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Introduction

USAF Approach to Schedule Risk

NA Most Probabl e Sched
assessing the duration
(this means estimating the longest, the shortest, a
the most likely duration for each task, activity, eve
and milestone) and preparing a nbasadk Monte
Carlo simulation in order to determine a schedule
has a 90% probabl e com

Integrated Risk Management Guide
Aeronautical Systems Center (ASC), draft, 9 April 1994
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Purpose of a‘Risk-Analysis

A Promote the language of probability and use of its
mathematics in risk analysis

|l Why do schedules overrun?

A Examine elements of a project in detail, determining
relationships and formulating a model

A Most people are less able to comprehend the whole
problem than risk of the elements individually
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Purpose of a‘Risk Analgsittinued)

A Risk analysis strategy
| Describe the risks at the level of the activity
| Use the schedule and Monte Carlo simulation to find the o
project schedule risk
A The essence Is a statement of the probability of prog
outcomes

SourceRisk Assessment Techniques
Defense Systems Management College 1983
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Overrun Risk is Not-a New Issue

Nl ni ti al cost and sched!l
Invariably been cegtimistic. The risk that cost and

schedule constraints will not be met cannot be deter!
cost and schedule estimates are given in terms of sir
poi nts rather than di st
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Overrun Risk is'Not-a New Issue
(continued)

nNA for mal rir sk anal ysi s
and fears which heretofore were recognized but inter
hi dden. o

S 0 u rFma Repqiito
US Air Force Academy
Risk Analysis Study Team 1973
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Some Reasons for Schedule Risk

A Fundamental uncertainty in the work
A Unrealistic baseline schedule

A Natural, geological causes

A Project complexity

Scheduling abuses

T

A Relying on participants outside the organization

A Subcontractor late
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Some Reasons for Schedule Risk
(continued)

A Design changes

A Staffing Manufacturing problems

A Contracting problems

A Customer (government) not supportive

A Cannot get subcontractor under contract

William Cashman n Why Schedul es
Al r Force I nstitute of Techn
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Pitfalls in Relying:'on CPM

A CPM network scheduling Is static, not dynamic
A Singlepoint activity durations known with certainty
A OK only If everything goeE®rding to plan

There are no of aclt s

Lincoln Moses, Statistician and Administrator of Energy Information in the U DOE

1977 Annual Report to Congress

A CPM durations are really probabilistic assessment
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Risk'Analysis Answers
Many Questions that CPM cannot

Since the inputs are uncertain, the results are
uncertain and we need to make statistical
statements

Can address questions CPM cannot

The 3 promises
1. What is the likelihood of meeting schedule?
2. How much schedule contingency do we need to provi
3. Where is there risk to the project schedule?
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First check the Schedule: Apply GAO |
Practice Scheduling to Agency Schedt

A Can use tools such as Acumen Fuse, Steelray or Or:
Primavera Risk Analysis (Pertmaster) SChedkle
Report to perform analysis

| Check the results of any-giairty software against the schedt
In its native softwargometimes get incorrect results
A Always use native schedule and filter / sorting capab
check thirdarty software results

| Can do this inside the schedule or copy to Excel for sorts :
report table creation
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. PRACTICES

~  SCHEDULE
ASSESSMENT GUIDE

Best Practices for Project Schedules

i W

Lt s

GAO-16-89G
December 2015

http://www.gao.gov/productsA&89G
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Why Conduct Monte Carlo Simulation

A It would help estimate our project if we had data on &
projects exactly like our, just with different risks occu
| Actual projects, normalized to show % overrun of the sche
I We may not have such databases

A Monte Carlo simulation creates this database
I Uses our schedule
I Uses our risks

I Risks occur in different combinations, 5,000 times, recordi
results
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Risk of anndividual Activity

A Simple activity duration estimates are risky
A Is this activity going to take 30 days? Are you sure?

30d

Design Unit 1
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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 Pa

A Path risk is the combination of the risks of its activitie

| Design | Build Test
Start | Unit | Unit [ Unit [
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Really Simple Schedule

A This schedule finishes on September 3
I 7-day weeks, like a model changeover, refinery turnaround

Remaining Tazk
D Cezcrigtion | Duration Start Finizh Calendar
Milestones Milestones 95 01 Jun11 035ep11 T Day
0010 Start 0 01 Jun11 T Day
0050 Finish 0 03 Sep11 | T Day
Unit 1 Unit 1 95 M Jun 03 Sep11 TDay
ooza Dezign Uni... 300 ™ Jun 11 30 Jun 11 7 Day
Qo3 Builc Linit 1 40 0 01 Jul 11 09 Aug 11 |7 Day
Qo040 Test Unit 1 25 10 Aug 11 03 Sep11 |7 Day

A If we can get into trouble with this simple schedule, we can g¢
trouble with real project schedules
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Add Duration:Risk to the Schedule usi
Triangular Distributions

Remaining Task
I Descrigtion | Duration start Finish alencar
Milestones Milestones 9% 0MJun11  03Sep11 TDay
0010 Start 0| *1Juntd T Day
0050 Finish 0 03Sep11 | TDay
Unit 1 Unit 1 9% 0MJun11  03Sep1 TDay
o020 Dezign Uni... a0 M Jun 11 Aldun1t T Day
0030 Build Unit 1 400 OtJutt 09 Aug 11 7 Day
0040 Test Unit 1 25 10Aug11 03%ep11 7Day

Miritmum | Most | Mazimom
Qi Ouration | Likely | Duration

20 0 45
33 40 al
20 23 all

&8

This section features Primavera Risk Analysis, formerly Rer
owned by Oracle
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Monte Carlo ' Simulation Results for Re
Simple Schedule

T CPM date Is not even the most likelya t 0 s E bout 9

Entir lan : Finish Date

% 19 Oct 11

0
6 25 Sep 11
% 23 Sep 11
80% 21 Sep 1
75% 19 Sep 1:\
70% 18 Sep 11
16 Sep 1

N

- s 80% Target |
: 9/21

Bquency

Yy _%

% Hulett & CPM date is about 16% Likely to be met
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Risk-at Merge Points:
The nMer ge BI

2 o

A Many parallel paths merge in a real schedule
A Finish drlven by the latest converging path

Design Unit 1 »| Build Unit 1 »] Test Unit 1

N

Design Unit 2 »| Build Unit 2 »| Test Unit 2
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This'Schedule has Three Parallel Paths

— s
Remaining hirnirrim st Isimum |
IC» Description Duration Start Finizh Duration Likely Duration
Milestones Milestones 95 M Jun11 03 Sep 11 ﬁ
0010 Start 0 *01Jun11 01 Jun 11
0050 Finish 0 03 Sep 11 ’_‘(D 03 Sep 11
Unit 1 Unit 1 95 01 Jun 11 03 Sep 11 J
0020 Design Unit 1 300 01 Jun 11 30 Jun 11 ] 20 30 45
0030 Build Unit 1 40 | 01 Jul 11 09 Aug 11 %-: 35 40 50
0040 Test Unit 1 25 10&ug11 | 03 Sep 11 :% 20 25 50
Unit 2 Unit 2 95 01 Jun 11 03 Sep 11 ~
00&0 Design Unit 1 300 01 Jun 11 30 Jun 11 ] 20 30 45
oo7o Build Unit 1 40 | 01 Jul 11 09 Aug 11 %-: 35 40 50
0080 Test Unit 1 25 10&ug11 | 03 Sep 11 :% 20 25 50
Unit 3 Unit 3 95 01 Jun 11 03 Sep 11 ~
0150 Design Unit 1 300 01 Jun 11 30 Jun 11 — 20 30 45
0160 Build Unit 1 40 | 01 Jul 11 09 Aug 11 % 35 40 a0
0170 Test Unit 1 25 10&ug11 | 03 Sep 11 -%ﬂ 20 25 50

\

Each path has exactly the same structure
CPM say#his, too, finish8gptember 3
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Evidence ofthe Merge Bias

ﬂ
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percentile is
now Sept 28

Distrib

Likelihood of Sept 3 is < 1%

o
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Evidence of-Merge Beaatinued)

Evidence of the

Merge Bias @3®

Variation

80%

Three Path Schedule :
One Path Schedule :

20%

Y L | n

T ' T ' T ' T ' T ' T ' —

7 T 7
20 Aug 11 25 Aug 11 30 Aug 11 04 Sep 11 09 Sep 11 14 Sep 11 19 Sep 11 24 Sep 11 29Sep 11 04 0ct 11 09 Oct 11 14 0ct 11 19 Oct 11
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What are the Highest Risk Activities?

A Monte Carlo simulation
| Activities on critical path in most iterations

A Path delaying the project may not be the critical path
identifled by CPM

AThi s 1 s nSchedule Criti
Critical
| Combination of risk and low float (slack)
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What are thdighest Rigxkctivities?

Units 1 & 3 are Shorter and Not Risk Mitigated

Remaining Minimurn | Most | aximurm

ID Description Duration Start Finish San Duration | Likely | Duration | B
10001 Project Summary 95 01 Jun12 03 Sep 12 P——
00000z | Start 0| *01 Jun 12 _,j@m Juni12
000003 | Unit 1 93 01Jun12 01 Sep12 *
0000C Design Unit 1 28 01Jun12 28 Jun12 _"-<__Z’—> 13 28 43
0000C | Build Unit 1 40 29.un12 | 07 Aug 12 3 40 a0
0000C  Test Unit 1 26 OAAug12 | 01 Sep12 5 20 25 A0
000007 | Unit 2 95 01.Jun12 03 Sep12
0000C  Design Unit 2 30 01Jun12 30 Jun 12 2 0 8
0000C | Build Unit 2 40 01.Jul12 09 Aug 12 3 40 45
00001 Test Unit 2 25 10Aug12 | 03 Sep 12 22 25 35
000011 | Unit 3 92 01.Jun12 31 Aug12 : :
00001 Design Unit 3 30 01Jun12 30 Jun 12 [ ' 20 a0 45
00001 Build Unit 3 37 01Jul12 0B Aug 12 rs 32 37 47
00001 Test Unit 3 25 07 Aug 12 31 Aug 12 c..,% 20 25 A0
00001% | Finish 0 03 Sep 12 ;P"|j3 Sep 12

. . N . .

I tit cal o Unitt 2 i | d €
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Criticality In-Pertmaster

Three Path Project
Criticality Index: All tasks

000002 - Start 100%

000015 - Finish 100%

000004 - Design Unit 1

N
<
2

000005 - Build Unit 1

% of iterations on the critical path
designates the path most likely|ta
delay the project (new definition ¢
Acritical 0)

N
<
2

000006 - Test Unit 1

N
<
S

000012 - Design Unit 3

000013 - Build Unit 3 40%

000014 - Test Unit 3 40%

000008 - Design Unit 2

i
8
ES

000009 - Build Unit 2
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Duration Sensitivit@orrelation Concept

Three Path Project
Duration Sensitivity: Entire Plan - All tasks

000006 - Test Unit 1 47%

000014 - Test Unit 3 42%

000004 - Design Unit 1 34%

000012 - Design Unit 3 29%

000005 - Build Unit 1 21%

e | Correlation coefficients not mug¢
help to project management in
making decisions

000013 - Build Unit 3

o

000008 - Design Unit 2

000010 - Test Unit 2 8%

000009 - Build Unit 2

<
S
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Cruciality = Criticality: x-Sensitivity

000006 - Test Unit 1

000014 - Test Unit 3

000004 - Design Unit 1

000012 - Design Unit 3

000005 - Build Unit 1

000013 - Build Unit 3

000008 - Design Unit 2

000010 - Test Unit 2

000009 - Build Unit 2

2%

2%

N
x

o I

Three Path Project
Duration Cruciality: Entire Plan - All tasks

22%

17%

15%

12%

9%

7%

Helps eliminate the spurious
correlation for activities that are not
frequently on the risk critical gath
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What if We May Fail a Test or Inspectl
Probabilistic Branching

A Many projects have points where there is a possibilit
failure, a discontinuous event

A Have to model the likelihood of the failure and its
consequence for the schedule

ACal l ed nProbabili sti c Bl
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Model the Probabilistic Branch

A Typically do not include failure in schedule
I Include FIXIT and Retest with O duration to reserve the 9/-

A Enter ranges for the new activities if they occur

Remaining Minimum | Mozt | Maximum Taszk
Text 1 Description Duration otart Finish Durgtion | Likely | Duration | Existence %
Milestone 9% 0MJun1l  03SepM
|| Milestone | Start 0 *01Jun1
| Milestone | 0140 0 03 Sep 11
i Unit 1 95 01Jun11 03 Sep11
H Uit 1 Ciesign Unit 1 300 0 duntt | 30Jun 1 25 a0 45
H Uit 1 Buile! Uit 1 400 0T 11 09 Aug 11 34 40 &0
H Uit 1 Teat Unit 1 25 104ug11 | 03Sep N 20 25 &0
i it 1Eai 03 Sep 11
W m 3 10 50 %
\Jrit 1 Failure | RETEST 0 D4Sept1 | D35ep1l | /’ 20 25 34

/
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Typical BMlodal -Result Distribution

Hits
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NnShoul de
70% for a 30%
likely risk

The 80% datalls
In the Failure Mo«

e
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Effect of Mitigating The Risk of Test Failure on ¢
30% Company

T00%
Variation:46
>

/ N
2
-60% 8
o)
°
L
o
2
g
Lage 3
w2
3
0

-20%

g
e L | | ] 0
1 ' | | ' | ' | ' | ' | ' | ' | ' | ' | ' | 0%
04 Sep 11 14 Sep 11 24 Sep 11 04 Qct 11 140ct 11 24 Qct 11 03 Nov 11 13 Nov 11 23 Nov 11 03 Dec 11 13 Dec 11 23 Dec 11 02 Jan 12

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

A Correlation between activity durations
| When two activitiesd durat
| They are driven by a common risk driver
| Using Pearson correlation, not Spearman Rank Order

Software
Designing

Technology
Stateof-
the- Ar

. Software
¢ Hulett & ‘
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Effect of Correlation

A Without correlation there Is a lot of cancelbegveen
long and short durations in each iteration
| The result is for moderate uncertainty risk overall

A With correlation, long durations will occur together or
iteration and reinforce each other as long durations &
added down the path
| Same for short durations

| There is reinforcing omy and sheshort so get higheghs
and lowdows
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This Matrix shows High-Correlation

A Correlation Is usually shown in a Correlation Matrix |i

one
/Bﬁﬂa\\'l'est

Design

/
Design 1.0 K 9 .8\
\
Build 9 w 7 )
Test 8 7 10
A Shows high correlation between all 3 activities
% Hulett&
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Install Correlation Coefficients betweel

Activity Durations

Risk Summary and Correlation

e S|

Details © Motes” Correlation

Type Description Details On Correlation

=2, duration 0040 - Test Unit 1 Triangle(20;25;50) Y (80%) duration: 0...
=2 duration 0030 - Build Unit 1 Triangle(35;40;50) Y (90%3) duration: 0...
=2 duration 0020 - Design Unit 1  BetaPert(20;30;45) Y (80%3) duration: 0...

< | 1" P
“lon

Select Di striw;('

ﬁrelated To

duration: 0040 - Test Unit 1

ST e ereeilat

duration: 0030 - Build Unit 1 Q0%

50 o
11 L] Le] L]
Coefficient o o Co
o oo O
(- B+ R )
o O OO
Oy O O 30 L8}
8[}/& Le 0 S0 O T L+
OO O 00 O 5
O COCHERD K20
R )
R

Pearzon's: 0% Spearman's 907 \
o
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Effect of Correlation Is to Increase the
Standard Deviation along the Path

Not much

change near

the mean High correlation aﬁidsm
High 5 days at thed®
correlation
subtracts
5 days at
the P20

Not likely to be much help for real schedules that have paralle
©2016Hulett & Associates, LLC 38



This Matax s Not Feasisle

A Correlation Matrix may be infeasible
A Elgenvalue (determinant) test used to test feasibility

Design /eﬁi'e\*st
Design 1.0 K 9 .8
Code 9 w 2
Test .8 2 ~—10"
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