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Abstract

• This paper will consider the spectrum of parametric cost models from cost estimating 
relationships (CER) to micro and finally macro-parametric models. This will lead to a 
description of the Family of Advanced Cost Estimating Tools (FACET) parametric suite 
of models and their top-down capability to estimate costs.

• One of the unique aspects of FACET is the utilisation of multi-colinearity. Typically, in 
cost research we are taught to discard one of the independent variables which exhibits 
this characteristic, but QinetiQ used it to enhance the accuracy of parametrics through 
the comparison of performance and design characteristics, thus improving the 
confidence in the model input parameters.

• FACET is also unique amongst commercial parametric models in the combination of 
input data uncertainty and CER uncertainty. This parametric model has a cost output 
that is a realistic tolerance considering the attributes of the uncertainties of the historical 
data used to form the CER and the data characteristics of the future project which is 
being predicted.

• Finally, this FACET model has a unique approach to the seamless transition from 
performance based cost estimating to design based cost estimating depending upon the 
uncertainty in the inputs characteristics. 

• This paper will explore the cost research conducted by QinetiQ and the implementation 
of the research into the 80+ QinetiQ FACET models that have been licenced by 
customer around the world.
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Knowledge Base Estimating philospohy
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2. 
Macro-parametric cost estimating
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Development of a platform breakdown

Start Production

Start Development

Assessment

Concept Aircraft

Airframe

Structure Systems

Radio Ventilation

Propulsion

Engine 
control Engine

Compressor Combustion

Armament

Weapons Sensors

Radar Electronic

• As a project progresses in time and maturity the level of definition of the 
platform increases.

• Initially, there are multiple concepts which are competing to fill the gap

• Ultimately, there is a details Bill of Material which defines the complete system
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Project Life Cycle

Concept & Assessment Development / 
Demonstration

Manufacture & Entry into 
Service

In Service Operation & 
Support

Parametrics

Analogy

Engineering / Bottom Up

Extrapolation 
From Actuals

Gross Estimate Detailed Estimate

Source: International Cost Estimating and Analysis Association (ICEAA) Book of Knowledge
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Project Life Cycle

Concept & Assessment Development / 
Demonstration

Manufacture & Entry into 
Service

In Service Operation & 
Support

Micro-
Parametrics

Analogy

Engineering / Bottom Up

Extrapolation 
From Actuals

Gross Estimate Detailed Estimate

Pre-Concept

Macro-
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Project Life Cycle

Concept & Assessment Development / 
Demonstration

Manufacture & Entry into 
Service

In Service Operation & 
Support

Gross Estimate Detailed Estimate

Pre-Concept

FACET GEM Micro-parametrics

OSCAM

FACET SEM

FACET M.Box

FACET Integrated Context Model 

Cost Modelling Capability - Tools for the task
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Parametrics - Continuum of Complexity

11

Increasing Complexity of Method / Relationship

Cost Estimating 
Relationship (CER)

Micro-parametrics

Macro-parametrics
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Parametrics – are all models the same?

• Macro-parametrics – the application of a parametric model at the 
whole system level (e.g. FACET). Considers the big picture, with few 
cost drivers, but compromises the detail results.

• Micro-parametrics – the focus of parametrics at a lower level than 
system level (e.g. PRICE, SEER). Considers the system as a number 
of technologies; more cost drivers are required, but tolerance of the 
estimate is increased.

• Cost Estimating Relationships (CER) – the lowest level of 
mathematical algorithm, a single component of a parametric model 
(e.g. shipping x cost per container). Considers the services or units 
using a simple expression.

12
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Parametrics – the right model at the right level

• QinetiQ applies the right estimating methodology at the right level…..

13

Project

System

Sub-system

Unit

Sub-system Sub-system

Macro Parametrics Micro Parametrics Cost Estimating 
Relationship (CER)

Unit Unit Unit Unit Unit

Macro Parametrics

System

Micro Parametric

Sub-system Sub-system Sub-system

Cost Estimating 
Relationship (CER)

Unit Unit Unit Unit Unit Unit



Unclassified QinetiQ proprietary

© Copyright QinetiQ Limited 2015
QINETIQ/EMEA/PAS/PUB15-00056

3. 
Family of Advanced Cost 
Estimating Tools (FACET) 

– macro-parametrics
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Early Estimates set the budget!

During this period of the project 
life there is the opportunity for 
projects to influence the Whole 
Life Cost at minimum expense to 
the overall project

The methodology adopted for the 
FACET models gives accurate 
unbiased costs for a wide range 
of weapon systems at the earliest
(concept) stages of projects.



Unclassified QinetiQ proprietary

© Copyright QinetiQ Limited 2015
QINETIQ/EMEA/PAS/PUB15-00056

FACET Model Hierarchy

FACET
Cost Estimating 

Models

FACET
Concept 

WLC Models

FACET  Context 
Models

FACET Financial 
Support Models

GEMs SEMs Multi Box’s

FACET  Future 
Technology 

Model

Cost compilation

Cost creation

Cost comparison
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FACET WLC Models : Input Screens Cost creation
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FACET WLC Models : Results Screens Cost creation
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FACET Cost Context Model Output

The context model provide a rapid 
evaluation capability of quotation and 

internal estimates 

Cost comparison



Unclassified QinetiQ proprietary

© Copyright QinetiQ Limited 2015
QINETIQ/EMEA/PAS/PUB15-00056

4. 
Multi-colinearity
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Parametric Cost Modelling

Historical
Project

Normalised

Independent variable
- Design
- Performance

Dependent variable
- Cost
- Schedule
- Performance

Cost Estimating Relationship (CER)
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One database: two cost research approaches

Historical
Project

Micro-parametrics:

• Technology focus

• Single universal model

• Numerous independent 
parameters to describe 
the project

Macro-parametrics:

• Platform / System focus

• Numerous platform models

• Few platform specific independent 
parameters to describe the platform
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Multi-Colinearity

• Traditional thinking is that if 
the variables are correlated 
you must not use both in 
the CER.

• If you include one the other 
is inferred; you can discard 
one variable.

• FACET uses the 
Performance parameter as 
a cross check to ensure 
that the proposed Design 
parameter and solution is 
viable.

Design Parameter

Performance Parameter
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Multi-Colinearity

Requirements Cost

Concept Design
?

It’s not possible to 
estimate capability 
or requirements 
without a design
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Multi-Colinearity

Requirements Cost

Concept Design

Therefore we create 
a concept and 
estimate it to a high 
tolerance
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Multi-Colinearity

Requirements Cost

Final Design

Then discover the 
design is not the same 
as the concept?
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Multi-Colinearity

Requirements Cost

Final Design

What is required is early 
relationship between 
requirements, design 
and forecast cost
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Multi-Colinearity utilised in the FACET Models

1,000 kg
reduction
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5. 
Performance and Design based 

estimating
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Implementation of a combined performance / design based 
approach to cost estimating

Performance 
requirements with 
confidence limits

Design details with 
confidence limits

Sizing rules
Design norms for 

required performance 
with confidence limits

Comparison and 
Bayesian combination

Refined description of 
design

Aid to assessment of 
technical risk

Cost Estimating 
Relationships

Description of project 
useful to designers and 

decision-makers

Estimated cost of 
project

Inputs

Outputs
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Implementation of a combined performance / design based 
approach to cost estimating

Performance 
requirements with 
confidence limits

Design details 
very uncertain

Sizing rules
Design norms for 

required performance 
with confidence limits

Comparison and 
Bayesian combination

Refined description of 
design

Aid to assessment of 
technical risk

Cost Estimating 
Relationships

Description of project 
useful to designers and 

decision-makers

Estimated cost of 
project

Inputs

Outputs

Performance based 
cost estimates
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Implementation of a combined performance / design based 
approach to cost estimating

Performance 
requirements with 
confidence limits

Design details 
Subject to some 

uncertain

Sizing rules
Design norms for 

required performance 
with confidence limits

Comparison and 
Bayesian combination

Refined description of 
design

Aid to assessment of 
technical risk

Cost Estimating 
Relationships

Description of project 
useful to designers and 

decision-makers

Estimated cost of 
project

Inputs

Outputs

Performance / Design
based cost estimates
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Implementation of a combined performance / design based 
approach to cost estimating

Performance 
requirements with 
confidence limits

Design details 
known precision

Sizing rules
Design norms for 

required performance 
with confidence limits

Comparison and 
Bayesian combination

Refined description of 
design

Aid to assessment of 
technical risk

Cost Estimating 
Relationships

Description of project 
useful to designers and 

decision-makers

Estimated cost of 
project

Inputs

Outputs

Design based cost 
estimates
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Using Bayesian to merge the user inputs

Performance based 
cost estimates

Performance / Design
based cost estimates

Design based cost 
estimates

Design derived from the user performance

FACET generated combined Design

User Design
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6. 
Data and CER uncertainty
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Recognising the CER error

In-service 
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Recognising the compound error of CER and input
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FACET  Models: Output Statistical Screen

• Output as an “S-Curve” 
taking into consideration 
the uncertainty around 
the input values and the 
algorithm.

• Confidence percentile 
value selected by the 
user for all elements of 
the whole life cost output.
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7. 
Summary
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Conclusion

• Marco-parametric estimating is useful early in an aerospace project 
and for independent cost estimating (ICE).

• Don’t ignore correlated independent variables due to multi-colinearity; 
they can be used as a cross check of the parametric inputs.

• FACET is a macro-parametric cost model which seamlessly migrates 
from performance-based to design-based cost forecasting.

• It is possible to combine the uncertainty in the algorithm and the 
uncertainty of the inputs parameters, but beware that the outputs will 
correctly have a large tolerance.
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Eurofighter Development Costs
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Charles De Gaulle; Programme Costs

Programme authorised

First steel cut

First block

Official Launch

Start of sea trials

Commissioned

FFr 15.6 Bn First 
published estimate of 
the Programme cost 

April 1992

FFr 17.2Bn

FFr 18.8Bn

FFr 20 Bn Last  
Programme cost 

estimate Sept 2000

FFr 20.38 Bn Estimated 
Programme cost. Using 

FACET and only technical 
data available in 1992

28% cost growth between first and last 
official programme costs

Less than 2% difference between 
FACET and last official programme cost

Official
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