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Christer Froling

Christer Froling is a Swedish citizen acting in
the role of the CEO for

Reuse Company Scandinavia. He has over
two decade of experience in successful
implementation of Systems Engineering (SE)
and its sub-disciplines in a variety of roles and

technical domains.

Christer specializes as a principal consultant
in applying SE and “design thinking” into
organizations willing to adopt change and
implement a knowledge driven and Lean SE
approach focusing on information quality,
knowledge buildup with special focus on Public
Acquisition within the defense, energy and

transport sectors.
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A “typical” system life cycle - From idea to scrapped system

Low Total Cost of Ownership (TCO) >

Study Concept > Developme> Production > Mgﬁgit;ge Disposal

High Availability >
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Background & Purpose

Acquisition goals: Select the
best contractor based on;

Cost (or price)
Technology (quality), and
Risk
...while fulfilling local regulations
and national laws for a fair,
transparent, and efficient process

achieving best value for taxpayers’
money

TECHNOLOGY

operative context,
system border, system
life cycle, technical
requirements,
architecture,
support/logistics,
innovation

The balanced
project

BUSINESS

aquisition practice,

strategy, legal
aspects, business
etics, economy of
ownership

PROJECT

planning and
resources, teamwork,
supplier follow-up, risk
management,
stakeholder
communictaion

&/
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Background & Purpose

Public acquisition requires structured, evidence-based evaluation
methods

Can the COSYSMO model enable SE-based cost and risk
estimations which can be tailored to acquisition needs?

Will combining this with TRL and CMMI methodologies add
organizational and technical maturity insights?

Can GtWR-based requirement quality analysis improve the COSYSMO
assessment with a more efficient and repeatable method?
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Example of an evaluation process

From bid(s) to contract 0. Bids }_*
Multiple steps to K || o
evaluate and perform — —
| update off

a down selection until sy L
a final bid selection
can be made

Subjective and sometimes biased
5 Technica assessment with often limited
internal evaluation guidelines

Multiple stakeholders
perform evaluation on
the bidder's response
and suggested
solution e

Bidders 9. Final
update offer, > evaluationand H—| Contract
recommendation

T_Depending on
negotiation
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Public Acquisition Challenges

Tension between cost focus and technical (quality) assurance
Subjective/not controlled bid assessments hinder fair bid comparisons
Strict legal laws & regulations limit evaluation flexibility

Hard to evaluate bidders proposed project and delivery performance
SMEs often disadvantaged despite offering quality at fair cost

Hard to foster innovation since it stipulates few detailed requirements
Lack of skills within the procurement organization
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COSYSMO model overview

Dr. Ricardo Valerdi, University of Southern California (USC)

n E T
SE Effort (Person-Months) = A - (Z SizeDriver; -Weightl-) H EffortMultiplier;

- s . - i=1

INCOSE GtWR » | #_Requirements
| #Interfaces

i=1

__J

I # Scenarios glze
# Algorithms rivers
N I Effort
oty Facors | Effor COSYSMO |mmmp
Multipliers

r
TRLM> |- Application factors _ _
-8 factors Calibration

CMMI» : - Team factors
I

-6 factors

- Schedule driver
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COSYSMO model overview

Inputs include “size drivers” as well as
“effort multipliers” that could be used
to analyse the SE effort of a project

Operate,
.~ r Transiti Maintain, R:rplace
Original focus on development “‘} ’ W’m} o ) biemante

type SE, not public acquisition -

Could the model provide an evidence COSYSMO life cycle focus
based and comparable outcome, even

though not providing an exact

prediction at this early stage?
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Using COSYSMO for Public Acquisition

TASKS to adapt COSYSMO included:

Align the SE workshare between the
Contractor and Purchaser

Ensure data integrity to secure
the needs of public acquisition laws

Support calibration using expert
judgment and historical data (if any)

Enable comparable bid scoring using
standardized templates and input rules
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ENTER SIZE PARAMETERS FOR SYSTEM OF INTEREST

Reuse?x|

SELECT COST PARAMETERS FOR SYSTEM OF INTERES

0 8-Jul-10

asy Nominal

of System Requirements

of System Interfaces

EIEIES

of Algorithms

Difficult
0.0
0.0
0.0[ cquivalentsize
0.0

of Operational Scenarios

Requirements Understanding 1.00

1.00
1.00

1.00

1.C0

1.00

1.00

1.00

1.c0
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1.0

1.00
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1.00

100

1.00

SYSTEMS ENGINEERING PERSON MONTHS[  0.0]

composite effort muttiplier

0.0
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Assessing the size drivers to ensure better SE Effort estimates

INPUT:
Requirements categorized as Easy, Nominal, or Difficult by COSYSMO
INCOSE GtWR used to assess quality via 28 selected and aligned metrics
Metrics analysed correctness and limited completeness & consistency
OUTPUT:

Requirements quality analysis improves the standard COSYSMO size
estimation with a nonbiased result using INCOSE GfWR

Tool support (needed) enhances work efficiency and transparency
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How to manage risk in the public acquisition bid phase?

Traditionally this is done as a separate risk analysis activity. Now we used:
TRL to identify maturity and technical debt in the proposed solution(s)

Bidders provided evidence-based TRL with growth roadmaps and cost
estimates.

CMMI to assess process maturity and project delivery capability
Bidders provided self-assessments and supporting documentation
The data modified COSYSMO's effort multipliers accordingly

The risk were addressed separately from cost and capability since it
became an effort multiplier on the proposed project and solution
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Managing Risk using best practice methods

TRL (technology readiness levels) measures technology maturity

Alow TRL (1-3) means the technology is still in
research or proof-of-concept

A high TRL (8-9) means the technology is fully
validated and operational

Low TRL — more unknowns — higher effort
multipliers in COSYSMO
High TRL — more predictable — lower SE cost

System Test, Launch
& Operations

System/Subsystem
Development

Technology
Demonstration

Technology
Development

Research to Prove
Feasibility

Basic Technology

Research

gl

&

py
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Managing Risk using best practice methods

CMMI (Capability Maturity Model Integration) is a process improvement framework for organizations

* CMMI defines maturity levels (1-5) describing how well an organization’s
processes are defined, managed, measured, and optimized (in this case the
contractor)

In COSYSMO, one of the effort multipliers is Process Maturity, which directly
relates to an organization’s CMMI Level.

Low CMMI Level (1-2) means that the processes are weak — More potential
rework, higher requirements volatility, more integration problems — Higher SE
effort multiplier in COSYSMO

High CMMI Level (3—5) means stable, repeatable processes — Less potential
rework, better requirements management, smoother integration — Lower SE
effort multiplier in COSYSMO
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Estimating Cost: The Total Cost of Ownership approach

TCO captures acquisition, operation, maintenance, and disposal costs

Bidders submited cost breakdowns in the bid phase
System, support and project WBS based templates

COSYSMO model “verified” supplier cost estimates for consistency
|dentified gaps and/or hidden risks in the bid proposal
Improved visibility of the long-term financial impact

Capital Operating Disposal
Costs Costs Value
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Evaluation Example

Bidders' response were compared using a matrix with weighted criteria
linked to selected requirements

Included TRL, CMMI, requirement quality analysis, and cost estimates

Standardized Excel templates ensure comparable input, easy access
and efficient process, exported/imported in a Db for CM control

Supports objective supplier selection through controlled comparation
Tree model visualization improves decision-making clarity

Can be reused and enhanced to control the selected supplier TCO cost
development after contract award
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{tequirements statistics:

Requiremsnts statistios with all possible quality levels:

Evaluation Example | j

I Not matching filters: 0 (0.00%)

COSYSMO Size parameters

* NOTE: System requirements

Metric ~ | High Quality| Cancepts Found
d eve | O ped by tI I e I u rCI l ase r 1| R17 Non-Ambiguity - Statement andlar (Avoid) 232 “and/or"
s R19 Singularity - Non-atomic nt (Avoid) 241

* A tailored set of INCOSE GfWR E:;s::z:::::.;::b::::?::c‘;r“ v
metrics were used to analyse o ot
and provide the #System N —

232 "a
240 s
[&/ 8pecial Sentence 241
L] L] [&| Special Sentence 228 "all", "some”, "any".
Requirements COSYSMO size -

232 “support”. "optimized”. "managing”. ‘minimize”

240 “in order to'
Total metrics: 28

estimates N

* Other estimated size parameters D — P — e
based O n d eve | O ped O pSCO n ; - Traceable to source ;Otﬁ:;etfzfir{raced to source with | - Hard to trace to source
Sce na rios’ inte rfaces, etC We re | - Little requirements overlap | - Some overlap - High degree of requirements overlap
| Quality score: HIGH Quality score: MEDIUM Quality score: LOW

provided by the Purchaser
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Evaluation Example

Bidder response

* All bidders received tailored and structured response sheets (in Excel) to
capture the data in a controlled and efficient way (kept in a Db based SE tool)

Bidder CMMI self assessment response sheet: Technical requirements with bidder TRL statement:

Q reply input
-} -] -] - -] - -]

MI_MA S The bidder is req 7 included in_Info Foen | | [completed B
th resgane section o this ppandix The biddar s sizo requested o provide caus.
supporting stated. ) Tamparatus afarenca
gul . process web pages, methods, plans and descriptions. The amount of between head and feet
da lied by the bidder depends upon the capability maturity level selected Lo oL
= mparaturs i the Deives coen from 404C 1015 °C.

_MA_ [Bidder seli.as nt Head pleted * e FmE———
CHMIMA S CMMI-DEV consists ofa ized into 22 diff Tnio Frozen pleted
areas across four categories. NDOMA has chosen a subset to evaluate and these o
opiipan . e et n tne Orwer ccenpartment from 33 0 25 .
listed by the bidder and I 1
o i e TR o [ [Clmate chambes[From 20°C, conforming | Coenatant Proctype 6.7 -
conformrg o £n 17800 Az 14, en m
[Raquirements Managenmont (RM) e Fiomn  [Lewel2 | Ploase see provided RM proce: o iy
i XYZ
Project Planning (P! ) PA Frozen Lovel 3 uppse and lower
Project L(PMC) PA rozen
Supplier Ag ) v rozen e
rocess and PQA) [ Frozen beswesn 13.nd 23
Management (CM) P rozen rcesius.
o (1) Frozen o
e " — temperaure n the medcsl empartment from 40 ' 103
AL ined in detail in CMMI-DEV, CMMI for Info Frozen
wersion 1.
bidder Info Frozan
bidder t MUST | by
the bidder.

+ System (unit) price, project WBS and support cost response sheets



INCOSE

Evaluation Example

The evaluation matrix

* The Purchaser developed an
evaluation matrix based on

h d d M System Evaluation
the procurement needs and = T {Capabilly L N m
I d Eval 6 1.2 Cost 0,300 9,555 10,000 7,641 7,997
selected strategy . B -
Eval_63 1.31 Capability Maturity Model Integration (CMMI) 0,200 _ _
° Qual |ty su b_Crlterl a were Eval 64 13.2 Technical Readiness Level (TRL) 0600 4702 e
Eval_202 1.3.21 Should 0,500 5,016 5,389
d 1-10 le) by [Eels 1322 [Shal o0 Tass -
SCO re (e. g o Sca e) y ;|Eval_78 1.3.3 CLS Service Network 0,200 a 5

selected evaluators _ , _ ,
Example of a bidder evaluation tree model with weighed score

* Then normalized to the max
quality/price points.

Lowest Bid ) ‘

Price Score = Max Price Points - -
fice scor ) (Bldder‘s Price

* Different bids were then
compared to find the best bid
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Evaluatlon Example (summary) One sheet per bidder!

COSYSMO model tailored for public acquisition

e System requirements and basic
architecture developed by the Purchaser

* The size parameters where adjusted
based on requirements quality analysis
and bidders' proposal & response;

Appendix A' ANSTEIA 632 Actvities

* Compliance and TRL statements

* The effort were adjusted based on bidder
CMMI validated self assessment
(and possible quality audit on site)

* The total effort model were split based

(AGRisTed eMMOr OEIDUEI0n: 285,

on workshare estimate: Contractor vs. o oot e s v

incose.org | 21

Purchaser to get the “true” SE effort/cost



COSYSMO can become a structured, transparent acquisition
benchmarking tool during bid evaluation and negotiations
Combining TRL, CMMI, and GtWR improved and enhanced
risk, system and bid evaluation

Model calibration and evidence-based inputs are essential
TCO (not price) focus supports sustainable acquisition

This method can be further enhanced with modern Al based
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connect

The headquarters of The REUSE Company is located at:
Parque Tecnoldgico Legatec
C/ Margarita Salas 16, planta 2, 28919 Leganés — Madrid — Spain

contact@reusecompany.com

(\. (+34) 912172 596 )

REUSE COMPANY LLC

2130 SW 13 AVENUE

MIAMI FL 33145

CCO: Hubertus Tummescheit

hubertus.tummescheit@reusecompany.com

(\ (+1) 860 987 890@

‘». \ \.v
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North & East Europe =

The REUSE Company Scandinavia
KCS Scandinavia AB

c/o Spanska Ambassadens Handelsavdelning

Drottninggatan 82
111 36 - Stockholm - Sweden

(\. (+46) 72 232 24 @ : =

christer.froling@reusecompany.com
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Boosting COSYSMO to derive a comprehensive
ition benchmarking tool

Christer Friling.
‘The REUSE Company
Drotminggaizn £2, 114 11 Stockholm, Swaden

46722322463

er rolin

reusecompany. com

Copyright © 2005 vy Chiser Frdling. Permission granted to INCOSE 0 publish and use

Abstract. The combinstion of the Comstractive Systems Enginsering Cost Modsl (COSYSMO) version 2.0 with
the Capabiliry Maurity Modsl Integracion (CMMI) creas a groundbreaking spproach fo OpEmizing public sector
scquisiion. This merbodology enhances cost estimation accuracy, supplier evalnation, and risk management by

NSIELA 632, Tol Cost of Ownership (TCO), and

Technology Resdiness Levels (TRL).

‘with evidence-bes

To adspt COSYSMO 2.0 for public sector e, the modsl uses merics derived fom INCOSE's Guide to Writing
‘Requiremeas (GIWR), ensbling the segmeniation of requiremens ini easy, ‘zominal,'and hard caragories. The
classification,
a ;s

‘baselined Total C The inclusion
of requirement quality analysis using the comectess, completeness, and consistency metrics per INCOSE's stand-
ands early i the- w©
‘maike a robust and fair decision apwering:

2 ated with

Who i
ihe differen potential contractors?

‘Keywords: COSYSMO, GrWR, Public Acquisition, Risk, CMMI, TRL, LCC, TCO

Introduction

The COSYSMO 2 ensuring flects

mique context of public acquisitions (Valerdi, 2006). Calibration ivolves collecting historical project data
from prior projects and sligning key cost drvers such a: Taquirements complexity, team sizs, and scheduls con-
straints from o vy tasloring

c e
with different technical manriry levels of the proposed sofurions.

he lack of valid historical data for this calibrasion
since; a0 acquisition is equal ia size sud complexity, the time elapsed and the am’s length distaace befween the

quirer and supplier makes the <alibration a virmally mpossible challenge. But measures and activises can be
taken touse the modsl a5 2 cormerstons 12 base for 3 Comparable 1ssessment of different bids from mlipls pos-
sible suppliers before sizuine s contract The bis
procass. A mors commect TCO estimate can be obtsinad after the conTactis signed This based on the ininal dara
and then, the system d d contracual
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