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Introduction

USAF Approach to Schedule Risk

ñA Most Probable Schedule (MPS) will be prepared by 
assessing the durations presented in the offerorôs MIPS 
(this means estimating the longest, the shortest, and 
the most likely duration for each task, activity, event, 
and milestone) and preparing a network-based Monte 
Carlo simulation in order to determine a schedule that 
has a 90% probable completion date.ò

Integrated Risk Management Guide, 

Aeronautical Systems Center (ASC), draft, 9 April 1994



© 2016 Hulett & Associates, LLC 3

Purpose of a Risk Analysis

Â Promote the language of probability and use of its 

mathematics in risk analysis

ïWhy do schedules overrun?  Things do not go ñaccording to planò

Â Examine elements of a project in detail, determining 

relationships and formulating a model

Â Most people are less able to comprehend the whole of the 

problem than risk of the elements individually
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Purpose of a Risk Analysis (continued)

Â Risk analysis strategy

ïDescribe the risks at the level of the activity

ïUse the schedule and Monte Carlo simulation to find the overall 

project schedule risk

Â The essence is a statement of the probability of program 

outcomes

Source: Risk Assessment Techniques, 

Defense Systems Management College 1983
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Overrun Risk is Not a New Issue

ñInitial cost and schedule estimates for major projects have 

invariably been over-optimistic.  The risk that cost and 

schedule constraints will not be met cannot be determined if 

cost and schedule estimates are given in terms of single 

points rather than distributionsò
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Overrun Risk is Not a New Issue 
(continued)

ñA formal risk analysis is putting on the table those problems 

and fears which heretofore were recognized but intentionally 

hidden.ò

Source: ñFinal Report,ò 

US Air Force Academy 

Risk Analysis Study Team 1973
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Some Reasons for Schedule Risk

Â Fundamental uncertainty in the work 

Â Unrealistic baseline schedule

Â Natural, geological causes

Â Project complexity

Â Scheduling abuses

Â Relying on participants outside the organization 

Â Subcontractor late
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Some Reasons for Schedule Risk
(continued)

Â Design changes

Â Staffing Manufacturing problems

Â Contracting problems

Â Customer (government) not supportive

Â Cannot get subcontractor under contract

William Cashman, ñWhy Schedules Slipéò 

Air Force Institute of Technology (AFIT) Masterôs Thesis, 1995
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Pitfalls in Relying on CPM

Â CPM network scheduling is static, not dynamic

Â Single-point activity durations known with certainty

Â OK only if everything goes according to plan

Â CPM durations are really probabilistic assessments

There are no òfactsó about the future
Lincoln Moses, Statistician and Administrator of Energy Information in the US DOE

1977 Annual Report to Congress
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Risk Analysis Answers 
Many Questions that CPM cannot

Â Since the inputs are uncertain, the results are 

uncertain and we need to make statistical 

statements

Â Can address questions CPM cannot

Â The 3 promises

1. What is the likelihood of meeting schedule?

2. How much schedule contingency do we need to provide?

3. Where is there risk to the project schedule?
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First check the Schedule: Apply GAO Best 
Practice Scheduling to Agency Schedules

Â Can use tools such as Acumen Fuse, Steelray or Oracle 

Primavera Risk Analysis (Pertmaster)  Schedule Check 

Report to perform analysis

ïCheck the results of any third-party software against the schedule 

in its native software ïsometimes get incorrect results

Â Always use native schedule and filter / sorting capabilities to 

check third-party software results

ïCan do this inside the schedule or copy to Excel for sorts and 

report table creation
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http://www.gao.gov/products/GAO-16-89G
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Why Conduct Monte Carlo Simulation

Â It would help estimate our project if we had data on 5,000 

projects exactly like our, just with different risks occurring

ïActual projects, normalized to show % overrun of the schedule

ïWe may not have such databases

Â Monte Carlo simulation creates this database

ïUses our schedule

ïUses our risks

ïRisks occur in different combinations, 5,000 times, recording the 

results
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Risk of an Individual Activity

Â Simple activity duration estimates are risky

Â Is this activity going to take 30 days? Are you sure?

Design Unit 1

30d
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Uniform and Triangular Distributions
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BetaPERT and Normal Distributions
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Risk Along a Contiguous Schedule Path

Â Path risk is the combination of the risks of its activities

Start
Design 

Unit

Build 

Unit
Finish

Test 

Unit

Test 

Unit
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Really Simple Schedule

Â This schedule finishes on September 3

ï7-day weeks, like a model changeover, refinery turnaround

Â If we can get into trouble with this simple schedule, we can get into 

trouble with real project schedules
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Add Duration Risk to the Schedule using 
Triangular Distributions

This section features Primavera Risk Analysis, formerly Pertmaster, 

owned by Oracle
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Monte Carlo Simulation Results for Really 
Simple Schedule
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Risk at Merge Points:
The ñMerge Biasò

Â Many parallel paths merge in a real schedule

Â Finish driven by the latest converging path 

Â Merge Bias has been understood for 40 years

Start

Design Unit 1 Build Unit 1 Test Unit 1

Design Unit 2 Build Unit 2 Test Unit 2

Finish
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This Schedule has Three Parallel Paths

Each path has exactly the same structure 

CPM says this, too, finishes September 3
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Evidence of the Merge Bias
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Evidence of Merge Bias (continued)
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What are the Highest Risk Activities? 

Â Monte Carlo simulation

ïActivities on critical path in most iterations

Â Path delaying the project may not be the critical path 

identified by CPM

ÂThis is ñSchedule Criticalò not necessarily Technically 

Critical

ïCombination of risk and low float (slack)
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What are the Highest Risk Activities?

ñCriticalò Unit 2 is Identified for Risk Mitigation

Units 1 & 3 are Shorter and Not Risk Mitigated
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Criticality in Pertmaster
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Duration Sensitivity ïCorrelation Concept
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Cruciality = Criticality x Sensitivity
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What if We May Fail a Test or Inspection? 
Probabilistic Branching

Â Many projects have points where there is a possibility of 

failure, a discontinuous event

Â Have to model the likelihood of the failure and its 

consequence for the schedule

ÂCalled ñProbabilistic Branchingò
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Model the Probabilistic Branch

Â Typically do not include failure in schedule

ïInclude FIXIT and Retest with 0 duration to reserve the 9/3 date

Â Enter ranges for the new activities if they occur
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Typical Bi-Modal Result Distribution
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Effect of Mitigating The Risk of Test Failure on an 
80% Company

If taking 10 Days Longer in Build reduces probability to 

10%, can save 46 days for an 80th percentile company
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Causes of Correlation

Â Correlation between activity durations 

ïWhen two activitiesô durations ñmove togetherò
ïThey are driven by a common risk driver

ïUsing Pearson correlation, not Spearman Rank Order

Technology

State-of-

the-Art

Software 

Designing

Software 

Coding
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Effect of Correlation

Â Without correlation there is a lot of cancelling-out between 

long and short durations in each iteration

ïThe result is for moderate uncertainty risk overall

Â With correlation, long durations will occur together on an 

iteration and reinforce each other as long durations are 

added down the path

ïSame for short durations

ïThere is reinforcing long-long and short-short so get higher-highs 

and lower-lows



© 2016 Hulett & Associates, LLC 36

This Matrix shows High Correlation

Â Correlation is usually shown in a Correlation Matrix like this 

one

Â Shows high correlation between all 3 activities

Design Build Test

Design 1.0 .9 .8

Build .9 1.0 .7

Test .8 .7 1.0
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Install Correlation Coefficients between 
Activity Durations
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Effect of Correlation is to Increase the 
Standard Deviation along the Path

 Variation:5 
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This Matrix is Not Feasible

Â Correlation Matrix may be infeasible

Â Eigenvalue (determinant) test used to test feasibility

Design Code Test

Design 1.0 .9 .8

Code .9 1.0 .2

Test .8 .2 1.0


