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Introduction:Webinar rules

Webinar rules:
You'll be muted all along the Webinar

There’s a chatting box to ask your questions or send your comments when you want

Please address these comments and questions to the user “The REUSE Company” and not to the
presenter directly

If you have any technical issue please use this chatting box, or mail us at: support@reusecompany.com
The Webinar will be recorded. A link to the recording will be sent to you in few days

i All riihts reserved © The REUSE Comiani 2020 A
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About The REUSE Company (TRC)

Ol

WHEN

The company was
created in 1999

As a spin-off of a

local university in
Madrid (Spain)

02

WHO

System +
Software
Engineers

Smart combination
between Company
staff and R&D

from Academia

03

Introduction to The REUSE Company

&

WHERE

Head Quarters:

Madrid (Spain)

International
offices:
London (UK)
Stockholm
(Sweden)
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WHY

Offering a
knowledge
centric approach
to leverage system
engineering
activities in our
customers
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Research and innovation in our DNA. Public projects

Research and Innovation in our DNA
Spin-off of Carlos Ill University of Madrid

TRC’s headquarter is in the Legatec Technology Park of the University
=|0% of revenues are devoted to R&D | TEAZ

TRC is actively involved in severallarge EU research projects
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GTRC WEBI NARS 202() o Introduction to The REUSE Company
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Centric Approach
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Leveraging Systems
Engineering activities
TRACEABILITY

QUALITY
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Who is using our technology!?
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Other industries
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> Christer worked in the Medical and Defence
Ch rister Frohng sectors at either industrial organisations or as
business entrepreneur for over 20 years at
various operational and management levels.

Currently he is the CEO of REUSE
Scandinavia in Sweden which specializes in
requirements quality services and tools within
the Scandinavian region.

Christer is a driven change facilitator and has
successfully adopted and implemented
international process frameworks and standards
within industry.

He has in recent years specialised in
organisational learning, change management,
process improvements, LEAN and Systems

Engineering (SE) and Requirements Engineering
(RE).

i All rights reserved © The REUSE Company 2020 ‘ 7



The value in Requirements quality

Calculate potential project cost savings using the
COSYSMO model

Christer Froling
The REUSE Company
christer.froling@reusecompany.com
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G TRC WEBI NARS 280pPing Al and NLP to enhance the definition of requirements

Contents

> The reason for project failure or success

e need of mutual understanding

ne COSYSMO model

ne simulation — Improving requirements quality
ne simulation — Improving the SE process

ne cost of change

4 4 44 - -

e Rol - Summary
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The purpose of requirements

Form the basis of system architecture and design activities.

Form the basis of system integration and verification activities.

Act as reference for validation and stakeholder acceptance.

Provide a means of commuhnication between the various technical staff
that interact throughout the project

Source: www.sebokwiki.org/wiki/System_Requirements

Ii : All rights reserved © The REUSE Company 2020 ) ,



You will not get what you asked for..

You will get what the receiver of the
information THINKS you asked for!
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We have all seen them...

The small annoying things that makes us mad:
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We have also seen...

The large things that makes us scared:

French railway operator SNCF orders
hundreds of new trains that are too big

SNCF's failure to verify measurements results in cost of €50m to
modify 1,300 platforms in one in six regional stations

-’ez,' pg/;uea.l()
LS
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Why projects FAIL!

« Many studies show the impact of Requirements on the Quality, Costs & Delivery

Time of projects
— The Chaos report, James Martin’s “56%"”, Dean Leffingwell’s “82%" ...

Finished projects

CHAOS REPORT (overspent € or Al:)erxgj:z?se -
time) iatributi
S Distribution of Defects Piatribution of Effort

Lack of user implication 12,80% 12,40% to Repair Defects
Incomplete requirements and Code
specifications 12,30% 13,10% Gods 1% e

» i Requirements Other Requirements Design
Requirements volatility 11,80% 8,70% 56% 10% 82% 13%
Lack of support from leaders 7,50% 9,30%
Technological Incompetency 7,00% 4.30%
Lack of resources 6,40% 10,60%
Unrealistic expectations 5,90% 9,90% Design

0,
Poorly defined objectives 5,30% 7,50% * arn
Unrealistic time-schedule 4,30% 8,10% * Over half of software defects are Over 80% of rework effort is spent
n - attributed to requirements problems on requirements-related defects

New technology 3,70% 6,20% Source: James Martin Source: Dean Leffingwell
Others 23% 9,90%

Source:The Standish group Chaos Report, https://www.projectsmart.co.uk/white-papers/chaos-report.pdf

All rights reserved © The REUSE Company 2020
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Why projects FAIL?

Failure Factors F::ti::?'b Odds to Project Failure
The second largest reason for project A —
. : Expectations
failure is BAD REQUIREMENTS e — T
Requirements
Insufficient Technical FFC 2.458660736
Also high correlation between bad o
Problematic Technology FFD 4.867921328
requirements and failed test reason Lack of Executive Leadership | FFE 10459640733
qui d failed test (37 o
uppo
for Pro]ec‘t fallure) Insufficient User Commitment FFF 0.033420035
Project Cost Overruns FFG 1.679315636
. . iﬂt Schedule Delays FFH 78'615538492\5
If you add that “unrealistic goals” are hmwed =
part of low-quality requirements work pirmsgementiaa Ao - i
. . Project Failure in Test Phase TestF 11.369641083
and think about WHY the projects have
. Source: Improving Software Project Outcomes Through Predictive Analytics,
massive schedule overrun.... Gina Guillaume-Joseph, 2016

ii : All rights reserved © The REUSE Company 2020 ) ,
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S Sotwae g i

REss NDIA
[ J
Why projects SUCCEED?
e s e
s 2 Emc"'v’éness Suﬂ’e; Systenyg
Performance vs. SE Capability - All Projects O_I,;.;.,'};“
f RS
-0.3 -02 -01 00 01 02 03 04 05 06 0.7 5 S,
Total SE ]
Project Planning
Req'ts Dev't & Mg't
Verification
Product Architecture ]

Configuration Mg't ]

Trade Studies ]

Monitor & Control ]
Validation
Product Integration

Risk Management ]
Integ. Product Teams ———
Project Challenge [

Prior Experience

Source: The Business Case for Systems Engineering Study: Results of the Systems Engineering Effectiveness Survey, 2012

All rights reserved
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The whispering game — we are only humans

SENDER RECEIVER
Validability Verifiability Modifiability

ACCEPTANCE

............................................................................... sz ol

Completeness Consistency; Understandability <= Unambiguity  Traceability Abstractlon
\ / Mectness //
1 Emerging
i trends &
Premsnon Atomicity @f %‘%
--------------------------------------------------------------------------------------- Concept
EEDED, = D ED
Product/service J
opportunity gaps

REUSE Co
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The meaning of communication between stakeholders

SENDER RECEIVER
Validability Verifiabilit Modifiabilit

> Unambiguity  Traceability Abstraction®,

=\ PreC|S|on Singularity

All rights reserved © The REUSE Company 2020




TRC WEBI NARS 2020 Requirements in Systems Engineering

4] Rules / 14 Characteristics =
I N C o S E G fw R CHARACTERISTICS OF NEED AND SETS OF NEEDS AND INC E
REQUIREMENT STATEMENTS REQUIREMENTS

o =
> Ch istics of individual and X
’ aracteristics of indiviaual an . AE
el3 e =l 18|32
f d d M Bl Rule name z fE‘ 3 W w s E E w |5 &
sets Or needs and requirements, e s|E(3(E(S(g(2|6|2 2|2|2|E|°
222|283 |5|=(g|s 2(2(2|2|y
i i i f SIS S8 S EEfalg o S|t |82
provides rationale and guidance for - MM
o o o o o = o o o o o o o o
. ~ Accuracy ~'R0O1  Sentence Structure 1 1
helping understand the w2 Usencevote : 1
~'R0O3  Subject Verb 1 1 1
H H ~R04  Use Defined Terms 1 1
characteristics. WIS : :
~R06  Units 1 1 1
-R0O7  Avoid Vague Terms 1 1 1
~'R08  No Escape Clauses 1 1 1
~R09 No Open Ended 1 1 1 1 46 A 'b
5 f . . . f - Concision ~R10  Superfluous Infinitives 1 1 ttrl Utes
» R I d d I d d ~R11  Separate Clauses 1
¥ u es Or In IVI ua‘ a’n Sets O nee S = Non Ambiguity -R12  Correct Grammar 1 1 Attributes to  Associated Attributes to
. -R13  Correct Spelling 1 :.?MM Z,'il'.:if ::‘l:b;:l:;n :’;:‘I':nblllw
and requirements that help to “R14  Correct Punctuation 1 P i S L
-R15 Logical Condition 1 ~AOL Rationale* 1
:‘RIG A .d N t 1 1 iMZ sol Prilrlzw\{eﬁfica‘ir?nn:\/zlidziion Method* 1
formulate them. Included an = n : ———— &
. - Singularity -R18  Single Sentence 1 1 1 1 1 N 5
- . . ~A07 States and Modes 1
explanation of the rule and examples RN o L =
~A10 SOl Verification or Validation Phase 1
. . -R21 Avoid Parentheses 1 “ALL 5Ol Verifcation or Validation Results 1
of the application of the rule. 2 emersion S —
-R23  Context 1 1 -~A15  Originator/Author* 1
- Completeness -R24  Avoid Pronouns 1 1 1 SA16L Date Requirement Entered a
-R25 Use Of Headings 1 e 5
~Realism -R26  Avoid Absolutes 1 1 ;:;: E::"uf:::;ﬂ :
- Conditions -R27  Explicit 1 1 o 2
° -R28  Explicit Lists 1 1 AZ3 Dateof Lt Change 1
> Attributes that can be attached to a Uniqueness R Clasity T : :
~'R30  Express Once 1 1 :g 3223ZCiZZE!:EZ:IlZ.’.ZLI"SZ?é?J?‘ :
L] jAb t ct' szl kl t' f 1 A28  status (of the Need or Requirement) 1
need or requirement statements to = Sth b 1 —— e ———— :
. ~Tolerance -R33  Value Range 1 1 1 1 1 ::; :::as-mrmmmem :
- Quantification -R34 Measurable 11 1 e :
fo rm need Or r'eqL”remer]t' -R35 Temporal Indefinite 1 1 1 :; i“tz“’:"‘“"::‘”"’ - j_ :
A36  Key Driving Need or Requirement (KDN/KDR) 1
. . . . - Uniform Language -R36  Use Consistent Terms 1 1 S A37  Additional Comments 1
expressions.Also included is guidance 7 oatne Aconyms . . Ry ——
~R38  Avoid Abbreviations 1 e eglon. 3
. -R39 Style Guide 1 1 1 A P e a
On the use Of attrIbUtes- - Modularity ~R40  Related Requirements 1 &= QZ‘ZL':?‘S'ZEM 3
-Ra1 Structured ‘A45  Business Unit . 1
A46__ Business (Product)Line 1

All rights reserved © The REUSE Company 2020




@ TRC WEBINARS 2020 NIST et

vegarment of L.ommerce

The cost of defects..

35,
’ 30 To go back to our earlier example, if the root cause of a defect igpoorly written requirements,Jadding |
30 a step that reviews requirements for vague language will save development time and provide testable
25 requirements. Instead of a requirement that states, “the application must load in a timely manner,’
20
15 == Cost of fixing defect
15
10
10
5
o iR
0 T I ' I | 30 times more. Skyrocketing development costs aren't the only financial impact that defects can
&f ﬁoo éfg & f have. If a defect makes it into the release, customers may lose faith in the product and perhaps even
f \00¢ (dp ﬁ‘a the company, resulting in lost revenue. And if a defect results in harm or violates industry
o~
o \@Qf «9@ ,94" \thp regulations, the company could face substantial fines, lawsuit damages, and other deleterious
(f’ﬁ ¥ o¥ el financial effects.
Figure 1: The ¢ ( | {ove (

cycle (NIST study

https://www.medtechintellisence.com/feature _article/using-root-cause-analysis-for-bowerful-defect-prevention/

All rights reserved © The REUSE Company 202
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The COSYSMO model —

Technology

COSYSMO Developed by MIT and calibrated
with more than 60 projects since 2005

BAE Systems

L-3 Communications

from companies like: | # Requirements
|#Interfaces 1 Size
Raytheon I # Scenarios [
. # Algorithms 1 Drivers |
Lockheed Martin ! o+ : COSYSMO - Effort
I3 Volatility Factors = Effort
BAE Systems 000 s e m———- ' i
, Multipliers
Boeing e ————————— A
- Application factors |
Northrop Grumman : 8 factors i Calibration
General Dynamics - Team factors I
| -6 factors !
|

I- Schedule driver

Source: http://cosysmo.mit.edu/

ii All riihts reserved © The REUSE Comiani 2020 A
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COSYSMO Scope

- Addresses first four phases of the system
engineering lifecycle (per ISO/IEC 15288)

/\
/ B
Operate,
Oper Maintain,
Conceptu Deve & Ev or
Enhance

- Considers standard Systems Engineering Work
Breakdown Structure tasks (per EIA/ANSI 632)

N

Replace
or
Dismantle

Transit
to
Operat

ii 7 All rights reserved © The REUSE Company 2020
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How is Systems Engineering Defined?

What is included from EIA/ANSI 632 “Processes for
Engineering a System”?

» Acquisition and Supply » Product Realization
Supply Process Implementation Process
Acquisition Process Transition to Use Process

» Technical Management » Technical Evaluation

Planning Process
Assessment Process

Control Process
» System Design System Verification Process

Requirements Definition Process End Products Validation Process
Solution Definition Process

Systems Analysis Process

Requirements Validation Process

i| All riihts reserved © The REUSE Comiani 2020
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The COSYSMO model — Effort multipliers —

Technology

> COSYSMO research gives validated Dosiineritation |
data th at REQ U I RE M E NTS # and diversity of installationsiplatforms |
UNDERSTANDING is the single

Multisite coordination |

most im PO rtant aSPeCtS an d cost Migation Complegity |
d river in a P rOj ect. # of recursive levels in the design |

Process capability |
Personnel experiencelcontinuity [
Stakeholder team cohesion [

Personnelfteam capability [

Architecture Understanding |

Technology Risk [

Effort Multiplier Ratio (EMR)

i M % i:e REUSE Co“ i il -i I I
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Example from a large railroad project
Original Specification Modified Specification

® 438 Requirements

B 66.26% Modified Requirements

®m 329 Requirements

6%

% of zsfy % of
Requirements Requirements

= High -~ Medum = Low = High -~ Medum = Low

Source: Your Wish, My Command — Speeding up Projects in
the Transportation Industry Using Ontologies, Hugo Guillermo Chalé Géngora, et.al.,, 27th Annual INCOSE International Symposium, 2017

e REUSE Co
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COSYSMO — System Requirements

Number of System Requirements

This driver represents the number of requirements for the system-of-interest at a specific level of
design. The quantity of requirements includes those related to the effort involved in system
engineering the system interfaces, system specific algorithms, and operational scenarios.
Requirements may be functional, performance, feature, or service-oriented in nature depending
on the methodology used for specification. They may ailso be defined by the customer or
contractor. Each requirement may have effort associated with it such as verification and
validation, functional decomposition, functional allocation, etc. System requirements can typically
be guantified by counting the number of applicable shalls/wills/shoulds/mays in the system or
marketing specification. Note: some work is involved in decomposing requirements so that they
may be counted at the appropriate system-of-interest.

Easy Nominal Difficult
- Simple to implement - Familiar - Complex to implement or
engineer
- Traceable to source - Can be traced to source with - Hard to trace to source
some effort
- Little requirements overlap - Some overlap - High degree of
requirements overlap

ii - All riihts reserved © The REUSE Comiani 2020 ,
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COSYSMO — System Interfaces

Number of System Interfaces
This driver represents the number of shared physical and logical boundaries between system
components or functions (internal interfaces) and those external to the system (external
inferfaces). These interfaces typically can be quantified by counting the number of external and
internal system interfaces jamong ISO/EC 15288-defined skstem elements.

Easy Nominal Difficult
- Simple message - Moderate complexity - Complex protocol(s)
- Uncoupled - Loosely coupled - Highly coupled
- Strong consensus - Moderate consensus - Low consensus
- Well behaved - Prediciable behavior - Poorly behaved

Static value in
the simulation

All rights reserved © The REUSE Company 2020
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COSYSMO — Algorithms

*

Static value in
the simulation

Number of System-Specific Algorithms
This driver represents the number of newly defined or significantly altered functions that require
requirements. As an example, this could include a complex aircraft tracking algonthm like a
Kalman Filter being denved using existing experience as the basis for the all aspect search
function. Another example could be a brand new discrimination algorithm being derived to identify
friend or foe function in space-based applications. The number can be quantified by counting the
number of unique algogthms needed to realize the requirements specified in the system
specification or mode cription document.

Easy Nominal Difficult
- Algebraic - Straight forward calculus Complex constrained
optimization; pattern
recognition
- Straightforward structure - Nested structure with - Recursive in structure
decision logic with distributed control
- Simple data - Relational data - Noisy. ill-conditioned data
- Timing not an issue - Timing a constraint - Dynamic, with timing and
uncertainty issues
- Adaptation of library-based - Some modeling involved - Simulation and modeling
solution involved

All rights reserved © The REUSE Company 2020
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COSYSMO — Operational Scenarios

Number of Operational Scenarios
This driver represents the number of operational scenarios that a system must satisfy. Such
resulting from bad or missing data, unavailable processes, network connections, or other
exception-handliing cases. The number of scenarios can typically be quantified by counting the
number of system test thread packages or unique end-to-end tests used to validate the system
functionality and performance or by counting the number of use cases, including off-nominal
extensions, developed asjfpart of the operational architectjye.

Easy Nominal Difficult

- Well defined - Loosely defined - |l defined

- Loosely coupled - Moderately coupled - Tightly coupled or many
dependencies/conflicting
requirements

- Timelines not an issue - Timelines a constraint - Tight timelines through
scenario network

- Few, simple off-nominal - Moderate number or - Many or very complex off-

e e threads complexity of off-nominal nominal threads
* the simulation threads

All rights reserved © The REUSE Company 2020
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1,1 )I ¥S MO 101

6%

CONSTRUCTIVE SVSI!MS llﬂnlllﬂ& COSY MODEL ©2007 Ricardo Valerdi n ngh N’ ed um - LO’J - N/A CONSTRUCTIVE ﬂsﬁdgénmmnc COST MODEL © 2007 Ricardo Valerdi i h N’ ed lJ m L LWJ - N/A
ENTER SIZE PARAMETERS FOR SYSTEM OF INTEREST ENTER SIZE PARAMETERS FOR SYSTEM OF INTEREST
Easy Nominal | Difficult Easy Nominal | Difficult

# of System Requirements 211 86 32 352 # of System Requirements 412 26 0 232
# of System Interfaces 10 30 10 158\ equivalent size # of System Interfaces 10 30 10 158\, equivalent size
# of Algorithms 25 20| 5 195 # of Algorithms 25 20 5 195
# of Operational Scenarios 4 4 2 14 # of Operational Scenarios 4 4 2 142

846 721

SELECT COST PARAMETERS FOR SYSTEM OF INTEREST SELECT COST PARAMETERS FOR SYSTEM OF INTEREST
Requirements Understanding N 1,00 Requirements Understanding N 1,00
Architecture Understanding N 1.00 Architecture Understanding N 1,00
Level of Senice Requirements N 1,00 Improved Level of Senice Requirements N 1.00
Migration Complexity N 1.00 . Migration Complexity N 1,00
Technology Risk H l'eqU"'ementS Technology Risk H
Documentation N quality Documentation N
# and diversity of installations/platforms N 1,00 # and diversity of installations/platforms N 1.00
# of recursive levels in the design N # of recursive levels in the design N
Stakeholder team cohesion E Stakeholder team cohesion L
Personnel/team capability N Personnel/team capability N
Personnel experience/continuity N Personnel experience/continuit N
Process capability L Red uced effo rt: - I 7 ’ 5 % Process capability - L
Multisite coordination L Multisite coordination L
Tool support L +I_ 30% uncertajnty Tool support L
composite effort multiplier composite effort multiplier
SYSTEMS ENGINEERING PERSON.MONTHS 838,3 SYSTEMS ENGINEERING PERSON.MONTHS 7134

SYSTEMS ENGINEERING SCHEDULE MONTHS 11,3 SYSTEMS ENGINEERING SCHEDULE MONTHS 9,5
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Amount

The VALUE of high quality requirements — 15% potential cost saving!

RETURN OF INVESTMENT WITH SE STUDIO (SES) ON ONE PILOT PROJECT

£600000

€500 000

€400 000

COST SAVING WITH SES
SAVING 15%

“~

€300 000

Current State
€200 000

£€100000

16

-€100 000

Month

==g==SE STUDIO (SES) COST e £ FFORT Current State s EFFORT Future State s NET SAVING WITH SE STUDIO e NET SAVING WITH SE STUDIO {30% uncertanty)
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Example of application — Nominal Values for efficient SE process

Model(s)
| COSYSMO v

Monte Carlo Risk | Off v
Auto Calculate

COSYSMO - Constructive Systems Engineering Model

System Size

Easy Nominal Difficult
# of System Requirements 75 I 100 H25 ]
# of System Interfaces 10 [ 30 l |10 l
# of Algorithms |250 “200 ] 150 ]
# of Operational Scenarios ’40 “40 ] ,20 l

System Cost Drivers

Requirements Understanding Documentation Personnel Experience/Continuity
Architecture Understanding # and Diversity of Installations/Platforms Process Capability
Level of Service Requirements | Nominal | # of Recursive Levels in the Design Multisite Coordination
Migration Complexity Stakeholder Team Cohesion Tool Support
Technology Risk Personnel/Team Capability

Maintenance

System Labor Rates

Cost per Person-Month (Dollars S E COS t f or
Calculate Nominal Values = $9,454,288.00

Results

Systems Engineering

Effort =1575.7 Person-months
Schedule = 17.0 Months

Cost = $9454288
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COSYSMO — Requirements Understanding

1. Requirements Understanding
This cost driver rates the level of understanding of the system requirements by all

stakeholders including the systems, software, hardware, customers, team members, users,
etc. Primary sources of added system engineering effort are unprecedented systems,

unfamiliar domains, or systems whose requirements are emergent with use.

Very Low

Low

Nominal

High

Very High

Poor. emergent
requirements or
unprecedented
systems

Minimal: many
undefined areas

Reasonable: some
undefined areas

White \

Strong: few
undefined areas

Full: understanding
of requirements.
familiar systems

Requirements CORRECTNESS

Belt

Yellow

Belt
Orange
Belt

Belt

RQA RAT

_ ii A All rights reserved © The REUSE Comiani 2020 }
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COSYSMO — Architecture Understanding

2. Architecture Understanding

This cost driver rates the relative difficulty of determining and managing the system
architecture in terms of platforms, standards, components (COTS, GOTS, NDI, new),
connectors (protocols), and constraints. This includes tasks like systems analysis, tradeoff

analysis, modeling, simulation, case studies, etc.

Requirements and Architecture CORRECTNESS,

CONSISTENCY & COMPLETENESS

All rights reserved © The REUSE Company 2020

Belt
Orange
Belt

Very low Low Nominal High Very High
Poor Minimal Reasonable Strong Full
understanding | understanding of | understanding of | understanding of | understanding of
of architecture | architecture and architecture and architecture and architecture,
and COTS, COTS, many COTS. some COTS, few familiar system
unprecedented | upfamilar areas unfamiliar areas unfamiliar areas and COTS
system
=6 level WBS 5-6 level WBS 3-4 level WBS 2 level WBS

e > PLUS adding:
Yellow * Patterns

e Traceability

Tool interoperability

Knowledge reuse

Belt

Blue
Belt
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Example of application — High Values for efficient SE process

O Model
NPS] COSYSMO - Constructive Systems Engineering Model | CO;(:S)MO "|
PAMSTRTIR PIE KT

Monte Carlo Risk | Off
Auto Calculate

System Size

Easy Nominal Difficult

# of System Requirements [75 ’100 | |25 l Percent C'hange

# of System Interfaces 10 30 |10 ‘ Nominal to High = 37.63%

# of Algorithms [250 HZOO ‘ ‘50 l

# of Operational Scenarios [40 H40 ‘ |20 |

——System-Cost-Brivers

Requirements Understanding Documentation Personnel Experience/Continuity
Architecture Understanding | High || #and Diversity of Installations/Platforms Process sty
Level of Service Requirements # of Recursive Levels in the Design it Boordination
Migration Complexity Stakeholder Team Cohesion Tool Support
Technology Risk Personnel/Team Capability

Maintenance

System Labor Rates

Cost per Person-Month (Dollars

' Calculate |

‘‘‘‘‘‘‘‘‘ SE Cost for

Results

Systems Engineering ngh Values = $5,896,64000

Effort =982.8 Person-months

Schedule = 14.6 Months
Cost = $5896640




@ TRC WEBINARS 2020

The supporting standards — An overview

A ISONEC/IEEE 24765 ISONEC/IEEE 247481 lSﬁAECIlEEE 19759 ISO/IEC/INCOSE TBS ISO/IEC
Foundation Vocabulary Guide to Life Cycle swaoayof SE Body of SOE e}
(PMI) Management _ Knowledge
Terminology Overarching Body of Knowledge R
Frajpework "loin Sandard
Life Cycle ISONEC/EEE15288 ISO/NEC/IEEE 12207
Processes System Life Cycle Software Life Cycle
Note: Revision of 15288 Processes Processes
and 12207 being planned B Legend
for harmonization and 1
lessony ISONEC 24766 RE
Assessment/  ISONEC1S504 | | 1SO 9000 Series | TOOIS | OO T
Governance Process Quality
i ISO/IEC 18018 ISO/IEC 2655X
AssoRament S, _'i‘ a:wgggr:erll_ _l CM Tools Product Line Tools &
Requirement Methods
Process ISONEC/EEE 15939  ISONEC/IEEE 16326  ISO/IEC/EEE 16085  ISONEC/EEE 29119 'SONSEC/‘I,E:E 24748-4
Elaborations =~ Measurement Project Mgmt Risk Mgmt SW Test B e e
s eyl SOIEGIEEE 14764 | ISOIEC/EEE29148 | ISOIEC 250k« | | ISONEG/EEE 16026  ISOIECIEEE 247dss  ISOIIEC 265512016
s ¥ - . : : : SW Dev Pl i roduct line Requirements
IEEE and INCOSE SW Maint. Ragmts Eng SW Quality A Sys/SW Assur. Byt Engineering
Application ' ISO/IECAEEE TR ISONEC/EEE TR ISONECANCOSE 16337 ISONIEC 90005 ISONEC/AEEE 90003
Guides 24748-2 Guide to 247748-3 Guide to : §_E...Hf'f"4?.(.’.?f‘. A Appl ISO 9000 to Appl ISO 9000 to
15288 12207 Acowaes Systems sw Source: www.sebokwiki.org/wiki
Artifact ISO/ IEC/EEE 42010 ISONECNEEE 15289 Supplemental | ISO/EC 24774
int Architecture Documentation i Process Definition
Descriptions : b : Guidance
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The Product Line Knowledge Base is formed by all types of Knowledge

Q4

Business or
Mission
Analysis L

System

L%: @ requiremen

@ integrity” ts

Reql[F \ Architectur
e

@ IEM
Rational

DL
r needs and
requiremen

[_0‘:1 pure::variants

Design

R

rg' System
Analysis

: Maintenan ,
Operation co Disposal
driver @& e §
/ il 7| passenger ‘ . | "
engine ,*7‘ ! P g Valldatlon / @ g
:®_ T L%i -
B
s <>
Transition s
MADELARD
Verificatio Moo’ e

\m*/ Integration | .

ORACLE"

Knowledge Base &
P
Implementation @pmtégé

@ \3\ g(oji: Server MHSQ-L‘ ;::S
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The supporting standards — Product line engineering

W > Extraction of requirements from the product-line assets

Automatic allocation of assets from the solution space to requirements

The European automotive sector differed greatly in the level of variety they offered to customers,
although variety had little relation to unitary sales. document

European

o »
L

|dentification of the variant features in the requirements

Power

Bodies Total number of variations units sales in
trains 2002 . ) .
Patterns and Thesaurus to cover commonality and variability
Mercedes E-Class 30 15 3,347,807,348,000,000,000,000,000 157,584
> Coverage of the specific system features
BMW3Series 10 20 64,081,043,660,000,000 350,723 Knowledge interfaces with Product Lifecycle Management software
tools
Peugeot 206 5 24 1,739 596,531
Modularization Variability Management
Source: hitp-/crieseers.ist. psu_eduviewdocidownload ?doi=10.1.1 469. 2061 8srep=rep1&type=pdf T
Modular Design Variability Modeling

ED:gn;laeizrlng g g g § 8

Modules Compesition Configuration
Application
/’ . o s L C Engineering VQ v
,/ " Inspired by the web '
| Analysis Design Testing

Implementation

Evolution
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Example of application —Very High Values for efficient SE process

Model(s
COSYSMO - Constructive Systems Engineering Model | COS:(;MO < |

Monte Carlo Risk | Off ~
Auto Calculate

System Size

Easy Nominal Difficult P ercent Chang e

#of System Reguirements 75 100 25 Nominal toVery High = 61.00%

# of System Interfaces 10 30 10

# of Algorithms 250 200 50

# of Operational Scenarios 40 40 20

___System Cost Drivers
Requirements Understanding | Very High -
Architecture Understanding Very High v

Documentation Personnel Experience/Continuity
and Diversity of Installations/Platforms Process Capability
of Recursive Levels in the Design Multisite Coordination

Migration Complexity Stakeholder Team Cohesion Tool Support
Technology Risk Personnel/Team Capability

Maintenance

System Labor Rates

Cost per Person-Month (Dollars
ici ] SE Cost for

Results y J—

R Shdiresding Very High Values = $3,687,172.00
Effort =614.5 Person-months
Schedule = 12.5 Months
Cost = $3687172




QTRC WEBINARS 2020 Example of application — Cost Saving Percentages

SE Cost for
Nominal Values = $9,454,288.00

A 4

SE Cost for R Percent Change
High Values = $5,896,640.00 Nominal to High = 37.63%
SE Cost for R Percent Change
Very High Values = $3,687,172.00 Nominal toVery High = 61.00%

Return on Investment with SES v18 - Pilot Project

€ 450,000
€ 350,000

€ 250,000

AMOUNT

€ 150,000

€ 50,000 -

-€ 50,000 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
MONTH

I £F FORT Current State N EF FORT Future State SE STUDIO (SES) COST = NET SAVING WITH SE STUDIO
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The Cost of
change



Key elements of the CCC approach

Pros
° Reach high level of quality, for requirements and other assets

Reduce time of inspection and re-work
Zal

i

s

Cons e
Reaching the full CCC approach requires help from ontologies




@ TRC WEBINARS 2020

Building a new capability requires resources

102

Management Support

& Attention
Change Process: New Capability:
» Pace? CPO. ,D%-‘C) P
Y rocesses
» Focus? OO
7 = Systems
} G Oa I S ° @@ Kn OWI e d ge Re;:i:sd(gsik)
» Resources!
. (=
» Implementation? Tools —

Systems Knowledge
a

& » e
(SKB)
@
/ Resources
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The Knowledge buildup

* Functional models, States/Modes, Product Breakdowns, Specification structures, etc..... Wl

Ontology:
Requirements
Completeness Retrieval & Reuse
& Consistency
Formalization & Analysis

Relationships

Correctness:
Semantic Analysis

Requirements
Patterns

Ontology: System

Conceptual
Ontology: Model*
Controlled
Correctness: Vocabulary

Syntax Analysis

time

" All riihts reserved ﬁ The REUSE Comiini ZiZi i |
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Key elements of the CCC approach

Manual definition

Requires time
Requires an intensive help from SME

Ontology

Al + NLP

Reduction of time
Less help from SME

& ARTIFICIAL ; =

oo
INTELLIGENCE e

Ontologies



GTRC WEBI N 2020 SES Suite - real example

Efforts to build KNOWLEDGE

Effort
Person 100
Task Hours Month o
80%
Build Ontology (DBI) i
(terms classification + PBS + patterns) 281.20 1.76 <
White Belt - Edit Requirements (approx. 350 .-
req.) 10.60 0.07
40%
White Belt - Design Quality configuration 132.00 0.83 .
White Belt — Implement Quality configuration
(metrics elaboration + quality assessment) 9.64 0.06 1.76 20%
Yellow Belt - Edit Requirements 120.00 0.75 osdss 007 006,
- s g
Orange Belt — Design and Implement quality - § < i o § A é
configuration 20.98 0.13 58 g 3 g2 ®5 3 L}
Orange Belt - Edit Requirements 90.00 0.56 2% 3 % 3 8 g g E
Total 664.43  4.15 s2 ¢ 2 5§ %5 3 2
3g % 5 E =

ii . All riihts reserved © The REUSE Comiani 2020 |



The Rol -
Summary
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Project and department control over progress, risks and

maturity

Ke)’ benefits Observed by USing the Number of Requirements per Baseline

tools for a Project manager (PM): g l l O
Makes the team realize the need for a 200 .
standardized workflow < | .
Increased the team communication e e e
Gave the PM a tool to manage risk
and communicate progress PN R time

— n ‘ (S w;.u_>

o mws (53

Increased the quality of the

specifications (or everything analyzed..) QA metricset ~ QA metricset QA metric set
“white belt” “yellow belt” “orange belt”

Ei : All rights reserved © The REUSE Company 2020 ) . ,
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The Return on Investment - Summary

Accumulated

Adding the SES suite to your way of working with ROI ($)
System or Procurement adds tremendous returns:

* Reduced time/effort for each Project/RFI/RFQ

* Decreased levels of misunderstanding

* Reusable information & knowledge

* Reduced project risk New projects in
the same

* Increased overall system quality DOMAIN

* |ncreased customer satisfaction

* Lower project cost (as demonstrated with COSYSMO)

vV

Correctness  Correctness +  Correctness +
Completeness  Completeness +
Consistency
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Next webinar

Writing Requirements with a Knowledge Library Based on the NASA Systems Engineering Handbook

The NASA Systems Engineering Handbook is considered as top-level guidance for systems engineering practices in the space
industry. The REUSE Company has developed a knowledge library to be used in our SE Suite in order to follow the NASA
guidelines in an easy way.The knowledge library includes glossary, acronyms, abbreviations, specific taxonomies, hierarchies,
and terms relationships. It also includes guidance for well-formed requirements through rules and patterns.

In this webinar you will see how you can improve the quality of your requirements as well as your requirements authoring and

checking process. Using this approach you will discover requirements errors in an early stage of the process and prevent extra
costs and time for your projects.

Dates:
May 12 and 14

ii . All riihts reserved © The REUSE Comiani 2020
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Reuse on Youtube

The REUSE Company PRENUMERERAR ()

73 prenumeranter

HEM VIDEOR SPELLISTOR KANALER DISKUSSION oM O\
Uppladdningar ~ SPELA UPP ALLA = SORTERAEFTER
®TRCw ®TRC weemass zom
- [——— ey
- PRSI R oo o TRC integration: The
_}E_ L?P.E Requirements Semantic Assistant Tool
oo specifications

848 mm
How to install the SE Suite INCOSE Guide for Writing Ensuring requirements Getting Started with Applying Machine Learning Requirements Manager
a4 isnliar Requirements: real-time... quality with the MASTER... Requirements Quality... Techniques to the Flexible... R2019x - Integration with...
for 2 veckor sedan 79 visningar * 38 visningar * 46 visningar * 53 visningar * 62 visningar *

for 2 veckor sedan for 1 manad sedan for 2 manader sedan for 6 manader sedan for 6 manader sedan

How t we achieve the gaal!

o
S
RQA et RAT en Francais. RQA and RAT Railway demo RQA et RAT en Frangais The REUSE Company The REUSE Company Webinar Burn the Boats -
69 visningar * 83 visningar * 34 visningar * LR 161 visningar * Mol et egratiog.
for &6 manader sedan fér 7 manader sedan for 7 manader sedan 104 visningar for 8 manader sedan 59 visningar *
for 8 manader sedan fér 9 manader sedan

https://www.youtube.com/user/TheREUSECompany/videos
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SHUKRIA

@ TRC WEBINARS 2020 E

Contact information e & o™ TASHAKKUR ATU. |
GRACIAS?;;‘::“THANK

ANKSCHEEN

ARIGATO:i:xaw

S 1| 12 ou
!§ EFC"‘R'STO"""‘g wg " _
8 BOLZIN MERCI

Christer Froling — Reuse Company Scandinavia

christer.froling@reusecompany.com

+46 (0)72 232 24 63

@ReuseCompany

www.linkedin.com/in/christerfroling

E1€ ¢ [ fo
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