Project Schedule Risk Analysis



Introduction

Activity distributions and data entry
Risk along a schedule path

Risk of parallel paths -- the “Merge Bias”
Effect of limited resources

Effect of constraints

Sensitivity Analysis

“Risk Critical Path”

Risk in schedules

Probabilistic branching

Conditional branching

Correlation



Pitfalls in Relying on CPM

CPM network scheduling is deterministic
Single-point activity durations
OK only if everything goes according to plan

CPM durations are really probabilistic assessments

There are no “facts” about the future




Objectives of a Schedule Risk Analysis

Improve the accuracy of the schedule dates
Validate the CPM or contract dates

Establish a schedule contingency

Identify the risk-driving events

Communicate about and understand the project
Continuously monitor changing schedule risk



Three Basic Components of Schedule Risk Analysis

Risk of the activity duration

30d

Design Unit 1

Risk of duration along a Path

Design Unit 1 | Build Unit 1




Three Basic Components of Schedule Risk Analysis

Risk at a point where parallel paths merge

Design Unit 1 | Build Unit 1

Design Unit 2 | Build Unit 2




4 Common Probability Distributions
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Data Collection

Assemble subject matter experts including people on the
project

Ask them to review the highest-risk items

- Pareto analysis - top 30% + of the elements contains
most of the risk

Experts review elements
- What areas are risky? What causes the risk?

- What are the optimistic (low), most likely and pessimistic
(high) durations for those elements?

- Baseline schedule may not be the “most likely” duration

9
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Data Collection (continued)

Judgmental estimates. Do not have historical data

Motivational biases

- Want to make the project look good - project
manager

- Do not want to be seen as unable to do the job
Cognitive biases

- Anchoring and Adjusting - underestimate risk

- Availability - focus on what is dramatic or current

- Representative - what does the information
represent

- Unthinkable consequences
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Data Collection (continued)

Conduct the “Risk Interview” with facilitator
Challenge the teams’ ranges

Identify the places where failure might occur
- tests fail

- Likelihood of failure

- Time to diagnose, plan and execute
response, retest

Document the issues and findings



Data Entry & Data Editing

Data can be entered by task
Data can be entered as common % ranges
Entering or editing in Excel and copying over is easy

Select activities manually or by a code in some field, to
indicate similarities among activities

- E.g. all test activities get -25% and +100%
- E.g. all fabrication activities get -30% and +40%
- This is called “risk banding”
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Risk Along a Contiguous Schedule Path

Path risk is the combination of the
risks of its activities

| Design ‘ Build Test
Start > Unit ” Unit [ Unit |

This is also like cost risk, adding risks
of individual cost elements to get the
risk of the total
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This schedule finishes on September 3

Really Simple Schedule

« 7-day weeks, like a model changeover,
refinery turnaround

Task Name

D Duration | Start May June July August September | Oc tober
1 |Project 95 d 6/1/02

2 Start 0d 6/1/02 |

3 Des ign Unit 30d 6/1/02 6/1

4 Build Unit 40 d 7/1/02

5 Test Unit 25d 8/10/02

6 Finish 0d 9/3/02

14

If we can get into trouble with this

simple schedule, we can get into

trouble with real project schedules




Add Duration Risk to the Schedule
using Triangular Distributions

/ \

ID Task Name ept ID Min Rdur ML Rdur Max Rdur

1 |Project 2 0d O
2 Start 0 O d 0d O d 0
3 Design Unit 0 20d 30d 45 d 2
4 Build Unit 0 35d 40d 50d 2
5 Test Unit 0 20 d 25d 50 d 2
6 Finish 0 0d

\ /

We are using Risk+ from C/S Solutions. Other packages are @RISK
from Palisade and Monte Carlo from Primavera. PERTMASTER
Professional and Open Plan Professional have simulation capabilities
built-in.
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What

is a Simulation?

How do you find total project results?

- Cannot ad

- Must com

d distributions

pine distributions

Combining ¢
simulation

- Almost all
durations

- “Perform”

istributions using
possible combinations of

the project many times
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Combine Distributions by Simulation

Monte Carlo simulation
- Very General
- 50-year old method
Computer “performs” project many times
- Exercise is a “simulation”
- Each calculation is an “iteration”
Brute force solution

- All combinations of possible costs or
durations



Number of Iterations

How many iterations should we do?

* Accuracy demanded

» 2,500 is sufficient

 Final reports, ==> 10,000 iterations
Latin Hypercube

- Stratified sampling for more accuracy

18



Common Sense Results can be Wrong!

“‘Well, if we just use the right “most likely”
durations in our schedules we will get the
most likely completion date. Right?”

Wrong!

19




Monte Carlo Simulation Results
for Really Simple Schedule

CPM date is not even the most likely — That’s about 9/10

e
Date: 10/25/2001 3:42:21 PM Completion Std Dewvation: 8.98 d
Samples: 5000 Confidence Interval: 0.25 d
Unique ID: 2 Each bar represents 3 d
Name: Project
// Completion Probability Table
0.127 - QE / 09 Prob Date Prob Date
= — 0.8
_ = N 0.05 8/31/02 0.55 9/14/02
_ 010 s A S NN 0.7 0.10  9/2/02 0.60  9/15/02
& 0.08- o |4 :: N 0.15 9/4/02 0.65 9/17/02
o - % - ::\v\ NS 0.20 9/5/02 0.70  9/18/02
T 0061 = xa\%xxh:}‘ 0.25 9/7/02 0.75 9/20/02
T < = 0.30 9/8/02 0.80 9/21/02
0.041 g_ﬁ Q\QHR:\“ 0.35 9/10/02 0.85 9/23/02 %
5 N 0.40 9/11/02 0.90 9/26/02
0.027 — %E NN N R 0.45 9/12/02 0.95 9/29/02
NN NN N NN 0.1 0.50  9/13/02 1.00  10/15/02
O , N
8/20/02 9/13/02 10/15/02
Completion Date
Nominal 9/3 Finish Date 80% Target is 9/21

20 CPM date 9/3 is <15% Likely to be met




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

Merge Bias has been understood for 40 years

21

Risk at Merge Points: The “Merge Bias”

Design Unit 1

Build Unit 1

Design Unit 2

Build Unit 2

2\"OUCH!"J




Much Schedule Overrun Risk
Occurs at Merge Points

Complex schedules have activities in parallel
Merge points are important events

- Completion of the project

- Major design review

- Beginning integration and test
Delay on any path may potentially delay the project

This extra risk is called the “Merge Bias”
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Example of Merge Bias

Example of the Merge Bias
- Make three project paths that are exactly the same
- Same durations
- Same risks
- Start on the same day
CPM says this project, too, finishes on June 17

Is this reasonable? Is this project just as risky as the one-
path project? More risky? Somehow less risky?
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This Schedule has
three Equal Parallel Paths

Task Name | ReptD | MnRdr | MLRdr | MaxRdur |  Curve May June July August | September
Project 2 0d 0d 0d 0 P —
Start 0 0d 0d 0d 0 éﬁﬂ
Unit 1 1 0d 0d 0d 0 P
Design Unit 1 0 20 30 d 45 2
Build Unit 1 0 35 40 d 50 d 2
Test Unit 1 0 20 d 25 50 d 2 39
Unit 2 1 0d 0d 0d 0
Unit 3 1 0d 0d 0d 0
Finish 0 0d 0d 0d 0 $ 9

Two paths are collapsed

Each path has exactly the same structure
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Evidence of the Merge Bias

Date: 10@25/2001 3:42:21 PM

Samples: 5000
Unigque ID: 2

ANIge ol 8AljE NN

@ @0 K~ O 0 T O N
@ ¢ 36 0 3 Qg g

T 777777772 2l e <
\\\\\\\\\N‘ﬂ.‘\\\\\\\ o

MName: Project

Aauanhalg

One Path Schedule

Date: 1W26/2001 3:07:10 P

Samples: 3000
Unique ID: 2

Agegold saiepnuwing

o
2

Name: Project
0.14
0.12
A0
0
05

Aduanhal 4

Q\ Three Path Schedule
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Evidence of Merge Bias (continued)

Completion Std Deviation: 7.03 d
Confidence Interval 0.25 d
Each barrepresents 3 d

Completion Probabhility Table

Completion Std Dewvation: 8.98 d
Confidence Interval: 0.25 d
Each bar represents 3 d

Completion Probahility Table

Prob Date Probh Date
0.05 9M10/02 0.85 9522102
0.10  91M12/02 0.60 9523102
0.15  9M14/02 0.65 9524/02
0.20 9M15/02 0.70 9525102
0.25 91M16/02 078 QiI2RINZ
0.30 91702 0.80 9527102
0.35 9M8/02 085 9r2gm?
0.40 91902 0.90 11702
0.45  9720/02 0.95 103702
0.50 9521/02 1.00 112202

Three Path Schedule
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Prob Date Prob Date
0.05 8/31502 0.85 91402
010 9502 0.60 9M15/02
015  9/402 0.65 9M17/02
0.20 9/502 0.70 9M8s02
0.25 95702 0.75 9520/02
0.30 9/&02 0.80 952102
0.35 910502 0.85 9523702
0.40 9711502 0.90 9526402
0.45 9112502 0.95 9/29/02
0.50 9/113502 1.00 10102

One Path Schedule




What’s Happening Here?

Likelihood of Two Events at Once

Likelihood of Two Occurances Occuring Together

Path A Path B Path A Path B Joint Probability
Complete Complete 10% 10% 1%
Complete Not Complete 10% 90% 9%

Not Complete Complete 90% 10% 9%
Not Complete Not Complete 90% 90% 81%
Total Likelihood 100%

27

Success is only in the green area

Other scenarios represent failure




Resource Problems

With real projects resources may be scarce

Unless resources are added, some activities must
be delayed or stretched out

Critical Path Method (CPM) scheduling allows
resource leveling and delays the project

Each iteration is a CPM solution
Each iteration must be resource-leveled

28




What Happens if Resources are Limited?
Limited Test Equipment means delaying Units 2 & 3

Resource leveling delays completion from 9/3 to 10/23

D |TaskName | Duraton | Start | Finish May | June | July |August |September |October  |November |December
Project 145d 6/1/02 10/23/02 ; ' ' '
Start 0d 6/1/02 6/1/02 - 6/1
Unit 1 95 d 6/1/02 9/3/02
Design Unit 1 30 d 6/1/02 6/30/02
Build Unit 1 40 d 7/1/02 8/9/02
Test Unit 1 25 d 8/10/02 9/3/02
Unit 2 120d 6/1/02 9/28/02
Design Unit 2 30 d 6/1/02 6/30/02
Build Unit 2 40 d 7/1/02 8/9/02 : al S
Test Unit 2 25 d 9/4/02 9/28/02 [ TestEquipment \
Unit 3 145 d 6/1/02 10/23/02
Design Unit 3 30 d 6/1/02 6/30/02
Build Unit 3 40 d 7/1/02 8/9/02
Test Unit 3 25 d 9/29/02 10/23/02
Finish 0d 10/23/02 10/23/02
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Leveling Resources and Schedule Risk

Frequency

0.16 -
0.141
0.12 1
0.10 -
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Date: 1r26/2001 3:46:52 PM
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Imposing Constraint Dates on the Project Finish Date

Constraints are placed on the important delivery dates
This can help CPM scheduling
‘Negative float develop feasible schedules

Constraints are also used to make the project show
success

Constraints left in the schedule frustrate risk analysis of
the very items you care about

31



Imposing Constraint Dates
on the Project Finish Date (continued)

We leave the Must Finish On 9/3/02 constraint on the
finish milestone

= Project 2 0d 0d 0od 0
Start 0 0Od Od 0d 0
Design Unit 0 20d 30d 45 d 2
Build Unit 0 35 d 40 d a0 d 2
Test Unit 0 T
Finish General I Predecessors | Resources Advanced I Motes l
Mame:  |Finish Duration: IUd ﬂ " Estimated
Constrain task
Deadline: [raa _:l
Constraint type: lMust Finish On :I Constraint date: [9/3/02 v
KB September, 2002 [ > |
Task type: IFixed Units ~| MEfsun Mon Tue Wed Thu Fri Sat
Eolordar: 3 25 26 27 28 29 30 31
alendar: INone = = 1 2 4% 4 5 6 7
WBS code: |1_5 8 9 10 11 12 13 14
15 16 17 18 19 20 21
[V Mark task as milestone 22 23 24 25 26 27 28
29 30 1 2 3 E 5
Help I < 3Today: 10/26/2001

l
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Effect of a Not Later Than Or Must Finish

On Constraint on the Simulation
Project gives you a message about the constraint

Microsoft Project = X]

Task "S Test Unit" in "One-Path Project” cannot be completed in the time allocated because there is a scheduling
conflict between this task and another one to which it is linked.

Try one of the following:

This tells you that you have a constraint that is binding

You can complete if you manually click the message

Do Not Turn Off the Scheduling Messages

If you turn off messages you will never know whether
you have constraints that bind

33



Effect of a Must Finish On Constraint

Date: 2/14/2002 10:41:45 AM Completion Std Dewviation: 0 d
Samples: 3000 Confidence Interval: 0 d
Unique ID: 7 Each bar represents 1 d

Name: Finish

0.91 & r0.9

0.81 r0.8

letion Probability

Date Prob
9/3 0.55 9/3

>, 077 0.7 9/3 0.60 9/3
2 067 0.6 9/3  0.65 93
S sl o 93 070 9/3
SN NN " 93 075 93
T ' 9/3 0.80 9/3
0.37 0. 9/3 0.85 9/3
0.21 0.2 9/3 090 9/3
0.1 o1 9/3 095 9/3

9/3 1.00 9/3

9/3
9/3

Completion Date




Effect of “Must Finish On” Constraint

B |If the results are gathered at the summary task,
the results
show only the “threat” side of the distribution

Date: 10/26/2001 4:02:30 PM Completion Std Dewation: 8.08 d
Samples: 3000 Confidence Intenal: 0.29 d
Unique ID: 2 Each bar represents 3 d
Name: Project
Completion Probability Table
0221 [ r0.9
NS | Prob Date Prob Date
020 = 0.8 0.05  9/3/02 0.55  9/14/02
- 0.171 «© r0.7 0.10 9/3/02 0.60 9/15/02
© 0151 o o6 0.15 9/4/02 0.65 9/17/02
g | o o5 0.20 9/6/02 0.70 9/18/02
5 018 EE? 0 0.25  9/7/02 0.75  9/20/02
= 0.107 _‘ 0.4 0.30 9/8/02 0.80 9/21/02
. N NNNN
0.081 b= 0.3 0.35 9/10/02 0.85 9/23/02
N NN
0osd NI §§ o, 0.40  9/11/02 0.90  9/25/02
' §§ ’ 0.45 9/12/02 0.95 9/29/02
0.037 \\\\Q ﬁm 0.1 0.50  9/13/02 1.00  10/14/02
[
9/3/02  9/14/02 10/14/02
Completion Date

Cannot go Earlier since the Milestone does not Move
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“Must Finish ON” will have Different Results
if you use Summary Bar or Milestone

B What's happening here? MS Project allows the
predecessor activities extend PAST the FIXED milestone

Task Name Dur ation Start Finish May June July August September | October

S| O B W NN

Project 110d 611102 918102

Start 0d 611102 6/1/02 At

Design Unit 30d 6/1/02 6/30/02 6 | \/I,
Build Unit 0d T2 89/02

TestUnit 0d 81002 91802 el
Finish 0¢ 913102 913102 *

“I/N

Even if finish milestone might not be later, Test Unit can be, in Project. We’re
using the Project summary bar for our results

36



Effect of “Finish Not Later Than” Constraint

Date: 10/26/2001 4:01:13 PM Completion Std Deviation: 8.81 d Date: 2/14/2002 10:53:00 AM Completion Std Deviation: 1.28 d
Samples: 3000 Confidence Interval: 0.31d Samples: 3000 Confidence Interval: 0.04 d
Unique ID: 2 Each bar represents 3 d Unique ID: 7 Each bar represents 1 d
Name: Project Name: Finish
- / Completion Probability Table Completion Probability Table
022] o N O poh pae Prob Date Pl 5 > Prob Date  Prob Date
£ \tg 08 005 83102 055 9/14/02 081 = 08 005 831 055 92
. 0.10 g z 07 0.10  9/3/02 0.60 91502 || 071 8 0.7 0.10 912 0.60 9/2
5 o N 06 0.15 9/4/02 065 91702 [| 2 o) 2 0.6 015 92 065 9”2
g ol & N g S o 00 ws o0 s (|5 oo G 05 020 92 070 92
= el f § | 025 972 075 g0 || g | 2 N 025 92 075 92
I S X 04 0.30  9/8/02 080 92102 [[@L - ' 030 92 0.80 9/2
ol g 03 0.35  9/9/02 0.85  9/23/02 031 g 0.3 035 92 0.85 9/2
3\,1 N “1 0 040 91102 090 9/25/02 021 3 0.2 040 92 090 92
002 3 | 045 91202 095 9/29/02 oLl " 045 92 095 92
q 01 050 9/13/02  1.00  10/15/02 S 050 912 1.00 972
SN RN ' 9;2'
8/22/02 9/14/02 10/15/02 8/22 913
Completion Date Completion Date
Collecting data at the Summary Bar — Collecting data at the Finish Milestone —
Correct because MS Project allows Incorrect because Constraint holds
activities to exceed the date
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What are the Highest Risk Activities?

We do not know in advance which path will delay the
project

Monte Carlo simulation tells us which is most likely
- Activities on critical path in most iterations

Path delaying the project may not be the critical path
identified by CPM

This is “Schedule Critical” not Technically Critical

-Combination of risk and low float (slack)

38



What are the Highest-Risk Activities?

Units 1 & 3 are Shorter and Not Risk Mitigated

ID | TaskName | Duration | Start | Finish May | June | July |August | September |Oc tober
1 |Project 95 d 6/1/02 9/3/02 e T

2 Start 0d 6/1/02 6/1/02 p6/1

3 Unit 1 93 d 6/1/02 9/1/02

4 Design Unit 1 28 d 6/1/02 6/28/02

5 Build Unit 1 40 d 6/29/02 8/7/02

6 Test Unit 1 25d 8/8/02 9/1/02 9
7 Unit 2 95 d 6/1/02 9/3/02

8 Design Unit 2 30 d 6/1/02 6/30/02

9 Build Unit 2 40 d 7/1/02 8/9/02

10 Test Unit 2 25 d 8/10/02 9/3/02

11 Unit 3 92d 6/1/02 8/31/02

12 Design Unit 3 30d 6/1/02 6/30/02

13 Build Unit 3 37d 7/1/02 8/6/02

14 Test Unit 3 25 d 8/7/02 8/31/02 8131
15 Finish 0d 9/3/02 9/3/02 9/3

“Critical” Unit 2 is Identified for Risk Mitigation
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Highest-Risk Activities? (continued)

What are the

D Task Name | ReptD | MnRdu | MLRdu | MaxRdur |  Curve
1 |Project 2 0d od 0d 0
2 Start 0 0d 0d 0d 0
3 Unit 1 1 0d 0d 0d 0
4 Design Unit 1 0 18 d 28 d 43 d 2
5 Build Unit 1 0 35d 40 d 50 d 2
6 Test Unit 1 0 20 d 25d 50 d 2
! Unit 2 1 0d 0d 0d 0
8 Design Unit 2 0 26 d 30 d 38 d 2
9 Build Unit 2 0 36 d 40 d 45 d 2
10 Test Unit 2 0 22 d 25 d 35d 2
11 Unit 3 1 0d 0d 0d 0
12 Design Unit 3 0 20 d 30 d 45 d 2
13 Build Unit 3 0 32d 37d 47 d 2
14 Test Unit 3 0 20 d 25 d 50 d 2

Unit 2 is
Closely
Managed
but Units 1
& 3 still
Have Risk

40




Use Sensitivity Analysis First

Even if Units 1 & 3 are shorter, Unit 2 keeps
schedule from shortening

Sep 1,'0p Sep 8,'02 Sep 15,02 Sep 22,'02 Sep 29, '0;

D Task Name Early Finish | LateFinish | Range |S|M|W|w|T|F|s|s/M|T|w|T|F|s|s|mM|[T|w|T|F|s|s|mM|T|w|T|F|S|[S|M|T
6 Test Unit 1 9/3/02 9/26/02 23 d

14 Test Unit 3 9/3/02 9/25/02 22 d

4 Design Unit 1 9/3/02 9/16/02 13 d

10 Test Unit 2 9/1/02 9/13/02 12d

12 Design Unit 3 9/3/02 9/15/02 12.d

8 Design Unit 2 9/1/02 9/11/02 10d

5 Build Unit 1 9/3/02 9/11/02 8d

9 Build Unit 2 9/1/02 9/8/02 7d

13 Build Unit 3 9/3/02 9/10/02 7d

41

Opportunities only in the CPM
critical path for Unit 2




Risk Criticality of Activities

Risk Criticality is the likelihood that an activity will be on
the path that delays the project

- Activity may not be technically risky
- Activity may not be risky, but path is

Percentage of iterations on the critical path

42



Risk Critical GANTT Chart

ID Task Name Total Slack Critical % Critical Risk Critical |May June July August Septerrber
T |Project 0d Yes 100 Yes 100 ————
2 Start 0d Yes 100 No p-6/1

3 Unit 1 2d No 44 Yes

4 Design Unit 1 2d No 44 Yes

3 Build Unit 1 2d No 44 Yes

6 Test Unit 1 2d No 44 Yes

7 Unit 2 0d Yes 18 Yes

8 Design Unit 2  0d Yes 18 No

9 Build Unit 2 0d Yes 18 No

10 Test Unit 2 0d Yes 18 No

11 Unit 3 3d No 39 Yes

12 Design Unit 3 3d No 39 Yes

13 Build Unit 3 3d No 39 Yes

14 Test Unit 3 3d No 39 Yes

15 Finish 0d Yes 100N\ No

The “Critical Path” has been managed and is only 18% likely to delay the project.
Now turn attention to Units 1& 3
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Handling Statused Activities

Risk range on remaining duration - Actuals are not risky
Hence the “Min Rdur,” ML Rdur,” “Max Rdur”

What happens when an activity has actual progress?

Design Unit has 70% complete, 9 days to go

- On track to finish on 9/3

ID | TaskName Dur ation Start Finish May June July August September | October
I |Project 95d 611102 913102 P —

2 | St 0d 6/1102 61102 p- 6/

3 | Design Unit 30d 6/1/02 6/30/02 6 |

4 Build Unit 40d 71102 8/9/02

5 TestUnit 254 8110002 9/3/02

6 Finish 0d 9/3/02 9/3/02
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Adjusting the Durations for
15 days of Actual Progress

ID Task Name | ReptD |  MinRdur | ML Rdur | Max Rdur | Curve
1 Project 2 Od od Ood 0
2 Start 0 od od od 0
3 Design Unit 0 20 d 30d 45d 2
T BUTa UNit 9 35 d 40 d 50 d Z
S Test Unit 0 20d 25d 50d 2
6 Finish 0 od Ood Ood 0
Leave original risk ranges even though Design has progress? NO!
D Task Name | Rept ID | Min Rdur | ML Rdur | Max Rdur | Curve
1 |Project 2 od od od 0
2 Start 0 od od od 0]
3 Design Unit 0 5d 9d 15d 2
4 Build Unit 0 35d 40 d 50d 2
5 Test Unit 0 20 d 25d 50d 2
6 Finish 0 od od od 0

45

With only 9 days to go on Design, risk ranges adjusted to
remaining duration. YES!




Handling Statused Activities (continued)

Date: 10/26/2001 4:37:46 PM

Completion Std Dewvation: 9.03 d

46

Samples: 3000 Confidence Interval: 0.32 d
Unique ID: 2 Each bar represents 3 d
Name: Project
=N Completion Probability Table
// 0.9
0.127 - Prob Date Prob Date
S 0-8 0.05 9/21/02 0.55  10/5/02
- 0.107 < 0.7 0.10 9/23/02 0.60 10/6/02
o | o [ L0.6 0.15 9/25/02 0.65 10/8/02
¢ 008 o ~ o 0.20  9/26/02 0.70  10/9/02
D 0.6 = ' 0.25 9/28/02 0.75 10/10/02
T s =] (0.4 0.30 9/29/02 0.80 10/12/02
0.04- %\ :“:“\\:2:\3\ L0.3 0.35 9/30/02 0.85 10/14/02
N xh\xﬁ\ Lo 0.40 10/2/02 0.90 10/17/02
0.021 NN NN NN ' 0.45  10/3/02 0.95  10/20/02
N E@L-Oll 0.50 10/4/02 1.00 11/4/02
9/12/02 10/5/02 11/4/02
Commn Date

If you do not change the risk ranges, expected completion is 10/5




Handling Statused Activities (continued)

Date: 10/26/2001 4:46:38 PM Completion Std Dewvation: 7.57 d
Samples: 3000 Confidence Interval: 0.27 d
Unique ID: 2 Each bar represents 3 d
Name: Project
0.161 o s Completion Probability Table
Prob Date Prob Date
0.147 N 08 0.05 9/1/02 0.55 9/13/02
_ 012 :.,,,\4 0.7 0.10  9/3/02 0.60  9/14/02
Q 0.101 . 0.6 0.15 9/5/02 0.65 9/15/02
@ - o5 0.20 9/6/02 0.70 9/16/02
I 0.081 ' 0.25 9/7/02 0.75 9/18/02
' 0.4 0.30 9/8/02 0.80 9/19/02
0.067 0.3 0.35 9/9/02 0.85 9/21/02
0.041 N 0o 0.40 9/10/02 0.90 9/23/02
NN ' 0.45 9/11/02  0.95 9/26/02
0.021 0.1 0.50 9/12/02  1.00 10/6/02
8/25/02 9/12/02 10/6/02
Conﬁ/\én Date

After changing the risk ranges to reflect progress,
expected completion is 9/12




Probabilistic Branching

Many projects have points where there is a possibility
of failure, a discontinuous event

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

Called “Probabilistic Branching”

Probabilistic branching is an advanced feature found in
Risk+, @RISK, PERTMASTER and Monte Carlo
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Model the Probabilistic Branch

Typically we do not include failure in schedule

- Add FIXIT and Retest
- Preserve the 9/3 finish date (with O duration)

Enter ranges for the new activities

D Task Name Duration | ReptD Mn Relur ML Reur Max Rdur Curve  |May June July August | September | October
I |Project %d 2 0d 0d 0d 0
2 Start 0d 0 0d 0d 0d 0
3 Design Unit 0d 0 5d 9d 154 2
4 Build Unit 0d 0 35 d 40 d 50d 2
<(Test Unit 2d 0 20d 254 50d 2
FhT 0d 0 15 4 30d 60 d !
1 Retest 0d 0 20d 254 354 0
8 Finish 0d 0 0d 0d 0d 0
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Logic of Probabilistic Branch

Fail 30% Branch

Test Unit

Sart: 8/10/02 1ID: 5

Finish: 9/3/02  Dur: 25d

Res:

Succee
d 70%
Branch

FIXIT \ Retest
) Milestone Date: Tue 9/3/02 Milestone Date: Tue 9/3/02
ID: 6 D: 7

2%

-

New Activities

Finish

Milestone Date: Tue 9/3/02

~

ID: 8

)
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Branching in the Risk Entry Table

ID Task Name | Rept ID | Min Rdur | ML Rdur | Max Rdur | Branch Def | Branch ID
1 |Project 2 od 0d 0d 0
2 Start 0 od od 0d 0
3 Design Unit 0 5d 9d 15 d 2
4 Build Unit 0 35d 40d 50 d 2
5 Test Unit 0 20 d 25 d 50 d 2
6 FIXIT 0 15d 30d 60 d 2
7 Retest 0 20 d 25 d 35d 2
8 Finish 0 0d 0d 0d 0

o1




Typical Bi-Modal Result Distribution

Date: 10/27/2001 8:45:14 AM
Samples: 3000
Unique ID: 1

Name: Proiect

Frequency

0.301

0.251

0.201

0.151

0.101

0.051

Succes
S

L~

,’Z’ 77 k%so

8/4/02

/

_///

0.9
0.8
0.7
0.6
0.5

Failure

0.4

0N

NN

_
NN

9/11/02

Completion Date

0.3
0.2
0.1

12/2/02

Completion Std Dewvation: 30.03 d
Confidence Interval: 1.08 d
Each bar represents 10 d

Prob
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50

Date

8/12/02
8/14/02
8/16/02
8/18/02
8/19/02
8/21/02
8/22/02
8/24/02
8/25/02
8/27/02

Prob
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.00

Completion Probability Table

Date
8/29/02
9/1/02
9/4/02
10/3/02
10/13/02
10/18/02
10/23/02
10/29/02
11/5/02
12/2/02
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Conditional Branching

Contingency Planning Problem

Propulsion System Alternative A is preferred by customer
- Alternative A is new and risky

Alternative B is the back up, contingency plan
-Acceptable, not preferred

We care about the schedule, too

How long do we stick with Alternative A and under what condition do
we go to Alternative B?

Conditional branching is an advanced feature found in
@RISK, Monte Carlo and Risk+
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Schedule with Alternatives A & B

Build and Test Alt. B 185d 9/22/02 3/25/03

ID |Task Name | Duration | Start | Finish 2nd Quarter |3rd Quarter |4th Quarter |1st Quarter |2nd Quarter |3rd Quarter
| Project 300d 6/1/02 3/27/03 ! = =

2 Start 0d 6/1/02 6/1/02

3 Preferred Alt A 300d 6/1/02 3/27/03

4 Design At. A 100d 6/1/02 9/8/02

S Build and Test Alt. A 200d 9/9/02 3/27/03

6 Backup Alt. B 298d 6/1/02 3/25/03

7 Design At. B 85d 6/1/02 8/24/02

8

9

Finish

0d 3/27/03 3/27/03

Build and Test Alt. B SNET 9/22, the day after the
decision about Alt. A

o4




Risk Information for Alternatives A and B

Alternative A has Wider Ranges, Longer Design

Time

— A —
ID Tas k Name | Rept ID | Min Rdur | ML Rdur | Max Rdur | Curve )
1 |Project 2 od od od 0
2 Start 0) Od Od Od 0)
3 Preferred Alt A 0) Od Od 0d 0)
4 Design Alt. A 0 85d 100d 200d 2
S Build and Test Al. 0) 180d 200d 275d 2
6 Backup Alt. B 0 od od od 0
7 Design Alt. B 0) 75d 85d 200d 2
8 Build and Test Alt. 0 175d 185d 210d 2
° Finish 0) \O d Od Od O/,

Y

55

Alternative B is Less Desirable but Less
Risky




What Happens if there is No Backup Alt. B?

56

Zero out Build and Test Alt. B so Alt. Ais
the only one

ID | Task Name | Duration | Start | Finish 2nd Quarter |3rd Quarter |4th Quarter |1st Quarter |2nd Quarter |3rd Quarter
' |Project 300d  6M/02  3/27/03 i *

2 Start 0d 6/1/02 6/1/02 6”

3 Preferred Alt A 300d 6/1/02 3/27/03 :

4 Design Att. A 100d 6/1/02 9/8/02

5 Build and Test Alt. A 200d 9/9/02 3/27/03 3127

6 Backup Alt. B 298 d 6/1/02 3/25/03

7 Design Alt. B 85d 6/1/02 8/24/02

8 Build and Test At. B 0d 9/22/02 9/22/02

9 | Finish 0d 327/03  3127/03 e




If Must Go with Alt. A, (if there is No Alt. B),
80% Date is 6/10/03

Date: 11/20/2001 9:28:10 PM Completion Std Devation: 32.04 d
Samples: 3000 Confidence Interval: 1.15d
Unique ID: 2 Each bar represents 10 d
Name: Project
) Completion Probability Table
0.9
0.101 > o8 Prob Date Prob Date
= :: ' 0.05 3/25/03 0.55 5/16/03
~ 008" < :‘Q r0.7 0.10 4/3/03 0.60 5/19/03
o SHN = 0.6 0.15  4/9/03 0.65 5/25/03
@ - 0.20  4/14/03 0.70  5/29/03
o 0067 SNN N 05 0.25 4/19/03  0.75  6/4/03
Peb) = [~ “\“\ . .
'L NN R 0.4 0.30  4/23/03 0.80  6/10/03
0.041 ] NN 0.3 0.35  4/28/03 0.85  6/17/03
0o 0.40 5/2/03 0.90 6/26/03
0.027 ' 0.45 5/6/03 0.95 7/10/03
ﬁ?\: 0.1 0.50 5/11/03 1.00 8/30/03
2/27/03 5/13/03 8/30/03
Completion Date
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If No Alternative B,
Alternative A is 100% Likely

D Task Name | Total Slack | Critical | % Critical |2nd Quarter |3rd Quarter |4th Quarter |1st Quarter |2nd Quarter | 3rd Quarter
1 |Project 0d Yes 100 100

2 Start 0d Yes 100 61

3 Preferred Alt A 0d Yes 100 100

4 Design Alt. A 0d Yes 100 > 100

) Build and Test Alt. A Od Yes 100

6 Backup Alt. B 215d No

7 Design Alt. B 215d No 0

8 Build and Test Alt. B 215d No 0 an i

9 Finish 0d Yes 100 & 3027
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Choosing Alt. B if Alt. A Design is Later than 9/21 -
80% Date is Now 5/3/03

Date: 11/20/2001 9:35:44 PM Completion Std Dewvation: 26.91 d
Samples: 3000 Confidence Interval: 0.96 d
Unique ID: 2 Each bar represents 10 d
Name: Project
Completion Probability Table
0.141 "0.9
> N e Prob Date Prob Date
0.127 E ' 0.05 2/27/03 0.55 4/11/03
- _ 8 - r0.7 0.10 3/6/03 0.60  4/14/03
g 010 S o6 0.15 3/12/03  0.65 4/18/03
Q Hos o N g i 0.20 3/16/03 0.70  4/23/03
. q ) 0.5
= +§ N 0.25  3/20/03 0.75  4/28/03
L 0.067 _% :?:\H ::\\ 0.4 0.30 3/24/03 0.80 5/3/03
| RN N NN 0.3 0.35 3/27/03  0.85 5/10/03
0.04 \\\@ N NN NN _ 0.40  3/31/03 0.90 5/17/03
0oz NI :Q\ ::ﬁ o 0.45 4/3/03  0.95 5/28/03
5 N :\Q Eﬁ-—n 0.1 0.50 4/7/03 1.00 7/4/03
2/9/03 4/9/03 714103
Completion Date
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Switch to Alt. B if Design on Alt. A is Later than 9/21 -

Which Technology is Used?

Plan A is Chosen only 33% of the Time

ID Task Name Total Slack Critical % Critical |2nd Quarter |3rd Quarter |4th Quarter |1st Quarter |2nd Quarter | 3rd Quarter
i |Project 0d Yes 100 100

2 Start 0d Yes 100 61

3 | Preferred AltA 0d Yes 33

4 Design Alt. A 0d Yes 3

d Build and Test Alt. A 0d Yes 33

6 Backup Alt. B 30d No 67

7 Design Alt. B 30d No 67

8 Build and Test Alt. B 30d No 67

9 Finish 0d Yes 100

Plan B is Chosen 67% of the Time
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Summary of Conditional Branch Exercise

Results of Scenario

_ Technology A Only, | Decide Plan B at
Scenario No Plan B 9/21/02
Mean Date 5/13 4/9
Probability 80% 6/10 5/3
Probability Using Tech A 100% 33%
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Causes of Correlation

Correlation between activity durations

 When two activities’ durations “move
together”

e driven by a commo

State-of-the- Art
Technology

Software
Designing

Software Coding




For expediency, use risk banding
- Low = -25%

For Ease of Data Entry, Use Quick Setup

High = +50%

Distribution = triangular

Correlation is an advanced feature
found in @RISK, PERTMASTER and
Risk+. Monte Carlo has
rudimentary correlation

ID Task Name ReptID|  Min Rdur ML Rdur Max Rdur Curve |2nd Quarter |3rd Quarter |4th Quarter |1st Quarter |2nd Quarter
! | Project 2 0d 0d 0d 0 PIIII——

2 Start 0 0d 0d 0d 2 6l 1

3 Design 0 96.25d 75d 112.5d 2

4 Code Software 0 150d 200d 300d 2

o Unit Test Software 0 37.5d 0d 75d 2

6 Finish 0 0d 0d 0d 2
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Simulation With No Correlation

Sigma 34.1 days

Frequency

Date: 11/12/2001 9:15:12 PM
Samples: 3000

Unique ID: 1

Name: Project

0.161 - 0.9
0.147 = / 0.8
0.121 § 0.7
0.10 £ NN 0-6

o 0.5
0.08" = ]

< N \‘\H S‘* 0.4
0.061 = N\ s

] '

0.047 8‘? %h\% 0.2
0.021 I .

2/8/03 5/19/03

Completion Date

No Corq ations

8/29/03

ﬁ

Completion Std Dewvdtion: 34.11 d
Confidence Interval: 1.22.d

Each bar represents 15 d

Completion Probability Table

Prob Date Prob Date
0.05 3/28/03 0.55 5/20/03
0.10 4/7/03 0.60 5/25/03
0.15 4/13/03 0.65 5/30/03
0.20 4/18/03 0.70 6/5/03
0.25 4/23/03 0.75 6/11/03
0.30 4/29/03 0.80 6/18/03
0.35 5/3/03 0.85 6/26/03
0.40 5/7/03 0.90 7/4/03
0.45 5/11/03 0.95 7/18/03
0.50 5/15/03 1.00 8/29/03
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Range 2/8 — 8/29/03




Results of Correlated Durations

Sigma 49.2 d, Larger than 34.1 d

Frequency

Date: 11/12/2001 9:11:06 PM
Samples: 3000

Unique ID: 1

Name: Project

'ﬁ
%x\ // r0.9
0.10- 2 F =/ 0.8
| % ) r0.7
0.08 9 i ]
- F0.6
0.061 ‘:s"
B
0.041 s
R[S
N5
0.021 &Ia
XN

5/18/03
Completion Date

/2/03 9/ﬁ8/o3
Correl@ns =9

Completion Std Dewvati

i iatidn: 49.24 d
Confidence Interval: 1.76

Each bar represents 15 d

Completion Probability Table

Prob
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50

Date
3/4/03
3/15/03
3/25/03
4/3/03
4/11/03
4/18/03
4/24/03
4/30/03
5/7/03
5/13/03

Prob
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.00

Date
5/20/03
5/27/03
6/4/03
6/13/03
6/22/03
7/2/03
7/12/03
7/26/03
8/12/03
9/28/03

D

Range 2/1 — 9/28, Wider than 2/8 — 8/28




Correlation Methods

Most software uses Spearman rank order correlation
- @RISK for Project, PERTMASTER, Excel and Crystal Ball for Excel

- No known relationship to Pearson correlation

Risk+ has just adopted correlation and uses Pearson’s approach

- This is what we think of when we specify correlation
- Uses a Lurie-Goldberg iteration for non-normal distributions

Monte Carlo just uses perfect positive correlation
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This Correlation Matrix is Not Feasible

Correlation Matrix may be infeasible

Eigenvalue (determinant) test used to test feasibility
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Design Code Test
—~
Design 1.0 ( 9 \9\
Code 9 N.o 2 )
Test 9 N 1.0

—




Software Performs Test
Alerts the user

- The matrix is inconsistent with the natural world
- These coefficients could not coexist

The program then offers to adjust the matrix so that it
just barely passes the test

- The user can see where the problems are

- Risk+ allows the user to indicate the relative
confidence of the coefficients, and adjusts mainly
the less confident ones

68



69

Schedule Risk Analysis Summary

Introduction
Activity distributions and data entry
Risk along a schedule path

Risk of parallel paths -- the “Merge
Bias”

Effect of limited resources

Effect of constraints



Schedule Risk Analysis Summary (continued)

Sensitivity Analysis

“Risk Critical Path”

Risk in statused schedules
Probabilistic branching
Conditional branching

Correlations
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