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Abstract

Gtmto?ner Focused|

: Linking Risk and EV
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Show critical to the linkage is the network schedule

— Discuss the EVMS requirements, misconception of EV
— Trends in EV policy ... risk emphasis growing

Review the level at which analysis is conducted

— The Control Account ... what level WBS is that?

— Traditional research at WBS level 1 (or zero)
Discussion of current linkage efforts

Discuss new risk indexes
— For Schedule (time) and Cost (dollars)
— Synergy with Earned Value indexes




~ Acquisition Review Quarterly
Special Edition on Risk - Spring 2003

Gustoer- Focused
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e Copy in Print or DAU web page (www.dau.mil)
e Editors — LtCol John Driessnack & Noel Dickover

My two cents- quotes from article

 ...Implementation of risk management is often shallow and not
well integrated with other program management tools
 Transparency relative to program status is going to increase
as each service expands its information systems, ...

« The emphasis on risk, realism, and knowledge-based
acquisition has the potential to truly transform the way we view
acquisition programs.

* ... move beyond standard program baselines with point
estimates...transparency into the risks in a program by
exposing the range in the estimate, given the risks involved, ...
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Risk Management Team

e Team Co-Leads are

e Gay Infanti (Northrop Grumman)
e John Driessnack (MCR LLC)

« DAU Community of Practice (CoP) Site

« Working Policy, Process and Training




Possible Outcomes

Programs Baseline a path

Many outcome paths are possible
Analyst’s distribution represents uncertainty

Cost

*Projects are
open systems.
*Events out of
plan need
decisions.
eDifferent
decisions give
different paths.
“TrrrrrrrrTrrTTTT
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Possible Outcomes

£ During Execution

= o
Hi-‘//IPQ -

During execution, many outcome paths are still possible.
Only the past history becomes determined.

°The number of

future branch

points is reduced

but never

becomes zero.

eDifferent

decisions still

give different

paths. o

time
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Progress Only Narrows

Uncertainty Ellipse

The range of outcomes  Cost

narrows but doesn’t

shrink to a point.

The original estimate

may shift in the

expected 50" percentile

outcome. Expect the

variance will shrink as

the program is executed Now
if all is well.

time

Need to link Risk and EV ....through IMS and cost estimates
to characterize the changing uncertainty
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Charter and Approach

 Develop and recommend policy, process guidance,
and training to support the integration of risk
management with earned value management. Work
with the risk management community to achieve
process integration.

e Incorporating integration into various documents
« DoD EV policy, Mar 2005, highlight emphasis on risk analysis
« DoD IMP/IMS guide, Oct 2005, ...schedule risk analysis
 NDIA Application Guide, Jan 2006 draft, ..updating with links
 DoD Risk Guide, Mar 2006 draft, ...updating with links

 Encourage risk/IMS data in Contract Performance Report
« Format 6 (IMS metrics), Format 7 (Risk register) REFSEB

MATHONAL DEFENSE INDUSTRIAL ASSOCIATION
HUEVyVERY
STRENGTH THROUGH INDUSTRY & TECHNOLOGY




Process

 Working group identified two process-related issues

* A need for solutions, i.e., guidance for how to integrate risk
management and EVM

A major organizational barrier to process integration

« RM and EVM usually have different process owners/Champion

« Reach out and partner with other communities to create the

demand for process integration through cross-functional
cooperation and to develop solutions
* Involve PMI and INCOSE Risk SIGs to gain cooperation
* Involve Tool suppliers to encourage implementation
 Develop process solutions to facilitate integration

* Pilot proposals with programs, gain feedback on usefulness
 Work group holding CPM conf Practice Symposium sessions, May 06
 Encourage criteria based risk process similar to Earned Value

MCR is piloting integration using Risk Indexes

NATIONAL DEFENSE INDUSTRIAL ASSOCIATION
HUEVyVERY
STRENGTH THROUGH INDUSTRY & TECHNOLOGY




_;""Ear-ned Value Management Definition

ANSI/EIA 748-98A

 EVMS for program management will effectively integrate the
work scope of a program with the schedule and cost elements
for optimum program planning and control. The primary
purpose of the system is to support program management. The

system is owned by the company and is governed by company
policies and procedures.

 The essence of EVM is that at some level of detail appropriate
for the degree of technical, schedule, and cost risk or
uncertainty associated with the program, a target planned value
(l.e., budget) is established for each schedule element of work

Better support by understanding Uncertainty
Manage at element of work

© MCR, LLC Copyright 2005, ALL RIGHTS RESERVED 10




Some EVM Principles

ANSI/EIA 748-98A

« Break down the program work scope into finite pieces that can be
assigned to a responsible person or organization for control of
technical, schedule, and cost objective.

e Integrate program work scope, schedule, and cost objectives into
a performance measurement baseline plan against which
accomplishments may be measured. Control changes to the
baseline.

* Objectively asses accomplishments at the work performance
level

« Analyze significant variances from the plan, forecast impacts, and
prepare an estimate at completion based on performance to data
and work to be performed.

 Use EVMS information in the company’s management processes.

© MCR, LLC Copyright 2005, ALL RIGHTS RESERVED 11



EVM Principles related to

Risk Management

Sy é’
‘-5-‘//2;0 -

« Control of technical, schedule, and cost objective...
— Understand the uncertainties (how likely will they happen)
— What are assumptions for the baseline plan?
 What is the confidence in meeting the objective?
 How are the risks/opportunities being managed?

* Analyze significant variances ...forecast impacts... prepare an
estimate at completion (EAC)

— EAC has a range ...best, worse and most likely case
— What risk/opportunities are assumed in the estimate?

e Use EVMS information in the company’s management
processes.

— How does Risk Management use of EVM?

© MCR, LLC
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Abstract

Linking Risk and EV

— Trends in EV policy ... risk emphasis growing
 Review the |evel at which analysis is conducted

— The Control Account ... what level WBS is that?

— Traditional research at WBS level 1 (or zero)
 Discussion of current linkage efforts

 Discuss new risk indexes
— For Schedule (time) and Cost (dollars)
— Synergy with Earned Value indexes
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New DoD EV Policy

/ Mar 2005 Ltr

— Greater than $20M, all types of cost contracts
— Implement New DiDs and WBS Handbook

— C/SSR rescinded (except on old contracts)

— Integrated Baseline Reviews (IBRs) required

— If on Price contracts, reexamine contract type

Contract Performance Report (DID-MGMT-81466)
Integrated Master Schedule (DID-MGMT-81650)

DoD Work Breakdown Structure Handbook,
MIL-HDBK-881A

© MCR, LLC Copyright 2005, ALL RIGHTS RESERVED 14



CPR Formats

« Contract Performance Report (DID-MGMT-81466)

e FORMAT 1 - WORK BREAKDOWN STRUCTURE
— Current month and cum by Product WBS

e FORMAT 2 - ORGANIZATIONAL CATEGORIES

— Current month and cum by Organization

 FORMAT 3 —BASELINE
— Budget Cost of Work Schedule...next 6 months and out

e FORMAT 4 — STAFFING
— Man Months...next 6 months and out

e FORMAT 5 - EXPLANATIONS AND PROBLEM
ANALYSES

© MCR, LLC Copyright 2005, ALL RIGHTS RESERVED 15



CPR Format 1

DID MGMT-81466

« Estimated Cost at Completion ... present the contractor/s range of
estimated costs at completion ... express possible cost
outcomes...through program-level assessments of factors that may
affect the cost, schedule, or technical outcomes...

« Assessments shall include consideration of known or anticipated risk
areas, and planned risk reductions or cost containment measures.

 Most Likely ... value need not agree with the total of Column
(15)...however, any difference shall be explained in Format 5 in such
terms as risk, user of MR...

Procedure to link Estimate to Complete by CAM to
Risk Management ....mitigation plan, range of
estimates, etc...

© MCR, LLC Copyright 2005, ALL RIGHTS RESERVED 16
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Standard EAC Formulas

What Value to PM?

 Gold Card EAC Formulas are good oversight tools
— Research indicates they predict the “floor” ... what is the range?

— Doesn’t capture any analysis, known or anticipated risk areas, nor
planned risk reductions or cost containment measures

 Need for Cost, Schedule and Risk practitioners to assist
the CAMs/PM to develop range of estimate
— Enlighten management action at element of work

 The primary purpose of EVMS is to support program
management, not provide data for oversight

EVMS is a control and measurement system for cost,
schedule and technical performance — not just cost

© MCR, LLC Copyright 2005, ALL RIGHTS RESERVED 19



._Integrated Master Schedule

DID-MGMT-81650

» Detail data on — task, milestone, duration, % complete,
relationship, float/slack, critical path, etc

 ldentify the — constraints (finish no later than, etc),

current schedule, baseline schedule, forecasted starts
and finishes, etc

e Schedule Margin — considered part of the baseline!

« Schedule Risk Assessment Prediction with most likely,
best/worst case estimates on remaining tasks

— Assess critical and near critical path, margin erosion, and
mitigation plans
— Risk analysis within the IMS or within a separate risk tool

Submit prior or concurrent with format 5 on CPR

© MCR, LLC Copyright 2005, ALL RIGHTS RESERVED 20



Abstract

Linking Risk and EV

 Review the level at which analysis is conducted
— The Control Account ... what level WBS is that?
— Traditional research at WBS level 1 (or zero)
 Discussion of current linkage efforts

 Discuss new risk indexes
— For Schedule (time) and Cost (dollars)
— Synergy with Earned Value indexes

© MCR, LLC Copyright 2005, ALL RIGHTS RESERVED 21
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OBS and WBS

Work Break Down Structure

Assignment of a single work element

to a single team allows you to roll up WBS Level 1 | Advanced Radar

the costs up in both direction | —

WBS Level 2 RADAR TRAINING

WBS Level 3 | RECEIVER SYSTEM ANTENNA

A

T | 1 |
| E
S WBS Level 4 | RECEIVER PHASE SHIFTER
c T I | |
Organization O
Breakdown v L e POWER SUPPLY || APPLICATION S/W
Structure?! "Z 1N | MECHANICAL
N G DESIGN ] A
D A A
v E | |- | Electrical CONTROL A A
MIHs DESIGN ACCOUNT A A
N | A A
G ¢ | |l praFTING/ A A
N CHECKING l

f Work Packages

This is the level for analysis ... cost, schedule, risk

© MCR, LLC 22
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Control Account Elements

Work Packages Planning Packages
Detailed, short-span tasks, or Future work that has not been
material items, required to planned in detail as work packages.
accomplish the CA objectives, They are always scheduled to occur
typically in the near term in the future.

(resources) (budget)

Work Packages <

Planning Packages <

© MCR, LLC 23



Cost/Schedule Analysis

should include Risk Analysis

« WBS-Element are Uncertain in Dollars/Time
« Baseline should consider the effects of uncertainty
— Not arisk or opportunity till baseline is set

— Should model WBS-Element as Random Variables
with a Distribution of values

— Combine Element Distributions to Generate
Cumulative Distribution of Total System ...in time
and dollars

— Determine confidence from Cumulative
Distribution to establish baseline needed to cover
Risk at an Acceptable Level

© MCR, LLC 24



JT == Uncertainties are Correlated

S B

* Impacts on one WBS item often means impact on other

WBS items

— For example, technical risks in radar subsystem will induce
weight (and therefore) cost growth in power, platform,
software, and other subsystems

— Schedule slippage due to problems in one WBS element lead
to cost growth in other elements (“standing army effect”)

— Hardware problems discovered late in program often have to
be circumvented by making expensive last-minute fixes to the
software (which then show up as software cost overruns)

e Inter WBS item correlation increases the variance of the
total probabillity distribution
 Numerical values of correlations are difficult to estimate,

but not impossible to guess or determine from data
— Schedule network find the critical paths, strongest interactions

© MCR, LLC 25



Worked Examples

« Small program of 12 identical WBS items
estimated at 3M$ low, 4M$ most likely and

5M$ high:
WBS item L ML H
Example Cases Correlation
1 3 4 5
2 3 4 5
3 3 4 5 Case l 0
4 3 4 5
5 3 4 5 Case 2 0.2
6 3 4 5
/ 3 4 o Case 3 1
8 3 4 5
9 3 4 5 .
10 3 4 5 Case 4 WBS items ##1,2,3 1.0
11 3 4 5 others at 0.2
12 3 4 5

© MCR, LLC 26
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Distribution of outcomes

Probabilty

PDF of Outcomes

0.3
0.25

0.2
0.15

0.1
0.05 / [ )

i N
0 20 40 60
Cost M$

80

——corr=0

——corr=0.2
corr=1.0

—— 3 critical
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Cumulative Distribution of
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Outcomes

CDF of Outcomes

——corr=0
——corr=0.2
corr=1.0

Cum Prob

—— 3 critical

Cost M$
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Budgetary Bottom Line

e For our examples correlation makes a factor
of 3 difference in management reserve (at
/5% confidence):

Example Cases Correlation ML Cost MR Budget

Case 1 0 48 1 49
Case 2 0.2 48 2 50
Case 3 1 48 3 51
Case 4 WBS items ## 1,2,3 1.0 48 2 50

others at 0.2

© MCR, LLC 29



Expand Analysis

« The Earned Value (EV) analysts work without broader
analytical insights

— Understand the possible ranges of the Budgeted
Cost of Work Scheduled (BCWS) (the plan) but.......

— Lack insight into the risks that drive the range...now
might those effect the baseline

e So then

— The EV analyst calculate the EAC as the sum of
most likelies at the control account level which
tends to make the point estimate overly optimistic

— When required, other analysts often update
estimates without the EV detail plan and
performance

© MCR, LLC 30



Expand Analysis (Cont’d)

« CAM and many Analysts don’t understand
the cumulative probability distribution (CPD)
around the selected PMB
— There is no visibility as to which risks are

accounted for and which are not

« Documentation from various analysis needs
to be mapped to identify disconnects

— Comparison at Work Breakdown Structure (WBS)
level 3 or 4 can identify potential disconnects
between analyses

© MCR, LLC 31



© MCR, LLC

Bringing Analysts together to provide synergistic
support
EV data ... the Actuals and future BCWS and ETC

— Should be the most relevant and reliable basis
to estimate the program cost and schedule

— Extrapolate ETC from Actuals today

— Can use other methodologies as crosschecks
Add uncertainties at Control Acct/work package
— Capture possibilities of cost/schedule range
— Develop ranges at various levels of WBS
Accomplish when updating ETC

32



Abstract

Linking Risk and EV

 Discussion of current linkage efforts

 Discuss new risk indexes
— For Schedule (time) and Cost (dollars)
— Synergy with Earned Value indexes

© MCR, LLC 33



One Way to Get There

on Cost

 Use standard EAC formulas at the lowest level to
set ranges
— Moving 3 month average
— Moving 6 month average
— Latest Revised Estimate
— Others????
o Set correlation coefficients between elements
— Never assume no correlation
— When in doubt, use 0.2
— ldeally, derive the correlations from actual trends

 Use simulation software or an analytic method to
get the cumulative probability distribution for the
EAC

© MCR, LLC 34



1.3.1.5

1:34
131

1.3.1.
1:.3:1s
1.3.1.

131
1.3
131

1341
1.3.1.

131

13411
1.3.1.

1 =4

hitn tn th n th th h th h n th) oo oon

EV
Method

5 !

o|lo|9o|o|w|9|lo|l"a| o| oo Bw|o| @

hon 106404
Wl 4M A
Wed 9/1/04
Wied 97104
Tue 9727105

Thu 114 0/05
Tue 1710106
Wed 9104
Wed 9/1/04

WWied 94104
Tue 927105

Thu 111005
Tue 11 0M06

Wed 61604
Wed BMEM04
WWed BMEM04

Tue 62904
Thu 10704

Thu 10514004
Fri 10522104
Wiz 901104
Fri 10/ 304

Tue 101204
Fri 105 204

Mon 1271304
Fri 12017104

Thu 1503

FridTmn=s

Ba=zeline Start | Baseline Finish

Fri12M0/04

Toa A A NING
Tue 11006
Fri 12M0/04
Mo 11528005
Tue 14 006
Tue 14006
Tue 11006
Tue 1101046
Fri 121004
Mo 112805
Tue 14006
Tue 14 006

Thu 11305
Tue 612204
Wied 672304
Fri 73004
Thu 10/ 404
Thu 102104
Fri 10529004
Fri 10/ 2004
Fri 102204
Fri 1001504
Tue 111604
Fri12n 704
Thu 12723804
Thi 155003

Thar 1M 2MNs

Start

haon 104404
Warl 904
Wed 9104
Wied 97104
Fri 17145
Thu 114 0/05
Tue 11 006
Wed 9104
Wed 9/1/04
e 9/ 104
Fri 14145
Thu 1110005
Tue 1.1 006

Wed 61604
W GBS
Wed G604
Tue Gf29)04
hon 52204
hon G/a04
hion Gr2304
Wiz 90104
Fri 1001 2004
Tue 10M 2004
Fri 101 2004
hdan 1201 304
Fri 121 704
Thu 16105

Tua M NS

Finish

Thi 1262304
Tuoa AN
Tue 110/06
Thu 1262304
Man 11/28/05

Tue 1M 006
Tue 14006

Tue 110:06
Tue 11006

Thu 12123104
Mo 11/28/05

Tue 11006

Tue 11006

Fri 42905

Tue 62204
Tue 612204

Fri 73004
hlon S804

Fri G204
Wiec 90104

Fri 10M 504
Fri 10/22/04

Fri 10015204
Tue 1111604

Fri 120 7i04
Thu 1262304

Wied 12605

Fri A00MN=

Half 1, 2004

Half 2, 2004

Half 1, 2005

Half 2, 2005

Half 1, 2006 | Half 2, 200/

'D\-H

JIF ] m]d

B EERE

JIF ] ]y

B ECERE

JIFM]almla[a]a]s]o

RAREN

0 =——a

11006

114005

1/28/05
110/06
+ 110006
110/06

11006

6116/04 = ap
0a I
0 o :

b g - E
0 - :
la - i
0 = E
LY i
LY :
L E
0a i

ﬂ,‘_ :

' m |

O | J—— Ty

D05

LN

111005

128105
11006
4 110706

11006




WBS [0 LVL lLowe| vaR | Bows | Bowe | acwe - BAC | Spicum | CPI  |TCP-BAC |[TCPILRE

152 1.03 2 scSC 116182 90179 107763 -2/600.3 17584 882798 0776 0837 1023 1035
153 | 1.3.1 3 scCV 5746 5B0.6 G771 - 14, .1- 1165 BB6.1 0876 0828 9491 1461
154[1311 4 4 s8¢ 2413 2218 ES [N = [l 551 2594 0878 0794 6347 3552

hl s Lie) | LI L Ll LI I:II:II:II:I

1.020
| 0664
0.136

1591316 ¥ cSCV 118 16.1 -54.2 37.4 1.353 0229 0647 0.720

4
160 1.3.1.7 4 4 |cBCY 136 18.0 -31.0 34.9 1.324 0367 1199 0668
161 1.31.9 4.1 4 | ¢¥ 1187 1197 27.4 1187 1.000 1.297 0000  0.000
162]1.3.10 3 scSC 67.9 133 39 100984 0196 1.415 1.000 1.037
163 [ 1.3.10.1 4 4 scSC 67.9 13.3 3.9 100984 0195 1.415 1.000 1.037
164 [ 1.3.11 3 C 9658 9636 -720 47857 0938 08530 1.019 1.066
165 1.3.11.1 4 A c 958 96836 -720 4787 0938 0.930 1.013 1.066
166 1.3.12 3 sSC 1324 90.5 129 822 0684 11686 08983 0980
167 | 1.3.12.1 4 4 s8C 88.1 75.1 89 B490  0DB&2 1134 0885 0998
188 1.3.12.2 4 4 3C 44.3 15.4 4.0 173.2 0348 1.351 0975 0520
169 1.3.13 3 scSC 4849 | 3903 1696 71521 0.805 1768 0976 0978
170 1.3.13.1 4 | A | € 1705 170.5 1439 5741 1000 640 0737 0748
1n] 1.3.132 4 4 scS 2108 1239 89 58723 0568 1077 099  099%

4 | 4 | sC 103.6 959 168 4537 0926 1212 095 0970

1721 1.3.13.3




DG b4 3 5 | Sa @) | 8| s 25 g8 g | NoGrowp z & @ E ¥ 7 = Show~ | Aral 55 ELBLl E
f : i h L
I |[fasts] - | Resources - | Track - | Report - B e = FH
1.3.3.2
CWBS Total Free Slack - o Predecessois S CRSBOrE 2004 | Half 2, 2004 [ Half 1, 2005 | Half 2, 2005 | Half 1, 2006 | |
Slack | , Complete AMITEERNENFMAMI TEERND[IFMERM]I]
1332  3days  3ddays 13% 82104 :
1332 Odays  Odays 6002306283200 1% 82104 j— 7129105
1332  Odays  Odays G002306283200 100% 184F5-26 days 19355422 days 100 gm .
1332  Odays  Odays B002306283200 100% 19255+22 days 19453 100 o
1332  Odays  Odays 5002306283200 100% 19355 195F S+4 days 100 o :
1332  Odays  Odays B002305283200 100% 194FS+4 days 195 100 s
1332  Odays  Odays 5002306283200 100% 185 197FF+86 days 100 g : Ll
1332  Odays  Odays B002306283200 6% 186FF +86 days 198FF +26 days W e 62105
1332  Odays| Odays 6002306283200 3%, 197FF+26 days | e 12905
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1332  Odays  Odays 6002306283207 0% 207FS-21 days | 205FS-20 days 101 B5—pmmy 12/1205
1332 0 days Odays E002306283207 0% 208FS-20 days Z10FS-18 days : 111185 12506
1332  Odays| Odays BO002306283207 0% | 209FS-18 days 1FS-30 days Ll 122395 gm 12506
1332] Odays| Odays B002306283207 0% 210FS-30 days 2 IFS19 daye 12705~ 111006
1332  Odays  Odays GO02306283207 0% 21FS-10 days 213FS-1 day o q2mes = 125006
1332 0 darys Odays: GOO2306283207 0% [ 12FS-1 day 44F5+2 days | 6FS-14 days 217F5+3 days : 1-‘25-"@1"?'5-'“
1332 1day| Odays 0% 213 8FS-12 days 42408906
1332  Odays  Odays  1.3.3.2MSM 0% ' 12306 i
1332  Odays Odays  1332MS1A 0% 213FS-14 days | FF+49 days 2187522 days : 12306 pmer
1332 13days 12days 1.33.2MS1B 0% 213FS+3 days S55FF+52 days 21506 pmmm——
1332 Odays| Odays 1332M31C 0% 216F5-22 days 219,555FF +20 days : L 61006 %
L3 K0 vl 4
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Example Schedule

Use Risk +

] Task Mame Duration Finizh Slack Start Finish otr 32005 Cr 4 2005 Ctr 1, 2006 i 2. 2006 Ctr 3, 2006
a Jul | AL | Sep | Oct | My | Dec | Jan | Feh | War | &pr | May | Jun | Jul | AL
1 Project 172 day= 0 day=s Mon 10105705 Tue G606 :
2 Releaze Wark Crder 1 day Odays MWon 1000005 | Mon 108 005
3 Unit A Control Account (Risk) 95 days Sdays | Tue10M105 Mon 2/20/06 0 days § days
4 Design Unit &, 30 days Sdays . Tue10M105 | Maon 1152105
a Builicd Unit & 40 days Sdays ) Tue 1122030 Mon 1ME06
g Test Unit & 25 days Sdays  Tue1M7M06  Mon 2020006 5 days
7 Unit B Control Account (Opportunity) 95 days sfdays  Tue 104105 | Mon 2/20/06 0 days 5 daye
g De=ign Unit B 30 days Sdayz . Tue10M1005) hon 1152105
9 Builicd Unit B 40 days Sdays | Tue 1172205 Mon 1MEDE
10 Test Unit B 25 days Sdays | Tue1A7M6  Mon 2/20/06 5 days
11 Unit C Control Account (Risk short) 53 days 47 days  Tue 10M11/05  Thu 12/22/05 0 days 47 days
12 Design Unit < 13 days 47 days | Tue10M103 Mon 10031003
13 Builicd Unit C 14 days 47 days Tue11MM0S Fri11M805
14 Test Unit 24 days 47 days | Mon 1102005 Tho 1252205 47 days
15 Unit D control Account (Opp Long) 115 days 0 days Tue10M1/05 Mon 320006 0 days
16 Design Unit D 30 days Odays Tue10M105 ) hMon 1152105
17 Builicd Unit D 40 days Odays Tue 1102203 Mon 1ME06
18 Test Unit D 30 days 0 days Tue 1M706 Mon 202706
14 Customer Reviewy of Test Data 15 days O days Tue 22806 Mon 220006
20 Customer Review hefore Integration 1 day O days Tue 3521106 Tue 3521106 Tk
el Integration 55 days 0 days Wed 3/22/06 Tue 6/6/06
22 Irtegrate Units & and C 20 days Odays Wed 32206 Tue 415106
23 Irtegrate Units B and C 10 days 10days | Wed 322006 Tue 4406 10 days
24 Irtegrate System 20 days Odays  Wed 44906 Tue SMEM0E
25 Test System 15 days Odays Wed 5H 706 Tue BBIOEG
26 Delivery to Customer 0 days 0 days Tue B/ENE Tue BEINE &» ik

‘ Various risk and opportunities profiles for each Unit ‘
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Schedule Min/Max Dates

|dentification of % on critical path

T Tazk Mame Duration Firish hin Rdur | ML Rour | Max Rdur Cir 3, 2005 CHr &, 2005 Cr 1, 2005 Cir 2, 2005 Cr 3, 2006
Jul | AL | Sep | Oct | Moy | Dec | Jan | Feh | War | Apr | hary | Jun | dul | A

1 Project 172 days Tue 6/6/06 0 days 0 days 0 days ' . .

2 Release YWoark Order 1day  Mon 104005 0 days 0 days 0 days '“]“:

3 Unit & Control Account (Risk) 95 days Mon 2720006 0 days 0 days 0 days ;

4 Design Unit &, 30days Mon 11521005 25 days 30 days 55 davys

5 Builicd Uit & 40 days Mon 1 MEADE 35 days 40 days G5 days

B Test Unit & 25 days Mon 2520008 20 days 25 days S0 days

7 Unit B Control Account (Opportunity) 95 days Mon 2/20/06 0 days 0 days 0 days

g Dezign Unit B 30 days dan 1152105 20 days 30 days 35 days

9 Builidd Unit B 40 days hlan 1M B05 30 days 40 days 45 dayz

10 Test Unit B 25 days Mon 2520005 15 davys 25 days 30 davs

11 Unit C Control Account (Risk short) 53days  Thu 122205 0 days 0 days 0 days

12 Design Unit © 15 days hon 40534 105 12 davys 13 davys 30 davs

13 Bluilicd Unit < 14 davys Fri 1113103 12 davys 14 davys 28 davs

14 Test Unit 24 days Thiy 12522005 22 days 24 days 48 days

15 Unit O control Account {(Opp Long) 115 days Mon 3/20/06 0 days 0 days 0 days

16 Design Unit D 30days Mon 11521005 15 days 30 days 35 days

17 Builied Unit O 40 days Man 111606 20 days 40 days 45 days

15 Test Unit D 30 days Man 252706 15 days 30 days 35 days

19 Customer Rewview of Test Data 15 days hlan 3520005 10 days 15 days 30 days

20 Customer Review hefore Integration 1 day Tue 352106 0 days 0 days 0 days

21 Integration 55 days Tue 6/6/06 0 days 0 days 0 days

22 Irtegrate Units & and C 20 days Tue 413106 13 davys 20 days 25 davs

23 Integrate Units B and C 10 days Tue 414106 G days 10 days 30 days

24 Integrate System 20 days Tue SHENE 15 days 20 days 40 days

25 Test System 15 days Tue B/EI0G 10 days 15 days 25 davys

26 Delivery to Customer 0 days Tue B/EI0G 0 days 0 days 0 days b

‘ Critical path on Unit A 97% of the time — has the risks ‘
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=
Creafi ing B
- Gtmto?ner Focused|

Date: 10/8/2005 4:04:42 PM
Samples: 2500

Unique ID: 32

Name: Delivery to Customer

0.16 ©1.0
0.9
0.14 - \
\ |

012 x \ o
\ 0.7

3 010 \ § % |
e 0 \§ §\§ 106
S 0.08| §\§ 0.5
o N 0.4
T 0.06 § %x % e

0.04 - § §\§ § |
v 02
0.02 | §\\§ § - 0.1

Fri 5/19/06 Mon 6/26/06 Mon 8/21/06

Completion Date

Cumulative Probability

Risk + Analysis

Impact of uncertainty in durations

Completion Std Dewvation: 11.42 days
95% Confidence Interval: 0.45 days
Each bar represents 4 days

Completion Probability Table

Mon 6/5/06
Wed 6/7/06

Tue 6/13/06
Thu 6/15/06
Mon 6/19/06
Tue 6/20/06
Thu 6/22/06
Fri 6/23/06

Prob Date

0.55 Tue 6/27/06
0.60 Wed 6/28/06
0.65  Fri 6/30/06
0.70  Tue 7/4/06
0.75 Thu 7/6/06
0.80 Mon 7/10/06
0.85 Wed 7/12/06
0.90 Mon 7/17/06
0.95 Mon 7/24/06
1.00 Mon 8/21/06

Schedule data is 6/6/2006 — only 10-15% chance

75% chance estimated to be 1 Month slip — 7/6/2006

© MCR, LLC
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i Sensitivity Analysis

0 Taszk Mame Eartly Finish Late Finizh Range June 2006 July 2006 |.&L
g [11 [1a 1720 (23alze29]1 [a4 |7 [o[ialie1al22]2s (281 [4 [7 [nol1a]1e [1a (2225 (28 [31 |
24 Irtegrate System Fri 5f26/06 Fri Br30006 25 days :
4 Design Unit 2 Fri Gi206 Fri BI30M6 20 days
5 Biuilicd Unit & Fri Bi2i06 Fri BE30/06 20 davys
Test Unit 2 Fri Bi2i0E Fri Bi30/06 20 days
18 Customet Review o1 Fri 5f26/06 Fri G236 20 days
25 Test System Fri 5i26/06 Fri 6606 15 days
16 Design Unit D Fri Sr26/06 Fri G306 10 davys
17 Bluilicd Uit T Fri Si26/06 Fri BiQU0E 10 days
18 Test Unit O Fri 52606 Fri G906 10 days
22 Integrate Units & anc Fri Si26/06 Fri G206 10 days
23 Integrate Unitz B anc Fri BI2106 Fri BM GG 10 davys
2 Release Work Order Fri Bf2/0E Fri Bf2/0E 0 days
g Design Unit B Fri BY206 Fri Bf206 0 days
9 Builicd Unit B Fri Bi2i06 Fri Gi2i06 0 days
10 Test Unit B Fri Bi2i06 Fri Gi2i06 0 days
12 Design Unit C Fri Bf2/0E Fri Bf2/0E 0 days
13 Bluilicd Uit Fri Bi2i06 Fri Gi2i06 0 days
14 Test Unit C Fri Bi2i06 Fri Gi2i06 0 days
20 Customer Review before Fri BI210E Fri Bf210E 0 days

Chart indicates the drives in the schedule.
e Unit A as riskier activities rank high
 Unit D on critical path and opportunities are significant
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Abstract

Linking Risk and EV

 Discuss new risk indexes
— For Schedule (time) and Cost (dollars)
— Synergy with Earned Value indexes
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EVM Graphic Analysis:

Cumulative Performance Trends

fimeNow e At
BAC i Complete
Management Reserve Variance
PMB y
" ACWP Y \
o (Actual .
= hedule Sli
5 Cost) Schedule Slip
2 EAC
x Cost BCWS
400 Variance (Planned
Value
BCWP Schgdule
Variance
300 (Earned > STITITIYS
Value) :
200
100
A Time

J F M A M J J A
Approx. Time Variance
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Characterize

f SucceSs” o .
Awie
VAt Range of Estimates
Time Now \
BAC — “““‘ Cost Range
oME Management Reserve given Risks/
Opportunities
3 20% to 80%
§ J
J

i '

400 Schedule Range
given Risks/Opportunities
300 PM selected BAC 20% to 80%
50% confidence?
200 (Planned Value)
100
Time
A
J F M A M J J A
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EVM — Need to Characterize

the Range of Estimates

Time Now
BAC Cost'
Management Reserve Uncertainty
PMB x
0 “"“
8 80% confid
= o confidence \ Schedule
o value fro_m . Uncertainty
2 Cumulative
Probability
400 Distribution
(CPD)
Risk Liability for
300 Cost and Schedule
200
100 Contract Budget Base (CBB) = PMB + MR
Time
A
J F M A M J J A
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MCR’s Risk Indexes

"RANGE"

* Figure Range given the calculated distribution

e Realistic range defined between 20% to 80%

— A set range should be utilized for comparisons, common
understanding of the “Risk Indexes”

e CPD 0% - CPD 20% = Range of Estimate
— Cost Risk Range (CRR) in dollars
— Schedule Risk Range (SRR) in time
— The wider the range, the riskier (more uncertain) the program
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Risk + Analysis

Provide Range of Possibilities

Date: 10/8/2005 4:04:42 PM
Samples: 2500

Unique ID: 32

Name: Delivery to Customer

0.16 1.0
10.9
0.14 \
\ |
0.12 § \ | 3'3
S 010 NN\ '
S 0.08| §\§§ 105
E 0.06 - § §§ § 104
NN 10.3
0.04 § i\\ § |
o 02
0.02 §§§ § - 01
Fri 5/19/06 Mon 6/26/06 Mon 8/21/06

Completion Date

Cumulative Probability

Completion Std Dewvation: 11.42 days
95% Confidence Interval: 0.45 days
Each bar represents 4 days

Completion Probability Table
Prob Date Prob Date

0.05 Thu 6/1/06 0.55 Tue 6/27/06
/06 0.60 Wed 6/28/06
0.65  Fri 6/30/06
0.70  Tue 7/4/06

Fri 6/9/06

Mon 7/10/06
Wed 7/12/06

0.30 Thu 6/15/06
0.35 Mon 6/19/06
0.40 Tue 6/20/06 :
0.45 Thu 6/22/06 0.95 Mon 7/24/06
0.50 Fri 6/23/06 1.00 Mon 8/21/06

‘ Range is Jun 9 (20%) to 10 July (80%) — 28 days, 4 weeks

© MCR, LLC Copyright 2005, ALL RIGHTS RESERVED
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MCR’s Risk Indexes

‘RISK LIABILITY”

 Determine were PM/CA falls in the range (distribution)

— Assume CBB/CA (PMB + MR) equal or less than 80%
confidence level

— Program Manager decide how much opportunity to seek by
moving towards 20% confidence on the distribution

— MR is inherently risk based given knowledge from probability
distribution in cost and schedule

— Determine Risk Liability given the selected PMB/CA and CPD
« CPD g% - CBB = Risk Liability Baseline
— Given baseline, what is the liability !
= Cost Risk Liability Baseline (RLB,.) in dollars

= Schedule Risk Liability Baseline (RLB,.4) in time
— Liability should decrease as program progresses

© MCR, LLC Copyright 2005, ALL RIGHTS RESERVED 49



Risk + Analysis

Provide Range of Possibilities

Date: 10/8/2005 4:04:42 PM Completion Std Dewvation: 11.42 days
Samples: 2500 95% Confidence Interval: 0.45 days
Unique ID: 32 Each bar represents 4 days
Name: Delivery to Customer
0.16 711.0 Completion Probability Table
0.14 § | 09 P Prob Date Prob Date
012" \ - %5 005 Thue/1/06 0.55 Tue 6/27/06
> 010l - § / 7 8 010 Mon 6/5/06 0.60 Wed 6/28/06
c b 106 2 015 Wed6/7/06  0.65 Fri 6/30/06
S 008 §\§% 05 g 020 Fri6/9/06 0.70  Tue 7/4/06
© sl §§§ 04 £ 025 Tue6/13/06 0.75 Thu 7/6/06
T . b = 030 Thu6/15/06  0.80 Mon 7/10/06
ooaf |4 '~ E 035 Mon6/19/06  0.85 Wed 7/12/06
002 | §§§ § \ >z 3 0/06  0.90 Mon 7/17/06
| \§§ . - 104 Thu 6/22/08 0.95  Mon 7/24/06
et L e Fri 6/23/06 1.00 Mon 8/21/06
Fri5/19/06  Mon 6/26/06 Mon 8/21/06 '

Completion Date

‘ Set PMB/CA at 50% or 23 Jun ...liability is 14 days, 2 weeks
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MCR’s Risk Indexes

"EXPOSURE"

« Ratio of Risk Liability (RLB)/CBB sets “EXPOSURE" to
risk/opportunities given the selected PMB and MR
— Higher the index the more the program is exposed to risk
— Index, the exposure, will recede to zero at program completion
— Will go negative (as RLB goes negative) if program projected to
under run
— Contract Budget Base for Schedule is contractual end of contract

RLBoost = Cost Exposure Index (CEl)
CBBCOSt

REBsched = Schedule Exposure Index (SEI)
CBBsched
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- What Is the Exposure to risk

Given 28 Jun baseline

fo)
© o
Co0p0ned®

[

] Task Mame Duration Finizh Slack Start Finish otr 32005 Cr 4 2005 Ctr 1, 2006 i 2. 2006 Ctr 3, 2006
a Jul |Aug |Sep ols] |NDV |Dec Jan |Feb |Mar Apr |May |Jun Jul |Aug
1 Project 172 days 0 days Mon 101005 Tue 66,06 o . 4
2 Releaze Wark Crder 1 day Odays MWon 1000005 | Mon 108 005
3 Unit A Control Account (Risk) 95 days Sdays | Tue10M105 Mon 2/20/06 0 days § days
4 Design Unit &, 30 days Sdays . Tue10M105 | Maon 1152105
a Builicd Unit & 40 days Sdays ) Tue 1122030 Mon 1ME06
g Test Unit & 25 days Sdays  Tue1M7M06  Mon 2020006 5 days
7 Unit B Control Account (Opportunity) 95 days sfdays  Tue 104105 | Mon 2/20/06 0 days 5 daye
g De=ign Unit B 30 days Sdayz . Tue10M1005) hon 1152105
9 Builicd Unit B 40 days Sdays | Tue 1172205 Mon 1MEDE
10 Test Unit B 25 days Sdays | Tue1A7M6  Mon 2/20/06 5 days
11 Unit C Control Account (Risk short) 53 days 47 days  Tue 10M11/05  Thu 12/22/05 0 days 47 days
12 Design Unit < 13 days 47 days | Tue10M103 Mon 10031003
13 Builicd Unit C 14 days 47 days Tue11MM0S Fri11M805
14 Test Unit 24 days 47 days | Mon 1102005 Tho 1252205 47 days
15 Unit D control Account (Opp Long) 115 days 0 days Tue10M1/05 Mon 320006 0 days
16 Design Unit D 30 days Odays Tue10M105 ) hMon 1152105
17 Builicd Unit D 40 days Odays Tue 1102203 Mon 1ME06
18 Test Unit D 30 days 0 days Tue 1M706 Mon 202706
14 Customer Reviewy of Test Data 15 days O days Tue 22806 Mon 220006
20 Customer Review hefore Integration 1 day O days Tue 3521106 Tue 3521106 Tk
el Integration 55 days 0 days Wed 3/22/06 Tue 6/6/06
22 Irtegrate Units & and C 20 days Odays Wed 32206 Tue 415106
23 Irtegrate Units B and C 10 days 10days | Wed 322006 Tue 4406 10 days
24 Irtegrate System 20 days Odays  Wed 44906 Tue SMEM0E
25 Test System 15 days Odays Wed 5H 706 Tue BBIOEG
26 Delivery to Customer 0 days 0 days Tue B/ENE Tue BEINE &» ik

‘ Exposure Is 14 days over 188 or .074 or 7.4%
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MCR’s Risk Indexes

"SUSCEPTIBILITY"

* Ratio of MR/Risk Liability (RLB) sets “SUSCEPTIBILITY”
to risk given the selected PMB and MR

— Similar to CPI and SPI, index close to “1” or higher is best,
estimating no susceptibility to risk

= CSI means program has $1 of MR for each $1 of liability
» SS| means program has a day for each day of liability

— Index recedes to near zero as program increases susceptibility to
risk exposure

MR s
2L = Cost Susceptibility Index (CSI)
RLB. .. + MR

MRsched = Schedule Susceptibility Index (SSI)
RLBgcneq ¥ MRheq

© MCR, LLC Copyright 2005, ALL RIGHTS RESERVED 53
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. What is the Exposure to risk

© R et
89800 0®

Given 23 Jun baseline

] Task Mame Duration Finizh Slack Start Finish otr 32005 Cr 4 2005 Ctr 1, 2006 i 2. 2006 Ctr 3, 2006
a Jul | AL | Sep | Oct | My | Dec | Jan | Feh | War | &pr | May | Jun | Jul | AL
1 Project 172 days 0 days Mon 101005 Tue 66,06 o . 4
2 Releaze Wark Crder 1 day Odays MWon 1000005 | Mon 108 005
3 Unit A Control Account (Risk) 95 days Sdays | Tue10M105 Mon 2/20/06 0 days § days
4 Design Unit &, 30 days Sdays . Tue10M105 | Maon 1152105
a Builicd Unit & 40 days Sdays ) Tue 1122030 Mon 1ME06
g Test Unit & 25 days Sdays  Tue1M7M06  Mon 2020006 5 days
7 Unit B Control Account (Opportunity) 95 days sfdays  Tue 104105 | Mon 2/20/06 0 days 5 daye
g De=ign Unit B 30 days Sdayz . Tue10M1005) hon 1152105
9 Builicd Unit B 40 days Sdays | Tue 1172205 Mon 1MEDE
10 Test Unit B 25 days Sdays | Tue1A7M6  Mon 2/20/06 5 days
11 Unit C Control Account (Risk short) 53 days 47 days  Tue 10M11/05  Thu 12/22/05 0 days 47 days
12 Design Unit < 13 days 47 days | Tue10M103 Mon 10031003
13 Builicd Unit C 14 days 47 days Tue11MM0S Fri11M805
14 Test Unit 24 days 47 days | Mon 1102005 Tho 1252205 47 days
15 Unit D control Account (Opp Long) 115 days 0 days Tue10M1/05 Mon 320006 0 days
16 Design Unit D 30 days Odays Tue10M105 ) hMon 1152105
17 Builicd Unit D 40 days Odays Tue 1102203 Mon 1ME06
18 Test Unit D 30 days 0 days Tue 1M706 Mon 202706
14 Customer Reviewy of Test Data 15 days O days Tue 22806 Mon 220006
20 Customer Review hefore Integration 1 day O days Tue 3521106 Tue 3521106 Tk
M
22
z Baseline is 28 Jun, but schedule is 6 Jun 10 days
24
s - S0 have 13 day of management reserve
26 + r

Susceptibility to risks is 13/14 +13 = .48 or 48%
- s0 MR cover 48% of risk at 80% confidence
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MCR’s Risk Indexes

© i+ “OPPORTUNITY POSSIBLITIES’

« CBB - CPD 20% = Opportunity Possibility Baseline
— Given baseline, what is the opportunities !
= Cost Opportunity Possibility Baseline (OPB_,,) in dollars
= Schedule Opportunity Possibility Baseline (OPB....4) IN
time
— Opportunities should decrease as program progresses

sched

« Example...23 Jun — 9 Jun = 14 days
— We picked 50%...s0 2 week on each side of baseline

e Sched Opportunity Index 14/14 =1 or 100%
— So opportunities equal risks one for one

Opportunities indexed to Risk, Risk indexed to Baseline
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MCR’s EV RIsk Indexes

"OPPORTUNITY"

« Ratio of Opportunity (OPB)/Risk Liability (RLB) sets
*OPPORTUNITY?” vis Risk given the selected PMB and
MR

— Similar to CPI and SPI, index close to “1” or higher is best,
estimating no susceptibility to risk
= COIl =1 means program has $1 of opportunity for each $1 of
liability
= SOl = 1 means program has an opportunity for a possible day
reduction for each day of liability

OPB i

2L = Cost Opportunity Index (COI)
RLBCOSt
OPBsohes — cehedule Opportunity Index (SOI)
RI—Bsched
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Example for Costs

» Program Cost Estimate range is PCE ,,, = $.8B PCE g4y, = $1.5B
(this represents the Cumulative Probability Distribution (CPD)

e Contract Budget Base (CBB) = $1B with $150M in fee

« Risk Liability Baseline is PCE g, - CBB = $1.5 — $1B = .5B

 Cost Exposure Index = RLB/CBB =.5/1=.5

— So program have 50 cents of liability for every dollar on contract given 80%
confidence

« PM decides on 100M Management Reserve so PMB = $.9B

o Cost Susceptibility Index = MR/RLB+MR = .1/.5+.1 = .167
— So program has .17 cents of MR to handle potential risk

« Opportunity Possibility Baseline (OPB) PCE ,,,, - CBB =1B -.8B =.2B

o Cost Opportunity Index (COI) = OPB/RLB
+ MR =.2/.5 = .40

— So program has 40 cents of opportunity compared to each $1 of risk
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Summary

Linking Risk and EV

Show critical to the linkage is the network schedule

— Discuss the EVMS requirements, misconception of EV
— Trends in EV policy ... risk emphasis growing

Review the level at which analysis is conducted

— The Control Account ... what level WBS is that?

— Traditional research at WBS level 1 (or zero)
Discussion of current linkage efforts

Discuss new risk indexes

— For Schedule (time) and Cost (dollars)

— Synergy with Earned Value indexes

Networked schedule with Risks/Opp at Control Account
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