Getting to Realistic Estimates and Project Plans – A Monte Carlo Approach

By Richard B. Lanza

Why are estimates so variable?

Estimates are opinions, approximations, predictions….and are usually wrong!  If the estimate is the length of the nightly commute home, it probably will not keep you up at night.  But, what if those “best guesses” relate to the multi-million dollar project in your organization…..you may have cause for concern.  A recent Standish Group study of information technology projects concluded that:

· Only 16.2% of projects are completed on-time and on-budget

· The average cost overrun was 189% of the original time estimate

On projects that go wrong (and as per above, there are a LOT of them), they generally go through the following stages:


· Enthusiasm

· Disillusionment

· Panic

· Search for the guilty

· Punishment of the innocent
· Praise and honors for non-participants
So why are estimates so downright wrong?  Mainly it is due to human nature when, in the “enthusiasm” project phase, the manager believes that the project can be done with high quality, in a short amount of time, and at a low cost.  There is almost an invincible sense that all three of these project constraints can be maximized.  If not stopped soon enough, the project manager will realize the error of his or her ways, become disillusioned, and the other negative trends will follow until the project is most likely deemed a failure.

Please note that project estimates aren’t the only ones that can be wrong.  Below is a list of common estimates:

· Research and Development costs

· Revenue projections

· Inventory levels

· Cost estimates

· Estimated equipment lives

· Warranty costs

There is a better way of estimating.

Now imagine in the above example that the project manager gets a bucket of cold reality thrown on him. Instead of running along overoptimistically, the project manager could meet with someone who may have completed a similar project.  Together, they could review historical estimates of past projects, complete risk assessments to ensure key project issues are addressed, and run a Monte Carlo simulation on the estimate.

If you have never heard of Monte Carlo simulation, imagine you are able to run through your future actions in advance through a statistically valid model.  Then imagine that you could run through your actions thousands of times to further hone your estimates.  Monte Carlo simulation does this by allowing you to see how that uncertainty in your estimates affects your results. Like decision trees, Monte Carlo simulations act as a statistically valid beacon pointed towards the most attractive course of action.
To understand what Monte Carlo simulation does, think of flipping a coin one hundred times.  More than likely, there will be close to 50 heads and 50 tails.  Now, consider a revenue estimate model where there are best case, worst case, and most likely case scenarios given to the perceived market, the number of competitors, the price the market will bear, etc.  In contrast with the simple coin flip, a highly advanced probability model can be developed in Monte Carlo tools.  In other words, this allows you to flip ten differently weighted coins thousands of times to arrive at a final solution.

Many people believe that Monte Carlo simulation is too advanced, too formal, and/or too expensive.  But it is not any of these things.  By the end of this article, you should be in a position to understand the benefits of Monte Carlo, understand how it works in general, and be ready to use one of the prepackaged tools to effectuate an analysis.  What’s more, the analysis should take only 15-30 minutes to set up and run, getting you to that more refined estimate.

Why auditors should use Monte Carlo analysis?

The main benefit of completing a Monte Carlo analysis is that it provides an improved decision.  This decision may be to create a certain estimate for financial statements, move forward with a business plan, or take a “best” path through a project plan.  The auditor can use this tool to test the assumptions/estimates made by management.  The subsidiary benefits can be further summarized as follows:

· Cost savings by not using “live” ammunition to test theories – Monte Carlo analysis allows for the testing of theories before going “live”.  It may take a few minutes to complete the simulation, but contrast that to the voluminous time/money wasted in a failed project.

· Analyticals, like Monte Carlo, are cheaper than any other test – It has been estimated that analyticals can be completed in 20x less time than a relative substantive procedure. This savings can be most readily seen when there are a large number of small transactions to test, requiring either an extensive detailed review or an analytical assessment towards the reasonableness of the details.  Not only is the analytical potentially more efficient, it can also be more effective.  In sum, analyticals can help an auditor “see the forest from the trees” by providing new perspectives of the audit area
· Statistical validity – It is comforting to provide a specific confidence percentage with the estimates arrived at from Monte Carlo simulation.  When asked, “How comfortable are you with the estimate?”, would you prefer to respond, “Pretty sure” or “Given our assumptions, there is only an 84% probability of making the listed figure”.

· Realism injected into plans and estimates – Consulting firms are now using Monte Carlo analysis to bring clients “down to earth” in their expectations.  Many times, customers expect A-1 service, fast delivery, and low cost.  Monte Carlo helps to explain all are possible, with balance and realism.  This realism is quantified by Monte Carlo (i.e., project delivery date of 1/1/2003 has a 12.4% chance of being achieved yet a 3/31/2003 date has a 72.6% probability of being met).

· Assess risk in actions – By reviewing certain factors within the analysis (i.e., conformance with the mean), certain actions can be compared with others from a risk perspective.  Models can then be tweaked to balance risk and return in the estimate and/or plan.  Such business-minded analysis presented by the auditor can place them in a more value-adding role versus the generally perceived “bayoneting the wounded” role.
· Sensitivity analysis – Monte Carlo allows you to see what factors are causing changes within your model.  For example, you may learn that the higher your sales price, the more unlikely it is that you will meet your sales projections.  Then, you can re-model at a lower price to get to a more appropriate sales volume.

How do I complete a Monte Carlo analysis without a Ph.D. in statistics?

Estimating, be it to arrive at a “ballpark” figure or a statistically valid Monte Carlo analysis, in many ways is the same.  They all follow the same process below:

1. Define the problem to be solved – For example, what are the expected sales for the following month?

2. Define the drivers/variables of the problem –Given the above example, drivers of sales include, the expected number of customers, price point for the product, the number of competitors, economic factors affecting the particular business segment, etc.

3. Define the uncertainty for the variables – Once the variables are determined, each variable should be given a best, most likely, and worst case estimate.  This could be stated as listed in the preceding sentence or could list the variables with specified percentages of certainty.  

4. Analyze the model using simulation – Using the variables and uncertainty obtained above, Monte Carlo software products can create a model within a matter of minutes, solving for the desired estimate (sales activity).  The major marketplace products, all of which are available for under $1,000, are as follows:

· @Risk – www.palisade.com  (Microsoft Excel and MS Project Add in)

· Crystal Ball - www.rockware.com/catalog/pages/crys.html (Microsoft Excel Add in)

· Risk+ - http://www.cs-solutions.com/ (MS Project Add-in) 

· DecisionPro - http://www.vanguardsw.com (Stand-alone software)

The remainder of this article will be devoted to illustrating through examples the key concepts of defining an analyzing a Monte Carlo analysis.

Example One – Revenue Projection Using Monte Carlo Analysis

Assume your organization only had enough resources to devote to developing one product but was not sure which product to focus on out of three potentials.  Let’s also assume that they wanted an independent party to provide a “sanity check” on their estimates from the company’s internal auditor.  Using the estimating process discussed above, the following parameters could be established

· Define the problem to be solved – Which product should we develop?

· Define the drivers/variables of the problem –Price, marketplace, ability to convert marketplace into customers, and competition.

· Define the uncertainty for the variables – The below table represents a set of assumptions regarding each product’s business case:

	
	Product 1
	Product 2
	Product 3
	Description

	Market
	           15,000 
	      20,000 
	      26,471 
	Number of potential customers

	Conversion Rate %
	2/40/80
	15/25/40
	15/25/40
	Best, most likely, and worst case % of market who purchase product

	Number/Chance of Competition
	2 /40%
	3 /12%
	5 /25%
	Number of potential competitors and the chance of each one entering the marketplace

	Impact of Competition
	-10%
	-15%
	-15%
	The negative impact on the market of a competitor entering (i.e., 10% reduction for each competitor that enters the market)

	Price
	                $850 
	           $900 
	           $800 
	Product price

	Most Likely Scenario
	       $4,666,500 
	  $4,800,000 
	  $4,800,075 
	Most likely revenue

	Best Case Scenario
	     $10,200,000 
	  $7,200,000 
	  $8,470,720 
	Best case revenue

	Worst Case Scenario
	          $204,000 
	  $1,890,000 
	     $794,130 
	Worst case revenue


· Analyze the model using simulation – Using the above variables and uncertainty factors, a Monte Carlo analysis can be created modeling the best, most likely, and worst case scenarios.  Although the methods to arrive at the final simulation will not be discussed in this article, it should be noted that only three Excel functions (RISKTRIANG, RISKBINOMIAL, and RISKOUTPUT) were needed to effectuate the analysis. 

Example One – Revenue Projection Analysis

The results in Monte Carlo can be presented in tabular numeric format or through graphs.  Considering “a picture is worth a thousand words”, graphs will be mainly used to explain the results.  The analysis was completed in Excel using @Risk (Excel add in) and, after roughly 1,000 simulations, the results were tabulated for explanation below.

To begin, product one, that had a high variability (Best case of roughly $10 million and worst case of roughly $200 thousand), will be compared to Product Two (Best case of roughly $7 million and worst case of roughly $2 million).  Without even looking at the graphs, it can be determined that Product One has more up and down side versus Product Two. This can be graphically represented below where you can see the spread from the mean (average) is greater for Product One versus Product Two.
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Graph Developed by @Risk
Stated differently, as can be seen in the above graphs, there is a 4% chance of Product Two making less than $3 million (acceptable risk) versus almost a 20% chance of Product Two making the same grade.  For this reason alone, Product One probably should be avoided.  Although there is an upside of making $10 million on Product One there is only an 11% chance of exceeding Product Two’s $7 million best case scenario. 

With Product One removed, Products Two and Three remain to be analyzed.  On the surface, Product Three looks a bit better as it has more upside potential ($8.4 million versus $7.2 million for Product Three) but the graphs below show a slightly different story.  Although it may be difficult to discern in the graphs, there is more of a spread for Product Three (making it more risky).  In numeric terms, there is a 96% chance of making between $3 and $7 million on Product Two compared to a roughly 86% chance for Product Three (10% better for Product Two).  Further, there is only a roughly 3% chance of making more than $7 million on Product Three making the upside of $8.4 million not worth the risk.
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Example One – Conclusion

Although you may have been able to determine from the initial set of assumptions that Product Two had the lowest variability, Monte Carlo analysis puts at your fingertips the statistical wherewithal to quantify your best course of action.  In this case, putting your limited resources on the least risky and most realistic return of Product Two.

Example Two – Project Plan Monte Carlo Analysis

Instead of a business case, now assume you are presented with a plan for a high-stakes project that must be completed 19 months from now.  

· Define the problem to be solved – Will we deliver the project in the 19 month deadline?

· Define the drivers/variables of the problem – The main drivers of the model are the project tasks and the associated durations.  More precisely, a critical path needs to be calculated for the project using a PERT estimate.

To explain, project tasks are linked by relationships (e.g. finish-start, start-start, finish-to-finish) showing how the work is planned. Strings of linked predecessor and successor activities constitute “paths” through the network.  A critical path in a project plan is the longest path in the project network diagram based on the predecessor/successor tasks and time estimates.  Please note that, since it is the longest path, any delay in the critical path would create a delay in the project.  For example, in the below network diagram, the critical path is 8 days and made of Tasks 1 and 2.  If Task 2 takes 4 days instead of 3 days, the project now takes 9 days to complete versus the original 8 days:





Program Evaluation and Review Technique (“PERT”) estimates are a common project management tool to estimate the most likely duration of a task based on the worst, best, and most likely case scenarios.  PERT was developed by the Navy’s Special Projects Office as an attempt to apply rational scheduling techniques to the complex projects completed in the 1960’s and 1970’s.  The goal of a PERT analysis is to complete a schedule under a best case, worst case, and average case in order to arrive at a realistic schedule.  PERT uses the following formula:

(1*Maximum estimate) + (4*Average Estimate) + (1*Minimum Estimate)

6

Therefore a PERT task estimate of 18 hours where the task should take 20 hours but may take 30 hours or be completed, at a minimum, in 10 hours would be calculated as follows:

(1 * 30) + (4 * 20) + (1 * 10)

6

Define the uncertainty for the variables – The below table represents a set of assumptions regarding the project plan.  Please note that there is a PERT duration calculated based on the best/most likely/worst case scenarios which are then segregated into the two project paths.  Using PERT estimates, Path One and is the critical path of 18 months.

		Best/Most

	PERT

			
		Likely/Worst

	Duration

	Task

	Duration

	Duration


	Task

	Durations

	(in months)

	Predecessor

	Path One

	Path Two


	1

	12/13/25

	             15 

			           15 


	2

	4/5/7

	               5 

			
	3

	2/3/4

	               3 

	2

	             3 

	
	4

	7/10/11

	             10 

			
	5

	5/8/9

	               8 

	3

	             8 

	
	6

	6/8/10

	               8 

	5

	             8 

	
	7

	1/2/12

	               3 

	1

		             3 


			Most Likely Durations

	           19 

	           18 



	
	
	
	
	


· Analyze the model using simulation – Using the above variables and uncertainty factors, a Monte Carlo analysis can be created modeling the PERT estimates and calculating percentages for completion.  Although the methods to arrive at the final simulation will not be discussed in this article, it should be noted that only two Excel functions (RISKPERT and RISKOUTPUT) were needed to effectuate the analysis.

Example Two – Project Plan Task Analysis

After putting the above assumptions into a Monte Carlo analysis, two output graphs were depicted, one for each path in the project network:  
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Based on the above graphs, the following conclusions can be derived:

· Although the expected case of the project using PERT is 19 months, there is roughly a 40% chance that the 19 month expected date of project completion will not be achieved.  

· Although using PERT, path one is the critical path, path two has much more variability and therefore, should be considered the critical path.  For example, per the above graphs, there is a 90% chance that path one will be completed in 20 months while path 2 has only a 75% chance of meeting the 20 month mark.  Further, given the additional spread in path two (additional risk), there is a 4% chance that it may exceed 24 months.  This is hidden in the PERT estimates yet, under closer inspection there is high variability in both path two tasks (12/13/25 for task one and 1/2/12 for task seven).
Example Two – Conclusion

Based on the above analysis, the following should be completed to help ensure project success:

· Obtain more clarity on key task estimates – In the below graph, the tasks affecting the variability of the schedule are listed in order of most (C7) to least (C5) effect.  Using this sensitivity analysis, the project manager could work with the team to arrive at more realistic estimates.  This could be done by completing prototypes, hiring expert reviewers, or other tests to prove out the estimates.  
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· Increase resources – Although not always a panacea for a project, the addition of well-placed resources to a project can result in reduced task durations.

· Complete more tasks in parallel – Another option for the project is to try to complete as many tasks in parallel to minimize the predecessor/successor relationships.  If all tasks can start at the same time, then the project can be completed in a shorter period of time.

· Manage customer expectations – What most needs to happen in this project is for the manager to explain that the 19 month deadline will probably not be achieved.  Then, a more educated discussion can ensue using a “what if” Monte Carlo analysis.  Resources can be added, tasks can be completed more in parallel, and the resulting effects in the model can be reviewed until a more realistic schedule is developed.

Conclusion

This article presents a statistical tool that may intimidate some on the surface but, when reviewed more closely, can be an efficient tool.  This is very similar to the tools ability to get under the surface of estimates (i.e., we will most likely make the 19 month deadline) to see exactly the associated probabilities.  More importantly, it can be a career-saver by adding more realism to estimates, be they a project plan, a business case, or whatever else that is calculated with uncertainty.
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