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Influence Diagram





The influence diagram is a graphical representation that shows all the variables that impact net present value for a project.  It is actually an alternative representation to a decision tree, which is too large to display on one page if their are more than 5 or so uncertainties in a model.  





There are four types of nodes on an influence diagram:


Decision nodes:  (Square)  Represent the decisions to be made.  In our analysis the only decision is whether or not to “Fund R&D”.  The two alternatives are “Fund” and “Don’t Fund.”  Don’t Fund represents the baseline alternative and has a Net Present Value of $0.


Uncertainty nodes:  (Circle)  Represent the uncertainties included in the analysis.  For each uncertainty, a range was assessed either by the group or by ACPS management (e.g. Market Scenario).  Each uncertainty will show up as a bar on the tornado diagram.


Deterministic nodes:  (Double Circles, Circle with Shading)  The value of a deterministic node is either a constant or a node that is determined by the values of the nodes that are inputting into that node.  Deterministic nodes almost always represent formulas or time series (a series of numbers that changes over time) in the spreadsheet.  (“Destination Team Investment” is a deterministic node that sums up all the destination team investments.)


Value Node:  (Octagon)  The value node is a special case of the deterministic node.  The value node is the value we wish to either maximize or minimize with the project.  In ACPS, the value node will always be “Net Present Value.”





When two uncertainties do not have an arrow between them, it implies that the variables are independent. That means that knowing the outcome of one uncertainty does not change our prediction for another uncertainty.  This is an important consideration when we interpret the tornado diagram.





Tornado Diagram


The tornado diagram shows the relative sensitivity of Net Present Value to each variable in the project.   In  business, we often spend a lot of time trying to understand variables that have relatively small impact to the project.  The purpose of the tornado diagram is to focus attention on the critical uncertainties to the project. 


For each of the variables in the model, we collected a range of estimates.  A value so low (10th percentile) that there is only a 10% chance the actual outcome would be below that, a value so high (90th percentile) that there is only a 10% chance the actual outcome would be above that, and a best guess, the value such that there is a 50% chance the actual outcome would be above or below that value.


To develop the tornado diagram, we set all the variables at their best guess.  That best guess is called the base case and represents the spine (center line) of the tornado diagram. 


Then, using the spreadsheet model we developed, we vary each variable one at a time from the low value to the high value and determine the project NPV for those values.  These ranges are represented by the bars on the tornado diagram.  


The column “Variance Contribution (%)” shows how much each variable contributes to the total variance (the sum of the ranges represented by all the bars) represented on the tornado diagram.  In decision analysis, we typically focus our energies in reducing the uncertainties for the variables that contribute 90-95% of the total variance contribution.


The underlying assumption of the tornado diagram is that each of the variables are independent.  If the variables are not independent, a set of dependent (correlated for you statisticians) uncertainties may misleadingly appear lower on the diagram then they should.





Cumulative Probability Distribution (Risk/Return Curve)


The tornado diagram shows how the project Net Present Value changes for isolated changes to a each uncertainty in the project.  To understand risk and return for a project, we would like to understand the risk and return over all possible outcomes for the project.  The cumulative probability distribution meets that purpose.


To construct the cumulative probability distribution, for each critical uncertainty we assume a 25% chance of the low end outcome, a 50% chance of the best guess outcome, and a 25% chance of the high end outcome.  


We typically model the cumulative probability distribution for the top 3 to 6 uncertainties.  For 6 uncertainties, there would be 3**6 = 729 potential outcomes.  Obviously, we are going to start running into computational difficulties if we do not limit the number of uncertainties.   


But that's not a problem--if we probabilistically model the variables that capture 95% of the variance contribution on the tornado diagram, the curve will be a fairly accurate representation of the project. Any additional variables represented in the cumulative probability distribution would simply add more bumps to the cumulative probability distribution--it would not materially change the shape of the curve.


A few things to look at on the cumulative probability distribution are:


The probability of losing money. 


The expected value of the project (the mean)


The 10-50-90 of the project


To improve the project we’d like to find ways to minimize downside risk and increase our chances of upside potential. The Value of Information and Value of Control calculations will help us do that.


�



Project Summary


The project summary provides a summary of all the key parameters for the project.  The summary provides 10/50/90s for investment, contribution and  a measure of productivity (bang-for-the-buck)  The table below provides definitions for each of the items listed.





Item�
Definition�
�
Probability of Technical Success�
The probability that the project is successfully implemented and provides the benefits targeted.�
�
R&D Inv Given TS�
Assuming technical success, the range of potential investment. �
�
R&D Investment�
The range of potential investment, taking into account the probability of success.  (This value will be different then the previous value if some of the R&D Investment is spent only after Technical Success is proven.  One can think of a project where only a portion of the total R&D investment is spent before technical success is determined.)�
�
Contribution Given TS�
Project Benefits assuming success.�
�
Contribution�
Project Benefits * Probability of Success�
�
Potential Productivity�
Bang-for-the-Buck, assuming Technical Success.  (Contribution Given TS/R&D Inv Given TS)�
�
Productivity�
Bang-for-the-Buck.  Contribution/R&D Investment  (Contribution/R&D Investment).�
�
Net Present Value�
The project cash flows, before taxes, discounted to Net Present Value using the Boeing discount rate.�
�



�
Value of Information and Value of Control


By modeling the project the way we did, one of the by-products is being able to calculate the value of information and the value of control.  


The value of information is the value of knowing the outcome of an uncertainty of a project before we start the project.  Information has value if and only if your decision might change, given the information.   The value of control is the value of being able to control an uncertainty and make the uncertainty come out to the preferred outcome.


For an R&D project, the decision is whether or not to fund the project.  One uncertainty which will have value of information is the probability of success.  If the probability of success is less than one, then there is some value to knowing the probability of success outcome before we fund the project, so we avoid spending some or all of the R&D investment only to find out the project will not succeed.


The Value of Control is the value of being able to control an uncertainty and make that uncertainty come to the preferred outcome.  


Recognize that these are the values of perfect information and perfect control.  Much of the time we can get better information regarding an uncertainty, but we may not be able to predict its outcome with 100% reliability.  The same goes for control--we may not be able to perfectly control the uncertainty. 





The lists below are some typical ways of getting information or control:





Methods for improving information


Reassess the uncertainty with more rigor


Decompose the uncertainty into smaller pieces


Engage experts outside the project team


Use bench marking data


Do simulations using dynamic modeling and other simulation techniques





Methods for getting control


Focus project team resources on achieving the upper end of an uncertainty


Get contractual guarantees from vendors, Boeing management, etc.


Provide performance incentives to project team or customers





