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Agenda

Simple schedule with uncertainty
Correlation with uncertainty
Probabilistic event — recovery from test failure

Risk Register provides the Risk Drivers

Risk Drivers on one or several activities
Cost Risk
Integrating cost risk and schedule risk



Simple Schedule in Primavera P6

Actiity D  _[Actiity | Remaining|Start Finish | 2013 Qtr 4, 2013 Qtr 1, 2014
Name Duration g | Sep Oct Nov Dec Jan Feb | Mar
= ACUMENRISK 01-Sep-13 | 22-Feb-14 ¢e-Feb-l
AT000  Start 0 01-5ep-13
A1010  Design 50 01-Sep-13 20-Oct13
A1020  Build 100 21-Oct13  28-Jan-14
Al030  Test 25 29-Jan-14  22-Feb-14 Test
21000 Finish 0 20-Feh-14 Finish




Adjust the Uncertainty Ranges

MName Type Min  Most Likely Max
Very Conservative Triangle a80% 90% 100%
Conservative Triangle 85% 100% 105%
Realistic Triangle 90% 100% 110%
Aggressive Triangle 95% 110% 125%
Very Aggressive Triangle 100% 120% 150%

The default values can be edited. Notice that for “Aggressive” and “Very
Aggressive” we suggest that the Most Likely durations are NOT the same as in
the schedule, but are 10% and 20% longer, respectively.




Adding Uncertainty to Schedule

P

A1000
AL010
A1020
AL030
Z1000

Description Remaining... D Duration Unceftainty '\ Type @ % |CLT Cor. Rem.. Start Finish To

ACUMENRISK 175 E O [N | 9/1/2013 2/22/2014
] | &

Start 0 100 % D 9/1/2013 9712013
Design 50 E\ % I % 0 8w 9/1/2013 10/20/2013
Build 100 @ b & 100% [ (& 14w 10/21/2013 1/28/2014
Test 2 @ b |EE 0% [ & 3w 1/29/2014 2202014
Finish 0 100% [] Ow 2222014 2222014

Decided that the schedule durations as estimated are “aggressive”




The Effect of Correlation

with Uncertainty

Risk Comparison
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Add a Probabilistic Activity

Actmty 1D Actity Name Remaining| Start Finish

Duration
= ACUMENRISK ACUMEN RI|  200/01-Sep-13|13Har14
A1000  Star 0 01-Sep-13
A1010  Design 50 01-5ep-13 20-0ct13
A1020  Build 100 21-0ct13  28-Jan-14
A030  Test 25 2%-Jan-14 22-Feb-14

A1040  Recoverfrom Failing the Test 2h 23Feb- Mar-14
+ 4 19-Mar-14

o

2013 Qtr 4, 2013 Qtr1, 2014 Qtr2, 2014
g | Sep | Oct [ Nov | Dec | Jan | Feb | Mar | Apr | May | Jun
19-Mar-14 ACUMENRISK ACUN

Hecover from Failing the Test

Finish

Input an estimated schedule duration. Acumen RISK allows this to
happen with some probability <100, including 0%




It is 30% Likely that We will Fail the Test

ACUMENRISK
A1000
A1010
A1020
A1030
A1040

Description Remaining...
ACUMEN RISK Case Study 199
Start 0
Design 50
Build 100
Test 25
Recover from Failing the Test 25
Finish

apd d

Cl[Em)iEmi{Em

Duration Uncertainty

S ILOFF] | __!l-,
lll oFF] | | il-l
|t | & x| (o -
|.ﬂiJ oFFl | el |

Type

Al 4l 4

% CLT |G

|l ——] s— a—

the 30% likelihood of failing the test

The Probabilistic Activity Recover from Failing the Test will occur with




Could create a bi-modal Distribution

ACUMENRISK Uncertainty and Risk Events (No Mitigation)
Z1000 - Finish Finish Date
400 | L 100% 4/30/2014
0% 4/11/2014
| L 80% 4/4/2014 O
300 : 5
] - 70% 3/26/2014 2
i ar
. L 60% 3/19/2014 S
y ] - m
T L0 l | : - 50% /152014 X
1 ! L
- 40% 3/12/2014 &
[ =
] I L 30% 3/10/2014 2
100 :
] ) L 20% 3/7/2014
] , | | |  10% 3/3/2014
0 L—ail L 0% 2/18/2014
2/18/2014 3/10/2014 3/20/2014 4/19/2014
Distribution

The “shoulder” of the cumulative distribution is at 70%, the
probability that we pass the test the first time




Compare the two results

Risk Comparison

100 % - - 100 %
1 18d
80 % - 80 %
60 % - - 60 %
Impact at P80 of test failure
40 % A L 40 %
20 % 4 - 20 %
% - e ——r — 0%
2/18/2014 3/3/2014 3/17/2014 3/31/2014 4/14/201 4/28/2014

Finish

fouanbaiq aaneinwind
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Getting to Risk Drivers

The

Risk Reglster Template

> D ) = — — — Event Template Editor
DAE - — _
L Template
. Schedule Impacts in Percentage of Schedule RDUR
/ H — = = — — == Z==)
Open SBVE ||||||| 1 ' 1 ] ] ] 1 ] ) ] 1 [} ] 1 ] ] ] ] (] AI..ItD AI..ItO
3 9|3 91|10 25 | Score Range
File Probability Ranges Impact Ranges Color Thresholds Calibrate
Event Impact Template I
Type % Based Very Low Low Medium High Very High
Schedule v <10% <25% <50% <75% <100% T|
Cost <$5 <§10 <$15 <$20 <$25
Probability / Scoring Template
Name Min Value Very Low Low Medium High Very High
Risk Register Custom Fields
Name Is Enabled

The Red / Yellow / Green regions of the 5x5 matrix are configurable

TOSTOTIT T TeT

Custom Field 3

T -




Add Risk Drivers Using the Risk Register

Risk Register

Risk

Enabled Mapped [D

v

IS S S

R4
R3
R2
R1

Current
Type Name Probability
¥ Communication between partners lacking High (50...
' Testing may be unpredictable Medium
, Construction supervision may be lacking Medium
¥ Design Productivity may be Low High

Schedule

= Medium

Very High
Medium
Medium

Cost

Negligible
Negligible
Negligible
Negligible

M

Score En

Using the definitions from the Risk Matrix Template. Impacts are adjusted

because they apply to the activity durations, not to the overall schedule
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Assign Risk Drivers to Activities

Id Description Remaining... TJ | Duration Uncertainty Type 3_?':1 %
3 T (2 gy - HH
E ACUMEN RISK Cas... [ |22 | G- | - :ﬁ
A1000 Start 0 HH  100%
A1010 Design 50 || |7 | igamm - mE 100%
A1020 Build 100 | |7 idyamm T BH  100%
A1030 Test 25 L) |2 e - BER  100%
71000 Finish 0 50 100%
Uncertainty turned off
| Il b
sk Event Mapping - ACUMEN RISK Case Study
Mapping Current
R... Activity Event Min Proba...  Max Proba... Min Durati... Max Durat... Min
2 A1020: Build Construction supervision may be |... 25 % 50 % 25 % 50 %
X A1010: Design Design productivity may be low 50 % 75 % 25 % 50 %
X AL1030: Test Testing may be unpredictable 25 % 50 % 15% 100 %

In this case each activity has just one risk assigned. These risks have a probability at
the mid-range and impact as a uniform distribution between Min Duration and Max

Duration impact in the Risk Register




Activity Design Duration shows “Spike”

ACUMENRISK Uncertainty and Risk Events (No Mitigation)
A1010 - Design Remaining Duration
4,000

- 100%% 75 Days

- 00% 72 Days
3,000 - - 80% 70 Days O
] L 70% 68 Days =
: &
'.{, ] - 60%66Days =
T 20004 - 50% 64 Days
. 0
- 40% 56 Days rcp
[ =
4 F [
- 30% 50D 2

1,000 - : =

y - 20% 50 Days

D T T = Du.-'é 5':' DE}"S

50 Days 55 Days 60 Days 65 Days 70 Days 75 Days
Distribution

Spike represents the risk’s not happening. Probability for Design Risk is “High”
between 50% and 75%. This translates to 62.5% happening, 37.5% not
happening, so in 3,750 of 10,000 iterations the 50-day remaining duration is
deemed / simulated as accurate 14




Project Finish Date with Risk Drivers

ACUMENRISK Uncertainty and Risk Events (No Mitigation)
Z1000 - Finish Finish Date

1,500 - 100% 6/1/2014

- 90% 4/29/2014
1,200 — 80% 4/17/2014 O
0% 4/8/2014 2
Pl ] - 60% 4/2/2014 %*
T - 50% 3/24/2014 =T
] ; o
600 - 40% 3/16/2014 §
' 20% 31372014 D

300 — - 20% 3/8/2014

— 10% 2/22/2014

o naplis il fiaafiss E 0% 2/22/2014

2/22/2014 3/14/2014 4/3/2014 4/23/2014 5/13/2014 6/2/2014
Distribution

Schedule date is 2/22/2014. Here the 80t percentile is 4/17/14, two
months late with 3 assigned risk events and no uncertainty




Add a Risk Driver that is
Assigned to Multiple Activities

Risk Register

Risk Current N

Enabled Mapped ID Type Name Probability Schedule Cost Score E
O &
v vVl R1 ¥ Design productivity may be low High Medium Negligible
v [ R2 ’ Construction supervision may be I... Medium Medium Negligible 9
v [V R3 ' Testing may be unpredictable Medium Very High MNegligible m_
v v R4 , Communication between partners... High Medium Megligible

Mapping Current

R... Activity Event Min Proba... Max Proba... Min Durati... Max Durat... Min

X A1010: Design Communication between partners... 50 % 75 % 25% 50 %

X A1020: Build Communication between partners... 50 % 75 % 25% 50 %

X A1030: Test Communication between partners... 50 % 75 % 25% 50 %

X __A1010: Desian Desian productivitv mav be low 50 % 5% 25 % 50 %

x Communication between partners affects all of the project tasks

X AID30: Test Testing may be unpredictable 5% 0% 5% 100 %




With the Partner Communication Risk
the P-80is 6/13/2014, Adds 2 months

ACUMENRISK Uncertainty and Risk Events (No Mitigation)
Z1000 - Finish Finish Date

- 100% 8/21/2014
- 90% 6/28/2014
L 80% 6/13/2014
400 i

- 70% 6/1/2014

- 60% 5/20/2014

Hits

- 50% 5/9/2014

- 40% 4/28/2014

fouanbaig annejnwny

200 - ;
- 30% 4/12/2014

L 20% 3/28/2014

- 10% 3/12/2014

by Bptlloce 8L (0% 2/22/2014
3/24/2014 4/23/2014 5/23/2014 6,/22/2014 112272014 8/21/2014

Distribution

o —
22272014




Adding the Partner Communication
Risk adds 57 days at the P-80

Risk Comparison

100 % - - 100 %
| 57d /7'
80 % - - 80 %
[ O
60 % L 60% =
4
2.
g+
—-
1 o
40 % - 40 =
| - 3
=
-
20 % - - 20 %
0% : : —_— —_— 0%
2/22/2014 3/28/2014 5/2/2014 6/6/2014 7/10/2014 8/14/2014

Finish




Add Uncertainty to the Risk Drivers

ACUMENRISK Uncertainty and Risk Events (No Mitigation)
ACUMENRISK - ACUMENRISK Finish Date

600 CH_R - 100% 9/29/2014
' T | - 00% 7/16/2014
_ - 80% 6/29/2014

- 70% 6/15/2014

400 - B ‘ :
) _ - 60% 6/4/2014
: - 509 5/23/2014
| B - 40% 5/11/2014
20070 W - 30% 4/27/2014
. - 20% 4/9/2014
: I | ‘ ‘ ) - 10% 3/21/2014
A . E 0% 2/18/2014

D -
2/16/2014  3/23/2014  4/27/2014 6/1/2014 7/6/2014 81072014 9/14/2014

Hits

fouanbaig annejnwny

Distribution

Aggressive Uncertainty has been moderated to 95% - 105% - 115% since it does
not have to represent the risk events that have now been entered separately
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Adding Uncertainty to the Schedule
adds 16 Days at P-80

Risk Comparison
100 % - - 100 %
| . / h
80 % - 80 %

0
| 3
60 % -60% =
i . 1
=
o
o
~ ®
40 % 0% =L
®
3
-

20% - 20%

1 e — 0%
2/19/2014 3/25/2014 4/29/2014 6/3/2014 7/1/2014 8/11/2014 9/15/2014
Finish




Risks & Uncertainty that Drive
each of the Activities’ Durations

ACUMENRISK Uncertainty and Risk Events (No Mitigation)
Schedule Contribution™ (Children) for ACUMENRISK - ACUMEN RISK Case Study

Risk Exposure at P80: 126d

41020 - Build 63d

A1010 - Design -J

AL030 - Test —Jeli] 9d

I T T T T T T
0d 10d 20d 30d 40d 50d 60d

M Logic M Uncertainty M R4: Communication between partners lacking [l R3: Testing may be unpredictable
R1: Design productivity may be low [l R2: Construction supervision may be lacking




Adding Cost Estimate to the Analysis

A B C D E F

ID WBS Description Actual Cost Remaining Cost Total Cost

5 1 Total Cost $0 $0
10 1.1 Indirect Cost 45,000 45,000
20 1.2 Design Engineering 40,000 40,000
30 1.3 Construction Labor 120,000 120,000
40 1.4 Testing Labor 25,000 25,000
50 1.5 Raw Materials 40,000 40,000
60 1.6 Installed Equipment 50,000 50,000

We have:

e 3time-dependent (labor) resources and
e 2 time-independent (materials, equipment)

resources

e Total cost = $320,000 (without padding for risk)

22




Add Uncertainty to the Cost Elements

Activities Analysis Templates RiskModele— Dublich
Id Description Remaining Cost | Cost Uncertainty Type H:ij %  CLT | Activity Schedule...
=)
e CHA cames gl m |[F
10 Design labor §150000 () | cammmm iy A FE  100% [ (&
20 Construction Labor $500000 LJ T |- ym A HE 0% [ A
30 Testing labor $250,000 |LJ L ym A Hi 100% [0 A
40 Procured Materials $325,000 |CJ |7 | coamm s A HE 100% [] A
50 Procured Equipment $200000 |/ | | czmmn ym A B 100% [ (A&

We could add Risk Drivers to these Cost elements as well

23




Cost Uncertainty, No Schedule Impacts

2013 Case Study Uncertainty and Risk Events (No Mitigation)
2013 Case Study - 2013 Case Study Remaining Cost
1200 - 100% $358K
' - 90% $344K
_ F 80% $341K O
007 - 70% §330K =
put}
@ - 60% $337K %
T eo0- - 50%$335K T
L
- 40% $334K S
=
_ Eoa0% $332k 2
300 -
. - 20% $330K
- 10% $327K
0 - L 0% $313K
$312K  $320K  $328K  $336K  $344K  §352K
Distribution (Thousands)

Base cost is $320,000. With 95%-105%-115%
uncertainty the P-80 is $341,000
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Cost — Schedule Scatter with
NO EFFECT of Schedule Risk on Cost Risk

ACUMENRISK Uncertainty and Risk Events (No Mitigation) Unless time can drive
cost of time-dependent
(labor-type) resources
$350K the cost and finish dates
are not related. In other
words, without

$340K integrating schedule and
cost risk we are missing
the standard wisdom

330 that “time is money” and
we UNDERESTIMATE cost
risk

$320K - @

2013 Case Study-2013 Case Study: Cost in Thousands (K)

2/18/2014 4/9/2014 5/29/2014 7/18/2014 9/6/2014
ACUMENRISK-ACUMENRISK: Finish

10,000 iterations




Integrated Cost Schedule Risk Analysis
— Add Schedule Risk to Cost

Description Remaining Cost I | cost Uncertainty Type @ % CLT | E  Aglie

—l;l—-- 0% i [E]coens 5

Design Engineering $40,000 l_Jlua-I |- 100 % |ﬁ| A1010 |z|
30 Construction Labor $120,000 1:! |70 | (CEammme o A @ 100% \°] [ Al020 (]
40 Testing Labor $25,000 L (o |ENNNENTT 5 - b 100 % = Al1030
50 Raw Materials $40,000 || |7 |(cammm jmm A Of 100% O
s Installed Equipment 450,000 ]:l @lm-I L A @ 100 % D /

Schedule Risk affects Cost Risk:

e Design schedule risk affects Design Labor cost

e Build schedule risk affects Construction Labor cost

e Testing schedule risk affects Testing Labor cost

e Total Schedule Risk affects Indirect Costs (overhead, Project Management)
Procured Materials and Equipment costs are uncertain but not because of
schedule risk

PAS)



Cost Results with Uncertainty
and Schedule Risk Impacts

2013 Case Study Uncertainty and Risk Events (No Mitigation)

1 - Total Cost Remaining Cost

200 + - - 100% $636K
F 00% $534K
1 - 80% $508K
600
1 E 70% $488K

- 60% $471K

Hits

400 - - o L 50% $455K

fouanbaiq aaneinwny

‘ 1 N L 40% $439K

J - 30% $419K
200 1

U'—- -lI||HH

$320K $380K $440K $500K §360K $620K

- 20% $391K

- 10% $366K

- 0% $321K

Distribution (Thousands)

Base cost is $320,000. With uncertainty the P-80 is $341,000. Adding schedule risk
to the Labor resources the P-80 is $508,000, for a total cost contingency of
$188,000. Schedule risk adds $167,000 by itself in this case




Schedule Risk is an Important Driver of
Cost Risk, Should not be Ignored

Risk Comparison
100 % - [» - 100 %
80 % - - 80%
60 % F60% =
40% - F40% 2
. . 2
20% } - 20%
ottt 0%
$300K $400K $500K $600K
Cost
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2013 Case Study-2013 Case Study: Cost in Thousands (K)

Cost — Schedule Scatter when
Schedule Risk Affects Labor Costs

ACUMENRISK Uncertainty and Risk Events (Mo Mitigation)

In addition to
greater cost risk,
allowing schedule
risk to drive the cost
of Labor resources
creates correlation
$450K between dates and
cost

500K

$550K

$500K

$400K

$350K

o

2/18/2014 4/9/2014 5/23/2014 7/18/2014 9/6/2014
ACUMENRISK-ACUMENRISK: Finish



2013 Case Study-2013 Case Study: Cost in Thousands (K)

Cost — Schedule
Joint Confidence Level @ 70%

ACUMENRISK Uncertainty and Risk Events (No Mitigation)

$600K

The boundary

50 describes
combinations of cost

300K (for budget) and
dates (for schedule)

$450K where there is a 70%
chance of meeting

$400K BOTH

$350K

Zflﬁﬂzld 4/9/2014 5/29/2014 7/18/2014 9/6/2014

ACUMENRISK-ACUMENRISK: Finish



Summary

Simple schedule with uncertainty
Correlation with uncertainty
Probabilistic event — recovery from test failure

Risk Register provides the Risk Drivers

Risk Drivers on one or several activities
Cost Risk
Integrating cost risk and schedule risk



Contact information:
David T. Hulett, Ph.D.
Hulett & Associates, LLC
Los Angeles, CA
David.hulett@projectrisk.com

www.projectrisk.com
(310) 476-7699

Copyright 1213 David T. Hulett
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