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FORMALISED COST AND SCHEDULE CONTROL

The technique of cost and schedule performance measurement – also known as earned value costing or C-spec application has been in existence for almost a quarter of a century, yet little use seems to be made of it in the industry and many project Managers are still ignorant of the method and its true worth. That situation is about to change due to two independent factors: first, competitive and economic pressure will force more companies to look closely at the value they are obtaining from every element of the workforce, including the project staff and the work they are doing; and secondly, the arrival of software that will ease its introduction and application. At the heart of the technique lies a simple principle known to all managers, that of accountability for achievement. Historically many managers and section heads have hidden behind the inefficiencies of the cost reporting systems in their own companies to the detriment of the overall profitability of their firms. This may be a very human reason, particularly where innovative projects are concerned, but the long-term effects can only weaken their position.

The origins of cost-performance measurement lay in the realization at the time that the PERT system was invented that if cost rates can be added to the hours and durations that are attached to project activities, a powerful system will exist for predicting and ultimately, controlling the costs of projects. The US Department of Defense (DoD), as the largest instigator of projects involving the highest technical risks, saw the immediate application of the idea and sought to impose the system on its major contractors under the title PERT/Cost. The application was, however, very heavy-handed as it specified the total costing system that was to be used throughout the project. The result was a complete rejection by an industry that had already made large investments in its accounting systems and was not about to change to a new and untried method.

However, the problems of cost control and cost prediction came to a head with a number of aircraft development projects that ran into massive cost over-runs that seemed not to have been foreseen. Determined that this would not happen again, and taking note of the failure of PERT/Cost, the DoD issued in 1967 a new Directive that specified only the reporting criteria that contractors would have to comply with and leaving the choice of system open to each individually. Central to the system would be the objective of complete visibility of cost and achievement throughout the life of the project.

Such an apparently powerful technique must have an obvious appeal, yet it has not found great acceptance outside of defence circles. A number of reasons can be identified for this situation:

· As set out, the technique is a set of reporting criteria and a project methodology. Unlike PERT, it is not a product that can be easily marketed in its own right; the marketing drive of the major software vendors has not, until recently been behind it.

· The technique involves the integration of both the planning and the costing of the project; traditionally these have been the domains of separate departments within the project structure. Without a suitable method of integrating both the costs and the plan it is difficult to use and expensive in terms of clerical effort.

· As it places emphasis on the measurement of achievement, resistance to the method may have been encountered from those who may feel most exposed by it.

· There seems to be a general lack of awareness of the method outside of defence industry circles. 

With the recent arrival of software specifically designed to integrate both the planning and costing, and provide cost—performance reports, one of the major obstacles has been removed and an upsurge of interest is to be expected.

Terms and methodology

At the outset, a fundamental point was recognized, that simply measuring cost differences or variances, between expenditure and plan would not be sufficient to define the true position of a project. Cost variances come about because activities are done either earlier or later than planned or because they cost either more or less than was originally estimated. If an accurate picture of progress is to emerge, any variance would have to be subdivided into that element which is due to things being done at a different time and that which is due to things being done for a different cost. Furthermore, once this fundamental split has been made, it is not difficult to gauge the real value of what has been achieved and from there make a projection of the likely outcome of the project in terms of both time and cost.

The cost-performance measurement terminology that has come to be accepted is based on the US DoD Cost/Schedule Control Systems Criteria. It defines the difference between the cost of a task, as set out in the budget, and the actual cost incurred, by subdividing the difference into that part due to variations in price for the work done (i.e. the ‘cost variance’), and that part due to work being done at a different time from that scheduled (i.e. the 'schedule variance'). Three distinct measurements of cost have to be made at each reporting point and are given the following titles:

BCWS - Basic or Budgeted Cost of Work Scheduled. This is the sum of all the, costs in the project, or any given part of the project, up to the reporting date.

BCWP - Basic or Budgeted Cost of Work Performed. This is the cost of all the progress achieved in the project, or part of the project, up to the reporting date and expressed in terms of the costs originally set out in the initial estimate; it is also termed the 'earned value' as it represents what has been earned, not simply what has been spent.

ACWP - Actual Cost of Work Performed. This is the total of all expenditure on the project, or part of the project, up to the reporting date.

The relationship between the BCWS, BCWP, ACWP, cost variance and schedule-variance is illustrated in Figure 1, which shows a project at the mid-point of its life and in which there has been a significant deviation between the budget and the costs incurred. It will be seen that the actual cost is below the budgeted spend, while the earned value, the BCWP, is below the actual spend. In this case, it can be assumed that the project is likely to finish late because of the adverse schedule variance and be overspent because of the adverse cost variance.

Two useful index numbers can be calculated that give an instant measure of performance: the Cost Performance Index (CPI), and the Schedule Performance Index (SPI). They are defined as:
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Index values greater than 1 indicate performance either in cost or schedule terms that are better than planned. Values lower than 1 indicates a worse position. The CPI is, perhaps, the more useful of the Two: it shows the real worth that is being created by the project, thus a CPI value of 0.85 indicates that for every pound spent, only 85p worth of value is being created on the basis of the original budget. The behavior of these two indices can be plotted as the project proceeds and they give a good indication of the real progress and what the future may hold. Figure 2 shows a typical situation in terms of the ACWP, BCWP and BCWS, the indices have been derived and are plotted. Using the indices gives a clearer view of the position than reading the relative ACWP, BCWP and BCWS values. Figure 3 shows the behavior of the CPI and SPI under various conditions.
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Figure 1: BCWS, BCWP and ACWP relationships.
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	MONTH
	ACWP
	BCWP
	BCWS
	CPI
	SPI

	1
	.75
	.75
	.75
	1
	1

	2
	1.6
	1.4
	1.6
	.875
	.875

	3
	2.8
	2.4
	2.7
	.857
	.888

	4
	4.7
	4.3
	5.1
	.914
	.843

	5
	7.4
	6.6
	7.8
	.892
	.846

	6
	10.1
	8.9
	10.9
	.881
	.816

	7
	12.8
	11.1
	13.6
	.867
	.816

	8
	14.4
	12.7
	15.4
	.882
	.825

	9
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Figure 2: Relationship between BCWS, BCWP, ACWP and the cost and schedule performance indices
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Figure 3: Alternative positions indicated buy the movement of the CPI and SPI

The two index numbers can also be used to generate an estimate of the position of the project at completion, in terms of cost and schedule, based on the situation when the indices were calculated and assuming the indicated trends continue. For the cost at completion, the formula is made up of two parts: the cost already expended plus the estimate of future cost:
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Where: 
EAC
is the Estimate at Completion




BAC 
is the Basic or Budgeted Cost at Completion


This expression can be reduced:

To simplify the working, let 
ACWP 
= A;  BAC= B;  BCWP= P 
& 
CPI
= C

Now:
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But
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Looking back at expression (1):
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Bringing to a common denominator:
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And from expression (2):
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For the estimated time to completion, the formula is:
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where:

ETC is the Estimated Time at Completion



ATE is the Actual Time Expended



OD is the Original Duration

Again, the expression is made up of two parts, ATE being the Actual Time Elapsed and the additional part being an estimate of future time based on the current SPI.

Let
ATE= T; 
OD= D;
SPI= S;
BCWS
= W

Now
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Looking back at the expression (5) and bringing to a common denominator:
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Difficulties with the predictive formulae

Despite the straightforward nature of the predictive formulae, they can lead to difficulties under some circumstances. In some cases, the simplified formulae (3) and (7) are quoted without reference to the original, more fundamental, expressions from which they derive. Whereas the algebra may indicate that this is acceptable, it has a hidden pitfall that particularly affects the calculation of the ETC. Expression (7) states that dividing the OD by the SPI is the correct way to calculate the estimated time to completion, the algebra seems to indicate it but that conclusion would be misleading. This may not appear obvious, given the working shown above, but the explanation lies partly in both a quirk of algebra and in the nature of what is being done. In essence, cost and time cannot be treated in the same way; when no work is done, costs stand still but that is not true of time, that goes on whatever the work situation may be. Furthermore, the cost that a project incurs is the sum of all the costs in the project, that is not true of time because the time that a project takes is governed by the time taken by just a few activities - i.e. the critical ones. Because of the additive nature of the costs and the fact that the CPI is calculated from the cumulative costs, the EAC expression holds good in its reduced form.

If we look at the SPI calculated from BCWP/BCWS, we find that it has some rather unusual properties because it is using cost as the analogue of time, which is not strictly true; it works well until the original planned duration is exceeded after which it changes its character. The schedule aspect of Cost/Schedule Control Systems Criteria always has been a problem and there was a debate in the early days as to whether or not the term 'schedule' should even be included in the title.

The problem is best illustrated with a worked example of a project with two major activities, with costs and times as shown in Table 5.

Example of the possible error in calculating the estimated time to completion (ETC)

	
	PERIOD

	
	1
	2
	3
	4
	5

	The plan (BCWS)

Planned Cost Cumulative

Activity A

Activity B
	1000


	2000

1000
	2000
	
	

	Cumulative Total (W)


	1000
	3000
	4000
	
	

	The Actual Costs Incurred (ACWP)

	Activity A  

Activity B
	1000
	2000

1000
	2000
	3000
	4000

	Cumulative Total (A) 


	1000
	3000
	4000
	5000
	6000

	The Earned Value (BCWP) 

Activity A 

Activity B
	1000
	2000

500
	1000
	1500
	2000

	Cumulative total (P) 


	1000
	2500
	3000
	3500
	4000

	Performance Indices 

CPI (C = P/A) 

SPI (S = P/W)

 
	1.0

1.0
	0.833

0.833
	0.75 

0.75
	0.70 0.875
	0.667 1.000

	Estimates at Completion 

EAC (B/C) 

ETC (D/S) 
	4000

3.0
	4802

3.6


	5333

4.0
	5714

3.4
	6000

3.0


Although the EAC shows a steadily increasing prediction in line with tlie actual costs, there is clearly a problem with calculating the ETC using the simplified formula as the predicted duration starts to diminish after the planned duration (three periods) has been exceeded. Furthermore, there is an apparent improvement in the SPI from 0.75 at period 3 to 0.875 at period 4, even though there is no actual improvement in the rate of schedule progress on activity B, which is the only activity current between 3 and 4. The same applies between periods 4 and 5. This anomaly stems directly from using cost relationships to determine progress through time; in fact, once the planned duration of any activity or project has been exceeded, the SPI becomes a measure of percentage completion, not schedule progress.

That does not fully explain the reason for the diminishing value for the ETC, and to find it one has to look back at the original expression (4). The problem stems from the fact that the algebra says nothing about the relative values of the terms in the expression. Once the duration (D) is exceeded, the whole expression (D - (T x S))/S in expression (5) will eventually become a negative value; this is obviously a nonsense as it has the effect of subtracting a sum from the elapsed time and time never goes backwards!

However it can be corrected if it is noted that:
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This can be used for all cases where the planned duration is not exceeded - i.e. T < D. Once the originally estimated duration D is exceeded, T > D. the formula is changed to:
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…………(8)
i.e. the elapsed time is substituted for the original duration. This can be simplified to:
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If this change is made and we look at the situation at period 4, we now get an ETC of 4 / 0.875 = 4.57 periods; an improvement on the original and obviously incorrect prediction of 3.4 periods. However, the result could be further improved if the calculation is based solely on the performance of the activity, or activities, that actually govern the schedule progress of the project. In this case, the reduced form cannot be used and file expression should be modified to:
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For T1 < D1 or D1 = T1. For T1 > D1, D1, T1, S1 are the values relevant to the critical activity.

In this example, activity B is clearly critical to progress so it may be decided to generate the ETC at, say, period 3, using the factors that come from activity B alone. In this case, it will be necessary to calculate the SPI for activity B at period 3 and it is 1000 / 2000 = 0.5. Substituting in expression (8):
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Using the same formula at period 4 also gives the correct prediction. In fact the same procedure of dividing the formula into its component parts could have been applied to the EAC to generate a more precise estimate, although this is less important than with the ETC.

The reader is thus left with the choice of using either the simplified formulae, if he or she is happy with the CPI and SPI generated by the aggregate of all costs in the project, or the fundamental formulae, if it is wished to base predictions on the performance of those current activities which are seen to lie critical.

The organizational impact of cost-performance measurement

For cost-performance measurement to work successfully in any project organization, certain major elements must exist:

Systems elements

• A time-based plan.

• A work breakdown structure.

• A cost collection system.

• A method of assessing progress.

Managerial elements

• A responsibility/authority matrix.

• The right culture (i.e. management backing).

A network forms the ideal medium for the time-based plan and is well understood as a project technique. The work breakdown structure may be less familiar but it exists in one form or another in most companies and projects; what may be absent is the formality needed by cost-performance measurement. The cost collection system, again, is present in most companies through the time bookings and purchase accounting systems. The method of assessing progress will be new and must be linked to the responsibility matrix. Finally, the whole system must have baking at the most senior level if it is to succeed. 
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