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OBJECTIVES OF CLASS

After this class, attendees should be about to walk through the process of a cost 
assurance of an updated or new cost estimate:

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

◼ Performing top level cross checks to assess estimate accuracy
◼ Ensuring that changes to schedule are accurately reflected in cost estimates
◼ Gathering technical baselines for the estimates
◼ Confirming estimates align with current technical baselines and acquisition documentation
◼ Provide a final report and briefing detailing the findings and applicable recommendations
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DRAFT SCHEDULE

◼0900am : Introduction and Overview of Cost Estimating and Analysis
◼1000am : Break
◼1030am : Cost Estimating Products, Process, and Methods
◼1130am : Cost assurance assessment of technical baseline and ground rules and assumptions
◼1230pm : Lunch Break  
◼130pm : Data validation process based on best practices
◼230pm : Incorporating and assessing fidelity around the risk and uncertainty ranges
◼330pm : Break
◼400pm : Review of cost assurance process and case study 
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Introduction and Overview of Cost Estimating
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ESTIMATING OVERVIEW

◼ Why do we need good cost and schedule estimates? 
◼ So decision makers can base their decisions on actual experience instead of exaggerated 

anecdotal information 
◼ Allows plans to be properly prepared 

◼ What are the results of poor plans? 
◼ If 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  
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CASE 1: U.S. WAR DEPARTMENT ACQUISITION, MARCH 27, 1794

◼ First major U.S. weapon system procurement
◼ Congress authorized building six large frigates

◼ 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 to three frigates

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

◼ Lesson: The plan to build the six frigates was not executable due to delays and insufficient funding

Reference: Hitch, Charles J., Decision-Making for Defense, University of California Press, Los Angeles, California, 1965.
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WHAT 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

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.
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COST 
ESTIMATING 
DISCIPLINES

*cost analysis is neither accounting nor auditing but cost assurances 
require skills from both
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THE THREE PRIMARY REASONS FOR COST ESTIMATING ARE:

BUDGETING PLANNING TRADEOFFS
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CHALLENGES COST ESTIMATORS FACE

Reference: GAO Cost Estimating and Assessment Guide.  Best Practices for Developing and Managing Capital Program Costs. 
GAO-09-3SP  March 2009
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ESTIMATING AT ALL LEVELS OF GOVERNMENT
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ABILITY TO CURB COSTS DECLINES
AS PROJECT PROGRESSES FORWARD

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. 
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THE CHARACTERISTICS OF HIGH-QUALITY ESTIMATES

Accuracy Comprehensiveness Replicability

Auditability Creditability Timeliness
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WHAT A COST ESTIMATE LOOKS LIKE

We Estimate Probabilities
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Cost estimating products, process, and methods
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COST ESTIMATING PRODUCTS

TECHNICAL AND 
SCHEDULE BASELINE 

DESCRIPTION

COST ANALYSIS 
REQUIREMENTS 

DESCRIPTION (CARD)

COST ESTIMATE COST MODEL ESTIMATE 
DOCUMENTATION



18

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)
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DETERMINE SCOPE, A DIAGRAM

Reference: Kaminski, Paul. Memorandum: “Reducing Life Cycle Costs for New and Fielded Systems (with CAIV Working Group Report 
attached). Office of the Secretary of Defense. December 4, 1995. 
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COST ESTIMATING PROCESS
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COST 
ESTIMATING 
TECHNIQUES

Analogy

Expert Opinion

Parametric

Build-up
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ESTIMATING THROUGHOUT THE PROGRAM LIFE 
CYCLE
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CHARACTERISTICS OF PRIMARY COST ESTIMATING METHODS
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ANALOGY EXAMPLE

Attribute Old System New System

Engine Engine A Engine B

Weight 12,000 16,000

Cost 5.2 SOLVE

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

Weight

A

B

Analogy 
estimates 

outside the 
range of data
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PARAMETRIC TECHNIQUES

Estimates effort, defined as parameter on parameterRatio

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

Predicts cost via a simple multiplicative relationshipRate

Sum of all items divided by the number of itemsArithmetic Mean
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PARAMETRIC ESTIMATING PROCESS

Data 
Collection Cost Drivers

Cost 
Estimating 

Relationships
Parametric 

Model
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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)
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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 = y = 60.365 + 27.37x

Cost = 60.365 + 27.37(30)

Cost = 60.365 + 821.1

Cost = 881
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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.
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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.

Step Description Calculation
1 Calculate variance factor 100% + 20% = 1+ 0.2 = 1.2
2 Apply factor to standard to get touch labor 

for new element
Touch labor = 2,000 * 1.2 = 2,400

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

4 Add touch labor and support hours Total hours = 2,400 + 1,152 = 3,552
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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.

◼ For example: 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.

◼ For another example: extrapolation from actuals should be 
used to predict follow-on unit or lot costs when estimating 
production costs
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EXPERT OPINION

One-on-one 
interviews

Round table 
discussion Delphi technique
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Assessment of technical baseline and ground rules 
and assumptions
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“HARD-COPY” INFORMATION

PROGRAM 
DIRECTION

“PROGRAM 
START REVIEW” 
DOCUMENTATION

TECHNICAL 
DESCRIPTION

PROGRAM 
SCHEDULE

BEST CURRENT 
TOTAL AND FY 

QUANTITY 
INFORMATION

ACQUISITION 
PLANS

LATEST 
PROGRAM COST 

ESTIMATE

RISK WATCH LIST
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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?
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CURRENT 
PROGRAM 
STATUS

In what phase is the program?

How mature is the program definition?

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

What are the inter-relationships with other systems?

Any contracts to date?  How many?  What types?

How have the contractors performed to date?
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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)
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◼ 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

DEFINITION OF PROGRAM – TECHNICAL BASELINE

◼ 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
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◼ Operational concept
◼ Organizational structure

◼ Security

◼ Logistics
◼ Support concept & Deployment

◼ Hardware and software

◼ Organic vs. contractor

◼ Standard support equipment

◼ Training

DEFINITION OF PROGRAM – TECHNICAL BASELINE

◼ Facilities

◼ Test and production facilities

◼ Operational support facilities

◼ Facilities commonality

◼ Quantity requirements

◼ Personnel requirements

◼ Program  schedule

◼ Acquisition plan

◼ Development plan
◼ Description of development phases

◼ Development tests

◼ Operational test

◼ Cost and Software Data Reporting
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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
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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
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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
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FUNCTIONAL WBS EXAMPLE

LEVEL 1

LEVEL 2

LEVEL 3

Automobile
Project

Design
Engineering

Test 
Prototype

Build 
Prototype

Design
Product

Manufacturing

Build 
Prototype

Design
Product
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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: 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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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: 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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ESTIMATE GROUND RULES AND ASSUMPTIONS

◼ Scope and limitations
◼ Phases of life cycle included

◼ Funding constraints

◼ Schedule
◼ Technical Baseline Used
◼ Base year of dollars estimates are presented

◼ Source of inflation indices 
◼ Learning (Cost improvement)
◼ Participants
◼ Contractors
◼ Government Furnished Equipment (GFE)
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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
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CASE STUDY: GROUND RULES FOR GENERIC INFORMATION 
TECHNOLOGY (IT) SYSTEM

◼ System to be deployed at one Continental United States (CONUS) 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
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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 (COTS) by the 
time of use

◼ 15-year lifetime for all components



51

COMMON, BUT UNREALISTIC, ASSUMPTIONS ON SOFTWARE 
COSTS

◼ All software development and maintenance is done under other programs and is not included here
◼ Software will be developed through EMD effort.  They will incur software cost(s) in acquisition, but it will be  a 

much smaller effort since the S&T and demonstration programs will develop software prototypes outside of 
the acquisition program

◼ The traditional software cost model may not be applicable to the client/server enterprise network 
implementation for EMD

◼ Most application software, e.g., the beam-control software, will be developed under S&T or demonstration 
programs
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Data and methodology validation 



Use reporting standards like 
Work Breakdown Structures 
to support parametric and 
build-up estimates.

Homogeneity

Ensure reversible operations 
and make equal comparisons 
between data sources.

Normalization

Ensure the estimate complies 
with the organization’s 
methods for collecting 
data/costs.

Compliance

KEY PRINCIPLES

Include technical and 
programmatic data to see the 
whole picture.

Contextual Completeness

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



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

Secondary

Directly from the source.

Primary

PRIMARY VS. SECONDARY DATA



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).

ADDITIONAL DATA TERMINOLOGY

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 $1M).

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. 



ApplicabilityRelevancy / 
CurrencyValidityAccessibilityAvailability

Consider the following issues associated with obtaining data:

CONSIDERATIONS AND CHALLENGES



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.

CONSTRAINTS



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.

PITFALLS
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ELICITATION EXAMPLE 1 SETUP

◼ Software (S/W) Engineer says that the most-likely SLOC count 
is 50K to 70K
◼ Estimator says, “What would you say if I said the SLOC would wind up 

at 100K
◼ S/W Engineer says, “No way!” – Estimator leaves
◼ What do you think?  OK?

◼ Another estimator goes back later and asks the same S/W 
engineer, “What if I said that the contractor’s bid will come in 
based on 120K SLOC?
◼ S/W engineer says, “I already have an informal estimate of 150K SLOC 

from the (sole-source) contractor.”
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ELICITATION EXAMPLE 1 CONCLUSION

◼ 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 I am not confident I could substantiate my position in 
negotiations.  I just think it should be between 50K and 70K SLOC.
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ELICITATION EXAMPLE 2

◼ 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?



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

•end terms for homogeneity.

NORMALIZATION



Aggregation by similar characteristics

Key Groupings

Learning curves

State of Development

Fixed vs variable; end-item 
homogeneity

Content

The following factors influence normalization techniques:

NORMALIZATION CONSIDERATIONS



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. 

Good 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. 

Poor Contextual Completeness

EXAMPLE: CONTEXTUAL COMPLETENESS
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COST DATA EXAMPLES Cost data example – raw 
cost data sheet

Cost data example – 
time-phased cost data
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Incorporating and Assessing Risk & Uncertainty
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UNCERTAINTY 
AND RISK

7
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AS TIME GOES BY….

We know very few “facts” at the 
beginning of acquisition process, 
uncertainty that narrows over 
time as uncertainties become 
facts

C
O

ST

In
iti

al
 “

Sh
ou

ld
 B

e”
 U

nc
er

ta
in

ty

TIME

“True” uncertainty envelope

Program 
Cost 
Growth 
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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
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“POINT” COST ESTIMATES

◼ Program cost is nebulous, heavily impacted by:
◼ Technological (im)maturity

◼ Software requirements

◼ Programmatic considerations

◼ Schedule slips

◼ Unforeseen events

◼ While “point” cost estimates are not “correct”, “actual” program cost falls within some range surrounding the 
“best” estimate (with some degree of confidence)
◼ The best we can hope to do is to understand the uncertainty

◼ Understanding the uncertainty will help us make provision for it
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1ST PROBLEM: WHAT DOES THE TERM “POINT ESTIMATE” MEAN?

◼ Is the “point estimate” the …
◼ “Most likely” cost?  (“Mode”)

◼ 50th percentile cost? (“Median”)

◼ Expected cost? (“Mean”)

◼ 4th percentile cost?

◼ Something else?

◼ What does it mean to you? – Does it mean the same thing to your decision authority? 

◼ When estimating costs of complex hardware/software systems, all these numbers are 
almost always different
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NAÏVE “ROLL-UP” PROCEDURE

◼ List cost elements in a WBS
◼ Calculate “best estimate” of cost for each WBS element

◼ Sum all best estimates

◼ Define result to be “point estimate” of total project cost

◼ Unfortunately, it turns out that things are not as simple as they seem – there are a lot 
of  problems with this approach
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SOLUTION:
MODEL COSTS STATISTICALLY 

◼ While it is being estimated, “actual” program cost is an uncertain quantity
◼ The “point” or “best” estimate is not the only possible estimate – this means that other estimates 

are “worse”

◼ Use of phrase “most likely cost” implicitly assumes that other cost levels are “less likely”

◼ “Most likely (mode),” “50th percentile (median),” and  “expected value (mean),” are statistical 
terms characteristic of probability distributions

◼ This terminology implies that costs are statistical in nature and are defined by their 
probability distributions
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HOW TO DETERMINE THE PROBABILITY DISTRIBUTION OF A WBS 
ELEMENT

◼ Compile various estimates based on different assumptions
◼ A contractor estimate

◼ The program manager’s estimate

◼ An “independent” estimate 

◼ A risk-impacted estimate

◼ Rank estimates lowest to highest

◼ Associate confidence levels with ranges between successive estimates
◼ Status of technical, programmatic risk issues affects confidence in estimates

◼ Ranges between estimates should narrow as risk issues are resolved and program proceeds to 
completion 
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TYPICAL TECHNICAL RISK DRIVERS

◼ Beyond-state-of-the-art technology needs
◼ Data-processing capability

◼ Communication links

◼ Survivability

◼ Power requirements

◼ Software solutions

◼ Special requirements
◼ Geographic distribution

◼ Security equipment

◼ Procurement quantities
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TYPICAL PROGRAMMATIC RISK DRIVERS

◼ System integration
◼ Multi-contractor teams

◼ Conflicting schedules and workload

◼ Tight schedules
◼ Requirements for undeveloped technology

◼ Software development and testing

◼ Integration of COTS software

◼ Limited resources

◼ Program funding stretch-out

◼ Supplier viability

◼ Unforeseen events
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TYPICAL COST-ESTIMATING
RISK DRIVERS

◼ Statistical character of CERs
◼ Standard error of the estimate
◼ Bias

◼ Analogies pushed beyond realistic limits
◼ Estimates inconsistent with historical records
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TYPICAL NUMERICAL RELATIONSHIPS FOR DISTRIBUTIONS
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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

◼ It inexorably follows that …
◼ Total cost median > sum of WBS-element medians
◼ Total cost mode > sum of WBS-element modes
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CENTRAL LIMIT THEOREM
IN PICTURES
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COST-RISK ANALYSIS WORKS BY SIMULATING SYSTEM COST
◼ In engineering work, computer simulation of system performance is standard 

practice, with key performance characteristics modeled by Monte Carlo analysis as 
random variables, e.g.
◼ Data throughput

◼ Time to lock

◼ Time between data receipt and delivery

◼ Cost-risk analysis enables the cost analyst to conduct a computer simulation of 
system cost
◼ WBS-element costs are modeled as random variables with associated probability 

distributions

◼ Total system cost distribution is determined by Monte Carlo or Latin Hypercube 
simulation

◼ Cost is treated as a performance criterion
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“COST-RISK ANALYSIS”:
A PROCEDURE

◼ Model WBS-element costs as uncertain quantities (i.e., random variables) 
that have probability distributions

◼ Combine WBS-element cost distributions statistically (either by simulation 
or analytic approximation) to generate cumulative distribution of total 
program cost

◼ Quantify confidence in anybody’s “point” estimate of program cost or in  
budgeted funding

◼ Read off 70th percentile cost, 90th percentile cost, etc., from cumulative 
distribution to estimate additional amount of dollars needed to cover risk
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COST RISKS ARE CORRELATED

◼ Technical or programmatic issues that impact one WBS 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)

◼ Numerical values of inter-activity correlations are difficult to estimate, but 
that’s another story 



86

A PROJECT’S TECHNICAL DESCRIPTION IS NOT ENOUGH

◼ A technical description does not contain all information needed for a realistic cost estimate
◼ A technical description does not describe how difficult it is to build the system 

◼ Beyond state-of-the-art technology
◼ Software development, integration, and test
◼ Other risk issues

◼ Yet system cost depends heavily on how difficult it is to overcome the risk issues
◼ Difficulty can be translated into additional money and/or additional time
◼ Ignoring such difficulty can (and does) lead to cost overruns and schedule slips
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THREE INTERRELATED RISKS

Schedule

Cost

Perform
-ance

Risk

Underestimating cost may 
place performance at risk 
(descope)

Underestimating schedule 
may place cost at risk (more 
labor hours required)

Underestimating true schedule 
may place performance at risk 
(skip testing)

Underestimating performance 
issues may place schedule at risk
(rework, redesign, retest)

Underestimating cost may 
place schedule at risk 
(program delays)
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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
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UNCERTAINTY,  THE BET AND RISK

High uncertainty

Low
bet

High
bet

Low uncertainty

High
Risk

High
Risk

Low
Risk

Lower
Risk

Lower Ps
Lower Consequence

Low Ps
High Consequence

Higher Ps
Low Consequence

Highest Ps
Lowest Consequence
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“ROLL-UP” OF UNCERTAINTY
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DOCUMENTATION OUTLINE

◼ Executive Summary:  High-level view of analysis, summarizing purpose, scope and estimates of cost and 
schedule◼ System 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◼ Cost Summary:  Detailed summary of estimates (More detailed than is contained in Executive 
Summary)◼ 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

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


