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@ TRC WEBINARS 2019

Introduction:VVebinar rules

> Webinar rules:
> The Webinar will start in few minutes
> 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 2019
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Agenda

> Description of The REUSE Company

> Presentation by Bob Sherman
> Q&A

i e REUSE Co , A



@ TRC WEBINARS 2019

The REUSE Company — TRC Worldwide

A
w = ;

> Local partners: France, Germany, Italy, Spain > TRC Headquarters is based in Madrid (Spain)

an Japan . . Uniced > United Kingdom TRC office
> Customers in different countries along Unite + Seandinavian TRC office (Sweden)

States, Europe and Asia
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@ TRC WEBINARS 2019
The REUSE Company (TRC)

Specialized in the application of Semantic Analysis Technologies to a
wide range of industries (Aerospace, Defense, Automotive, Railway, !
Energy...)

NewControl

ARROWHEAD

Focus: System/Software Reuse, Traceability and Quality. The
integration of tools and technology from The REUSE Company facilitates
the representation, analysis and exploitation of knowledge and enables a
knowledge-centric systems engineering approach.

X I1TEAZ

REVaMP?  (§eltic-Plus

+
Smart Connecte d World

Mission: promoting system/software and knowledge reuse within any
. . . ° Y .
organization, by offering processes, methods, tools and services. e (@yAMASS

CRYSTAL ~ / Assurance and Certification of CPS

Technology fully integrated within the organization production chain. ks

All rights reserved © The REUSE Company 2019
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Bob Sherman > Formal education: B.S. Chemical Engineering from
University of South Florida

> 15 years of Process/Machine Design and
Controls Engineering

> 20 years of Enterprise Architect positions in the
areas of:

Manufacturing Process Design
Factory Floor Operations
Product Lifecycle Management

> Current Position: Enterprise Architect for
Systems Engineering

i — All rights reserved © The REUSE Company 2019 _
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CPG vs.Aero, Auto, Mil

How To Achieve a Billion $ in Sales Initiative Differences:
New product lifecycle: <2 years vs 10+ years

1.000.000.000

100.000.000 B Units Sold Product/Service Similarities:
10.000.000 ® § Payroll/Unit . Simple goaIS'
1.000.000 . ~ .
100,000 B $ Price/Unit

* Transport payload
* Absorb spill
* Complicated delivery
* # of parts paper machine = # parts on 747
e Multi-physics
* Information intensive operations
* Global Manufacture & Operations

10.000
1.000
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@ TRC WEBINARS 2019

Investment

Stock —p
Market €—

Returns

What is the goal?

Innovation System of Systems

o Visious=
o\ Missioun
? Goul
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3 \'&‘f(il{
o Actioun Plan

shutterstock - 147871553

Stakeholder
Expectations

Sales Growth

Margin Growth

Capital Efficiency
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@ TR C WEBINARS 2019
How to we achieve the goal?

Innovation System of Systems
Stakeholder

Requirements
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@ TR C WEBINARS 2019
Orchestrated Complex System of Systems

Innovation System of Systems

Current

o Visions™
o Missiou
o Goal

£J> Sfrod‘cgq

o'l Action Plan

shutterstock - 147871553



mailto:sherman.rf@pg.com

@ TR C WEBINARS 2019
Requirements Challenges

} * Requirements Mgmt

* improved awareness & visibility
of requirements trade space

* avoid incorrect and/or
overlooked requirements

 avoid overly constrained
requirements

e pre-mature convergence on
solution

Current
State
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@ TRC WEBINARS 2019

Requirements Challenges

N LB A

individuality

s =

= 3

S ®
L

* Requirements Mgmt

improved awareness & visibility
of requirements trade space

avoid incorrect, excessive and/or
overlooked requirements

avoid overly constrained
requirements

pre-mature convergence on
solution
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@ TR C WEBINARS 2019
Context of Requirements

Acceptance
Test
Architecture System
(Interactions) - Test
. I|—|'- Integration
Design 1 Test
™ [
c
Detailed Unit
Design Test
Fabricate
0 Construct
OH
|
0 o o}
OH OH

PLM & Discipline Specific Design Tools
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@ TR C WEBINARS 2019
What’s Holding Back Better Requirements Mgmt

NEW INITIATIVE:
*  What will we change?

*  What will it impact?

—

Need ‘ Acceptance
Analysis Test
System
Test

Architecture '1,
(Interactions)

Integration
Test

Detailed E Unit
Design [ Test

Fabricate
Construct
0
OH
L,
(o]
OH

PLM & Discipline Specific Design Tools
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@ TR C WEBINARS 2019
Systems Model Context for Requirements

Stakeholder

\

:1_' ., William Schindel (of ICTT) is
) the creator of this canonical
model called “Systematica”

A

Satisfies

|

—

Feature

Attribute
Attribute
Attribute

&

Delivers

\
\

Attribute .
Functional Role

Interaction

n Force, Mass, Energy or Information

Attribute

Functional Role

v

Behavior
Requirement

Functional Role

Attribute

Attribute

Attribute

Attribute

Fuliills FuEfills Fulfills
: :
Attribute Design Desi gn Attribute Desi gn Attribute
Attribute Component Component Attribute Component Attribute
7'y A 4
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@ TRC WEBINARS 2019
Systems Fractal Supports Derived Requirements

William Schindel (of ICTT): Systematica Delivers
\ \
\ \
Interaction e
Attribute . Force, Mass, Energy or Information . po
Functional Role Functional Role /
Attribute System
Derivation of requirements. Architecture Tost
! v \ /
AN Attribute 5 Deiy Intefer:tﬂon
. \ ’ - (o
Behavior Attribute / \
Requirement e 4 Detailed Unit
\ ’ 14 " Design Test
‘\ 4 V3 X
! /
°, Futfills ,/ Fulfills Fabricate
- = Construct
Component Attribute Component Attribute
A
' *
' .
: : !
e [}
_L:__ o
e, OH
& o M I o
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@ TR C WEBINARS 2019
Requirements Are Transfer Functions

INCOSE 2005 “Best Paper”: Bill Schindel (of ICTT): “Requirements are Transfer Functions”

Interaction
' Attribute | X Attribute
System 1. bute ) ny\ System 2 - bute
A ’_/O

v

Requirement
| e
Subject System s 3
PID Controller H(s)
t
v - O
Controlled (s) o % & t}
Plant . @‘0
1 0 t<0
4(t) = { undefined, ¢t =10
0, t>0
H(s, - (K1 * (Kz S) b (KSt 5)) IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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@ TR C WEBINARS 2019
Example System Requirement

Behavior failure leads to...



mailto:sherman.rf@pg.com

@ TR C WEBINARS 2019
Example System Requirement “Transfer Function™

——
Attribute
Feature Attribute
. Attribute
When subject to a Carton_Flow_Force force > 5Nm
William Schindel ICTT) pctfvers
Carton_Escapement_ Top shall provide a minimum — P
Interaction
Friction_Dynamic force in acc,ordance with the Attribute _ [\Force, Mass, Energy or Information _
........... . — Functional Role Functional Role
Dynamic_Friction Re5|stance constl"'éirnti ...... |

/ n . Attribute
............. . P Functional Role
e, Attribute

. Behavior
....... Requirement 3

“the/The” <system> “shall” kkey word> “a”

------------ '.'.«.;:----P' Functional Constraint |-

<flow or attribute> “in accorda’qce with the”

<constraint> “constraint”.
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@ TR C WEBINARS 2019
Canonical Statement Variants

| “When subject to a” <flow> |condition| “,” | “the/The” <system> “shall” <key word> “a” <flow or >
| “in accordance with the” <constraint> “constraint.” |

| “When subject to the following conditions, ”| “the/The” <system> “shall” <key word> “a” <flow or >
“in accordance with the” <constraint> “constraint.”

- <flow> | condition| Multiple Input Conditions
- <flow> | condition |

| “When subject to a” <flow> |condition| “,” | “the/The” <system> “shall” <key word> “a” <flow or >
|adjective| “in accordance with the following constraints:”
- <constraint>
- <constraint>

Multiple Constraints

| “When subject to the following conditions, |
- <flow> |condition|
- <flow> |condition|
“the/The” <system> “shall” <key word> “a” <flow or > |adjective| “in accordance with the following

constraints:”

Multiple Inputs & Constraints

- <constraint>
- <constraint>
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@ TRC WEBINARS 2019

Boeing Agrees...

» Ronald Carson, The Boeing Company - INCOSE IS2015 paper 4 session_|.2.1

Functional/Performance -
e The AGENT shall FUNCTION in accordance with
with PERFORMANCE [and
TIMING upon EVENT TRIGGER in accordance
with INTERFACE-INPUT] while in CONDITION,

Design —
e The AGENT shall [exhibit] DESIGN ,
CONSTRAINTS [in accordance with E
PERFORMANCE while in CONDITION].

Environmental - '

e The AGENT shall [exhibit] CHARACTERISTIC

during/after exposure to ENVIRONMENT [for
EXPOSURE DURATION].

—— p—

Suitability -
e The AGENT shall exhibit CHARACTERISTIC with
PERFORMANCE while CONDITION [for
CONDITION DURATION]. |
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@ TRC WEBINARS 2019
Cross Industry Canonical Requirements Statement ?

| “When subject to a” <flow> |condition| “,” | “the/The” <system> “shall” <key word> “a” <flow or attribute> | “in

FsG accordance with the” <constraint> “constraint.” |
a The AGENT shall exhibit DESIGN CONSTRAINTS in accordance with PERFORMANCE while in CONDITION.
BOEING' The AGENT shall FUNCTION in accordance with INTERFACE-OUTPUT with PERFORMANCE [and TIMING] upon EVENT
TRIGGER in accordance with INTERFACE-INPUT] while in CONDITION.

¥

“The” <system> “shall” <action word> “a@” |adjective| <flow or attribute> “compliant with the following constraints:”
- <constraint>
- <constraint>
| “when subject to the following conditions:”
- <flow> |condition|
- <flow> |condition] |

Standard?

m
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@ TRC WEBINARS 2019

Requirements Technical Lifecycle

Logical
System 1

\

Systems Engineering’— ..
Feature
Interaction
Attribute n.l Logical | Attribute |
Attribute | |2 N T System 2 | Attribute |
A

Physical
Thing A

4

Requirement 2.1

:?/

A

| Attribute | Physical
| Attribute |/ Thing B

! Attribute

Semantic Alignment I
< g

Requirements
Verdicts

e

Test
Orchestration

J

Requirements
Editor

Requirements
Editor

=2

>

Simulation

[ |

Other Requirements Consumers?
1) Manufacturing automation

2) Operations/Maintenance

3) Analytics

Requirements Monito)

4) Etc.

J\

\

~< _ Interaction -~

1
s

Logical §f‘““ .,—’ Logical
System 1{ Attibute ] | Atiribute | System 2
Physical { Attribute ! Physical | Attribute |
Thing A { Attribute | Thing B { Attribute |

Canonical Requirements Statement

“When subject to a"[<flow> |condition||*,” “the/The Ksystem>|“shall”

|<key word>|“a” |<flow or attribute>| “in accordance with the”

|<constraint> “constraint”.

The REU
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@ TR C WEBINARS 2019
Canonical Statement: Population of Vocabulary

When subject to «Flow» , the «Systemy Shall «actiony» B «flow» In accordance with || Constraint | | constraint

&
G

i Attrib 2,72, L&
«Condition» «Attribute» %, S

e
Wheh subject to a Carton télow_Force force > . L

Carton_Escapement_Top stall exert a minimum Friction_

in accordance with the Dynamic_Friction_Resistance constraint.
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@ TR C WEBINARS 2019
Canonical Statement: Population of Vocabulary

When subject to «Flow» , the «Systemy Shall «actiony» «flow» In accordance with || Constraint | | constraint
{ ]

G
«Condition» «Attributey o»%% 3

P . S

(D 1BM Rational Rhapsody Architect for
He, File Edit View Code Layout

Isg=2=1E5
[l m > [ % [DefoutComponent

are (in C++) - [End To End Diagram: Carton and Escapement Collision *]
ols Window Help

¥ 0G| % ||[SQE |8 [[fe it feB | 2898
<[ DefaitCorfis | |[|¢5 # [Local_Pattem: nteraction_framework-Catton_and_Escap + | &8 | V% X B \;JED =Rew]|=I{N

Bl& i<

R = i (I [ Jod I |[Tahoma Vg vaxcBlzuaEsaALR Y
By, Arch - Aggregation - Carton... | B, FT->INT->LS->PS Demo for ... | BeArch - Aggregation - Escape... Carton Being_Picked Carton | Be, Carton Picking | By TFSC
3 25 i 23 23
4 222 [Interaction_PKg] Carton and Escapement Collsion PKkg [Carton and Escapement
Custom View ~

14 Aggregate - Carton Escapement

4" Aggregate - Carton Glue Seam

- Aggregate - Carton Stack

o te - Cup Escapement Angle.

- AggMate - Cup Escapement Hejg# Adjustment @
P

- Aggregate - Hinge D and S
* Aggregate - Pid} /

@

* Aggregate - on
- Aggregation - Staged Carton and Vacuum Cup ==

14+ Ancestor - Spacial F_/

Bulk Gel o

* Bulk Paste

Bulk Wrap

* Carton

| Carton Conveyor

s
i Pick Holder
1+ Association Ends

-3 Bindings

(5 Components
G Container

(& Logical_Systems

When subject to a Carton_Flow_Force force > 5Nm ,

Carton_Escapement_Top shall exert a minimum Friction_Dynamic force

in accordance with the Dynamic_Friction_Resistance constraint. L s

[ incoming: Carton_Supply_to_Escapement_Pressure, Carton_Flow_Force,

outcoming: Carton_Escapement_Top_Normal_Force, Carton_to_Escapement_Top_Friction Static, Carton Escapement_Top_Normal_Force, Carton Escapement_Top_Friction Dynamic, LOG 3 OnMenultemSelect
---- RAT Smart Authoring\Edit selected Workproduct within selected subsystems - Description

LoG JAVA: Open AT Editor within subsystems SENT

Logic system: Carton Escapement_Top

incoming: Carton_Supply_to_Escapement_Pressure, Carton_Flow_Force,
outcoming: Carton_Escapement_Top_Normal Force, Carton_to_Escapement_Top Friction_Static, Carton Escapement_Top Normal _Force, Carton Escapement_Top_Friction Dynamic,

4] <T> 1>\ Log £ CheckModel }, Buid ), Configuration Management _J, Animation ]

For Help, press F1
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FlowAllr Reg FOI Altri ",
£ (0122 Rat) Fiom 12 = Foweato Foe01)
ul <
Stakeholder
“,
.“‘ \
% Interaction
Functional (\ Forie, Mass, Energy or Information Functional Attribute
Role ' ’ Role Attribute
< '
- ; Functional | auibue
Hizrocess ID fog thi = 2126498000228 -
S apeody.2.1.5.0:21864 i) . Role e
ned¥login is lceded. ¥2016-06-17.1 Requirement
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»RAT/Rhapsody Integration Demo
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IBM Rational Rhapsody SysML - [Interaction Di

Aad — a $
Eb File Edit View Layout Tools Window Help - (8 X
IcsBlteclai| ¢S saGE x| |[aaEaoBRF &P 28|
HJ[Basac v| |JJ. b [Local_Patiem:System_Environment:LS1:INT12:INT12 | | @ | i & & o e 52
g 5 P ] o ol & | DK | bl T || Tobome 5 AxBIuUAE=AEALRS]
n WU Welcome to Rhapsody_,:;rEQ INT12 ._x‘ vl
EntireModel View v | ¥ ¥ -
intbd [Interaction] INT 12 [INT12]
=-{{# TRC Testing
+-() Attribute_Value_Trees
(I Attribute_Value_Workspaces
[ Components LS1.0
(23 Packages
(I Profiles
(23 Settings
FlowPassThru_Req_01_02
When subject to Flow01, LS1_1 shall provide a Flow12 in
accordance with the F01_F12_Ratio constraint.
FlowAttr_Req_F01_Attrl D
: {0} {{F01-F12 Ratio} Flow12 = FowRatio*Flow0 1}
E (] m)
Flow01 1
151.2
LS1.3
i !
[} Flow12
Attrl
j]“"“"'“"“%i&/}éi ''''''''''''''''
v
< >
Xllprocess ID for this app = 21864@KCS-00025

|Rhapsody.8.1.5.0:21864

TableUserDefinedPlugin is locaded. v2016-06-17.1

RAT Rhapscdy - Init

Working Directory = C:\Data\Workspace\315\TRC Testing

4[] > 1> \rog A CheckModel } Buid }, Configuration Management

A Animation [

For Help, press F1

Labels On Mon, 9, Jul 2018 4:36 PM


mailto:sherman.rf@pg.com

@ TRC WEBINARS 2019

Canonical Requirements Specification?

Feature (i)

Standard Requirements Report (1ISO?)

(System 1

Interaction A

Logical

Nyl Logical

System 1.1 | Attribute

I Attribute

B System 1.2 Lubee

4

I Requirement 2.1 l

Physical
Thing A

Physical
Thing B

_=

¥
Attribute

I Attribute |

System 1

Sub-System 1.1

Attribute
Requirement

Requirement

Sub-System 1.2

Attribute

Requirement

Requirement

System 2

Element B[ Incoming Flows [

1 System

<description property>
1.1 Feature “
<descrption property>
1.2 Feature |
<descrpbon property>
1.3 Interaction
<descrption property>

[1.3.1 System | [1.3.2.3] 10_Artrbute_Instance
<descrption property> _[1.3‘2.4] 10_Attrbute_Instance §
1.3.1.1 Feature

1.3.1.2 Feature
<descrption property>
1.3.1.3.1 Requirement
<requrement statement>
1.3.1.3.1.1 Constraint
1.3.1.3.1.2 Constraint
1.3.1.3.2 Requirement
<requrement statement>
1.3.1.3.2.1 Constraint
1.3.1.3.2.2 Constraint
1.3.1.4 T0_Attribute_Instance
<descrption property> \
1.3.1.4.1 Requirement
<requrement statement>
1.3.1.4.1.1 Constraint
1.3.1.4.1.2 Constraint
1.3.1.4.2 Requirement
<requrement statement>
1.3.1.4.2.1 Constraint
1.3.1.4.2.2 Constraint

1.3.1.4.3 New Requirement
‘shal” <key word> "a"|<flowjorfattribute >| | adjective|
“adherng ta the g constrants:”

1.3.1.4.3.1 Constraint
1.3.1.4.3.2 Constraint
1.3.1.5 10_Attribute_Instance |
<description property> |
1.3.1.6 Interaction
1.3.1.6.1 System /
1.3.1.6.1.1 Feature /
1.3.1.6.1.2 Feature
1.3.1.6.2 System /
1.3.2 System /
<systems description> /
1.3.2.1 Feature /

29
R
N

1.3.2.2 Feature
1.3.2.3 10_Attribute_Instance
1.3.2.4 10_Attribute_Instance
1.4 Interaction B
<descrpton property>

Sl
\
\

-
S

WM NE T R

,I 2 System 2
<description property>
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»Rhapsody > TRC > DOORS Integration
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@ IBM Rational Rhapsody
B File Edit View Layout Tools Window Help &5 %
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H]|Basac v] ‘ HJ@ # [Local_Pattem: System_Environment. LST:INTIZ:INTI2 |2 HJQ| YL HJ =
[ ol I []Jrabome B VA& B2 uAE AL |

B 5w x vl
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[ Packages FlowPassThru_Req_01_02
E‘J Default
£ Local Pattern li FlowAttr_Req_F01_Attrl

71 End To End Diagrams
: o = - = E E :
B0 Package_stms the L21 1 shall provide FlowRatio compliant with the following

_____ [ Attribute_Couplings cons?r.ainté: M constraint | when subject to the following

E]---&I Feature_Framewaork conditions: FlowRatio .

---- EI Impacts_and_Failures n

---- E:I Interaction_Framework

----- 50 Physical_Architecture

E—J::I System_Environment
E-(2 Logical_Systems

B-{t5] 151

@- Components

bEl Interactions

ysML - [Interaction Diagram: INT12] — x

-
) ; Eﬁj
Lot BT

When subject to Flow01, LS1 1 shall provide a Flow12 in
T accordance with the F01_F12_Ratio constraint.

{D}{{F01-F 12 Ratio} Flow 12 = FowRatio*How0 1}

| n

Flow0 1

151.2

% Occurs_During_States A
=

Requirement_Stms
% | FlowAttr_Req_F01_Attr1 Atirl
% HowPassThru_Req_01_02

® 15t 1Reg2 WIS L |-
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EJ--IE INT23

-1 e INT34
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£
B

(%2} State Diagram Stm The LS1 1 shall exhibit ElowRatio

:,Q_/q Tags compliant with the following constraints:
..... b Tests power consd constraint , when subject to
_____ TLP Items L\\) the following conditions: Flow01 .

----- 51 Transformation_Flows
(38 Tags

P BradafinadTames (BECY i
< > <

Z[Lo6 3 OnMenuItemSelect ”
Ul ———— RAT Smart Authoring for PeG\Edit selected requirement

LOG JAVA: edit Requirement PG SENT

RAT Pluginelement found: L51.1 - Logical System, Flow(l - InputFlow, Attrl - L5 Attribute, FlowRatio - L5_Attribute, Attrl Limit - Comstraint,

LOG 3 OnMenultemSelect I
--~— RAT Smart Authoring Synchronization with DOORS\DOORS Configuration H
LOG JAVA: DOORS configuration SENT

I(I 4| bl DII\. Lm_)l,r{ Check Model ,}\ Build ,]\ Configuration Management }\ Animation ,-“

For Help, press F1 Labels On Tue, 10, Jul 2018 1:09 PM
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Next webinar

> Topic: Applying Machine Learning Techniques to the Flexible Assessment of
Requirements Quality

> To obtain quality measurements of requirements it is common to use quantitative quality metrics
based on established standards. However, the risk is to build assessment methods and tools that are
both arbitrary and rigid in the parameterization and combination of metrics.

> This webinar is focused on the presentation of a flexible method to assess and improve the quality of
requirements that can be easily adapted to different contexts, projects, organizations and quality
standards, with a high degree of automation.

> Dates:
> September 2019

ii All rights reserved © The REUSE Company 2019 7
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