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OBJECTIVES OF CLASS

After this class, attendees should be able to understand the process of a cost assurance:

= Have a thorough understanding of the key points in developing, evaluating and using probabilistic cost
estimates

=  Ensuring that changes to schedule are accurately reflected in cost estimates

= Gathering technical baselines for the estimates

= Accessing the current program schedules and procurement quantities

= Suggest estimate updates to align with current technical baselines and acquisition documentation
= Perform top level cross checks to assess estimate accuracy

= Provide a final report and briefing detailing the findings and applicable recommendations




Introduction and Overview of Cost Estimating




ESTIMATING OVERVIEW

" Why do we need good cost and schedule estimates?

= So decision makers can base their decisions on data instead of exaggerated
anecdotal information or optimism

= Allows plans to be properly prepared

= What are the results of poor plans!?
= [f part of plan (cost, schedule, technical) is too optimistic, something fails
= Results in cost overrun, schedule overrun or performance shortfall

= How do plans fail?

" Do not meet cost, schedule or technical objectives




CASE [: U.S.WAR DEPARTMENT ACQUISITION, MARCH 27, 1794

= First major U.S. weapon system procurement
= Congress authorized building six large frigates at a total of $688,888.82 USD FY 1794
= Also known as the Naval Act which established the US Navy
= Four ships to carry forty-four guns each, and two ships to carry thirty-six guns each
= Seventeen months later, six keels were laid
= Due to schedule slippage and cost overruns, the program was later cut back

= The USS United States, USS Constellation and USS Constitution go into service

= |esson:The plan to build the six frigates as planned was not executable due to delays and insufficient
funding

,,,,,\.“?‘ﬂ . o . . . . .
,\f’;‘f"“. 'EAA Reference: Hitch, Charles )., Decision-Making for Defense, University of California Press, Los Angeles, California, 1965.
- 5




VHAT IS COST ESTIMATING AND HOW IS IT APPLIED?

= Cost estimating is the process of collecting and analyzing historical data and applying quantitative
models, techniques, tools, and databases to predict the future dollar amount of an item, product,
program or task to facilitate the successful completion of a program, project, or process

= Estimates that are divorced from historical experience lose their credibility
= |t is “required” but should be used as a tool for decision makers across the lifetime of a program

= Estimating occurs at all levels of government

Cost estimating helps the project team make better decisions and, with the appropriate rigor, helps to defend
those decisions to others outside the program.
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COST ESTIMATING ROLES

= Analytical effort directed at calculating and projecting the cost of future systems
= Involves several quantitative analysis techniques:
= Data collection and analysis (engineering and accounting)
= Cost research (history)
= Regression analysis (statistics)
= Risk analysis (probability)
= Requires micro and macro views of a program
= Must understand from a micro perspective how each cost element relates to another
= Must also understand total cost implications

= Requires interaction with managers, engineers, logisticians, schedulers, etc.




THE THREE PRIMARY REASONS FOR COST ESTIMATING ARE:

BUDGETING PLANNING TRADEOFFS




CHALLENGES COST ESTIMATORS FACE
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ABILITY TO CURB COSTS DECLINES

AS PROJECT PROGRESSES FORWARD

Percent of Life Cycle Costs Determined at Varlous Polnts In the Acquisition Process

100 Percent of life cycle costs
Q-D _______—-——-—
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Requirements set Design final Production start

Actual dollars spent

—  C0sts determined by decisions on requirements and design

Sowce: Defense Acguisition University

Reference: U.S. General Accounting Office. “Best Practices: Setting Requirements Differently Could Reduce Weapon Systems’ Total Ownership Costs.” Report to the Subcommittee on

Readiness and Management Support, Committee on Armed Services, U.S. Senate. GAO-03-57. February 2003.




THE CHARACTERISTICS OF HIGH-QUALITY ESTIMATES

Accuracy Comprehensiveness Replicability

Auditability Creditability Timeliness




WHAT A COST ESTIMATE LOOKS LIKE

We Estimate Probabilities
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Cost estimating products, process, and methods




TYPES OF

ESTIMATES

Life Cycle Cost Estimate (LCCE)
Independent Cost Estimate (ICE)
Budget Estimate

Rough Order of Magnitude (ROM)
Estimate at Completion (EAC)
Independent Cost Assessment (ICA)
Economic Analysis (EA)

Analysis of Alternatives (AoA)



DETERMINE SCOPE,A DIAGRAM
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COST ESTIMATING PROCESS

Initiation and research Assessment Presentation

Your audience, what you Cost assessment steps are iterative The confidence in the Documentation and presentation make or
are estimating, and why and can be accomplished in varying point or range of the break a cost estimating decision outcome
you are estimating it are order or concurrently estimate is crucial to
of the utmost importance the decision maker
estimating Conduct ser;srtiwty
Define the | _ | Developthe | _ | | structure} assumptions § st chme s
estimate’s estimating 2 . : = management refiect actual
for approval costsichanges

purpose pian i Develop the point estimate Conduct risk and
and compare it to an uncertainty analysis |
independent cost estimate 3

Analysis, presentation, and updating the estimate steps can lead to repeating previous assessment steps.

Sourca: GAD. | GAO-20-185G
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ESTIMATING THROUGHOUT THE PROGRAM LIFE CYCLE
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CHARACTERISTICS OF PRIMARY COST ESTIMATING METHODS

Method Strengths Weaknesses Application
e Analogous Cost Estimating | ¢ Little data required Subjective adjustments When little data
e Based on actuals Accuracy depends on are available
e Reasonably quick similarity of items Rough Order of
e Good audit trail e Difficult to assess design Magnitude
possible change impact (ROM) estimate
e Blind to cost drivers Cross check
e Detail Cost Estimating e Auditors love it Detailed design required Production
- Bottom-up Estimating e Sensitive to labor rates Slow and laborious estimating
- Engineering Build-up e Tracks vendor quotes Cumbersome in trade Software
- Grass Roots e Time honored studies development
e Susceptible to double Negotiations
counting or omitting costs
e Parametric Cost Estimating | ¢ Reasonably quick e Lacks detail Budgetary
- Top Down Estimating e Encourages discipline e Model investment estimates
- Cost Modeling e Good audit trail assured | ¢ Regulatory barriers Design to cost
- Statistical Estimating e Objective; little bias e Cultural barriers (DTC) trade
e Cost driver visibility e Need to understand model studies
e Incorporates real world behavior Cross check
impact (funding, Baseline
technical, risk) estimate
Cost goal

allocations

20



ANALOGY EXAMPLE

nalogy
Engine Engine A Engine B estimates
outside the
Weight 12,000 16,000 A range of data
Cost 52 SOLVE

Cost (New) = Cost (Old)/Weight (Old) * Weight (New)
Cost

21




PARAMETRIC TECHNIQUES

Ratio . .
Estimates effort, defined as parameter on parameter

Factor Uses the cost of one element to predict the cost of another with
a simple, multiplicative relationship

Rate

Predicts cost via a simple multiplicative relationship

Arithmetic Mean

Sum of all items divided by the number of items

22



PARAMETRIC ESTIMATING PROCESS

Cost
Cost Drivers Estimating
- : .
Relationships

Parametric
Model

Data
Collection

23




TYPICAL CER PARAMETERS

= Examples of cost drivers, where NR indicates a driver of nonrecurring cost and R indicates a driver of recurring cost
= Operating Environment (NR, R)
= Weight (NR,R)
= Technology (NR)
= Manufacturing Complexity (NR, R)
= Source lines of code (SLOC) (NR)
= Design Complexity (NR)

24



PARAMETRIC EXAMPLE

Total HW Units [Cost
7 237
11 502
18 622
25 603
29 831
31 871
34 798
39 1058
41 1310
45 1280
47 1502

Cost

1600
1400
1200
1000
800
600
400
200

Site Costs by Total HW Units

y=27.37x+60.365

. R?=0.9121

10 20 30 40 50
Total HW Units

Cost =y = 60.365 + 27.37x
Cost = 60.365 + 27.37(30)
Cost = 60.365 + 821.1

Cost = 88|
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BUILD-UP EXAMPLE

= You must estimate the cost of a steel element for a large ship.

= Currently,a contractor produces a similar element according to strict, performance-
based industrial engineering standards.

" The current program is experiencing 20% variance of actuals to standards and an
indirect labor cost of 48% of the direct touch labor hours.

= The standards for the new element are 2,000 hours.

26



BUILD-UP EXAMPLE

You must estimate the cost of a steel element for a large ship. Currently,a contractor produces a similar
element according to strict, performance-based industrial engineering standards.The current program is
experiencing 20% variance of actuals to standards and an indirect labor cost of 48% of the direct touch
labor hours.

The standards for the new element are 2,000 hours.

Calculation

I
2

Calculate variance factor 100% +20% =1+ 0.2=1.2

Apply factor to standard to get touch labor Touch labor = 2,000 * 1.2 = 2,400
for new element

Calculate support hours Support hours = touch labor * 0.48
=2,400 *0.48 = 1,152

Add touch labor and support hours Total hours = 2,400 + |,152 = 3,552

27



EXTRAPOLATION
FROM ACTUALS

Extrapolation from actuals is an umbrella term referring to
the use of actuals from past or current items to predict
future costs for the same item.

It includes techniques such as learning curve, averages, and
earned value management.

Contract actuals from a contract that has been in place for
an extended period can be used to estimate the follow-on
costs for the contract.

Extrapolation from actuals should be used to predict follow-
on unit or lot costs when estimating production costs

28



EXPERT OPINION

One-on-one Round table

. . . , Delphi technique
interviews discussion P 9
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Assessment of technical baseline and ground rules

and assumptions
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PURPOSE AND TIME CONSTRAINTS

® Why is this cost estimate needed?

" What are the time constraints for this estimate!?

" What decisions are pending on the results of this estimate?
= Will estimate be briefed? To whom!?

= Will results be incorporated into some document!?

= What does the recipient expect to have included/excluded?

= What excursions are needed!?

31



“HARD-COPY” INFORMATION

PROGRAM “PROGRAM TECHNICAL PROGRAM BEST CURRENT ACQUISITION
DIRECTION START REVIEW” DESCRIPTION SCHEDULE TOTALAND FY PLANS
DOCUMENTATION QUANTITY
INFORMATION
LATEST RISK WATCH LIST
PROGRAM COST
ESTIMATE
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1
In what phase is the program?

How mature is the program definition?

Does technology exist today to design, develop, test, and manufacture
the system?

CURRENT
PROGRAM

STATUS

What are the inter-relationships with other systems?

Any contracts to date! How many? What types!?

How have the contractors performed to date!?




DEFINITION OF PROGRAM —TECHNICAL BASELINE

System overview

System description

=  Functions

®  Key performance parameters

= Diagram of system/subsystems

System functional relationships

System configuration
Government-furnished property/equipment
Human performance engineering

System survivability

= Specific system characteristics

Technical and physical description

= By subsystem Work Breakdown Structure (WBS)
= Subsystem functional/performance description

= Environmental considerations

= Material processes and parts

=  Workmanship

=  Commonality

Physical and design parameters

Anticipated possible changes

Table comparing CARD with Initial Capabilities Document (ICD)

34



DEFINITION OF PROGRAM —TECHNICAL BASELINE

= Software description
=  Operational
=  Application
= Support
= Software Description Annotated Outline

= By sub-elements
"  Host computer description
= Program language, development environment, compiler
= Design/coding constraints

= Commonality within system

= System quality factors
= Reliability
= Maintainability
= Reaction, turnaround time

= Personnel numbers, skill levels

= Specialized support equipment
= Availability
= Embedded security

"  Predecessor systems

= Comparison of key characteristics
= System
= Subsystems
= Highlight significant differences

= Phase-in/out considerations 35



DEFINITION OF PROGRAM —TECHNICAL BASELINE

= Operational concept

Organizational structure
Security

Logistics

= Support concept & Deployment
= Hardware and software

= Organic vs. contractor

= Standard support equipment

=  Training

Quantity requirements

Personnel requirements

Program schedule

Acquisition plan

Development plan

= Description of development phases

= Development tests

= Operational test

Cost and Software Data Reporting

Facilities

= Test and production facilities
= Operational support facilities

= Facilities commonality

36



WORK BREAKDOWN STRUCTURE: DEFINITION

= A product-oriented family tree of hardware, software, services, and data that results

from systems engineering efforts during development, production, operations, and
maintenance of a system

= Displays and defines the product(s)

= Relates the elements of work to each other and to the end product
= Completely defines the program

= Plays a key role in developing and tracking costs

= Provides a framework for cost reporting

37



WHAT YOU NEED TO UNDERSTAND BEFORE BUILDING A WBS

® Preliminary program definition, including acquisition strategy

= Engineering specifications

= Structure of planned and actual contracts (including Contract Line Item Numbers — CLINs)
" Program and funding responsibilities

= Organization standard WBS elements

38



WORK BREAKDOWN STRUCTURE:

TYPES AND SOURCES

= Standard WBS for Defense Systems
= Aircraft Systems
= Electronics Systems
= Sea Systems

= Space Systems
= Program WBS
= Usually from the program office

= Contract WBS

= Usually from the program office at the top level and contractor at more detailed levels

39



FUNCTIONALWBS EXAMPLE

LEVEL1

LEVEL2

LEVEL3

Automobile
Project
| l
Design
Engineering Manufacturing
| | )

Design Build Test Design Build
Product Prototype Prototype Product Prototype




BOTTOM LINE

Work Breakdown Structure: Ensure you
understand the estimating structure for the
cost assurance
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GROUND RULES

“Ground rules are statements about the form and content of the estimate (e.g., costs include a
competitive development by two contractors up through system test, and are stated in 2020
dollars). Ground rules also establish the scope of the estimate, distinguishing specifically between
costs that are included and those excluded from the analysis. For example, an estimate may not
address support costs after delivery to a customer, or it may not include costs of establishing
new production facilities.”

Reference: FM. Dello Russo, PR. Garvey, and N.D. Hulkower,“Cost Analysis,” Wiley
Encyclopedia of Electrical and Electronics Engineering, Volume 4, (1999)
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ASSUMPTIONS

“Assumptions are suppositions about what will happen at some future time. Assumptions can be
established globally for the system or program (e.g.: laser technology that meets the
requirement will be available before the start of system development, contractor A will be the
system designer; all software will be written in C++) or they can be established for the specific
cost elements (e.g.: a specific chip will be used to implement the function; five test units will be
needed for performance evaluation, a software development lab will be established).
Assumptions change throughout the estimating process; thus, careful recording and tracing of
assumptions and their changes to cost estimate versions is necessary. Assumptions may
represent significant cost drivers for a system.”

Reference: FM. Dello Russo, PR. Garvey, and N.D. Hulkower,*“Cost Analysis,” Wiley Encyclopedia of Electrical and
Electronics Engineering,Volume 4, (1999)
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ESTIMATE GROUND RULES AND ASSUMPTIONS

= Scope and limitations = Source of inflation indices
= Phases of life cycle included = Learning (Cost improvement)
= Funding constraints = Participants

" Schedule = Contractors

®= Technical Baseline Used -

Government Furnished Equipment (GFE)
= Base year of dollars estimates are presented

44



GROUND RULES TYPICALLY COVER

PROGRAM PLANS AND POLICIES

= Prototype development and eventual use

= |Low-Rate Initial Production (LRIP)

= Hardware and software upgrade schedules

= Number of deployment sites and deployment schedule
= Operations concept, including staffing plans

= Maintenance concept, including availability requirements, repair plans, and number of
years capability is to be maintained

= Training program

45



EXAMPLE: GROUND RULES FOR GENERIC INFORMATION

TECHNOLOGY (IT) SYSTEM

= System to be deployed at one Continental United States and one overseas site
= System to be operated 24 hours per day at each site in three 8-hour shifts
= Operations staff of 6, including one manager, on each shift
= Development period to take three years, with full operational capability continuing for nine years

= Estimates to be provided in FY24 dollars, with sunk costs incurred on preliminary studies and analyses
of alternatives (AoAs) not included in estimates

= COTS hardware to be upgraded every three years

= COTS software to be upgraded every two years, with full integration and testing costs to be re-
incurred with each COTS software upgrade

46



ASSUMPTIONS ARE OFTEN UNREALISTIC

= All technology development will be done outside of this estimate

Demonstration/Validation (Dem/Val) may be minimum or eliminated due to strong related
technology and system-level demonstration programs

= Risk

= There will be no risk from technical performance or schedule compression

No nonrecurring engineering (NRE) for subsystems as they will be commercial off the shelf (COTYS) by the
time of use

= |5-year lifetime for all components

47



COMMON, BUT UNREALISTIC,ASSUMPTIONS ON SOFTWARE COSTS

= All ground software development and maintenance is done under other programs and is not included
here

= Software will be developed through contractor funded effort.

= Program will incur software cost(s) in acquisition, but it will be a much smaller effort since the S&T and
demonstration contractor programs will develop software prototypes outside of the acquisition program

48



Data and methodology validation




Data acts as the raw material for cost estimating. Ve use data to provide credibility and defensibility to every estimate.

Compliance Contextual Completeness

; ; Include technical and
— Ensure the estimate complies
— with the organization’s programmatic data to see the
rcml‘\etl;ods for collecting whole picture.
ata/costs.
Normalization Homogeneity

. : . . . Use reporting standards like
Ensure reversible operations

Work Breakdown Structures
to support parametric and
build-up estimates.

and make equal comparisons
between data sources.



DATA COLLECTION AND PREPARATION

= Types of data to confirm was collected
= Cost
= Technical
= Programmatic

= Ensure data was properly normalized
= Constant year economics (escalation)

= Cost at selected unit (cost improvement curve)

Validate that data was collected to support the risk analysis,
as well as the basic cost estimate 5|




TYPES OF DATA

= Technical at the lowest levels available
" Performance parameters
= Mass properties with margins and reserves
= Power with margins and reserves
= Design life
" Programmatic
= Schedule with key milestones
= Risk Watch List
= Contract Data
= Contract type
= Contract Data Requirements List (CDRL)
= Quantity and price

= Delivery schedule 52



Primary

Directly from the source.

Secondary

Based on primary data, but
altered via aggregation,
normalization, sanitization,
etc.



ADDITIONAL DATATERMINOLOGY

Interval: Relative scaling. Supports comparisons more meaningfully than ordinal data but may cause issues in absolute
comparisons (think Celsius, 30 degrees is half of 60 degrees but 60 degrees is not twice as hot).

Objective: Usually quantitative, not based in opinion. Objective data includes actual counts collected through a formal data
collection process or derived from other quantitative data (e.g., staff hours, Extended Source Lines of Code (ESLOC),
Function Points (FPs), test items, documented errors, or end items). Objective data can sometimes be qualitative (e.g., U.S. vs.

Soviet fighters).

Ordinal: Represents rank order of the data. The only valid comparisons are greater than or less than in magnitude or scope.

Qualitative: Describes a quality or characteristic that can't be measured mathematically. Sometimes qualitative measures can

be converted to qualitative data but this process may be somewhat subjective.

Quantitative: Able to be measured, or numeric.
Ratio: Supports absolute comparisons ($2M is twice as much as $ | M).

Subjective: Based on individual or group feelings or understanding about a particular condition or characteristic pertinent
to a system. Subjective data tends to be qualitative and typically provides information needed to interpret or validate

objective data.



Consider the following issues associated with obtaining data:

®
— «
— ¢
- ¥
= ¥
Availability Accessibility Validity

Relevancy /
Currency

Applicability



Time constraints are an issue with every estimating effort. Data
collection may require more time than the project can afford, and

time constraints may result in using secondary data over primary

data.

Underlying estimate requirements also dictate the scope of
the data collection efforts. A Rough Order of Magnitude (ROM)
requires less detailed data than a detailed build-up estimate. Some
data may also require normalization before being used.




As part of the data collection process, cost analysts should consider

certain pitfalls.

Pay attention to unusual program characteristics that may impact

the data collection effort by creating special needs.

Collect related technical and programmatic data to account for the

effects of the following in the estimating model:
* the system is using new technology or new materials,
+ the program is trying to meet an aggressive schedule,

+ the contractor is implementing changes in their manufacturing

processes, or

* new cost reduction initiatives are being pursued.




ELICITATION CASE STUDY

= Software (S/W) Engineer says that the most-likely SLOC count is 50K to 70K

= Estimator says, “What would you say if | said the SLOC would wind up at 100K
= S/W Engineer says, “No way!”
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ELICITATION CASE STUDY

= Another estimator goes back later and asks the same S/W engineer, “What if | said
that the contractor’s bid will come in based on 120K SLOC?

= S/W engineer says, ‘| already have an informal estimate of 150K SLOC from the (sole-source)
contractor.”
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ELICITATION CASE STUDY

= Estimator says, ‘Are you confident that you could substantiate your
position of 50K to 70K SLOC in negotiations with the contractor?”

= S/W Engineer says, “No | am not confident | could substantiate my

position in negotiations. | just think it should be between 50K and 70K
SLOC.

60



ELICITATION CASE STUDY

= Estimator is at Contractor’s plant early-on in an development contract

= Estimator asks top Contractor functional specialists to identify other similar H/W or
S/W that the contractor has completed or nearly completed

= Contractor functional specialists say their company has not completed any similar
H/W or S/W. Estimator leaves.

" Do you think there is any similar history or not!?
= Did the estimator handle the interview properly?

61




It is extremely important to understand the various problems and issues encountered during the data collection
process. Data can be difficult to find in the form needed by the cost estimator. To make data usable for
estimating, it must be consistent and comparable to other data being used in the estimate. This process is
referred to as data normalization.

The types of data normalization are by:

-cost units,

*Sizing units, ‘
special groupings such as mission application,
-platform operating environment,
recurring/non-recurring costs,

-development state; and v

-end terms for homogeneity.




The following factors influence normalization techniques:

Content State of Development

Fixed vs variable; end-item

. Learning curves
homogeneity

Key Groupings

Aggregation by similar characteristics



O&M utilities cost $36,500.

Poor Contextual Completeness

The activity from which the costs resulted is
unknown. The only data that is clear is that $36,500
was spent on O&M utilities, but this information does
not provide sufficient detail.

Fabrication of specific sub-assembly, "XY Z".
To fabricate “XY Z", the manufacturer required:

= 995 labor hours to complete the 1st unit,
= 89 labor hours to complete the 5th,

= 84 labor hours to complete the 10th unit, and
= material costs that were constant at $2350

(FY01) per assembly.

Good Contextual Completeness

In this example, the cost estimator collected data on
specific sub-component manufacturing fabrication
costs. The specific activity and manufacturer from
which the labor hours and costs were captured is
identified.



COST DATA EXAMPLES

Raw Cost Data Direct Hours  Direct $ OHD 3 Material §  Subc $ G&A 5 Total $
WBS X 13150 1,320,250 1,880375 75000 160,000 396,075 3,931,700
Cost account X1 5150 440250 680375 50000 150,000 132075 1432700
Job number X1A 1500 150,000 225,000 45000 420,000 Cost data example — raw
Job number X1B 1650 140250  210.375 42075 392700 q h
Jeb-number X1 2000 150,000  225.000 50000 150,000 45000 620,000 cost data sheet
Cost aceount X2 8000 880,000 1320000 25000 10,000 264000 2,499,000
Job number X2A
Job number X2B
Job number X2C
WEBSY
Cost account Y1
Job number Y1A

Time Phased Data

CY95 Y96 cYer Cves CY99 CY00 Total $
. Program Total
Cost data example — time-  [was x

Cost account X1 143270 286,540 429,810  429.810 71,635 71,835 1,432,700

phased cost data

WBSY
Cost account Y1




LEARNING CURVE IMPACT ON COST ESTIMATES

= All learning curves for an estimate intersect at
estimated T| point 1

T1 Cost
(Estimating Basis)

°8 T 95% Learning

0.7 +

= Costs of multiple units are estimated at 85%
or 95% learning

85% Learnin
06 1 5 Units ° ne

(29% Increase)
0s 4

= Estimate for 20 units is 62% higher at 95%
learning than at 85%

20 Units
(62% Increase)

04 4

03 +

Relative Average Unit Cost

02+

0.1 +

0.0 + } } -
0 5 10 15 20 2:
Number of Production Units

Reference: S.A.Book and E.L. Burgess,“The

Learning Rate’s Overpowering Impact on Cost
Estimates and How to Diminish It”’, Journal of 66
Parametrics,Vol. 16 (1996), pages 33-57.).




HYPOTHESIS:

Number of

Workstations |Cost (SK)
Site 1 8 398
Site 2 28 769
Site 3 12 430
Site 4 9 199
Site 5 21 447
Site 6 29 851
Site 7 47 1258
Site 8 7 359
Site 9 36 1267
Site 10 9 300
Site 11 7 275

Mean site activation cost: $595.73

Site activation cost can be calculated as a function of the number
of workstations per site. A single independent variable will
provide a well-fitting regression model for estimating cost.

Site activation cost by workstation count

1400

y=26.491x+82.756
R% =0.9098

1200

1000

Cost (SK)
N i N (o0]
8 8 8 8
(o]

o

0 10 20 30 40 50

Number of Site Workstations



CER EQUATION AND ANALYSIS

— Site activation cost = $82,756 + ($26,491 * # of site workstations)

Regression Statistics

The model is significant.

Multiple R 0.953834
R Square 0.909799
Adjusted R Square 0.899777 CV = standard error / mean = 121.6606 / 595.73 =
Standard.Error 121.6606 20.4%
Observations 11
ANOVA
df SS MS F Significance F |
Regression 1 1343622.413 1343622 90.777277 5.34455E-06
Residual 9 133211.7692 14801.31
Total 10 1476834.182
CoefficientsStandard Error  t Stat P-value Lower 95% Upper 95%ower 95.0%pper 95.09
|_| Intercept 82.75641 | 65.14834309 1.270277 0.2358411 -64.61938071 230.1322 -64.6194 230.1322
Number of Workstations 26.49145 | 2.780463527 9.527711 5.345E-06 20.20160751 32.7813 20.20161 32.7813
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UPDATEWITH NEW SITES You now have site data for sites
|2 — 5. Update the regression.

Number of
Workstations |Cost (SK)
Site 1 8 398 Updated Site activation cost by workstation count
Site 2 28 769 1600
oite 3 12 130 1400 =26.635x+105.16
Site4 9 199 oo e DR A
Site 5 21 447
Site6 |29 851 g 1
Site 7 47 1258 g 80
Site 8 7 359 “ 600
Site 9 36 1267 400
Site 10 |9 300 200 .
Site11 |7 275 5
Site 12 11 488 0 5 10 15 20 25 30 35 40 45 50
Site 13 19 755 Number of Site Workstations
Site 14 41 1247
Site 15 19 605
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UPDATED CER EQUATION AND ANALYSIS

SUMMARY OUTPUT

Regression Statistics

= Site activation cost = $105,164 + ($26,635 * # of site workstations)

The model changed slightly and is still significant

Multiple R 0.953909
R Square 0.909942
Adjusted R Square 0.903015
Standard Error 114.855
Observations 15
ANOVA
df SS MS F Significance F
Regression 1 1732752.604 1732753 131.35196 3.61973E-08
Residual 13 171491.7963 13191.68
Total 14 1904244.4
- Coefficients Standard Error  t Stat P-value Lower 95% Upper 95%ower 95.0%pper 95.0%
Intercept 105.1641 |55.52760543 1.893907 |0.0807035 -14.79599745 225.1242 -14.796 225.1242
Number of Workstations 26.63544 2.32402932 11.46089 3.62E-08 21.61468045 31.6562 21.61468 31.6562 70




MULTIVARIATE CER EXAMPLE



Multivariate Example Data

Operating Costs

(SK) Port Hours |Crew Size

Luxury Liner 387.56 4727 203
Family Ship

A 439.66 4635 306
Family Ship

B 582.75 5021 317
Family Ship

C 469.24 4796 321
Cruise C 413 4280 369
Cruise A 617.91 5174 413
Cruise B 705.16 4795 461

Mean operating cost: $516.5

BACKGROUND

Hypothesis: The operating costs of a cruise ship can
be better predicted by crew size and ship port
time than either variable individually. The longer a
ship is in port and the larger its crew, the more
expensive its operating costs will be.
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INDIVIDUAL REGRESSIONS

Operating Costs by Port Hours Operating Costs by Crew Size
800 800
700 @ R?=0.3903 700 B =010 o
e o = i oo o ’
B e g > ——
@400 | @ . ' 400 :
£ £
g 300 8 300
g a
O 200 & 200
100 100
0 0 Port Hours vs. Crew Size
4200 4400 4600 4800 5000 5200 5400 0 1
Port Hours 500 ° R? =0.0249
a4 L]
g - O gt
D300 | 0 ettt ® %) ®
3 200 o
Q
100
0
4000 4500 5000 5500
Port Hours
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MULTIVARIATE REGRESSION OUTPUT

Regression Statistics

Multiple R 0.934519835
R Square 0.873327321
Adjusted F  0.809990982
Standard |  52.10825494 CV =52.11/516.5=9.1%
Observatic 7
ANOVA

df SS MS E Sianificance F
Regressior 2 74880.23 37440.113F 13.78872 0.016045968
Residual 4 10861.08 2715.2702
Total 6 85741.31

Coefficients andard Errc

t Stat P-value

Lower 95%  Upper 95% Lower 95.0% Upper 95.0%

Intercept
Port Hour:
Crew Size

-857.2784661 358.3215
0.215435334 0.075578
1.010316708 0.258684

-2.392484 0.074965
2.8504914 0.046373
3.9055948 0.017459

-1852.138502 137.58157 -1852.1385 137.58157
0.005596291 0.42527438 0.00559629 0.42527438
0.292093494 1.72853992 0.29209349 1.72853992
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A NOTE ABOUT MULTIVARIATE REGRESSION

A combination of expert opinion, organizational history, and data analysis determine
whether to use multivariate regression models. There must be compelling reasons why
two or more variables are judged to explain cost significantly better than a single
variable.
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Incorporating and Assessing Risk & Uncertainty
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UNCERTAINTY
AND RISK

Preseason prediction of North Atlantic hurricanes (range)
& - Number of hurricanes that season (average: 7)

16 | Arecord 15 hurricanes developed |
| out of 28 named storms. — @
14 -= = ——-
12
10
] =)

1999 X000 2001 2002 2003 2004 2005 2006 2007
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TRIANGULAR DISTRIBUTION OF

WBS-ELEMENT COST

>

DENSITY

- > §

Optimistic / Best single point Cost implication of
opportunity cost estimate known risks realized
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ADDITIONALTYPES OF DISTRIBUTIONS

50% N\
I . X
! Triangular Normal (Gaussian)
: %
!
! _
: 3000 Dollars
| Mean
¥ Median
D
1000 2000 S0 7830 Dollars &= 1000 B

Lognormal Exponential Uniform 50%
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|

| . 50%

0 2000 1 3674 Dollars
Mode Mean
3000 k. 1000 3000 5000
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E B - Median
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STATISTICAL SUMMATION OF WBS-ELEMENT COSTS

= Central limit theorem of statistics: if number of WBS elements is “large,’
distribution of total cost is approximately normal

= Another statistical theorem: sum of WBS-element means = mean of total-program
cost

®  Therefore mean = median = mode for total-cost distribution
®  Total-cost mean = sum of WBS-element means
= Total-cost median = sum of WBS-element means
®  Total-cost mode = sum of WBS-element means
= |t follows that ...
®  Total cost median > sum of WBS-element medians

= Total cost mode > sum of WBS-element modes

KAA :




CENTRAL LIMIT THEOREM IN PICTURES

WBS-ELEMENT TRIANGULAR
COSTDISTRIBUTIONS
A

MERGE WBS-ELEMENT COST DISTRIBUTIONS INTO
TOTAL-COSTNORMAL DISTRIBUTION

$ A

—

$
ROLL-UP OF MOST LIKELY MOST LIKELY

A /\ WBS-ELEMENT COSTS TOTAL COST

8l
Most s
Likely
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WHEN WBS ELEMENTS ARE FEWV...

WBS-ELEMENT TRIANGULAR

COSTDISTRIBUTIONS MERGE WBS-ELEMENT COST DISTRIBUTIONS
INTO TOTAL-COST LOGNORMAL DISTRIBUTION

AT T $

ROLL-UP OF MOST LIKELY MQST LIKELY
WBS-ELEMENT COSTS TOTAL COST




COST RISKS ARE CORRELATED

= Technical or programmatic issues that impact one VWBS element’s cost often impact other WBS
elements as well

= Technical risks in guidance subsystem will induce weight, cost, and schedule growth in power, structure,

software, and other subsystems that have to be adapted to risk-impacted guidance subsystem

= Cost growth due to problems in one WBS element leads to cost growth in other WBS elements

related to the first

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)
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EXAMPLE: COMPUTER SIMULATION

= High-level WBS:

|.I  System Engineering/Program Management
.2  System Integration, Test and Evaluation

.3  Software Development

|.4 Hardware Development

.5 Prototype Development

|.6  Facilities Construction

.7 Maintenance

-
,ﬁ,}'ﬁ‘!‘:t:‘
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EXAMPLE: LM,H INPUTS FOR

= Model each WBS-element cost as triangular distribution with the following parameters L, M, H:

l.1: L=20, M=125, H=40
.2: L=100,M =130, H =200
.3: L=30, M=50, H=90
|.4: L=80, M=100, H=140
[.5: L=100,M =120, H=150
l.6: L=10, M=15 H=30
.72 L=90, M=100, H=170

LM H Dollars
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EXAMPLE: CORRELATION INPUTS

FOR CRYSTAL BALL™ APPLICATION

1.1 1.2 1.3 1.4 1.5 1.6 1.7
11: 10 04 04 04 04 04 04

1.2: X 170 0.5 05 05 0.7 0.3
= Pairwise correlations as follows: 13- X x 10 0.7 0.7 0.7 0.7
1.4: X X x 1.0 04 04 04
1.5: X X X X 1.0 0.7 0.7
1.6: X X X X X 1.0 0.6
1.7: X X X X X X 1.0
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WHAT A COST ESTIMATE LOOKS LIKE

Pe rce I‘Iti Ie Va I ue Program Alpha

10% 516.81
20% 538.98 ] T

30% 557.85 = 750 ] “S-Curve” R -

40% 575.48 5 500 ‘ ‘ | | | ‘ ‘ ...

et e

IIAMEEATUMATORAY

50% 592.72 ol Il
g% 609.70 oon |t LAY
70% 629.19 46243 537.16 611.89 686.62 761.35
80% 650.97 BY04$M

90% 683. 01 Program Alpha

Statistics Value 10,000 Trials Frequency Chart
Trials 10.000 020 ] bl , f
Mean 59’6.40 B fiy o ~Density Curve’

Median 592.72 01Q Jroie iliime H g
(LAY

Mode ---
Standard Deviation 63.18 s L JIAMARARAD
Range Minimum 450.19 - ‘ At

Range Maximum 796.68 000 - LT
462.43 537.16 611.89 686.62 761.35
BY04$M

Probability
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UNCERTAINTY AND RISK

= Uncertainty implies we do not know exact discrete values or outcomes (probabilistic
outcomes)

= Risk implies chance (probability) and consequence of failure or adverse outcome

= Reward = Chance (probability) and consequence of success or positive outcome

= Risk analysis requires three elements:
= Defining the probability distribution(s) of the outcome(s)
= Placing “bets”, which are typically in three parts:
= Cost (e.g., negotiated contract value)

= Schedule (e.g., agreed schedule)

= Performance (e.g., agreed specifications and performance parameters)

= Determining risk relative to the bet and potential outcomes

m\‘-§§$¢
e %5
e 88




UNCERTAINTY, THE BET AND RISK
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“ROLL-UP” OF UNCERTAINTY

WES ltems
o~ Segment (Developer, Distributor, Enabler, User)
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DOCUMENTATION OUTLINE

m EXﬁCcLIItiIve Summary: High-level view of analysis, summarizing purpose, scope and estimates of cost and
schedule

m Sys?em Description: Technical information in sufficient detail to understand and evaluate the cost
analysis

= Acquisition Strategy: Description of the plan to acquire the system

=  Ground Rules and Assumptions: Aspects of the analysis framework that will have significant impact if
they are changed

= Estimating Methodologies: Overview of primary and secondary methods for deriving the cost
estimates

m gIost Sum)mary: Detailed summary of estimates (More detailed than is contained in Executive

ummary

= Detailed Cost Derivation: Complete description of calculation of the cost estimate in sufficient detail
to allow replication

= Uncertainty Analysis: Detailed description and quantification of uncertainties in the system’s cost and
schedule estimates

= Conclusions and Recommendations: Summary of key insights and important findings

‘,.EAAReference: F.M. Dello Russo, P.R. Garvey, and N.D. Hulkower,‘“Cost Analysis,’ Wiley
Encyclopedia of Electrical and Electronics Engineering, Volume 4, (1999)
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