloed nie. Die oordeelkili,/1/ gebruikmaking 

w die uilgonderingsbehierbegm] 18:11 die werk V[Ot 
en Npair geld 

1·03 14(,graniming and §ch/duling 1.03 Programmerin: en Skedulering 
Programmlng 14 the proceM·; of compiling e,ent' Programmering 1. dle proses 01,1 akth,melie m 

m //ence and which r. designed 10 /1 rive al objew. volgord¢ op le %10 en w.,1 untwerp I om doelwlae 
tives. It provide, a ,rep hy /ep ailproach to dilect te bereik Dil gce ·n star vir /% hen,dem,H orn die 
the ne¢c,Nar, action Lo a pre·deitrmined <,bjective nodige aksle te stuur na 'n Vournf opgaN,eid': doclwil 
S¢hoduling is the process af :empiling a duration of Skedul:ring I die proses om ·n TY,/,iur van 
unne for aciivitic, which mi,/ he executed. I LL„ally aktm,Mate wal uils/vocr moe[ word np Le slet Dil 
forms an Inlegral part ' programm Ing I gew.linlik 'n inle/:1]/ dell v.in p.gram.Ing 

1.04 14,rtwork Pragn,mming 1.04 Ne,werkprogrammering 
One of [hc Inodern programming techmililes th.,1 Een van die nioderne progr:immen,1,•Legnieke 

ha. been dew:]oped 14 the No.called network pri, 4 ontwikkel is ls. die sogenaimde ne[werkprn 
glamming be'ller known 21% PER I (Proy]Umme Evall,- gr.immer,ni!. belir bekend :4 PERT (Pragrammr 
ation and Review Technique) Basicall> PERT and Evalli li in // R¢V[ew Technique) basis k·n PFRr 
0!her associaled lechniqi,es „,ch as C.P.A. {Critical en .,anverwan,¢ legnieke st)(»: /PA· ,Cr Cal p.,th 



4/ 

Pal Analywn. and C.PS. (Crmeal Path Scheduling). Atm]>%19. en C P S.- *Critical Path Schedul•ingi. ens . 

5.. can be defined as a mana•ement planning and sedefinleer word as ·n he,1,11/Nheplann ng :,1 ani- 

anal¥,6 lool which makes use of a graphic displa, ledingsxrk,uig wat gebruik m.„k '•,1,1 ''1 @rafie'¢ 
(called a ne,work).10 dc[>1¢1 rhe e,Mial relationships mr/[ing. gen„¢m n netwert. orn dhe noods: akl ike 
between various taRks compr]Ring a complex develop. verwan„kap Iussen verskillende 1.ike v.in ·0 korn. 

ment rrograinnia 11 M B aid in describing and co- pIckse Intwikkeling•.pri,gr:im U:Ln 10 Jui Dll i '11 

ordina ine th# which hag to be done m order / arr mulpmiddel ler arn/rY/Ing en koo·dine ring hul dil 
ive a' the objective of a project suc¢mfullq :ind in wat gedoen moel worit om die 4/itte Van 'n projek 
time sukic,vo[ en belvds te bereik 

The overall value of PERT iS that it force, the Die gromle w,Larde van PERT I: d,wrili dat 

person doing ihe planing to do I properly and to 'Jil /le bcp],inner diing on. de/glik le bert£,n en 

consider the emire project fully die hele projek voonif deeg]Lk te deurdmk 

2. PERT-THE TIC]IN]QUE OF 2. PERT-TRONIEK VAN PROC, RAMMERING 
PROGRAMMING 

21,1 Slope 2.01 Bestek 

PERT + Programme Evalui on and Review Tech- PER r <Progr.,Inme Ev,luabon .ind Re¥,ew 1 cch· 
nique) aka known as C P.A. i Crnical Pal Analy,JO nique). ook bekend :15 (PA (Critical Fulh Analysil 
or CP S. (Crgical Pam Sdieduling). and as,;ocrated of C.P.S. (Crnic:,1 Paih Sche,lutingl en a.:live,w:Inle 
techmques of programming orig Ina[ed during the m d tegnicke van progrdrilliering het on,Staan m. 112 md- 
19504 a, a result o•' [he need for improved planning del vy<[lger lare :L• gevolg v: n dl: behoeItc nan ier- 

and progre,5 evaluation lechnique.8 to help manage/ b:„rende [egnieke om beplinning :n die vordering 
control the util[Nallon of munpower. nlierial nd Van werke e evalugr. M best Liurders te lie]F m:[ 

facilit,ex and [o accompliah te'ler co.oritina,[lon. file beheer In die gebiuik van mann/krag. „4,1.tri.lal 
en fasilitelle on om Deter k/rdinering te bewerk- 
51:11Jg. 

By Semember. 1957. and from the initial effort of Teen Sep[ember 1957. en dcur virdie eeme keer 
IJAing a compuler. the Critical Pall, Method (Cp.M) gebrulk e rn.i.,k van '11 rekenounom:Mt hot die "Criti- 
evolved. oil Path Method ' (C P M 1. w stand gokorn in 

Amerit., 

. 
Concurrenily. 

in 1957 b research of Ihe '·ILS Terwndert>d in 1957 deur die na¥0/ing wai / 
avy Special Projecb Office". the PERT-lechnique doen t. de die ..US. Navy Spec/ Project. Oflice". 

.. ar 

developed with which The develormeni of :he hel die PER'-tegniek [0: «ind golom waurrnee 
olarli Ballistic Missile programme could he evalu. die vorde,ing mel die Polaris ballislie,e pro,eklie!- 

I ted 
It I chlimed thal, this has con[ributed to the progrimme 'cvulueer k<in w<rd Ditar word be". 

facl Ths[ ihe project wi, completed more ihan iwo dul dit diartoc hy/dra het dill die prek reer .19 

yeap; prior 10 [he initial planned date. An evimated two¢ Jair vmer as die /:invanklike bephinde datum 
250 comnic(ors und 00® Nub contractors participated Ifgch:indel kon word. Ongeve,·r 250 konir:,kiour.4 m 

in le Polaris programme. Q000 vibktintid urs he[ deelgenee£ aan die Polaris. 
progran'. 

It mui he empharised thal PERT w/, nol de Dit moe, bc,ladruk word U pER r me oni. 

signed to replace mani,gcment or methods of plamning wikkel 8 om befluur 01 die In¢todes van beplannlng. 
0 .is Gannt Chari•. but rather to supplement ihe·te m deur die gchruik van O.ini·kadrle, m., le ver- 
planning tools and tO give m.inagemenT be:ter infer- Ing nie. maur eerder uniwikke[ 0 om die beplan 
mal ion upon which to base dec]€i(ms. Airn,ddele by le st.lan on om min die bes,uur bee 

Mlly[Ing le verskar w.iarop bes]une gen/m kan worl· 

0% If, however. planning M not done sys.matically As beplanning ogrer nie ,*tematies en volledig 
and comprehensivel, PERT will fal] as 11 15 only 82!dion k nic. ul PERT fai,1 .i:ing/Nier, di ,|i@8 'n 

£ - aid and cannot lake the place of careful planning. hulpiniddle] k en nie die plek van gooic bepluiming 
PERT should be applied in any projeci which kan inneem nic. PERT hehoo/ aangewon,1 le word 

an • 

cons.t. & multi-ph,Ees :ind where the continuous In enige projek wat uil multi·flie, best.Lan en waar 
44, control over planning „ diflicult. w die dcurlopende beheer oor bephinning mocilik „ 

2.02 Basic Element, of PERT 2.02 11:15* Elemente van PERI 
The PERT ne,-irk consm of two basic etc· Die PERT.netwerk be,talin un iwee basiese ele. 

.,1 



merti. a miteslone and an ack·nly· Which .Ire Nyin- menle. mmlik. n mylpaal en ·n .iktiwiteit wat voor· 

bolised by a cir,Ic O and m .irrow -/ Besie[ word deur n sirke! 0 en 41 pyl -* 
respectively respeklieweli k. 

2.03 PERT /Milestone 2.03 PFRT/M,]paal 
A PERT. milestine signifie, an importan, poini ·n PERT·mylpaa dui ·n bel,Ingrike punt of nom 

or in'tantaileou,£ occurrence & d proJect and k aliay' bl,k in 'n projek aan en m /1>d d/ hegm of voltool 
the stari or comp]/ion of an acivi>'. 1[ does not ing van '11 laak. Dit ncem geen ivd in beslag nie en 

expen,1 an' I ime .and con'unes " producion re- verbruik Seen produk,ze-m/dele nic 
sources. 

The mic which symbolises a milestone i, m Die sirkel wal n m>]pital voars,el *ord soos 
dicatell.,9 follows: Mlg verdeel 

N ./LIlli. 

AN EVEN- 

e 
The number of the miles[,ne is wrilte[1 in ihe Die nommer van 'n mylp,lai word m // boonste 

top porn,in af the circle and „ aleays numbered I gede,]te win die xirket geskryr en word aled van 

.quence from left. right and from top /0 bo[torn link' na regs en van bo na onder in vol/orde genom· 
a. indic.,ted / Figure I mer * aangedu, in Figuur 1 

UY 

•El-I. 

A.=Z#•..1 

'L 11' 

Figure I Figuur 1 

Thi m.hod 01 numbering is e....I when a Hierd' melode van nommcr is noods„al:lik 

computer " uged mneer van ·n rikenoutom.al gobruik gernuak word 

2.04 PERT/Aclivily 2.04 PERT , Aktiwiteit 
There are Iwo lypes of //[ivitie,4. viz. re.,1 :icti Di,ur :s twee tip¢s /kiwite]10, 1,4. miik, 'n •,0rk 

¥ilie, .Ind dummy ..ivitics. like uktiwiteit e,1 n /yn.akt,witcit 
A fil *ctivily represen„ [he necessary work 'n Werklike aktiwiteit verte/nwoordig die nodige 

which mi,/ be accomplished to progress from one tierk wal *dom moel word om van een PER'r myJ 
PERT-mile.tane zo another. h expends lime. man- pul ni 'n .inder ie worder Dit neem tyd m beslag en 

•ower, equlpmen[ and produ•[ion .40uree'. ,erbrulk mannekrag. m•lerlaal en produksiem,dde k 
I is symbolised by 1 solid line and arrow an Dit word deur 'n Aollede lyn en pyl op die diagram 

the diagram. thus aingedui: 

N Vve....€ AK/1.917/1/ 

1 TN 1 42 ACTUAL ACT,V,-N 

The le,glh 4 11 k of no signif,cance The Die lengle d.,an an dia geen hetekerm: nu. DJr 
direction of ihe arrow can point from left to right, rigling van die py[ kan links na rem, opw,arls of 

upw,4 or downwad bul M from HM |efl urwa:irts weet, m"r nle van regs nu links nw. 



An activity is /dent,fied bv irecifying 21, pre. Ide/fikade vann uk[Iwitei[ word geduen deur 

ding mile//ne numb/ together with ils succeeding die eersgenommerde mylp,in!/ommer iesame mei die 
ilesine number. for example in Figure I activily 

>32 dairopyolgendle mY/pualnominer le noein. byvo•irbel:Id 
is called activity (2.31. in riguur 1 word sktiwileg A alaiwileit (2,31 genoem 

To :implify identification even further the aclivily Om indentlfikame verder te ver/niaklk ward 
. writ:en 

ne:,1 ta the line and arrow which indicates die akliwileil langs die py] wai die aktiwteit hindu, 
the acti,iti. tri Figure 1 the act,Fir, [4,7) repre•ents geskryf, jn figuu, 1 stel :Iktiwitent li,7) vaor...Beplan 
"Plan Control Panel" and is written next 10 (he Kon,rolepaned': en ward lang die py] ge//f •00% 
],ne and arrow as indicated. aanged,]i in Figm I 

A dummy ndivity expends no lime or costs und 'n Skmktiwiteit wipliscer *en tyd of koste nie 
is only urd to relain Ihe logic of the nexwork as en word ,]egs *bruik om die iogik·i vin dje nelwerk 
well * U> eniure [he unique idenification of every e bewaar en om die unleke idenlifilal „n elke 

activity. .ikriwiteit le verseker. 
11 is symbolised by a dash line and arrow on the Dil word dcur 'n suppell,n en pyl op die diagrum 

diagram: aangeickel: 
Al 5//Alleriwl-reiT 

6-2/M-EllaRILY!31 

Between milest)nes 1 and 3 in Figure 2 there Tussen mylpaa] I en 3 in Figilur 2 I. dilar 1/ee 
are (wo aclivilies which run parallel, ihe aclivitie, ak[,wile/te wal F.tralle] ver]/op. die akllwltelie beR]n 
Mu milestone 1 and end at milestone 3 albei by mytpaill 1 en oindig by mylp// 3: 

04:11 · 

... 

m . A 

i _1/1/6/11#./UL 
I.EL//•1£22 

1 lili lilli 

Figun 2. Figure 3. 

Con,.equently the Identification of activity %13) Ge,0!glik 1 identifika„e va,1 die ak,iwitcH 11.33 
is confu•ing. •erwarTend. 

Thih problem can be eliminated hy the u„ / Hierd]/ prableem ward ourbrig /ur die #brulk 
a dummy ailly,ty a.; illustrated in Figure 3 w n skynal:tlwileit soos aange,oun in Figuur 3: 

The activities can now be Idennfied as activitich Die akliwiteite kuln nou ge,denlifi·.eer word as 
(1.4) and (1.31 akliwileita (1.41 en (1,31 

20 Time EMim•les for lah Acti,it, 25 Tydskattings vir elke Aktiwiteit 
I'lme //im,Les [expres# in days. week. or TW #altings (uilgedruk in doe. wek¢ of muand¢), 

months). must be done by an individual who k fulli mnet gem/uk word deur iern/nd w.11 leta ville vertroud 
enversant with le specifi, activity. Three Iime esti. is mel dle bepaailde akt,witeit Daar word drie tyd 
mal. arn made as follow1 skattings Bomaak. naamlbk 

Optimistic TimeSymbol (a) ie. the minimum Optimi/irge Tid- Imboor (a) d w.s die ker,216 
time m which .m uctivily is compl¢lcd. a resul, which moontlike tyd wallrin dic akt,witcit volhooi kan word. 



can only * oblain¢,1 i U// 14 good ' luck·' k ex· ·n rexulmat wai alleenlik verkr• kan word indien 

perienced and everything 'goe. right [h: firit rime uner, goele 10¢shmde werkry word m ,!le. reg kom 

met Jic .* probeersl.ly 
Moil liket, rlime Symbn] lm} I.J. The norm.0 Mees WHarsky,like Ty,1. gmhool (ml d W.h die 

timne in whi,zh .in 'ictivity b, ceimplewd. a resull whJCh normale Ive wl,mn 'n .ikliwilelt pewon/lk volloi,1 

k obtained when [he activity E rcpoted many timi word, 'n resulmat wai verkry word /5 die :ilmwileit 

under •imil r circum•[anies. wrskeie kere onder dieselfrlie £3101:indighede inge- 
¥Der Wd 

P,•immic !·ime--Sqmbo[ {b) 1./. Ih: muu imum Pessimigliese Tyd- wmhaol (b) d w •:. die l.inAme 
time in whuch .in .,c[ivity e; compleced. a resul[ wluch moonlhke ty,1 witant die .ilaiwitell volloon lan word, 
„ 0/ly ob:/ined under The mos[ adverse conditionx n re,ultial wat alleentlk verkry kan word m dle 
id when everything go,=8 wrong" sleg* 10¢slande en w:rnneer alle, verkeer,1 verloop. 

The mean elapsed time -- Symbol (t: ) 2.06 Die Gemiddelde Tid - Simbool I J 

Fri.rn ihe alxm Ientioned time estimales the IL Van bog:noomile tyd*kattings ward t.d w.s 
w. th¢ mun /ap,ed lime ihe duration of .in aciively die *midde]:ie lid wat die wkilwitelt 'Aill duur Ind,en 
will take il' 11 k repe.Lted Nny limeh, 5 .'ppl" dii balc herhaa] sou #ord. be.rken met behulp van 

mated by means of Lhe following equanon. die volgende formule 

10=11+4m-h /0-41+4m-b 

6 6 

Th„ 1. calcukiled %tatix:ical ¢qualion 111¢rd]¢ tormule w ·ri bekende :i it]Eliexe form„le 

If the unie [ask li given to a large number of indion aan 'n Brnot uant:,1 werkers die,elfde luuk 
workers, 80,ne will compleie it within a very xhor[ opgel¢ word, J sommige die tank in n hesondln 
pered and <one over . very long p¢riot. Th¢ large.1 kori en ander h hesonder lank ly,1 volloni Die 
number of worker, will. howewer. complek h whhin groolxte :ranta] wert:er• :il uit /,1 0/er binme n 

a Lir and constan[ period of 'im¢ If a graphic di' redellk¢ kon,>unte tydperk voltoo, Indien 'n gnifile'e 
play is compiled of the numkr of workm *841 ioor,[elling van die ,/ant• werkers [eenoar die i>d 
the time iii which the, completed th wk. and an waarin hulle die laak vohool hel. opgestel word, en 

average curve k drawn. then the :urves as ill,[r„ed 'n gemiddeld¢ kirw: geteken word, kan die kurwe, 
in Figure 4 can be oblained. verkry word soon in r;Quu, 4 wangedui 

44 4/11 
Figure 4. rig= 4 

in Figure 5 itis illustrated how Ihe mean elap.al ], F,guur 5 word .ingetoon hz„ die gemiddelde 
time i. 1,1 Khown on an ac[,vity In a n©Iwork tyd i op 'n i,ktmkit in 'n netwerk aingebring word : 

a 10 U = 10 
m m 
b = 18 b I 8 
1 = 12 te - 12 

La 
tt' 

Figure 5 Fig= 5 

2.07 Earliesl Mpected Con,plelion Tinle 2.07 Vrn•el:.1• Moon{like T,ditip 
Aher le mean clipsed time ,£ of Rry ac•ivily Nad:,I 4 genidde|/ ty<i [, van elke akriwielt 



in the ne,wuk ha, been delermined L| 15 PObbible to in de ne,werk bepa 11 Ji, im £1]1 molitlik orn die 
establish ihe earliest expected completion ume (TE) vmew,Le 1,10„ntlike iydstlp (T, ] te bereken - rop 
on which a milcston¢ can be reached. T, 18 calcu· n mylpail herilk kan word: 1·L word hereken deur 

1/led by Aumming all the t 's in each path of activity al dle I.s op elke akiwitillibatin wat 10* d/ myl 
le/Ing 10 1110 mlieslone Thi greate.t sum 1,1' a/ .ilia 041 1/. bymek.iar te tel Die 8rotilite waurde wird 
is chosen 216 [he 2, of Ihe e„ablished mile,to,le geneem 05 dic 1, -n die berilalde mylpaal 

The Tl i, always showr in [he right hand com Die T wo,d ally,1 in dieresterhock •,an die 
of the Ircle as illustraced- Irk/1.tang/bring. aldus- 

LILI U¥ 
1 7. 

1 
Figure 6 Flauu! 6 

In the fo][ow[•g nelwork it is illusirated how the In die on,lerituaiwle neiwerk woid :iangedui hoe 
v.lues of T, are obtained. die turde. v.in TF. bepaal word 

0 Z G 
0 25 Lil Li_J 

4 

LLI 
Figure 7. Elm 7 

2.08 *Iledld „,Contractual Timm (Ts) 2·UR Ge/ked,1•efrde- 01 kontrakly, 1 10 
The schedi,]ed or coni.Lau.,1 time t, [he ilin¢ 

Die gakolidee,de ut 
2- Luntr.,kiyd 

1% 110 1>d de„r 
termined by le management or eatomer and can die b,!tuur of die 9 verbruiker .8.ing¢ge¢, en {1/ lan 

Worter than 0/ earliN expecterl complel n (Inw koner wee.s us ihe 
1 vregme -7 which moon[Iike t>d un a milistone can he reached /1 /0 1/11 TE 

v·uarop' 
7 mylpa bereik kan word 1ndic„ 8 ¢n 

frecined b, 1114 man·,ment th, contructual [yd deur die bestuur gespc,tillscer word [Be, I, dle 
£„e (1,3 I ihe same as the earlies, expected com- kontrak[>d (rs' dieselftie .ti die vrocgsle moom[,ke 
plulon linle (T,) on which Ihe last mi](stone can tvd (11) wadrup die laage Invlpaal bercik kan word. be reached, ie. Tw = TE d.w 5 T, = TI 
2.09 Latd Alloxable Time (l L) 2.09 LIngste rue•natba,e ryd [ 4 ) Th¢ Imbul T, 1 used for [he kiest allowable Die ·:linhoo! T, word ,;ebruik vir die 
Mme Ii, langste reach d mlk·ene without dela>fig Ike toel.ialbare earn lyd v,r dne ber/king vin n pt/* date of Inylpi.il tlic proJect sonder om 6 voltoni,re>dalum i.in die prajek le 

./rinag 
When a scheduled date (TJ for the laSL Illl]„tene Indien'n ED, geskeduleerde dalum completion date of LT,) be,taan vir the project) of .1 network dic I/0 ex]51€ th¢ T, 

m,tpaut (of die is equal to Ts 
de¢/4/um van die 

w i projek) netwerk dan is T, gelyk aan 
li ,9 compiled V by working in revere trai,1 the [', word bereken deur van:/ die 1/,ive mvlp/al 



1.13.t m e5tone to Jhe firi,1 To emblish the T, for Ie,ug te work na die eersteR. Om die L w die 

a milestone the [ is subiracled from the ensuing 91/1/uu! le bereken word die 1, afsetrck van die 

miles.onc. [f mor th,an one value of TL 19 obtained mylpual wai daurop 4018. Indlen meer as cen waardc 

then [he •malles[ value obtained I taken ax the T ian 
1 T, verkry word. word die klein,le wal,le ge- 

of the cien'. necm as die TL van die geben/en.4 

TL is always shown in the left·hand corner of l'L word allyd in die linkerhoek van die sirkel 

ihe circle as illustrated in Figure 8 aangebring. soos aangctoon in Figour 8 

MI22 Llu W 01 
•--\ 

£ \1 

/ 
Z 

LLI . 

IX -Tg, 
:\ 

1219 Ill " 

Figure A. 

1.10 ·rhe Most Crilical Path 2.10 Die Mees Kiltieke Baan 

Pach 0, 2.5 and 7 in 1·lAure 8 is [he longe·.I na,in 0 2, 5 en 7 in (Figullr 8} is die langste 
path in torms of time. 'rhi• poth ]1. C/ed the mN baan in terme van ty/enhed© 1]Jerdie tuan word 

crilical path. Any change In the time required to genmm die inces krilieke baan. Enied ve[:inderng 
complele an activi[y on [his path wm inighably have in die Id,dullr van '1] akiwile,t pelee in hierdle 

an effect on the completion d.,te This path 15 UNUally ·· baan ral noidwendi, 'n Jnvioed uitoefen op Uie vol. 
shown / red m indica:e the criticl,1 path. tooiingsdatum. Hierdie buan word ?ewnonlik in rool 

angedui om die kririekc baan un le leak] 

The significance of delermining [he crilical paihE Die kriticke baan of ba k helangrik m te 
is to focus the management'+ altention 10 1hose acti. bep:,al Liangesien di• die bc,[uur ,e H.Ind:,0 ve·.tig op 
vities Which areaffecling Ihe comple[Ion d/te / the daardie alaiwiwite wai dle volloolin/datum var di: 

prok, In large complex program, where network projek affekleer. In groot komplkse·programme waar 

programming k not u,ed thee factor m usual]> nic gebruik gemaak word van netwerkprogrammering 
dimcult to i•olale .·ind 4, a res„Ii non-clitical lusks nic. 1 hiardic fallore moellik Iwleerbaar en Revolg 
are emphasked while [he critical tark, are ovirlooked lik word meer aandag aan nie·kritieke take /wy 
As dunges to [he network occur the critical /th may terwy] die krnieke take nie die nodige :,andig kry 
shift from one paih to another. nic. Indien daar verandering·: in dp netwerk aan· 

/bring word mag die kritieke baan verskuff v,n 

=n bm na ·n ander 

2,11 Slick Event 2.11 Staples 
All other paihs (excluding de most critia] path) Alle .inder bane (inees kritieke baan ullge,luit) 

m called xlack palhx. In Flure 8 four shick //hs word genxm 'lap/'ne In Figuur 8 is daar vier hlap. 
exist (0. 1.4. 7) m. 1,5. 7) 10, 2, 6, 7) 10. 3.6. 7). lane. naamlik- 10, 1, 4. 7} (0. 1.5. 7) (0.2. 6. D 
Slaik is mmred in lerm, of ncgativcs. ier„. or 40. 3. 6, 7). Slapte kan *meet word In terme van 

positive slick negalier. nu] en politiew. slaple. 
Positive *lack indicates an ihead /·schedule eun· Posiliewe dapie betcken dat uitvoering poor di: 

dition. Neptive <Imck indicate, a behind *chedule program plaa,vind Negalic've shiple dui /an vertrug 
wn,lilion The slack S. U detern]Ined by sublicling ing in die program· Die blame S• word bereken deur 

I0 



the earnest expe/ed eomple[ion time / a mileston¢ die vrnegste moontlike vottooilig•d von 'n myl 
from the latest allowable compktion [im., paal af le trek van Langi:[© To¢]aa,hare Rd. 

TL - T, = SE TL Te = SE 
For mile,lina [ SE = 3.5 -1 = 23 uni„ Vir mylpaallisS, - 35 - 1 - 2.5 4,0 

Of hme. MiJ/„one 1 iherefore. has a stack of 2.5 eenhede. 
uniLs of time and acrivity 20.1) which is schedul* M>[paa] i hai du, ·n slapte van 2.5 tyde„,liede 
to i,,ke I unit of [[me can take 2.5 units o[ lim: en tuak [0.I) wai gj'keduleer 15 om 1 ly/enheid in 

longer '0 complete w,Ihout affecting the completian beslag k nem lawl 2.5 tydeenhede linger neern om 

dal: af lhe proJect. le volt/01 60/der om die volt//„inD{latum van die 
projek le beinv]Ded 

2.11 Compulile the Probability to reach a Milestone 2.12 Berekening w die Wmilynlikbeid um 'n 
on a Sched.led Date M}lpaal op '11 Bepland, Datum le len·ik 

The greater the difference beiween Pessimisi Hoe groler die verskil *„,1 Pes,jmmiese en 

and Op,imistle limes estimales the less likely it ih Opt-tiehe Lydberamings. hoc groter „ die on=ker· 
that any parlicular value of .n aclivity will be hcld wa[ ian dle witvoering van dle akliwile,t lue- 
achieved. Statisticians use a lerm called •'variance 8.:skryf kan word. Die NIali,lici het '11 term diurroor 
which is circum.Criptive 8/ genoem word...rians". wat omikrywend /. 

If the variance is large. there is great uncertainly indien dle I,arian• groal is. 1 diar groot on,eker- 
abil[ the lime for the completion of an activiti. h¢id omlroni die [>d wai dit qu] Iwem um di, ukti· 

wite,t le vol[•.i. 
n Ehe yariance k small, the einmate will be Indien die varians klein " gal die beraming laam. 

fairlv prwisc go far as the lim: a[ which The aitwit) lik Ikkuradt wees met betrekking lot d]. werklike 
will be completed is concerned tyd wai dit q:,1 neem om die ilk(,wit¢11 te volluol. 

The hymbol for the variance 1 72 and ihe Die 8,mhool vir die varians 1. Crz en die formule 
estiniating equalion IN 02 = fip-p 2 wai :ebruk word, 0-2 - e=-9 2 

16 / 

The symbol T, is used in indicate the con,rae. Die simbool L word gebruik om die kontrak- 
-[ ttme or 8¢heduled [ime of the completion of a tyd of Neskeduleurde [yd van die voltooling van ·n 
project. 01]er,CliviliGin lhe network may be ion- projek aan te dui. Ander aktiwilelle in die nerwerk 
sidered as vcry· imporiani for the allocation of a mag van besondere helang geay word om 11 ¥0110(,1 

comple'ion [late. ingsdalum aan toe te ken 
Consequenlly a T, will b, allocated to th= Aan hierdie strategiese ukliwieite „[ gevolglik 

stra[egie activities n T, t,rgeken wees 

12 would be a Iremendous aid tO Ihe management DN ··al n groot hulp wee:; w die be/Mur mdicn 
if a wa, exists m cal/„: the po,sibirity of re,ching daar 'n m:inier be,/u:in om die warsky/ikheid te 

a in,le//e ona planned date. bepaal of '11 inylpul op n beplande dalum ber/k 
lan ward 

Statistieian 112 the following probability faclor Die Statiilici gebruik die volgende Marskynlik- 
held•fuktor. naamlik 

-Li-_LEL 
ilb nci .I'El"r' '12 

TE) 

Z can be /iher po/live or negarive. Z kan /*Ref of negatief wees, 

By taking the computed value of Z the proha. Deur die berekende ...e Yan Z I gebruik 
hility PR can he determined from Table A#. kun w label A*. die waarskynhkheid PR bepaal 

word. 

The anwrer must. however. be multiplied hy !00 Die antwoord moet egier m:t 100 vermenig- 
to ob" percentage vuldig word am dit in perhentanne worm te kry. 

115 Figure 3 the probabilily factor for milestone li riguur 3 k.m die w,anikvnhkhe#lifakier %11 • 5 cir be compuled as follon mylpia] 5 as volg bepaa] wo,·d: 

L - TF = 85 - 8.5 - 0 4 - 4 - 85 85 - 0 

£ 



i.e. Z in the ahovemenrioned /qu.ition = 0 il.w Y. Z in bostainde farmule = 0 

Froni the t.ible h can he xeen tha #c prob- Van die labe[ kan du, /gen word dal die w.ir. 

abilily to reach ihi·; mile,ione on [im¢ will be 50'1 sk>nlikheid orn hierdie milp ./ 4,11 datum te bereik 

50·, is 

2 1.1 01·lie ls' 01 €,impillers with lie application It 2.13 Get,ruik ian Rekenaars by die Toqussing m 

1.]¢]41 PER1 

•here there are a gw.,1 many .i,tivities to b¢ Waar da:Ir met ·n groo[ a.mt:11 akt,WHeit r.kcning 
1.iken into accuunt il M lai[>Ov.ible to proce. and pehuu moct word. k dit Inmoomli om sonder dle 

mint,un the s me Nimate, and Crical pulh without ii nie v.1 'n ¢I:krroniese reken.,ar die Lydskatting. 
The ser/Ees 01 :in /lecronic compuler 'The ro]2 01 en kriliet/ b.'.in le verwerk en in stand te /u. DIe 

ele,tronic compuler, in PFRT-pragramming is 01 rol w.it :]eklroniese rek:na.* 1, PER 1 -programmc 

wei, signific:ince thot ihere are il.ind rd or librar> ring *ree]. ,& 4.3 groi,1 dat wird- of bibliol/k· 

pro/.Immeh .nlable W 11 programme 31.irvoor 1>:skikb:Lar lS. 

2.14 BANic Requirements for Ihe Preparation of a 214 Bns,Me Vereeite» in ilie Ops,el van 'n PERT· 

/ER·r-network netwerk 

1. A liM of all thi· .ictivitie'. nni neces""ily in L 'n Lys van iiI die ak[[WL[elte mou 0//%121 
quence i' perti•rin·ince muht he prepared: word, rue noodwalle in volgorde van u/. 

'•ering nic: 

2 The diti,bli/menl of a nemork can [hen be 2 DJ: daniste!]ing vim ·n netwerk kim dan vcr. 

simp],(Led bv *w 4 the following quivions £811/klik aoid deur die volgend. irae te 

beaniwoord : 

60 WhA /N be kne before .1 „arl can be U) Wai milet ge,li,en word voordat 'n a.invang 

""de wilh "1, parlicular phab. ? gem,wik word mel elke besondere luse ? 

(b) Wl:,1 can be il,ine *imullancouily k (b} WAI kan 80]ykty,119 gedmi' wor.1 7 

(ci Whi, follow• 1,1 sequence. 'ir now [h , [ha I W,11 r:,[g m „Ago,8, af noudal hierdie 

phase h.l. been Li/ompi,hed whar can he fie berelk lb. w kan verder :cdon word 

done furlher to expedite the prOKCL om die proiek te bevorder r, 

2.15 PER r -Cost 2.8 PERT-Koste 

Ano,ha type of PFRT LS [he PERT cos: pro- 'n Ander lipe ian PER 1 1, dic PFRT-ko,;lepro- 
grnmme in *huch C{rhts fur ever>· 16/ 18 determined gram w:,ul·wi ber:1„1181 ko,le, 1./ elke werk g¢doen 
1 his method makes it /„sible to Nablish th¢ W word. Hierdic met(idc maak du oak moon[lik •m & 

plan lar con™terine co'.ting lime .ind rixk each m be:,te plan 18 be p.,a] wa irm keste. 1> d en die ri>,iko eli 
their relalion,hip / import,in¢e 00]·weeg word volgens hui orde van b.:langrikheid 

2.!6 V.k. of PE111 1.16 *arde van PERT 

Ih.· 1,11,1 Hignili:anl I.,111¢ of dle PERT hyst:m Die belangnkme marde van die PERT-sisieem 

m [ha[ it forces management /t /11 1/vals to p en their 6 dut dil bestuur op alle ¥lukke forscer om hui werk 

%0rk. te beph,i] Nadit 'n PERT-rle,werk oniwikkel i, en 

After a PERT'-network hils heen de'anped and die laa* moontlike datum TL en die vroegste moont. 

ihe latch, allowatile &11 T, and che curlics, possible & dalum T. bereken i, m elke m,[plat. kan dit 

date T„ have ter, calculated for every milestone yebrulk ward :19 'n bas], om kin/rakdatun„ vag te 

n can be used /4 d ba•.is for determining contiaciua 61/. en m die prograr,1 uirgcm ward. kan d]. 

di,tes ,in,1 ah the en uok verwagte 3011001· 
programme progre.sex Hetu,11 werk]Ike iollooing·,clati,ini comp 

letion dale' 4, Wei| 4 ¢X»'14 mmplelion date' ing:alums met die li/: 10©!dbare dalums ver- 

c,in be cornered wilh th. late,1 allowable date• 10 gelyk word 0,1, die sland van die program. de/Iwit 

mrablih [he #aills i.1 the prqrumme, objecive and en mylpaul wn die progruni le bepial. 
milesione. 

ThuM PERT propules a means by which plannin, evolgl versk:/ PER-r 'n metode waarvolgen, 
(through nowork prepar:HM, schedulinp lihrough beplunning (deur die voorberelding van die network), 

PERT (alculation,! and con,ro[ abrough comparing Skedulering (deur PERT herek¢ning© en kontrole 

dates of mile.tone and activities). can be done. (deur dallimq le vergel,k van mylpille en ikth,ke,te), 
*doen k.in word 
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1.17 Benefits frorn Ihe us. el PFRT 2.17 Voordele in die GehruK van PEll 

Exceptlocal benems derived from the use of Besi,nitere voordele in die gebruik van PER 1 
PER 1· are tile following is die v/lgende 

1. h provides rapid and consident communi. 1. DI verskaf 'n ipoedige en :ian houdende kom- 
eauon of information, muniki,81¢ pm inligting 

2. 0 Inlegrates pariculars of progress and/r 2 Dll '.enk,lf volledige gegcuens van die vor 
schedule changes: dering en/of skedl,Jeverandering 

3 It focusses minagement ,[rention on [he crm- 3 Dit fokus be/Hur x aand:,2 op die krilieke 
cal areas (promotes management h> e'caption): dele (irn•ondering,i prins[ep van bestuurl: 

4. It provides complic revised planning <Incu 4 Voor'Jem go,i en go/koop volledge hersiende 
menls quickly and cheaply. beplannindokumente 

From the foregoitl 11 k obvious th.t PERT i, Uil die voorafgaande k dit du, duidelik dal 
an impor// aid ,/ the management and In parlicular PER T 'a behingrike hulpmiditel is vir de be'uur en 

with planning und e¥/u.„ion in die besonder met beplanning en wailrd©hepaling. 

3 PRACTICAL APPLICA lioN 3 PRAKTIESE TOEPASS1NG 

3.01 1/ General 3.01 In die Agemeen 
PERT and jaboe],ted rechniques are already used PERT en aanverwanle [egnieke word reeds op 

on a large scale in the U S.A and the United King 8r// skaa] in die VSA en dze Veren,gdo Kon/. 
dom. In the Republic of S.A. h N alead> used kryk #bruik. In die Repilbliek wurd d reel In 

progressiv¢4 by State and semi-State Ingitutions „ tocnemende mate *bruik deur Sluats- en semi·Stdats- 
well as the privaie xeciar in=[ling, M m did privaIts:ktur. 

302 Application / PFRT in Ihe Municipalily 3.02 Gehruik van PERT m die Uunisipaliteit 
of Roodepoort ian Roodepenri 

The Town C] :rk of Roodepoor[, Mr I S du Die Stadsklerk van Roodepoun. mm, J. S. du 
it. convinced the Council .md Heads 01 Defirt· Toit, hel die Rudd en Hoole van de/nemene oor- 

ents of the benefits in the use of PFRT network 
/92 tuig me, die write verbunde m die #brulk van 

rogramming PER T.netwerk prograi„i],ering. 
The co-ordinalion and contrn] ovei hotging De koordinasie g kinlrole 001 behui,ling·ikem,15 

schemes in which 4:veral depariments of Ihe Couna waar in verskeie departemente w die R.,ad b/rek 
are Involved 14 simplified and provide the Town Clerk, is word vergemaklik en Jewer amn die. Sladskierk LIX 
as manager. wil coninuou, informalion regarding bustuurder aanhoudende inligting oor dle iordering 
the progms. of (he entire proiect. •.i•i dic /!gehele proi¢k. 

3.03 Application in Ihe Electrkity Departmrn, 3.03 Gebr¥ik in die E[oktrisiteitsdepartement 
PERT-network programming „ ide illy suied for PERT. netwerk/rogr.Immerine .+ bes,nder geskik 

the multi.phase [ype of proiwis which are executed vir die mulli-fafige tipe prnietie w:,5 deur clektril 
by electricity underlaking':. Nelwork prognimming i leilsandernemings ul[Kevoer word Veral in die onder- 
invalumble zo the departmental heads of under:.ikin/ neming·. wai hui cie i,kem i, oniwerp. Insialleer en 

which design. :w/ and put into op ratian 111/,1 own In werkIng sle] i, die waarde v.in netwerkprogram. 'chemes. meriny van on,k,/bare w.larde v,r die dcp:,rtemenrs· 
hoof 

The accompl shment of a 88 000/ 1 I 0(JO voit step Dic da.irslelling van '1 118000,1 ID[Jo val, Hpan· 
down stalion musi be planned £ IN [wo yem nin/erlaging-subst.141¢ moel len mln:,1¢ ec 32 mar 
before il is put into servi,r. vaor dle ingebru,kneming daanan beplan rl. D 

I[ embraces est]Inaung m adv/,2. de·.ign 01 behels vooruitsk=ing. Aniwerp un giskikt: /em.i 
suitable scheme and reporl, 10 The Council tar en verslae m die R.ad vir 

{£1) the •cqul€1110, of tuitable premise<. W di: verkryging van iskikt¢ pers¢!c: 
{b) the approval of the schem¢: I bl goedkeuring ..in dite dema. 

I [he apprial / lh¢ application for borrowing [/ /edkeuring van die /an•nek om lenin/- 
powers magle 
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Furrhermore. ir embraci [echnical report. /bou• Verder behels di[ ook regniese ver,lae Dor di 
ah¢ applic,[ion for borrowing power. to Ihe Provin- aansoek om leningsmagle aan die Provindl Ower 
cial Authornie,4 acquisinrn of .ipproval for borrowing hed¢. verkry@ing win goedkeuring van [eningsmagre. 
m,wern. acquiwirion of suitable premises. delermining verkryging van nodige perate. beraling van die roctcs 
routes of cables. compning. distribution and accep- van kabels. op*i. 114¢e en aannam on i¢nder, 
lance of [endc„ whh [aking inlo account the varioux met inagname van die verskillende afleweringsr>d- 
deliver> periods of cablci. iranstormers and Nwitch- perke van kabek [ransforrn iltore en skak:Itul .ort- 

gear, design and erection of Mub,tation building. :n- werp en bou van substasiegcbou. uilvoering van die- 
btallailon / The equlpmenl. iesting .md fin,Illy the installering van die k3erusting. toetswerke en ten ]•astc 

sw],ching on. die fin:/ aankakeling 
OU]le a leur of hige activities can progres·. sinub tteelwai v:in himlic [unkbi• kan gelykty,1,8 wr 

t.,nedy, Ar' can nnly he execula after cerla[n loop, andere kan eers uilgevoer word nadi •ekere 

tasks have b¢cn completed. [ o obl.,in good contro] 1/ke af/hurnde] ih. Om goeie b.:heer en koord,nade 
and co·¤rdinalion nerwork progr/mming i essennial te verkry 16 netwerkprogrammer,ng 'n vereiste 

I is obvioli // a PERT-ne,work ean be altered Dit 14 vansel[Nprekend dit 'n PITR 1' 112,werk mel 

quite a 1/1 during [he cour·.c of lime becuu/of circum- die verloop van d/ t>'dperk heelwat gewy,ig mal 
i.[ancd, beiond control, bul w,[h [h: aid of the PERT word .1 /¥018 vin omst,indighede huile beher, 

network proper attention can always be p„d to the maar mer behulp van die Pr.R'[-nelwerk kan dir 

crkical poll nodige :undag allyd toege.pils word op de krideke 

pad 

Included with this paper k a PER'r-network Ingeslui by hierdie refera/ ts 'n PERT·network 

which has been complled for [he implemenlilion of wat op@emel is vir die daarwillirLB voln 'n tockon-ge 
I future 30mva 88,'tlkV Nrepdmn slation / Kloof- 30-mVa 88/llkV spanning,verlaging,ubst,usie le KIon 

endal. Roodeporr. fendal. Roodepoon. 
ro execule the project Mer a few Year: and for Om dle proJek nor n cianlal iare u• te voer en 

practical und 'conomical reason,i 88-kV c. ibles are om pr.ikaliese en ekonomiee rede·. word 88-kl kill·; 
in•.talled bu[ used 1,1 33.kV for rhr:e zo four years. geinstalleer en teen 33·kV gebruik vir dric [ot vier 

Jaar 

3.04 Per,(innel Prohlem, related tri thu Establiihmen, 3.04 Personeelprohleme hetrolle met dle Ins,elling 
'PERT •an PERT 

An) Inployee i, usually ag.uns, any new mb /nle werknemer g outomalics /kant i¢en cnige 
11,hmen[ and techmques. Thk k common rract,ce as in,we in•elling en tognicke Dil is doodnaluurl k 

it eunnol be expected from a person whi has been **rien 'n mens nie kan verwag d mt 'n pers•n 

doing •pecific lype of work for a period of ien or wilt 'n 'Pe,'ifieke werk"/igting oor tien of vyftien 
fifteen ye,rs to a|| of a sudden accept a new method F dO.n nou ikielik moet in•.11 met 'n nuwe metode 
according lo which he haste perform lu, task rurther w/.irvolgens hy :9 werk moel utvoer nk. AN d.ardic 
more. if ,hal new „¢hnique s 'Ietting completion nt,we tegniek nog ilield:Llums duarstcl, iet. wat hulle 

dates. something whieh they have never had in [he mooit n LI: verlede giliad het nic. dun kan die 

pa,[. Ihen the Departmental head can expect problem, deparlemmihoof probleme verwag 

11 1. Iherefore. nece.mirv for [he head m con· Dits dus nodig vir die hoof om / senior ampie· 
Vince hi' Inior /rgmnel of lhe advantage' which M= te oartulg van die voordcle verkrygh:,a, u it 
m be obialned from PERT. and of utmost import. PERT. en van uiter, belan Q. hy sal cntoesiasme moer 
ance. he must creae en,husiasm with hi, sub·ordinates opwerk by sy underhor,ges Hiern, moel die werker 

Subsequenily Ihe worker muxt & informed th/ the ingelig word dal die daars(elling van dneldati,/9 
implemenlation / comple[ion daze• will no, affect horn me nudel,B be,11/loed Tue .,aniesier, hyse][ duar 
him detrimentally becaur he him/If will he se![ing die datums gaan vastel. 

those datew. 

11 will also be essenti 11 for [he depanmental head Dit 1 ook nor/s.,aklik w die deparlementhoof 
1/ check ile orgn/ing framework of his department orn die organisilloriese opsel ¥:in sy deparement na 

in order !0 improve the communication line By le gaun om die kommunikasietyn te verbeter. Deur 

•reating le. levels th. communicalion will be im- minder vl,kke te skep sal die kommunik•sie verbeter 

proved word. 

Ry implemening PFRT w,[hou[ introducing U Deur die PERT-ne,werk in te voer sonder 
I the personnel and wirhou, explaining their res/n dit aan die purroneel bekend le get en sander 
ab to rhem can create chaos. m hulle hulle verantwoordelikhede te verduidell 

kan chaos skep. 
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3.05 Examples of PER'r network 3,05 Voorheelde van PERT.netwerke 
PFRT Relwork, 1 ake ,]p qi,/e an umounl of Aangesien PERT-ne[werke heelwat papier in be· 

paper and is difficult in bind n with [his report und /4 ne¢m en dit moeilik ingebind word by 1///ie 
for th™ reason PERT Mworks, except for the i,ngle refermat. Al PER 1'·netwerk¢, iici vertoun word by 
example included. will only he presented with the die voorlegging van hier/e ref=at: bellialwe ¥[r die 
tubmission of ihis paper enkele Morbeeld dangeheg 
3.06 Summary 3.06 Samevalting 

PERT is a useful[ plannine and control a,d. PERT 19 'n nuttige bepannings. en bele¢rhulp 
which if used diweetly. can involve hig savin& by middel Wat, indlen d,t oord,elkundig gebrulk word. 
me,b 'f progressive performance I requires tile groot bespar// deur middel van unnige werber 
manager and his helpers to be Lrained in the K Ming kan me/ring. Dit yerg di die besluurder 
thereof und to eo-operate mutually. As in ciher in. en sy helpers in die gebruikmaking d , 1/:in geskoold 
stance, the dan/r lo exaggerate PERT always e,kts. sal was en onderling si,1 5.w,nwerk. Sous mel under 
PERT diagrams may get so complicated that it can dinge k daar die gewlir di PERT oordrvf word, 
only be 1/]ed b) a compuir. When it is kept „1 PERT-Lliagramme mag :,0 Legew,kkeld gemaak word. 
mind thai the ben¢fith der].ed from /e d,agrains, da[ di[ slegs de,]r middel vin n retenoutomiat orge- 
are to compensate for the cost.then thic danger K gtel kan word. Wanneer daar 'n ged'gle gehou word 
eliminated. dat di¢ voord,le wat uit die diug•amme verkr> word. 

met opwig reen die kove, word hlerdie /vaar 
uitgeskakel 
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TABLE A TABEL A 

TABLE OF VALUES OF THE STANDARD TABEL VAN WAARDES V]R DIE HANDAARD 
NORMAL DIS'rRIBUTION FUNCT]ON NORMALE VERSPREIDINGSFUNKSIE 

Z 0 Z 0 Z 0 Z 0 

.0 .5000 3 0013 .0 .50010 3 .0013 

3398 2.9 .0019 .5398 - 2.9 .0019 

2 3793 2.8 0026 2 .5793 2.8 0026 
3 .6179 - 2.7 0035 .3 .6179 - 2.7 .0035 

.4 .6554 - 2.6 .0047 .4 6554 - 2.6 .0047 

.5 .6915 2.5 .0062 .5 .6915 33 .0062 

.6 .7257 -2, .0082 .6 7257 .4 .0082 

.7 .7580 2.3 .0107 .7 .7580 .3 .0107 

.R .7881 - 2.2 .0139 .8 7881 2 0139 

.9 8159 2. I -0179 .9 .8159 1 0179 
1.0 8413 2.0 0228 1.0 .8413 .0 .0228 

.8643 - 1.9 0287 1.1 .8643 9 .0287 
1.2 .8849 1.8 0359 12 .8849 .8 .0359 
1.3 .9032 1.7 0446 1.3 .9032 .7 .0446 
1.4 .9192 - 1.6 0548 14 .9192 .6 .0548 
1.5 .9332 - 1.5 066& 1 .9332 5 .0668 
1.6 9452 -14 .0808 1.6 .9452 -A .0808 
1.7 -9354 1.3 .0968 17 .9554 3 .0968 
1.8 .9641 1.2 1151 1.8 .9641 .2 .1151 

1.9 .9713 .[357 1.9 .9713 -.1 .1357 
2.0 .9772 - 1.0 .[587 20 •9772 -.0 .1587 
2,l .9821 .9 .1841 2/ 9821 .9 .1841 
2.2 .9861 8 .2219 2.2 .9861 .8 .2219 

2.3 9893 .7 .2420 2.3 .9893 .7 .2420 
2.4 9918 2743 24 .9918 .6 .2743 
2.5 .9938 .5 3085 2.5 -9938 .3085 
2.6 -9953 -4 3446 26 .9953 -4 .3446 

2.7 .9965 .3 3821 2.7 .9965 .3 .3821 
28 9914 .2 4207 28 9974 .4207 
2.9 .998[ .1 .4602 29 .9981 1 .4602 

0 .5000 -.0 5000 

-99.7 .9987 

* This is a standard table that can be found in mow • Hierdie is 'n standaard lubel wai verkry kan word 
malhematic• and slatisie, handshooks. in die uorgrote meerderliei,1 van wiskundige en 

Mitieke- handboeke. 
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Let us instruct your jointers how 
to terminate high voltage cables 
using RAYCHEM'S latest advance 
in heat shrinkable termination 

'llir Hairhi·m H.V. .9™fin 1,06 1,2,41 ikieloped an.1 tesle.1 over 5 
>en. wilh thi· ("ral Eleciricity Resear' 1.aboralor, U.k. and N now in 
wide use Ilirmigh./ Funipe hy the Inubir Eleclrical Cildert,kings. 

rhe Raychem H V Swern offen the following muor advan[.ge 

1. Reduction m labour b> up to 60 L 
2 Speed of aper.,tion Tirne fur 111:V termin•non-fram 45 10 75 mnute• 
3 L" sil /quired Ihan by conuinion/, s»tem 
4 Fewer look ,]111 -uely 01 part 11 hi" from 0225 10 .53 
5 +11·le red'lelion in wrillil fiving e'i.· i,f ereclion in outdoor lermination' 
6 

C. s bulk giving mi,re wrace 1,1 h.lndle in confined silu/lion 
7 £ 

uch le# Lhance ,/ aceilcoll,[ dion[,ge 
8. 7 

1 explohion ri,sk 
$ 9. 

ess rEk of darn.[ge b. ,-laddls 

Wl uner (he·,e senice, hi :Ill M,Inicipalitie, and Con(ractors in order to 
ir:in your 'al in ille. 1/le' dele/uplien' iii high ./Itag. ler.inati,ins. 

RAYCHEM 
Sl·Or<FD ANID DIN[ RiBUT[D BY 

Simplex Electric of S.A. 
(PTY.} 1.'111 

8 Hay St., Booysens 241> Roadknight A, enue. 86 .larile Drive 
JA)HANNESHURG DLRHAN PAARDEN KILAND, 

Cape 
Phone 838 5208 Phone 33 8519 Phon© 51 4490 

ANI) I HEIR 111*IR[BUTOW, 'INROil{,HOLT XOLI'll,FRN 4,1-R[CA 

Frirted by En&, L,•ndon Prin[ers (Ity.) Ild , 8 •g>le Streer. East [ or,di,11 


