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+¢* The Need For:

» Without risk analysis, a cost estimate will usually be a point estimate, which may not account
for all of the uncertainties inherent in the effort

» Not accounting for potential uncertainties may lead to underfunding, cost overruns, and the
potential for a program to be reduced in scope in the future
+* Definitions:
» Cost risk and uncertainty analysis identifies the cost, in terms of dollars, time, and materials

that should be added to a point estimate to increase the probability of meeting the desired
outcome

» Risk is the occurrence of an outcome subject to a known pattern of random variation (i.e.,
Known-Unknown). Changes in those technical parameters that are captured in the estimating
methodology

» Uncertainty is the occurrence of an outcome subject to an unknown random fluctuations (i.e.,
Unknown-Unknown). Changes in those parameters that are not part of the estimating
methodology

¢ Analysis Methodology:
1. ldentify Areas of Uncertainty
2. Address the Uncertainty within the Cost Estimate
3. Quantify the Risk within the Cost Estimate
4. Presentation of Results
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Cost Risk and Uncertainty Analysis
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Risk Concepts
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Risk Analysis Methods

< Qualitative Methods (e.g., subjective assessments of Low, Medium,
or High Risk) are of most use when there is little or no historical data
available or firm requirements have not yet been established

< Quantitative Methods are considered where probability distribution
on cost elements or drivers can be estimated from historical data or
deduced from expert opinion

= Analytical Method involves the mathematical determination of a total
cost distribution from its components cost distributions

=« Simulation Method involves the computer generation of random costs
from component distributions and aggregation into a total cost
distribution



AMERICA’S ARMY:

mesrenomor envaon. COST RISk and Uncertainty Analysis

1. Identify Areas of Uncertainty:

¢ Objective is to identify areas where variance may have an impact on future costs
» Potential areas of uncertainty include:

= Cost Estimating: Variability inherent in cost estimating data and methodologies used

= Technical: Variability in the range of technical options possible to meet requirements

. L = Schedule: Variability due to potential fluctuations in duration of activities \

= Requirements: Variability due to potential changes in system performance

= Programmatic: Variability due to changes in the program’s acquisition strategy

» Potential data sources include:
= Historical data / trends

* Cost growth reports

" Programmatic documents

* Initial Capabilities Document (ICD), Capability Development Document (CDD),
Capability Production Document (CPD)

= Discussions with Subject Matter Experts (SMEs)
= Analogous system data
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2. Address the Uncertainty within the Cost Estimate:

+* Need to determine which identified uncertainties to model (i.e., which are cost-sensitive)
+» Cost methodology highly dependant, reliant upon data available
+* Application of uncertainty dependant upon cost methodology

» Uncertainty assessment is best done at the lowest-level variables possible

» Important to identify uncertainty associated with cost drivers at a minimum

+»+ Selection of appropriate probability distribution for each risk element is critical

Four Common Continuous Distributions

Usedwhen allvalues betwe enthe low and high have an
equal ikelihood of ccaurre nce. Good forapplying
distributions to estimating factors, rulesofthumb, expert
s opinion, andsome analogy estimates.

Uniform

] Likelihood of occurrence deaeases when moving away
. H AT from the mostlikely towards the absolute low and high.
Triangular a ., ' -
al . Can be skewed or symmetric Intuitive and easyto
T communicate. Usefulforallestimatingmethods.

Likelihood of occurrence deoe ases when moving away
fromthemaostlikely. Thereis anegual probability of
Normal & yd " ove rrun and unde rrun [symmetric). Used mostoften for
H o linear parametric relationships andvariables expecedto
e exhibit “normal” tendencies.

= Thevariable being estimated is more likely to overrun
| PR thantounderrun (positive skew ). Italsohasa limitless

Lognormal al ., I o
| e (infinite ) upper bound and a known (finite ) lowe rbound.
—= Used most often for nonlinear parametricrelationships.

Other Common Continuous Distributions: Beta, Weibull, Exponential, Rayleigh, Poisson

Figure 1: Common Risk Distributions
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3. Quantify the Risk within the Cost Estimate:

+* ODASA-CE utilizes the Automated Cost Estimating Integrated Tools (ACEIT)

» Integrated within ACEIT is a simulation-based risk analysis capability (RISK) that allows the
analyst to perform cost, schedule, and technical risk and uncertainty analysis

» Provides the capability to calculate risk results for various confidence levels using Latin-
Hypercube sampling

» Input: Specification of risk within ACEIT

. . . Equation / RISK Distribution | PE Position | Low (% of |High (% of
HIEEEER AR L FLSEL T Throughput Specification Form in PE) PE)
510 SYSTEMS ENGINEERIMNG/MGMT 5 40.452 (50%) *
5101 Project Mgmt Admin (PM Civil) 5 40452 (50%) * SEPM_CIV_FACT Form=Triangula Triangular Maode 50 110

Figure 2: Specifying a Risk Distribution within ACEIT

» Output: ACEIT risk statistics report

= Displays statistical results in Base Year (BY) dollars for each WBS element at the
specified confidence level

WBS/CES Point Estimate Mean Std Dev CcV 5.0% Level | 10.0% Level | 15.0% Level | 20.0% Level

510 SYSTEMS EMGINEERING/MGMT $ 40.452 (50%) 540451 $ 3.657 0.090 5 34343 § 35515 § 36.404 5 37.166

5.101 Project Mgmt Admin (PM Civil) $ 40.452 (50%) 540451 5 3.657 0.090 534343 § 35515 5 36.404 5 37166
5102 Other

Figure 3: Example Statistics Report within ACEIT
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4. Presentation of Results:

+* ACEIT can also be used to formulate a Cumulative Density Function (CDF) or S-Curve

» Each point on the S-Curve identifies the cumulative probability that the associated cost on
the x-axis will not be exceeded. This is referred to as the level of confidence in a
particular estimate.

Point Estimate 50% Confidence Level 80% Confidence Level

100%

90%

80% Cumulative Distribution
Function (cdf)

“S-Curve”

70%

60%

50%

40%

30%

20%

Cumulative Probability

10%

0%
$40.0 $60.0 $80.0, $100.0 $120.0 $140.0 $160.0 $180.0 $200.0

T Dollars

¢ AOA cost estimates are presented as a point estimate at the 50% confidence level
accompanied by a risk-informed cost range (+0)
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Risk Analysis Approaches

* Detailed Network & Stochastic

* Discrete Technical, Schedule, and Estimating Risks

* Detailed Monte Carlo Simulation (each WBS)

Effort

e Bottom Line Monte Carlo Simulation

* Add a Risk Factor/Percentage

Detall
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Probability Distributions
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Probability Density Function
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Cumulative Distribution Functions

Forecast: Results =
Cell B28 Cumulative Cha4t977 Trials Shown
.99 54 L 4977
A R A N ————— . 1 | 4 LR AR R LR LR IR N ] - i
E r‘ m
—— 1]
al L4 9 8 e ————— L AL R AR L AR ....... i |
(1] =
| ) | (1]
2 ‘ 2
o 22409 L ““m RN RN ARAR LA R AR AR RN ... I .,E
.000 ...nl"l"“” “ | 0
b 4
$1,250 $1,750 $2,250 $2,750 $3,250




AMERICA'S ARMY:  Cost Risk and Uncertainty Analysis

THE STRENGTH OF THE NATION

Cost Schedule Curve
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Cost

Schedule Goals

Commercial Drivers
» Technology Drives Schedule
» Constraint Schedule
* Goal is ROl Maximization

Da—

Commercial

Cost Risk and Uncertainty Analysis

I Defense

DoD Drivers

* Funding Drives Schedule
« Unconstrained Schedule
» Goal is Cost Reduction

I
L >

Development Schedule
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Range Cost Estimates

+75% \

Range estimates provide risk and uncertainty as well as most likely
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CBA Steps [ CoA1 [ COA2___ | CcoA3 |
Cost $M in BY-2011 $20 $16 $12
k4 Cost = $ quantifiable cost — $ quantifiable benefit or saving
L' 4 . . . _
Decision Matrix Rating or Ranking
——_————— — — Benefit Criteria | Weight COA-1 COA-2 COA-3
Lethality 30% 9 6 2
Safety 45% 4 6 6
. Define Alternative Survivability 25% 6 5 3
Score 6.0 5.8 4.1

Benefit = $ non-quantifiable benefit and $ non-quantifiable risk

l 8. Report Results and Recommendations |

t COA-1 | COA-2 | COA-3 )

Cost per Benefit $3.33 $2.78 $2.96

COA-1 highest benefit COA-2 best value COA-3 lowest cost

| CBA provide framework for making resource informed decisions ______
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Risk Reduction

» Cost Risk Analysis will not reduce the risk inherent in a program; however
it helps PM to understand the nature of the risk involved, and the
uncertainty associated with the cost estimates

» More frequent Cost Risk Analysis result in a more realistic assessment of
the cost and schedule and the development of effective risk mitigation plan

Project cost

Project cost

Time

Time

Risk analysis reduces the uncertainty between requirements and funding




