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ABSTRACT 

The human mind is normally unable to grasp more than five to nine 
aspects relating to the same decision circumstances simultaneously. 
It has been demonstrated that only between four and eight variables 
significantly affect return on engineering projects (at the 90% 
level) irrespective of scale. The most powerful means of isolating 
these significant variables is by computer simulation. This is 
demonstrated through the application of the interactive CASPAR 
programme to a simulated mining project. The significant variables 
are seperated into controllable, influencable and uncontrollable 
categories for decision and control purposes since the nature of 
the speculative risk differs. The managerial treatment of each 
category is discussed. 
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DEX:ISION MANl\GEMENT - PROJECTS SUBJPX:T TO UNCERTAINTY 

Introduction 

SUccess in l::usiness is largely neasured in terms of tha ability to achieve 

returng higher than tiDse available fran Govermt2r1t bonds. In the latter case 

while the returns are limited they are sure. To achieve higher returns it is 

necessary to make decisions that will result, overall, in enhanced advantage. 

One of the difficulties of naking decisions is that the only aspect one r.ay 

change is the future course of events, hc:Jw<!ver narginally. It is tr2 <'bility to 

m:xlify future cirCUIIBtances to wit rur purposes (or to m:rlel rur ~ses to 

the future that transpires) that influences the returns '-'-"'<! achieve. The 

inherent ur:certainties of the future inhibit many c:ecision makers. This 

uncertainty can, however, be systematically awroacheCl to assist with directed 

decision IIDking. · 

capital Projects 

capital projects are investnents in the future. They have little intrinsic 

value. The PrCII:oter is investii'IJ resources in order to achieve financial return 

(and/or sate other value) greater than c:btainable through alternative, available 

choices. The life cycle of the project is rarely less than ten and frequently 

in excess of thirty years. Predictions at the apprcval stage, upon which the 

investnent decision will be based, are usually inprecise. 

One najor difficulty faced by decision makers is that the future is inevitably 

uncertain. Consequently while it is recognised to be beneficial to look to the 

future, the further one looks the less one can see. 

I.Doking to the future and its uncertainties another problem arises. This is the 

vast I'Jllll'ber of variables one seems to need to consider in order to be. reasonably 

satisfied with a decision. 
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It is the relationship between the uncertainty of the future envircnnent and the , 

significaoce of the elenents that make up that uncertainty that this paper seeks 

to address. 

The paper is divided into two sections. The first discusses the theory of 

uncertainty and its treatnent. The secorrl section introduces a simulation m:xiel 

which identifies potential uncertainties and neasures the financial inpact of 

those uncertainties on the project. The paper is broadly based on studies 

undertaken by Paterson [9). 

ill THE TBl'X>RY BEHIND THE TRFATMENT OF UNCERTAINTY 

Duman capabilities in Analysis 

Before considering the treatnent of uncertainty it seems pertinent to consider 

the human limits for processing inforrration. Able as 1o1e are, there are distinct 

limits to the tuman capacity for processing even sinple fixed unidinensional 

data. Miller Ill famd that for a single decision event human capacity is 

limited to about seven factors if the decision is to be rationally considered. 

Contrary to these indicators, lxlwever, llDSt people have seen bar attendants who 

seem capable not only of remenbering a uultitude of orders but able to recall 

the orders sare while later. This aspect was also trentioned by Miller who 

suggested that people adjusted to a particular envirOI'IIn;!nt are able to arrplify 

their aFP<!rent abilities by using stepping stones. An exanple would be the 

RBOOry training model introduced by Rider Haggard in his book •Kim•, the 

~alled Kim's Galle. As humans 1o1e remain limited to about seven discrete 

factors. If the !lUIIi:ler of perceived considerations increases beyond this the 

individual becales less consistent in his responses unless he can sillplify the 

problem. (Relating a new problem to a similar past problem is one method of 

sinplification which can reduce uncertainties but which may or may not pr011e 

appropriate) • 

This very hun>an limitation is an i.nportant restraint to consider as We delve 

into computer simulations which can assist our decision making. 
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Clearly as we IlOVe from static considerations to dynamic situations and, 

consequently, to increased uncertainty resulting from prediction of the nature 

of changes, the human capacity for analysis is even more restricted. 

Significant uncertainties 

When considering the human limitations for processing information it seems 

fortunate that research has shown that the number of significant uncertainties 

that can influence outcome to be about 4 to 8. In particular the severn Tidal 

Power Scheme, which will be nentioned later, exhibited eight. The scheme is a 

£20 000 x 106 project, far larger than the largest of South Africa schemes. 

Barnes [2] in his analysis suggestS that consideration of the eight largest 

uncertainties will usually cover as much as 90% of the total exposure. For most 

work the uncertainties generally fall into the ·technical, logistical, 

fabrication, financial, market and/or political classes - all of which interact 

with tine. Until recently, in South Africa, we have been fortunate in working 

in a stable political and rosiness environnent working with a stable currency. 

What we produced we have been able to sell in a predictable way. This seems· to 

be no longer the case. 

Uncertainty 

To clarify terms it is appropriate to note the differences between risk, 

uncertainty and the perception of uncertainty. Unfortunately, risk is often 

popularly taken as sinply the possibility of adverse results, half of a 

probability curve. But, generally risk and uncertainty include the inability to 

predict with precision the outcome of a decision or a series of events. 

The results could be better or worse than expected. The difference between the 

two is taken to be that p1re risk outcomes will fall within a defined 

probability curve generated from extensive occurence histories. On the other 

hand uncertainty describes situations where the probability curve can't be 

defined other than subjectively. There is really no clear dividing line. But 

in either case the outcome is likely to be different to the central value most 

often used for deterministic calculation. Two aspects are important. 
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The "average" (mean, mode or median> and the range. 

The perception of uncertainty does not depend on actual uncertainty as such. 

t-Dst people are wary about tackling a task not undertaken before, however 

COI!plete the instructions or exact the outc:orn:. We are wary of the new, the 

unknown. Unwillingness to use canputers is a simple exarrple. The perception of 

uncertainty relates to individual inability to predict an outc:orn: with 

confidence. Individuals differ in their willingness to accept uncertainty, to 

accept the inevitable surprises that result. Whilst most people are uncertainty 

averse sare are more than others. This is even more pronounced when the chance 

of a loss occurs. We simply do not take an unbiasei stance in decision rraking. 

This led to the developrent of team decision rraking. However, fran a utility 

point of view the results have not been manifestly different [3]. We have 

difficulty dealing with unpredictability. We abhor the possibility of singe 

decision failure even if CWIUlative decisions .IIUlst yield advantage. We like to 

be able to predict with confidence. Most management decision models are based 

on the premis of predictability, SOlie to a greater extent than others. For 

instance, the decision tree approach depends on the decision rrakers ability to 

predict multiple possible outcanes of distinct decision in a precise way. 

Uncertainty is, however, a reality in decision rraking. So far both human 

limitations in analysis and the limitei number of uncertainties that need be 

considered have been raised. Normally only between four and seven or eight 

aspects need be considered to absorb the bulk of significance.· It is also all 

we can cope· with. 

Treatment of uncertainty 

Of these four to eight uncertainties sare will be controllable, i.e., within the 

domain of direct control of the decision rraker or his organisation; sane (such 

as inflation and exchange rates) will be uncontrollable; others will be subject 

to influence. through agreement. 
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Treatroont of each group will differ. Where elements are subject to control more 

precise decisions can be made; the influencable category generally requires 

catpranise (the bargaining enviro11IlEnt where agreement is achieved in a win-win 

situation (lll. ll::lcal trade unions, businesses and, sometirres, politicians fall 

into the latter category. Where no control is possible one either transfers the 

uncertainty or allows sorre contingency outlet. In the latter case the decision 

is generally difficult to reverse. 

Decision makers, normally, respond to four considerations : ability to control 

or influence, ability to pay for the consequences, ability to foresee and the 

likelihood of oocurance. 

There is always a cost to uncertainty. That cost is normally rea ted to the 

speculative risk of an investroont. Given that there is no overriding 

circumstances or set of circumstances which preclude investroont, (however 

attractive the project may otherwise bel the rational decision maker tries to 

minimise the perceived cost of uncertainty - as distinct fran replace all 

uncertainties with certainties. 

uncertainty with a certainty. 

Insurance is an example of replacing an 

Mason [4] cites four basic rrethods of speculative risk treatrrent. These are 

risk avoidance, risk abaterrent (reduction>, risk retention and risk transfer (or 

some canbination of these). The plrpose is to minimise cost. Clearly it hardly 

makes sense, for instance, to transfer a risk where the cost of transfer is 

greater than the value ascribed to the risk itself. Consequently, contingency 

allowances often make sense. Movements in this direction are evident in South 

Africa today as short term insurers escalate premiums. 

Identification of uncertainties 

So far the assumption has been made that the major uncertainties have been 

identified. It has also been assurred that the interdependence between 

uncertainties is known. 
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The next section sets out to explore a particular CCillp\lter sinulation rocldel 

which helps decision makers identify the reality of the whole situation. 

(B) THE CCMPIJTER SIMULATION MODEL 

The rocldel used in this analysis was developed by University of Manchester 

Institute of Science and Technology (UMISTJ [8]. The simulated case study is 

based on a similar analysis by UMIST. The computer rocldel itself is available in 

South Mrica. 

The CASPAR model 

CASPAR, an acronym for Conputer Aided Simulation for Project Appraisal and 

Review, is a project appraisal and managenent tool designed to rocldel the 

interaction of time, resources, cost and revenue throughout the life cycle of a 

project. CASPAR has the capacity to evaluate the consequences of delay, 

escalation, and changes to the production rate or to the market which occur at 

any time during the development or operation. It can assist with the 

identification and analysis of the financial and construction risks associated 

with engineering, operation and managenent of the project. 

The CASPAR prograrrme was originally developed by Th001pson and Whitman [5] at the 

University of Manchester Institute of Science and Technology. CASPAR is 

essentially a Monte carlo simulation overlaid onto a precedence network. Since 

1974 it has undergone considerable improvments. In 1985 the programre was 

restructed to suit IBM PC usage. CASPAR's main use has been for appraisal 

studies and cost benefit analysis. These include the Severn Tidal Power Schene, 

[ 6] • It has also been used for the COOlpilation of detailed operational cost 

estimates for high risk overseas construction contracts and, in a rocldified form, 

was used to explore the depletion policy for the North Sea oil fields. 
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The sensitivity analysis fran the Severn Tidal Power scheme is shown to 

illustrate that even for large scale projects the approach is not to achieve 

oore information but to isolate those aspects which are pertinent. The use of 

the nodel for appraisal and risk analysis is developed, below, for a simulated 

mining venture. 

The CASPAR sensitivity analysis of the Severn Tidal Project <shown as Figure 7) 

shows clearly the inpact of delay. The X axis shows NP\1 while the Y shows 

percentage changes to chosen variables. As can be seen fran the figure, 

variable ( ll , ( 2 l and ( 3 l relate to the cost of the turbines, the (tine taken 

in) installation of the turbines and delay in construction respectively. The 

degree of departure fran the vertical shows the sensititity to change. Tine is 

oore important, in this case, than cost. Many studies at the University of 

Manchester Institute of Science and Technology have shown tine to be an element 

frequently overlooked. In the Central Electricity Generating Board's (CEX>Bl 

case it was no different. For instance, the cost of turbines was regarded as 

the highest priority by CEX>B engineers. But the speed of availability for use 

was shown to be of greater significance. (For canpleteness it should be noted 

that the next step, after canpiling the sensitivity "spider diagram" would be to 

overlay probability assessrrents to show the perceived liklihood of a particular 

varience. The cambination enables one to assess the speculative exposure. This 

is illustrated in Figure 8, taken fran another study.) 

This presentation of sensitivity data gives a visual plot of the percentage 

change of a variable from expected against the effect on net present value (NPV) 

- or the internal rate of return (IRR), if preferred. 

CASPAR was developed to facilitate the appraisal of any project involving 

engineering construction and to provide a tool by which the project can be 

continuously reappraised and the risk controlled. 'What if' questions relating 

to a change in any tine, cost, or production factor at any stage of project 

developrent can be addressed. This enables the evaluation of alternative 

caJ.rses of action. The evaluation is quantified in terms of change in return on 

investrrent (in either NPV or IRR terms) and on the associated spectrum of risk. 
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CASPAR is, thus, designed to siliUlate the realistic interaction of tine and 

m:mey. 

Compilation of the model 

The model is normally developed in four stages:-

1. The initial (definitive) model is constructed fran a precedence network of 

inter-related activities to which costs and revenues can be attached in several 

ways. This basic model will give a single figure estimate of the ootccme of the 

project based on deterministic estimates. It represents the envisaged pattern 

of developnent and operation of the project within the constraints set by the 

Praroter. The model will normally canprise only a small nwnber of activities, 

normally less than t"Wenty. The resulting cash flows are alm:lst entirely 

dependent· on the correct definition of costs and revenues as fixed, quantity 

proportional, or tine related. Costs may be directly associated with a single 

activity or defined as indirect costS spanning a group of activities and 

represented by a harnrock (2). The engineering and operational phases of the 

project are modelled separately. 

2. The identification and investigation of major uncertainties. The cost 

implications of risks and uncertainties can be determined by performing 

sensitivity and probabilistic risk analyses. The relative effect of delays, 

changes in costs, revenues and resourCe efficiencies can be denonstrated. 

Initially a sensitivity analysis is performed by changing the value of 

individual independent variables which canprise the basic model. This predicts 

the effect of a single change in the overall viability of the project. 

3. At this stage it is advisable to review- the constraints irrposed on the 

project and the pattern of development proposed in the light of the sensitivity 

analysis. It will be essential to consider how the overall level of uncertainty 

can be reduced. Frequently the definitive model will be revised. 
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4. A probabilistic risk analysis is performed using th::= revise3 ddinlti,;~ 

mdel. In the probabilistic risk analysis different values of the variables are 

ccnbinad .in a Monte carlo sillulation to yield a likely return rmige. 

'ftle greatest value of sp2Cillative risk analysis in the early stages of a project 

is m establish ccnfidence limits for the financial predictions and to indicate 

the adequacy of contirx]encies included in the sanction estimate. Both 

sensitivity and prcbat.ilistic risk analysis have m inportant function related 

to project ll!!lnagE!IIEJlt as the sinulations quanti.."y the cor.sequenct:S of any action 

or inaction. 

It is inp>r.tant to recognise that after camnitment to a particular c::ours:e of 

action the uncertainties that can be managEd ~ be managed. This often 8ee'tO 

forgotten. Extensive feasiblity studies give ""Y to a concentration oo the 

present. en the other hand since they cannot be lll!lllaged, contingencies related 

to UllOOI'ltrollable uncertainties need only be monitored. 

BnJM"oia minii!l developmmt - a silm:l&ted minim; project 

The hypothetical Branbia venture is aimad at exploiting a Randite deposit 

located in the Province of Branbia. It is situated at rn altitude of lSOOm, 

600Jcm fran the port of Rio-Natalia. The clinate is sub-tropical with heavy 

rains during the !RliiiOer ~ronths. 

The Randite deposit with payable "rax" levels was discovered as a result of 

geological studies done in teri!B of a licence granted by the Branbia Go11er11111mt. 

The terms of this licence form the basis of the partnership agreenent between 

the corporation and the Gtwer11111mt of Brambia and DBY be sunrnarised es follo.'S: 

The Govermlent of Brambia will IIBke available 102000 per month during tm 

constructioo phase. However, the GoiTernment will receive a royalty of KSOO per. 

ton of Randite sold regardless of grade. 
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The Randite deposit ocrurs in two layers and the grade of Randite is defined by 

the percentage of ccxrrnercially extractable rax per ton. 'nle upper layer 

contains lower percentages of extractable rax. This is reflected in the costs. 

Market prices for Randite over the last five years have, when adjusted for 

inflation, varied with grade. This study is based on an average price of K2000 

per ton for 3 per cent rax. 

It is planned to ship 2000 tons of ore each 11011th fran the upper layer to the 

treatnent plant in the first two years and 2800 tons per II'Dilth thereafter fran 

the lower layer. Mine life is asswred to be 13 years. 

Initial plant design ani settings will be such as to produce a recovery of 800 

tons of Randite each 110nth fran the ore delivered to the plant in the first two 

years. 

In CASPAR, rather than stit:Ulating a period cost to an activity or harmock, it 

is possible to give a quantity of resource used ani the cost per unit of 

resource. 

The quantity of resource used by an activity can increase or decrease over time, 

and a limit can be specified. It is also possible to alla.~ the unit cost of 

resource used by both activities and hanmx:ks to increase or decrease CNer time. 

The activity duration and the resource growth/decline limits are inter-related. 

The duration of an activity will be the number of time periods required for the 

resource usage to grow or decline fran the initial level to the limit. This is 

illustrated by the second stage of the venture. The second stage envisages the 

construction of an extension to the plant. 

The extension to the plant will inprove the recovery rate to 1120 tons of 

Randite each 110nth. It is esti.Irated that this rate will gra.~ by 6 per cent each 

year, until the naxirrum possible recovery rate of 1800 tons per 110nth is 

achieved. 
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Calculation of the precedence net11'Drk 

The tiDe relationship between activities can be expressed in a precedence 

diagram (Fig. 1). 

The neblork can be calculated by either early m: late start dates. The Branbia 

venture is terminated by a project finish date, thus allcJid.I'J3 only 13 years for 

operation. The network will always stop calcUlations at this point. 

Costs and revenues may be associated with any activity or resource harmtx:lt and 

can be defined in several ways to give any desired pattern of cash flow. cash 

flow in or cut may be divided into filled, time related and quantity proportional 

costs or revenues. Llmp sum noneys may be spread or applied at any discrete 

tiDe. 

Flexibility in the allocation of costs and revenues is allowed by permitting a 

series of dates at which the resource data can change. Mvanced or delayed 

paynent oo any cost centre can also be specified. 

Discounting, escalation, and deflation 

The values calcUlated can be either in noney of the day terms or real terms. 

Different escalatioo rates can be allocated to each cost centre and, to reflect 

likely differences in the rates, can also be altered in tiDe. Discruntii'J3 is 

cq:plied to either set of. results separately. This is the technique used to 

adjust the cash fl.mls to present daY values. 

The discount factor is generally a constant value, but the program does permit 

chai'J3e to this value over tine. The Brani:lia venture uses a rate of 10 per cent 

to discount the cash flOWB to the start of the project. 
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The escalation/inflation data will give the final result in m:mey of the day 

tenns. Perry and Thcrnpson [7], l'lc:lwever, consider that investment decisions 

should be based priwarily on the real (non-escalated) cash flaws. To obtain 

real values the final values need deflating back to present values. 

Costs and revenues associated with a project may be spread over several years. 

Delays may -well have an inportant effect on its viability. So it is inportant 

to use =iteria of profitability which take timing into account. CASPAR uses 

discounted cash flow techniques to assess the profitability of a project. 

~lication of the CASPAR model to the Brambia venture 

(1) Stage 1 calculates the nost probable outcare of the Brarrbia venture. This 

yields: 

- a payback period of nearly seven and a half years CFig. 2) 

- a net present value CNPVl of approximately K38.3 million at 

10% discoont rate 

- an internal rate of return (!RR l of 24. 29% 

This return will only be achieved if all predictions over the entire life of the 

project are precisely fulfilled. 1\s this is unlikely, the inplications of 

change in any of the factors likely to produce a significant effect on return 

must be analysed by performing risk analysis. 

(2) Stage 2,the risk analysis, considers the likely variations affecting the 

Brarrbia venture. These include: 
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Table 1 

Variable Descriptions and Ran.ges for Risk Analyses 

Change fran basic value 

lDwer Upper 

Variable (%) (%) 

1 Recovery of Rax -30 20 

2 selling Price -30 60 

3 Design Period - 5 50 

4 Construction Period - 5 50 

5 GrcMth Rate -so 50 

6 Project Life -20 20 

7 ore Delivered to plant -20 20 

CASPAR allows the user to define a !l1.III'IJer of variables <which nay themselves be 

risks e.g., delayf or factors affecting the project e.g., efficiency of 

production) and permits the alteration of these variables over a percentage 

raBJe chaBje. These variables, are themselves defined in terns of the various 

elE!IIE!llts of the original deterministic data. Any percentage change in a 

particular variable affects all activities dependendent on the variable to the 

sane extent. 

(3) For Stage 3, the sensitivity analysis, CASPAR takes each chosen variable in 

turn and alters the variable over the defined range in a given nlllliler of steps. 

For each change new financial pa.raneters are calculated. A range of rutcares is 

produced. Figure 3 s~ the spider diagram. The IIDSt sensitive factor in this 

project is the selling price of the rax. A 10 per cent increase in the selling 

price, fran KlSOO to Kl650 <allowiBJ for Goverrnnent royalty), gives rise to an 

increase in NP\7 of nearly Kl3 million or 30 per cent. Ti.l!ely catpletion of the 

construction phase is also irrportant. The value of this spider diagram is that 

it focuses attention on the IIDre sensitive factors and thereby encourages 

managE!IIE!llt to consider ways of reduciBJ the uncertainties that can be reduced. 
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(4J Stage 4 is the probabilistic risk analysis. It is likely that sate 

catbination of chanJes to the variables considered individually duriRJ the 

sensitivity analysis will occur. To assess the i.nplications of different 

statistical distributions and the combination of the variables CASPAR performs a 

full probabilistic risk analysis. 

The technique behind the probabilistic risk analysis is that of !obnte Carlo 

sanpliRJ. The accuracy of the final distribution will depend on the nurriler of 

variables considered and the llllllber of iterations performed. 

A triangular probability distribution has been assumed for each variable over 

the range of variation shown in Table l. The three points of the triangular 

ditribution represent the realistic optimistic, the expected (as used in the 

first phase of the sinulationl and the pessimistic forecasts. The range 

specified for each variable indicates the degree of uncertainty about the 

original predictions felt by the Prcuoter. In this case he feels that overrun 

on both design and construction is ouch rrore likely than early carpletion, 

whereas the project life is seen as being uncertain b.It with ~ likelihood of 

being shortened or lenJthened. 

The results of 1000 iterations are shown, using IRR as the criterion, in Figures 

4 and 5. Figure 4 shows an alrrost equal likelihood of achieving any value for 

IRR between 15 and 28 per cent. The rrean value of 23.71 per cent should replace 

the original prediction of 24.29 per cent as the rrost likely value. Figure 5 

presents the information in the form of a cunulative frequency curve, "the 

likelihood of achieving a particular value of IRR. For ~le, there is a 5 

per cent likelihood that it will be less than 19 per cent, and a 60 per. cent 

likelihood that it will not exceed 25 per cent. 

CASPAR provides further rutput which ccmbines elerrents of both risk techniques. 

The probability distribution defined for the probabilistic risk analysis is 

applied to each variable in turn. This is plotted against the range of outcanes 

as given by the sensitivity analysis. The resulting cunulative probability 

diagram gives an indication of the probability of achieving varirus values of 

the economic pararreters. for each variable CFig.6l. 

http://orion.journals.ac.za/



liS 

Correlation 

CASPAR includes a subra1tine which ~lows correlation. One variable nay Pe 

directly affected by another; de!aY in design nay aff~ delay in construction 

for exanpl.e. To sinulate real situations more closely, there is a need to link 

the randanness of certain variables: to allow a degree of correlation. At its 

extremes, correlation is easy to visualise and define. If one variable is 

totally independent a'i. ;:mother it has no correlation. If it is fully dependent 

it has cxmplete correlation. '1'he concept of partial correlation is, however, 

less easy to define. .As a result, partial correlatioo factors are nornal.ly 

anitted frcm most IIIX1els. 1\ctivities are regarded either as totally independent 

or as oatpletely dependent. 

Conclusion 

The need for decision makiD;J is always with us. Calp.lter sinu;tation has 

distinct advantages in assistiD3 cur ability to understand. This paper set out 

to illustrate the limit.eCl oapac:ity of the h.man mind in the accarodation of the 

recognised needs of decision makiD;J and the extent to which the · power of 

cmp1ter sinulation can be used tp asist decisions. The CASPAR m:Xl.el was 

discussed. Fortunately the limits of hunan capacity are suited to the rulk of 

decision needs even for very large investments. But there is a need to isolate 

that infonnai;.iQil that is pert~nen~_, is _sufficiently accurate and is tinely 

relative to the needs of Qecision nakiD;J. Thi§! also isolates where attention 

should be paid in the later nanagerent. The disadvantages o~ infonnation 

cwerload far outweighs its advantages. Hc:rwever, \ole need to accept a degree of 

uncertainty in infqnnation just as we need to accept uncertainty in predictiD;J 

the future we wish to modify to cur advantage. Detailed deterministic m:Xl.els 

may give siD;Jle value an!;Wer!! rut ):he ~ are only as yaluable as the inpJt 

is accurate. A probable range makes more sense in strategic decision making. 
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Ill CCI!t)ranise and the "win-win" solution. Rationally, 

agreement will only be achieved if it appears to yield 

a 110re attractive altenative to no agreement. The 

CCI!t)ranise results in net advantage, the win situation. 

There is no sense of optimisation in the use of the word 

"win", merely the achievement of the best possible 

solution under all the prevailing circ:umi!tances. 

(2) A halllnock is a resource levellir¥J device which represents 

the use of a ccmron resource between a number of activities. 

The ccmron resource, such as a design office or project 

management team, is allocated to an indirect cost centre. 
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