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Dale Shermon anEtIQ

* QinetiQ Fellow and Head of Profession — Cost Engineering
* Estimating since 1984, parametric estimating since 1987

* Life member of ICEAA and ICEAA Certified Cost Estimator / Analyst with
Parametrics (CCEA-P)

* Author of “Systems Cost Engineering” book

* Fellow of ACostE and member of council SUSTBHIS EUSt 2
e Chairman of SCAF ‘ ~ E"gmemmu

— .
o : ; b RN Pmuramﬂﬁumamhm
Published articles ‘ W Naagenest it

. Cost Control

e Member of APM
* ISPA “Frank Freiman” Award

* Thought leader e R
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* Introductions

* Cost Engineering Health Check

e Data gathering, normalisation and application
* Tool development and usage

* People’s skills, professionalism and knowledge
* Process existence and utilisation

* Culture, leadership and management

* Summary
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QinetiQ Businesses

Maritime, land and North America
weapons

Cyber, Information OptaSense® International

& training 09 project Controls

The document and information contained herein is proprietary information . . .
prop v QinetiQ Proprietary “

of QinetiQ Limited and shall not be disclosed or reproduced without the prior authorisation of QinetiQ Limited.

© QinetiQ Limited 2016 UNCLASSIFIED

E X PO



UNCLASSIFIED

QinetiQ, International Business, Advisory Services QI”EtIQ

 Over 150 highly skilled and
experienced subject matter
experts

Requirements  WLC Modelling Options Analysis
& Acceptance

20O

Benefits Strategy Devt / Technology Legacy &
Analysis Wargaming Management  Market Surveys

70%+ Professional

Accreditation

— ACostE, SCAF, APM, Prince2, MSP,
ICEAA

Risk Management

e Based across 5 UK Sites
s - i SRR ... S — Deployed internationally
\; = IE— e Average experience of 10
w =¥ years
Joint Utility Model p— ifxﬁe T

Industry Standard Toolsets ° Over 40% PhD / MSC

".
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What is it? QinetiQ

* A standardised competency assessment framework
* Based on QinetiQ Knowledge Based Estimating Philosophy

* Provides an objective evidence based audit against both best practice and
industry standard.

* Identifies strengths and
weaknesses in costing
capability, including
‘intangible’ enablers

‘ Knowledge Based Estimating (KBE)

* Stakeholder
engagement

@E==E e Cultural integration

09 project Controls
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Why do it? QinetiQ

* How good is your estimating capability?
— Benchmark against best practice

* How do you compare with your peers? == Understand

— Benchmark against industry standards
If you can’t measure it, you can’t understand it.

 How can you improve" If you can’t understand it, you can’t control it.

i e If you can’t control it, you can’t improve it.
— Focus resources towards areas identified as

weak -James Harrington

The Improvement Process

Current Schedule Performance vs Original Forecast of MOD Top 20 Major Projects
Current Schedule Performance vs Original Forecast of MOD Top 20 Major Projects
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How is it typically done?

QinetiQ

Enablers include ...

Cost Analysis and
Management Plans
Cost data and
assumptions lists/

2
databases :
Cost Models Enablers include ... . _
Analysis Toolsets E-voting kit Enablers include ... Enablers include ...
Stalff certification Workshop materials Workshop Q&A set Cost Engineering
Stakeholder Maps CEHC SQEP facilitators Documentary evidence Improvement Action Plan
Cost Review Records Organisational Workshop CEHC analysis SQEP SQEP stakeholder
CRA Reports attendees Industry CEHC Benchmarks personnel
Review Implement
Conduct CEHC Analyse and
Do;\;:;neenng:ry > Workshop > Report Results > Imprglvaenment

4

CEHC Benchmark
(Level 1to 5)

Periodic re-assessment against currenbb‘ch

of QinetiQ Limited and shall not be disclosed or reproduced without the prior authorisation of QinetiQ Limited QinetiQ Proprletary I
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How is it measured? - Maturity Levels

Level 2
Novice

Level 1 Naive

Some value-add, but
weakness in process
design or
implementation

Process design or
application flawed and
probably not adding
value

The document and information contained herein is proprietary information

of QinetiQ Limited and shall not be disclosed or reproduced without the prior authorisation of QinetiQ Limited.

© QinetiQ Limited 2016
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QinetiQ

4

Level 5
Optimised
Level 4 Applied at strategic
Natural level in driving
Level 3 objectives and
. Formalised process, optimising outcomes
Normalised implemented for a considerable

systematically and
adding value for a
reasonable duration

length of time.
Newly formalised

process, implemented
systematically and
adding value
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Example Output anEtlQ

Cost Engineering Maturity Assessment
Optimised

Naturalised L

M Current maturity
Normalised

.
- Potential
Improvement
Novice
: I I I
T T T T 1

Data Tools People Process Culture Stakeholders

“An organisation is only as strong as its weakest elemw

Project Controls
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Organisational Maturity Assessment Cost
Engineering Improvement Action Plan

category 1 Recommendations - these will act to support 3 Cost Enginesring Capability that's enables

the development and generation of credible estimates

D

Recommendation

Difficulty to
Implement

Impact on
Capability

Ri.2

Provide staff access and training to
commercizl parametric models

Medium

High

Ri.2

The organisstion should mandste 3
consistent approach forincluding of cost and
schedule risk within their cost estimstes

Easy

High

R4.2

The organisation should develop a data
dictionary for use in archiving historic costs
and technical information

High

R2.1

The organisstion should recommend an
suthoritative source for escalstion rates jor
develop their own authoritstive source).

High

Ri4

The organisstion should craste an
independent cost model verification and
wvalidation cell for the review of all costs being
provided to managemant

Medium

High

category 2 Recommendations — these will act to support 3 Cost Enginesring Capability that enables
the development and generation of credible estimates, has the confidence of management and
wider stakeholders andis posed to avail of best in class engineering approaches and new evolving

principles.

]

Recommendation

Difficulty to
Implement

Impact on
Capability

R3.2

Expose key customer to cost spproach and
methodologiss

Medium

Medium

Ri.&

Encourage staff to participate in professional
costing organisations conferences and
international confarences

Medium

Medium

R23

Ensurs interfaces betwesn the organisational
cost analysis process and other analysis
process are clear and sufficient for the
transfer of information

High

Ri1

Stskeholders should be engaged to
understand to fully understand the types of
decisions that they are using cost information
toinform, and costing outputs should be
sligned tothess.

High

The document and information contained herein is proprietary information

of QinetiQ Limited and shall not be disclosed or reproduced without the prior authorisation of QinetiQ Limited.
© QinetiQ Limited 2016
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Cost Capbility Improvement Plan Impact
Naive Novice Normalised Naturalised Optimised
® Current maturity Maturity after Category 1 Improvements Maturity after Category 1 & 2 Improvements
Cost Capability Improvement Road Map
Optimised
Naturalised
—t#—Data
Normalised
——Tools
—ie— People
—— PrOCESS.
Novice e Culture
=& Stakeholders
Naive
0 3 6 9 12
Months after Capability Improvement Start

QinetiQ Proprietary
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Summary — USA compared to UK QlﬂEtIQ

Average Organisational Maturity Assessments

Optimised

Naturalised +

Normalised I

Novice

Naive
- —Europe Defence, Space & Non Defence Average Organisational Score

= ICEAA Average

Al A5 Bl B3 c4 C
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Data gathering,
normalisation and
application
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Data rich

99 project Controls

QO E X P O

The document and information contained herein is proprietary information QinetiQ Proprietar
of QinetiQ Limited and shall not be disclosed or reproduced without the prior authorisation of QinetiQ Limited. Ineti oprietary

© QinetiQ Limited 2016 UNCLASSIFIED




UNCLASSIFIED

Data poor! anetlQ

Project Knowled

<suo!1dwnssv>

Project Lifecycle >

090 project Controls
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Data normalisation

0 Project Controls
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QinetiQ P3+ Observatory Qinet

l'\'=:>) [E] hitps://cwe.ginetiq.r.mil.uk/sites/CostResearch/SitePages/Home.aspx

2 myroleplusqinetig.com | [1] P3 Research Observatory .. % | |

p
- . ™ a2 .

File Edit View Favorites Tools Help

Libraries

Site Pages

Shared Documents
Calendar

Tasks

Discussions

Team Discussion

E Recycle Bin

s W Stan.. £]Acqu.. & AWAR.. £]dir.. [EJ Google £ Home.. £]Home.. | 2] Home... £ Home.. £]HVR... &7 Nati.. [ PM&A... [[] CWO.. (] FACE..

S The QinetiQ P3+ Observatory

The P2+ observatery is a P2M research asset for the storage of Portfolio, Pregramme and Project related documentation. It is a library
and search facility to enable schedule, risk, and cost analysts and managers the opportunity to learn from their peers.

Lists QinetiQ prides itself in the research that it has conducted and the future research that it will produce. The foundation of learning is to
understand what is already known and extend that knowledge for the future.

Search this site... Fe] (7]

Getting
Observatory Started

@ Share this
site

[Zn ANl site content .

Books

Book:
- Front cover,

author, title, ISBN,
Erief description

09 project Controls
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1 1 I 1
Change site
B o
Joumal Toals Training Set a site
Tools Topic

Organisation Company P

__ Customize
5 the Quick
Launch

QinetiQ P3+ Observatory

More than 2,300 papers and presentations on P3M
topics including risk, schedule, project control, cost

forecasting, project management, benefits and so forth.

Full literature search capability

Knowledge Manager ensuring quality of content
Structured searching or key word searching
Web access
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Project Cost-Time-Confidence S-Curve

Tool development and
usage
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Not sexy, but essential anetl Q

Identify
Requirements

v

Stakeholders

Model
Specification

Test Plan

Model
Development
T

User Guide
— User
Yes T

. Meet Indepen
Testing
Spec dent
(V&v) ? V&V N
Yes o
.l .I Project Controls
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Cost Modelling ane't'Q

» Generic cost model

{/L“ R s 1 * Generic Cost Model — The generic cost model uses individual
| A A components to build options. It then calculates deterministic

cost estimates for Whole Life Cost (WLC) covering all phases of
the project lifecycle and the capability costs. This tool also aids
the identification of cost drivers, performs cost trade-offs and
captures procurement costs. With the addition of quantified risk
register data the model is able to produce costs in Constant
cost, Discounted cost and Then year cost.

« FACET

* Family of Advanced Cost Estimating Tools (FACET) — a primarily
Defence-based parametric cost model. It rapidly enables economic
decision makers to estimate the through life costs of procuring
equipment, ensuring correct decisions are made very early on in the
project life cycle. FACET is uniquely positioned to provide these
estimates through its ability to use performance characteristics to
calculate future costs.

090 project Controls
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People’s skills,
professionalism and
knowledge

The document and information contained herein is proprietary information
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Knowledgeable QInEtIQ

Senior staff

Relevant
communication

(@)

(@)

. 4
3'_"!m
S5 S
3 o 0q
S =
® 2 5
0 0 o
L =
-]

oQ

Junior staff

Breadth of understanding

090 project Controls
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Jack of all trades — Master of none!

,t- = ’
A . T ‘
N 0 ',
= 7 NV
! AT :
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Activity Based
Costing

Budget
analysis
» »
/ - u
Should Cost Rough Order of
Magnitude (ROM)

Financial
analysis

Three point
estimating (3PE)

Affordability Could cost

Cost Enqgineering - Science and art!

Excluding VAT

Life cycle cost estimate

Independent cost
estimate (ICE)

Cost Benefit
analysis
»

Statistics
Ceiling price

Inflation rates Proposal

estimate
Time phasing

Option Analysis
Out-turn B A

L]
Breakeven
analysis

Constant cost

) L} |
Net present
value

Common cost

Including VAT

Probability

distribution Optimism bias

Budgeting

Monte Carlo analysis

\

Key

Estimating methods
Competencies
Process

Economic analysis
Financial analysis
Type of cost estimate
Data analysis

Learning curves
Inflation and escalation
Discounting

Risk analysis

Software estimating
Hardware estimating
Contract pricing
Support costs
Behavioural estimating
Engineering understanding
ADORE analysis

Cost structures

Eamed value management

J

Availability
Metric versus
Imperial

Validity
Milestones

Timeliness

Cost units

Accessibility

Currency

Scatter plots

7

Theoretical first
piece (T)

Outliers Time series
Standard Deviation Mode analysis
1

Equivalent
annual cost

L
Value for money

Mitigation

Latin Hypercube

Risk analysis
»

Schedule risks

Economic Analysis

Correlation Uniform

Whole Life Cost
[ ]

Triangular distribution

Not-to-exceed
L}

Analysis of
alternatives

Commercial
Interpersonal skills

Fixed price

QinetiQ

People Who Know How

Performance base

Cost plus Limit of liability contracting

Firm fixed price Fixed price incentive

Production
Mechanisms

Electronics

Mechanical

Risk Analysis

distribution Discrete distribution

Logistics

Cost growth Uncertainty

Engineering

Operating
specification
IT skills 1

Object Points Source lines of Function points Productivity
» cggle » »
L] L] L] -

Application Adapted / Deleted New / Reused

Development
Environment
ESLO

Maintenance c
Evolutionary

Incremental
n »

w Probabilistic result

m Deterministic result

m Sensitivity analysis

W Validation & Verification

Uncertainty analysis

Organisation breakdown
structure

10%, 50%, 90% Percentile

Report

Planning

process
Cost breakdown
structure

R squared

F statistic
1 1

Product breakdown
structure

Psycholoy
Qualitative yenoosy
t statistic analysis

Pessimism bias
'] -

L} ] LJ
Multicollinearity Box plots Pie charts

S

Analogous
Analytical
(Bottom-up)

L]
Linear

regression

Expert opinion

Parametric [

Discounting

L
Coefficient of
Variation (CV)

Model_selection

L] |
Median

ADORE analysis

Dependencies
11

Fixed Cost

Manufacturing

-
Assumptions

Compound indices
]

Opportunities

L}
Exclusions
Economics

Defence Inflation

Exchange rates

Equivalent annual cost
(EAC)
Constant year

Warehousing

Then year

Corrective maintenance

Theoretical first unit

Test equipment

L}
Purchasing power parity
(PPP)

Quantity
effect curve

Staff turnover

Technology insertion
»

Shift work

Raw indices

Project Management

Prototype stepdown
ctor

Cumulative

Learning curve Fitting a learning
slope cul learning theory

Production breaks Production rate Fixed design

MTBF Initial spares Fuel Replenishment spares Upgrade

Selective Recall

Unit learning theory

LJ
Waterfall

Over-confidence
Classical conditioning
Framing

Halo effect

Anchoring Set-up

Development

Serial position effect
Test equipment

Optimism bias Tooling

Facilities

Non- recurring
C

Variable Cost

]
]
]
-

Learning curves .

4

IIIII*I*IIII‘IIII'IIIIIJI..-‘

Time and motion
studies

Productivity
Recurring
Cost

Material
BCWP

Labour

Production Sub-contract

Scrap

L
| ]
n
n
n
L
n
L]
of
]
n
"
n
-

Budget at
Completion

Support
process

Preventative
Schedule maintenance maintenance
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Transport
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Training Personnel Disposal Infrastructure
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Process existence and
utilisation
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Analysis process QInEtIQ

Defence Porfolio

Air Land Sea C4ISR
Programmes Programmes Programmes Programmes
ro s o s P e o o

KScrutiny and Governance
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Analysis process QInEtIQ

Balance of Investment (BOI)

Enterprise Enterprise Enterprise Enterprise
model model model model
Cost Cost Cost Cost Cost Cost Cost Cost
model model model model model model model model

KScrutiny and Governance
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Decision making process QInEtIQ

Operational
Analysis

Capability Concept of Options Business

Gap Analysis |dentification Case

Life Cycle
Cost
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An analysis - not an opinion!

Cost
A

QinetiQ

99 pProject Controls
L ) E X P O

Analogous
(Method A)

Para

Analytis

cal

Analogous
(Method B)
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QinetiQ P3+ Wiki QinetiQ
S

— = °* Contains best practice including templates,

(QinetiQ P3+ Wiki

}.;J http://teams.plus.qinetiq.com/sites/P3plus%20Wiki/P3 %20 Wiki/Process.aspx

i [] P3+ Wiki site - Process

B tools, links, process guidance and so forth.

SteActions~ # B

Home

Libraries

Site Pages

Shared Documents

File Edit View Favorites Tools Help

9 W Stan.. £]Acqu.. 58 AWAR.. £ dir.. [E] Google £]Home.. £]Home.. [7] Home.. d An eVO IVi n g P 3 M reSO LI rceS fO r Qi n et i Q

() B0 WAt B b g Brocess e Structured searching or key word searching

Browse Page consulta nts

\° Web access y

Within the context of the KBE philosophy Processes are necessary so that that people conduct an estimate in a rational, repeatable way, ensuring that the outputs

Process

P3+ Wiki are traceable to source data and assumptions.
A typical cost estimating process will involve the steps:
Lists 1. Establishing a cost boundary
2. Defining a cost structure within the cost boundary
Calendar 3. Sourcing data
| Tasks 4, Normalising data prior to use
[l o 5. Using the data to construct cost models
Phone Call Memo 6. Verification of the model
7. Generation of cost estimates
8. Validation of the cost estimate
" . 9. Stakeholder review & refinement of the cost estimating process
Discussions
l Team Discussion The QinetiQ cost engineering process can be seen in the flow diagram below
JE R A PR R B N SIS TR D g G0 S Sy
= 1 '
4/ Recycle Bin |- - Stakeholder _ i
[ Al site Content ) Roview : e s 4
1 ] ‘
Definition v it |t | selectionor RiskMgmt |
"Co 5 of : Assumptions [ estimating | ¥ Data-Using g Sensitivity Di;.g::ﬁe a
H List : method (s) / §. EndorsedRisk 3 Analysis Costin
Boundary ' ; tool (s) : Register b e
4
i | ! -
pogram ' | @ —===- .
M 1 : | t l
. 1 P | e,
1 | ey Summary of L
WLCPlan Col?:cttaion ';::::;:::‘ =»  Results& WLC Report
o Option (s) ' Profiles
1 pti | £
i i t t
ll 1 |
1 1 . . . .
omasource | ! cor W (Commionst | | iy | [ somsouson | s Project Controls
Historical Data ; Assumptions Modelling Boundary Canidanca Case Qut
isthindcal by 1 : Olftput Evaluation Values ned E x p D
Supplier Dala f , | Requirements Costing (V]
| |
The do ®100% ~
of QinetiQ Limited and sl%ll not be disclosed or reproduced without the prior authorisation of QinetiQ Limited. T T ToprTetaTy
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Culture, leadership and
management
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Fully integrated ane'tl Q

User
requirements

e e -

System
Engineering

SRD
Concept of Use
Supplier ' _ CONUSE
engagement Suppliers
proposals

Safety and
environmental
analysis

System design
URD

WLC

Cost
modelling

Concept of
Analysis

Integrated Test,
Evaluation and
Acceptance

Operational
Analysis

ITEA

Training

Equipment Personnel

Investment
Appraisal

Logistics DLoDs Analysis Informatio

Training and
Needs Analysis

Doctrine Infrastructure

Equipment
down selection

09 project Controls
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Managing learning and calibrating

Project

Knowledge
Management

Data

Earned Value

Management
(EVM)
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Cost, Schedule
and Technical

QinetiQ

Project Cost

Estimating
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Summary
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How mature is your cost organisation? anetlQ

e How good is your estimating

capability?
. Benchmark against best
practice

e How do you compare with your
peers?
. Benchmark against industry
standards

* How can you improve?
. Focus resources towards
areas identified as weak

Many thanks for your time
*  Any questions?
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