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AGENDA

| Note 2

It is recommended that the reader has some
knowledge of SysML
+ OMG SysML Specification -

* Infroduction
— Key Concepts
— Primary Challenges

« PTC Best Practice Storyboard
— Model Based System Engineering


http://www.omg.org/spec/SysML/1.3/

PTC PROCESS LANDSCAPE @ ptc
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System Architecture Design
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Platform Design & Variant Generation

Mechanical, Electrical and Software Development

Product Cost Management

Design and Manufacturing Outsourcing

Regulatory and Materials Compliance

Manufacturing Component and Supplier Management

Manufacturing Process Management

Product Support Analysis and Planning
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Service Diagnostics and Knowledge Management
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Business System Support

Smart, Connected Product Enablement




PTC PROCESS LANDSCAPE @ ptc

PRODUCT LIFECYCLE
p> Validate P Produce }Operate P> Support

V Organization P> Plan P> Design

Management

Hardware &
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Engineering
Best Practices \

' ' Model Based System Engineering
j . Automated System Design Review
: | System Model Management
. . System Model Publishing
Manufacturing Model Based Product Line
Engineering
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PTC VISION HIGHLIGHTS

Connected
Operations

Connected Connected
Service L.  Manufacturing

V' validation

=/

Manufacturing

Requirements
Management Y
System ‘
Architecture )

Closed-Loop Lifecycle Management

Closes the loop with smart, connected products
operation to understand how product, users, and the
environment truly interact

Provides visibility into manufacturing and
service feedback to inform next generation development

Validates requirements cradle-to-grave to
ensure customer needs and quality expectations are met

Fully integrates systems engineering
with product engineering in a single source of truth

Manages collaboration and change
within and across different disciplines

Enables holistic system definition and
design, including early manufacturing and service plans

—



SYSTEMS ENGINEERING IS... @ ptc

A holistic, multi-disciplinary and collaborative approach
to designing and maintaining complex systems.

Requirements

Management Validation

System " )




HOW WE DO IT WITH PTC INTEGRITY @ ptc

Systems Engineering Enablers

Systems Engineerin
Challeﬁges g

Requirements, system models,
design and test cases in many
formats and systems

Validate

Lack of collaboration due to
disconnected engineering
disciplines

Manager
Library
Manager

PTC Integrity"modeler

Limited or no
system Reuse

®
Q

Teams overwhelmed by the
complexity of managing product
lines

PTC Integrity"modeler
PTC Integrity-Asset
PTC Integrity- Lifecycle

PTC Integrity- Lifecycle

No standards-based process or
techniques for systems engineering
or product line engineering

PTC Inte

I'itymProcess Director
1




WHAT IS UMLZ & pic

« The Unified Modeling Language (UML) is an OMG Standard, general-
purpose modeling language in the field of soffware engineering,

which is designed to provide a standard way to visualize the design
of a system.

UML Models




WHAT IS SYSMLe¢ @ ptc

« The Systems Modeling Language (SysML) is an OMG standard
(extension of UML), general-purpose modeling language for systems
engineering. It enables the specification, analysis, design,
verification and validation of a broad range of systems and systems-

of-systems.
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WHAT IS MODEL BASED SYSTEM ENGINEERING? @ ptc

 MBSE is d model-based approach to Systems Engineering, typically
applying the SysML modeling language to deal with system
complexity and enabling unambiguous communication amongst
interested parties
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WHAT IS MODEL BASED PRODUCT LINE & bic
ENGINEERING2 ~

 MBPLE is a model-based approach to the analysis and design of
product families (or product lines), to capitalize on the

commonality & variation between the products (systems, software,
etc.) in these families

Variability
Product Line System
Model
+ 2 - Ea
( E B \I F‘ZIF ......... lFF /.
e o A
)

Up front design for variability
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WHAT IS MODULAR DESIGN? @ ptc

* Modular Design is an approach which segments the design of
whole systems into linked, manageable and reusable sub-system
designs
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SYSTEMS ENGINEERING 2 ptc

Practice Groups

Systems Engineering

Requirements Engineering System Design
o  Collaborative requirements definition o Model Based System Engineering
o  Accurate requirements analysis and approval o Automated System Design Review
o  Comprehensive requirements traceability o  System Level Simulation
o  Standardized requirements and test change o  System Model Management
management o  System Model Publishing
o  Domain Specific Languages Implementation
Test Management
o  Comprehensive test traceability and coverage Product Line Design
o  Collaborative test definition and authoring o Model Based Product Line Engineering
o Managed test execution and results analysis o Architected Modular Design
o Integrated test planning o  Product Line Analysis and Validation
o Standardized requirements and test change
management
System Engineering Process Governance

o Standardized System Engineering Best Practices
o Tailored System Engineering Practice Application

—




MODEL BASED SYSTEM ENGINEERING APPROACH @ ptc

« A common process for constructing a SysML system model involves

an iterative approach based around the SysML diagram taxonomy
— Each iteration corresponds to a layer of abstraction of the system and involves the capture of
requirements relevant to that layer, followed by the definition of structural and behavior elements
necessary to meet those requirements

— Work would then progress on the next layer(s) to model sub-systems

— Work within the iteration such as defining the structural and behavioral elements can be done in
parallel

A

4 N\
C D N Layer 1 — Capture system requirements and
|
B

\ domain. Define system model for this layer
.

-

| 1
5] =1 y [ i ious )
C | 4 Layer 2 — Cascade requirements from previous
layer and refine/derive/decompose. Iteratively
Co2r—_ 1=
(

update system model to incorporate
\
|
| |" Layer 3 — Cascade requirements from previous
I
I

requirements and designs for this layer

layer and refine/derive/decompose. Iteratively

update system model to incorporate
requirements and designs for this layer

This is an example - the
number of layers needed
will depend on the system

_




MODEL BASED SYSTEM ENGINEERING APPROACH @ ptc

Considerations

« A top down modelling approach can produce a comprehensive definifion
of a product or system starting from the highest level down, but is not always
practical or realistic

— Abottom up approach should also be considered, where definition of critical aspects or sub-
systems of a product are prioritized

— Middle out is where additional detail is captured at the same level of abstraction

— Often a combination of these approaches works best

A

), O v N -

( Lo CeJFT 6] mMiddle out
I
I
|

—

Bottom up
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MODEL BASED SYSTEM ENGINEERING APPROACH @ ptc

Considerations

Often customers are looking to improve existing products, so model the
parts of the system they plan to re-use only to the level of detail needed,
enabling re-design of specific sub-systems

Consider if product variability will be required
— Refer to the Model Based Product Line Engineering storyboard for more information

Large, complex systems can be managed using the Asset Library, allowing
modular components to be created and re-used within multiple models.
Requirements, use cases and interfaces are cascaded down when assets
are re-used.

— Refer to the Architected Modular Design storyboard for more information
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MODEL BASED SYSTEM ENGINEERING
BEST PRACTICE

Challenge: Designing complex systems within disconnected engineering disciplines

@

ptc

* Practice:
— Enable collaborative complex system engineering using a
common industry standard modeling language

« Capabillities:
— Graphically define product context and stakeholders
— Map and trace from requirements to the design
— Model architecture including system functions and structure

* Value:

— Improve communication between stakeholders and engineering
teams

— Improve product quality by early problem identification and
enhanced design integrity

— Increase productivity by reuse of model elements and improved
impact analysis

— Reduce risk with improved estimation and early requirements
validation




MODEL BASED SYSTEM ENGINEERING
BEST PRACTICE
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MODEL BASED SYSTEM ENGINEERING PROCEDURE
OVERVIEW

» Plan Systems Engineering Initiative
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S ptc

scope and process
o \/ Capture constraints
System Engineering
Engineer CFT - ¢ - _—e e mm = == = |
| SE Project CFT I
| é () :
H Plan Systems | M |
1 Engineering Initiative |
! |
Define & Analyze |
System Context :
' v
Analyze Requirements Refine and confirm —mm
J . plan A” Define qualify an
| performance
- measures and
Design Use Cases

Design Functional View

Design Architecture

epr DEsIGHS - — o
ROVAL VALIDATE 2 o
= ——— N
I | . = - eempREERERERCziiziEEEcRe
T { = H :

Allocate Architecture

el |

DESIGN DEVELOP. VALIDATION (STA

APPROVE

Identify re-use E
candidates T

|




MODEL BASED SYSTEM ENGINEERING PROCEDURE
OVERVIEW

» Define and Analyze System Context

S ptc
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MODEL BASED SYSTEM ENGINEERING PROCEDURE & oic
OVERVIEW ~

» Analyze Requirements
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MODEL BASED SYSTEM ENGINEERING PROCEDURE
OVERVIEW

» Design Use Cases

S ptc
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» Design Functional View

Create sequence
diagram with CFT

MODEL BASED SYSTEM ENGINEERING PROCEDURE
OVERVIEW
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MODEL BASED SYSTEM ENGINEERING PROCEDURE

D ptc
OVERVIEW =P
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MODEL BASED SYSTEM ENGINEERING PROCEDURE
OVERVIEW

» Allocate Architecture

S ptc
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MODEL BASED SYSTEM ENGINEERING BEST PRACTICE
PROCEDURE

» Plan Systems Engineering Initiative

@@3 « Objectives

System — Define a plan for the systems engineering program, project or phase

Engineering
CFT / Project

S ptc

« Role
— Project/Program Manager

— System Engineer
— Cross-functional Team

Define & Analyze
SystemContext . OU Tp U TS
Analyze Requirements — Plan for the systems engineering initiative covering objectives, scope,
| process, constraints, domain, resources, re-use opportunities and
Design Use Cases quality/performance measures and targets

Design Functional View

Design Architecture

AIIocate Architecture




MODEL BASED SYSTEM ENGINEERING

» Plan Systems Engineering Initiative

System
Engineering

System
. @ET /
Engineer
9 Project
Manager

: Plan Systems
Engineering Initiative

Define & Analyze
System Context

Analyze Requirements

Design Use Cases

Design Functional View

Design Architecture

Allocate Architecture

Start Procedure 1

@ :
Define Objectives, Scope
and Process

@ Establish Cross-
functional Team

@ Capture Constraints

@ Define Quality and
Performance Measures
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@ Identify Re-use
Candidates
[ Y.
Refine and Confirm
Plan

v

[ End Procedure 1 ]

—
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MODEL BASED SYSTEM ENGINEERING

» Define Objectives and Scope

,‘h ! System
Engineering
System
Enygineer CF,T/
Project
Manager
Start Procedure 1

Establish Cross-
functlonal Team
Capture Constralnts

Define Quallty and
Performance Measures
and Targets

@ Identify Re-use
Candidates
Y.
Refine and Confirm
Plan

v

( End Procedure 1 )

There are many different starting points for a Systems Engineering
initiative:

— Development of a new product or product platform

— Adapting existing product or platform

— New requirements or regulations

Therefore it is important to coordinate with related disciplines and processes
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P Plan p Concept |
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Program and Portfolio Management
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Product Cost Management
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Service and Parts |
Service Informatio elivery and Field Knowledge Manageme:
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Performanc Nﬂysis




MODEL BASED SYSTEM ENGINEERING @ ptc

» Define Objectives and Scope

Source: INCOSE, Wikipedia

; % @@a In coordination with other processes, define draft objectives,
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Figure 1. The Systems Engineesing Process from A T Bahll and B. Gissing, Re-evauating systems engineering conce.
Gybermees, Part C. Abpications and Reviews, 28 (4), 516-527, 1986,
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MODEL BASED SYSTEM ENGINEERING @ ptc

» Establish Cross-functional Team PTTTT TSI I T TN,
SE Project CFT
VD) ' '
ARV | I
System Ensure representatives from all affected I
System Engineering departments are members of the cross- M |
Engineer CFT functional team. This may include: | anageme I
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MODEL BASED SYSTEM ENGINEERING

» Capture Constraints

System
System Engineering
Engineer CFT

@) :
Define Objectives, Scope
and Process

Establish Cross-
functional Team

Define Quality and
Performance Measures
and Targets

Identify Re-use
Candidates

Refine and Confirm

v

([ EndProcedure1 |

Confirm constraints such
as regulatory
compliance and
company or industry
standards

Include any known
engineering limitations
or constraints

3 1.66 ~0.48 4 165 -0.51 5 1.64 ~0.54
_ |3 135 —040 _ |4 134 052 s |5 138 —0.54
C= 312 —ou|™ 4 119 0s2™  O%= 5 118 —oss|™
6 163 ~0.57 7 162 059 8 161 -061
_ |6 132 -056 _ |7 132 08 _ |8 131 -059
i 6 1.17 —0.56 - ol 7 116 —0.57 G 8 116 -0.58
9 161 -0.62 10 16 064
_ 913 061 _ |10 13 062
OP= lg1aslge ™ P 10 115 0et|™

A completed PTC Creo solid part gives designers unmatched capabiltty to update and/or modify complex
geomtery should the requirements change

Europe:
Commission

Europe > Environmen RoHS in EEE

Home About us Policies Funding

Batteries

Biodegradable waste

Construction and Demolition

Ato Z | About this site | Contact | FAQ | Sitemap| Search | Legal notice |

ENVIRONMENT

Legal compliance News & outfre

Restriction of Hazardous Substances in Electrical and Electronic
Equipment

ROHS 1 (repealed 3 January 2013)

» Directive 2002/95/EC of the European Parliament and of
the Council of 27 January 2003 on the restriction of the
use of certain hazardous substances in electrical and
electronic equipment. Consolidated version(status after

4 Commission Decision 2010/571/EU and Corrigendum).

N  Directive 2008/35/EC of the European Parliament and of

the Council of 11 March 2008 amending Directive

2002/95/EC on the use of certain hazardous substances &S

Waste
in electrical and electronic equipment (ROHS), as regards
RoHS in EEE @ the implementing powers conferred on to the
\ntrodudtion Commission.
Leaisiation ROHS 2
Studies L « Directive 2011/65/EU of the European Parliament and of 3§
Activities 5 the Council of & June 2011 on the restriction of the use -
Contadts of certain hazardous substances in electrical and electronic equipment (recast). g
_— r 4
Useful Information )| Secondary legislation on RoHS 2 (
. 2004 — 000.001 — | !
WEEE g Exemptions o e L N
End of life vehicles (ELV)  » + Commission Delegated Directive 2012/50/EU of 10 October 2012 amending, for the purf .. —
technical nroare: Annex I11 to Directive 2011/65/FU of the Furonean and

PTC Mathcad

[ COMMISSION DIRECTIVE 2004/104/EC
of 14 October 2004
adapting to technical progress Council Directive 72/245EEC relating to the radio interference
ompatibility) of vehicles and amending Directive 70/156/EEC on the approvima-
tion of the laws of the Member States rela the type-approval of motor vehicles and their
lers

(Tet with EEA relevance)

(OJ L 337, 13.11.2004, p. 13)

Corected by

»Cl Comigendum, OF L $6, 2.3.2005, p. 35 (2004/104FEC)

<D

Also consider business constraints
such as project deadlines and
milestones, or release/sales
schedule
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» Define Quality and Performance Targets

, Coordinate with Quality Mgmt processes and
@@3 e : define quality and performance measures

Sysfem posraanion ra 7 s

System

. Engineering f o
Engineer ©FT ¢ "
8. ' '
. - "
N e i !
[ Start Procedure 1 ] - :

H Search for: (opsim locks: | I
* Lbrary Wentfier: .. Assembly = ] '
Q Part Number: .| Description: = 1 1
. . . [(seren 1] ]
Define Objectives, Scope p \Measurements
% 5 Results -t
and Process

=k Icon View ~ = Insert - Update

el

e s e et T If possible also set quality and
performance targets

Establish Cross-
functional Team

N
5 eroden _— ;
Field Data -
Néa';iail‘ﬂ‘é M%ﬂﬂtf Mﬂ;m‘te Critical | Catastrophic E Ge"::LmMy scomin H ()l Returned Material Fault Indication over Time Options
effec effec effec
Fromuen | Moverate [Maserats et i bty ]
Risk Risk Identifier Battery Fault Indication over Time
Part Number BATS56A04
Prabable Moderate :s::;:”;nwgnam' E 150
————— - -i Risk Unit Cost 0.00
= Ce tin i k= &
Deﬁne Qua“t and Occasional Moderate | Moderate 3 .
y 1 Risk Risk
W
Performance Measures | Fars Wioderee Sy
dT t 1 Risk o REDEEE "
and largets 1 Reliability Block Diagram oo . IPAEN| falalao
| 1 Improbable fegeeegegeeeREETS ST EEES S FE g
E——-——-#—-——-— EEEEESIEEEEEISEREES7EEEEE |
Identlfy Re_use 5: - () il Maintenance Cost over Time Options
C dd t s Memory Board . i
an | a eS :g:g;ggg Maintenance Cost by Aircraft over time

Motherbosrd

* @ R: 0.837000 R: 0.826000 »
@ A:1.000000 A:1.000000 g
£2000
Refine and Confirm o e e
This is an 7T (Cimulated)sd41 562521 Bioo
Plan d d falculation Method:Monte Carlo Simulation E . \
advance 000 Iterations Completed o= ] ﬂ H ] i I ] Y
optional technique  |iss ——a SRR RE RN
e et 1 88833385z 38888E6 33
End Procedure 1 ilabili Linked To:  ouzeaiii Entry Dste ana Configuration
S O A: 1.000000

A: 1.000000
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» |dentify Re-use Candidates

System
System Engineering
Engineer CFT

Start Procedure 1 ]

@) :
Define Objectives, Scope
and Process

Establish Cross-
functional Team

@ v
v

@ Define Quality and
Performance Measures
and Targets

R R

@ Identify Re-use ]

: Candidates I

T E—
@ Refine and Confirm

Plan

v

([ EndProceduret |

Identify re-use
candidates from existing
systems or designs and
review with CFT

Consider existing SysML models
for similar products

£3 HSUY, Venion 0 voin

23f 0® W BRI e 00 h 0 40 )

[Block] HSUV [FowerSubsystem — X | [Block] Automstve Domai [Fybre: ]
- L

[Block] HSUV [PowerSubsystem Sreakdown)

& 2 ActorConnector

@ L BlockProperty
@ 23 PartcipartProperty
& 3 Quantitykind

& & VahueType (Akas)

If using the Asset Library,
evaluate any existing
components or assets that
may be re-used. Refer to the
Architected Modular Design
Best Practice for more
information

@ afegoAssetlLibrary

Asset Communication Platform =
3 Ease o piatform g % )l

~Fight Control Compection
e

ery Type =
toring Cireuit T 1
eed Sensor Type h i o

2vax
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» |dentify Re-use Candidates

@s& |Actions ~ | [@] Software Build - 0000000061, NVIDIA_GeForce 70200 _Drivers_Build
- = = EVGIUG ie exis ﬁng Overview | Details ||| Structure ||| Content ||WUELIELEeL Tl Changes ||| History Traceability
Sys‘rem E SySTem meCha nical eleCh’iCGI Of Where Used | References Documents ‘ Referenced By Documents | Parts ‘ Distribution Targets
| ngineering ’
Engineer CFT software designs for = References Documents Default -
possible re-use =D @B P
Number 17 Version 1 Name Context

Start Procedure 1 ] \?_,_\d 00091 Al 1) Config_Nvidia_Graphics_ NVIDIA_Grap

[ * E 00081 Ad ﬁeni_Nvdla_Graphcs_(ard NVIDIA_Grag

Deflnea(agjgc;g\ézz,sSCope Existing software designs

Establish Cross-
functional Team

v
R oo
@ v

Navigator

EIEDEFINITION REP —ax

DEFINITION REP

Define Quality and
Performance Measures
and Targets

R ——
@ Identify Re-use : 58 =
" Candidates 1 St
@““"*‘“““' e : Existing ECAD (Electrical
Refine and Confirm el e F Computer Aided Design)
Plan o Existing MCAD designs

‘ (Mechanical Computer
( EndProcedure | Aided Design) designs

mbly Only

Search | Browse

EEQUBZBEQLLENQZLBEQQZLLL AN
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» Refine and Confirm Plan

@n@ If needed update plan objectives, scope, : SE Projecf CFT
- : process, constraints, CFT, quality and I
ystem _

System e performcmg: ntg.rggtt: S<Jnd re-use | |

Engineer || CFT / Project ! [ |

Manager [ I

[ Start Procedure 1 ] | |

. — ‘ !

Define Objectives, Scope
and Process

@ . }

Establish Cross-
functional Team

v

Capture Constraints

Define Quality and
Performance Measures
and Targets

Review and confirm plan
with CFT

Kick off and manage
project

@ Identify Re-use
Candidates
1 f :

CONCEPT DEVELOPMEN... OF.. VALIDATION (STA.

CONCEPT APPROVE
APPROVAL DESIGNS

End Procedure 1




S ptc

DEFINE AND ANALY/ZE
SYSTEM CONTEXT
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PROCEDURE e

» Define and Analyze System Context

m @@3 « Objectives
X - - — Capture, document and analyze system domain information
Engineering
CFT

System
Engineer

m * Role
— System Engineer
Plan Systems \
— Cross-functional Team
: Define & Analyze o
el | Ovieus

— System Domain Model

Analyze Requirements

Design Use Cases

Design Functional View

Design Architecture

Allocate Architecture

%
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» Define and Analyze System Context

System Engineerin
Engineer 3 CFT . [ Start Procedure 2

Create and Configure
System Model

|

Capture System
Domain in
Consultation with CFT

@ Analyze, Refine and
Update System

Design Use Cases Domain Model

| !

Design Functional View [ End Procedure 2 ]
I

Design Architecture

Allocate Architecture

Plan Systems
Engineering Initiative
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» Create and Configure System Model

PRUDULT LirelTiLEe
» Plan P Concept P Design P vaiidate P Produce P support

Program and Portfolio Management

Project Management

Environmental Performance Management
Regulatory Compliance
Quality & Reliability Management

Change and Configuration Management

Coordinate with related
System processes such as
Engineering Requirements Management,
CFT Quality Mgmt and identify any
relevant existing information

‘Concept Development
‘System Architecture Design
Detailed Development
Verification and Validation
Variant Design & Generation

—

System

Product Cost Management
Design and Manufacturing Outsourcing

Component and Supplier Management

Manufacturing Process Management

Tooling Design and Manufacture

Create and Configure
System Model

Select File > Open Enabler supports
- —— - = collaborative model
M I... t n TREemeles-CpenMosel o
Ode ° ope Look in: \\Enabler\POLLERTON1L1\Examples\Truck System

Enabler and review SEEAFIEY 1 ClEVEEAIREL (BRI

Capture System
Domain in

5% Enabl .
et ‘i - 2 & voumonu fne during Modeler
Consultation with CFT existing Repositories £ Bomples Bl e e Bl Game - installation
-[&] Active Deferred Ball Game Example o )
qnd Models . % C# Another Block (Tetris) Exam..
[ C# Amother Block Tt Brample Distributed Ball Game MDA Exa. T
J[4] Distributed Ball Game MDA Example 4 Filing Station /2014 12:41:38
&) Filing Staton 4] Heart Monitor C 12/11/2014 12:2342
S @ Heart Monitor C @ Heart Monitor Java -DTP-022\... 08/09/2014 15:22:33
i = h - Heart Monitor ) 4] Hsuv CNET\Pollerton  12/12/2014 11:24:08
Analyze’ Refl ne and {| File | Edit View Tools Diagram Window Help .@ S [£) Search and Rescue UK-CHE-DTP-022\... 08/09/2014 15:22:39
3 I 2] Speed Controller UK-CHE-DTP-022\.. 08/09/2014 15:22:41

Update System
Domain Model

}

[ End Procedure 2 ]

odel...

Close Model

If using Asset Library, this
may be a collection of
linked models for systems
and sub-systems

HSUV
rch and Rescue
Speed Controller

-[&] Template - Component-based Products

[£ Template - Incremental Process
[£ Template - Small Project
[&] Traffic Lights

A& Waste System

£ Models

[& PJO_Sys_Eng 01

[£ Template - Component-based ...
[ Template - Incremental Process
[£] Template - Small Project

[ Traffic Lights

[ Traffic Lights - SySim

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
4
0
0

Model » -[4] Traffic Lights - SySim & Truck System PTCNET\Pollerton  26/12/2014 17:13:27
4] Truck System ) [ VB Another Block (Tetris) Exam... UK-CHE-DTP-022\... 08/09/2014 15:22:45
View Log » &) VB Another Block (Tetrs) Ecample [£) Waste System UK-CHE-DTP-022\.. 08/09/2014 15:2335

UK-CHE-DTP-022\... 08/09/2014 15:22:41
UK-CHE-DTP-022\... 08/09/2014 15:22:41
UK-CHE-DTP-022\... 08/09/2014 15:22:42
UK-CHE-DTP-022\... 08/09/2014 15:22:43
UK-CHE-DTP-022\... 08/09/2014 15:22:45

< 0

Truck System

Version: 4

Last Changed By: PTCNET Pollerton
Last Changed Cn: 26/12/2014 17:13:27
Last Operation

Created By: PTCNETVPolerton

Created On: 12/12/2014 15:34:34
Attributes: RWO
Comment:
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» Create and Configure System Model

@Q& Notify those involved in the modelling 14 (8 B @ | '
VAN Ve

dCﬁV“y Which model(s) and Vel’sion is it Changed On Last Operation Created By Created On
- sysfem being used and how to access mim—ﬂ P g 2]
peicm Engineering
Engineer CFT

|& Irathg Lights - Sysim

Edit access permissions for:  Truck System version 5

u UE-LHE-U | -2, RS/ JULS 1022085 This dialog sets permissions for the model OMLY. Use Artisan Studio if you
" ’ want to copy these permissions to packages in the model.
[ Truck System PTCMNET\Pcllerton  26/12/2014 17:12:27
3 Py Name Access Rights
PTCMET\Pollerton Owner

|/7 |
Create and Configure Access permissionson =" |
System Model models can be defined

Public Write Public Read

Capture System

Users whose license package does NOT support access permissions:
May only open models where the model public read flag is on.

Domain in

Mav onlv write to models where the model oublic write flaa is on.
nain § e PN i 705 - Rorson o J{ oo [ o (. conct
Consultation with CFT Server " Detctore View ook tiep
OlEl@] lEm Dlw|]0]x] dla|F]E|s] =lHn] bk T
| Models - Diatastore detads
2 msione arver aneral F Chi mratio Emramelers
Analyze, Reflne and I%HE‘xnlmplas I:JLLEF!TDNI | General Files and Directones | Operstionsl P ters |
Update SyStem EMudEIB DﬂLIERTON] '|_ > PTCA s S luded ! T\EnaberE nabkrDSiomelods 'I-IHFI r | RePOSiiories can be
Domain Model B T managed using the
: = Repository Administrator
Fiecoany Log File: Size
[D\PTC‘\,MisanSIndinEl_'l\Elluhlm\EnnblﬂBuckJ{. |'IZI]IIII]
[ End Procedure 2 ] SaveDevice: | VPTC\ArksenShdiol]_1\Ensbler\EnsblerBackur
Festons Lag File: |C APTCLAR=enSdicl _1\Enabler\ EnablerBackup.
Atrbe ;_ TEnnberEnabiecAT eS| -
File Direclories  [5
2 il
Refer to System Model
| neel | Bit_ | elp_| Management Best Practice
for more information

_
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» Create and Configure System Model D

If needed, import the SysML
Profile (Tools > Add Profile)

am Select File > New Model to
o create new system model

Engineering
CFT \
LT = L)

Options:
| B3 UmL Provides stereotypes and tag definitions that are defined in the UML

System

Select Options — choose SysML

Systems Engineeri .
vR o mngineeng (Full Profile) and enter name

Create and Conﬁgure [C] &% MBRE Configures Studio so that you can model MBRE diagrams and items i
System MOdel = 4Simu|ink Reqguired by the Mathematical Madel Synchronizer.
i “arfinyres dic en that we 3n ~reate im drven eimyl=toee 1o o fil] h=eA
[ 'T SysML (Full Profile) Configures Studio so that you can model SysML diagrams and items in the model.
. ; SysML (Requirements Only) A subset of the SysML Profile that allows you to model SysML Requirements in your model.
Captu re System O System Architecture Required by the System Architecture Migration Utility.
Domain in TDK Code Generators
Consultation with CFT [ lh';.""AF{II'JC B53 for PikeDS 653 Allows you to build ARINC 653 generators using TDK.
] MAHINC 653 for VidWorks 653 Allows you to build ARINC 653 generators using TDK.
[ #45 nda Allows you to build Ada generators using TDK.
. [ &ic Allows you to build C generators using TDK. I8
Analyze, Refine and 7 = -
Update System
Domain Model Repository:  \\Enabler\POLLERTON1L1"\Examples ()
Model Name:  Truck System | [ Enable Change Tracking
Hel 0K Cancel
[ End Procedure 2 ] P [ J | ]

| Note

Profile extensions can be used to support a
customer specific data model

_
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» Capture System Domain in Consultation with CFT

System
Engineer

System
Engineering
ClAl

Create and Configure
System Model

Capture System
Domain in
Consultation with CFT

Analyze, Refine and
Update System
Domain Model

[ End Procedure 2 ]

Navigate to the Packages view,
right click on the Truck System
and select New > Package

! Packages -« 1 X
=l
-\I +UML Reinitialize Profile Helper
-5 +5ysM Start Link
88 +Ateg| | End Link...
Report 3
| Mew r Package N
i Update All Profiles... Change Note"
| DLEE Witk Ctbar Blodal Comment
i Packages Enter a suitable

E]@ Truck System.
&5 +UML Profile
% +SysML Profile
5% +Atege Utilities Profile
520 +Truck Domain

name for the
package

l |1 Packages

[a] @ [E[ &]E k] ] <>

Properties of Truck Domain'

Can be renamed easily
by selecting the item and
changing the Name field

value

: Packages \ /

General |Te=xt | Cptions I Changes | Style | ltems | Access PelTI'I.iSSiOI"IS|

CI Truck Domain

B@ Truck Sysw
-7 +UML Profile
% +SysML Profile
@-5% +Atego Utilities Profile
-2 +Truck (SysML)

[ Packages

ra | ) F7 4

EIN TRLDL W LIS FIdne
=11 +Truck (SysML)

D +Activities

D +hssets

D +Blocks

D +Diagrams

D +Requirements
D +lse Cases
..{;A‘u'ariatiﬂ-n

Fullname:  Tryck Domain

Type: Package
Last changed on/by: 30/12/2014 10:20:43 PTCMETPolleton

Visibilty: @ Public ) Protected ) Private (O Packags

: Properties of 'Truck (SysML)'

General |Tead I Options | Changes | Style I

D Truck (SysML)

Full mame:  Truclk (SysML)

T - Dol

!

Additional packages can
be created to structure
and organize model
elements
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» Capture System Domain in Consultation with CFT

System
System Engineering
Engineer CFT

Create and Configure
System Model

Capture System
Domain in

Analyze, Refine and
Update System
Domain Model

[ End Procedure 2 ]

58 +Atego Utilities Profile

Right click on a package and select New >
Diagram > SysML > Block Definition Diagram

@

Start Link
End Link...

| Mew

Package

D@ b BREY X o SR
=] °”£§¢':E |l E = [0 B o | 56%

B G- -

Update All Profiles... Change MNote

Diff With Other Model... Comment

Remove from Package Constraint

Scope To Package... Diagram D ”T‘ —

= , Matric/Table  » IUML b [ oo Dagam T
e e e Variability r Package Diagram

eeBEFNEe® o0

| g3 @ oga | Environment na

BlAD 25t s
-

i Packages R

New diagram created
within the new package

E@ Truck System.
-5 +UML Profile
4% +SysML Profile
w-8% +Atego Utilities Profile

M| +[Package] Truck (SysML) [1]

(Carctage REEEE ] «»

Properties of '[Package] Truck (SysML) [1]'

[Package] Truck (SysML) [1] X |
bad [Package] Truck (SysiL) [1] I
Blocks, in SysML, provide
. . a means of describing a
J system as a hierarchy of

modular components,

General |Tedt | Changes | Style | hems | BlockDefinitionDiagram |

each of which can have

[Package] Truck (SysML) [1]

a set of structural and/or
behavioral features

Fullmame:  Trck (SysML).[Package] Truck (SysML) [1]

Page reference:  pqq

_
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» Capture System Domain in Consultation with CFT

,\i @@3 Capture all physical entities involved in the system such as users, operators as well as

) am non-human entities such as equipment, facilities and technology for the user interface
ystem

System Engineering N

Engineer ©ET e AN

Add Blocks to the model to
represent the entities within
the system domain !
Create and Configure A X
S @ﬂ @{ | .
Diriver Fuel Station
Operative
Capture System
Domain in Define Actors that
Consultation with CFT interact with the
system I e
Analyze, Refine and LS ——
Update System + B X : Properties of Truck
Domain Model General |Tad IOptionsICl'langeslStyle ||tams |Biuck|
Changed By Changed On !l Tk
Full mame:  Truck (SysML)::Blocks: Truck
[ End Procedure 2 ] Tipe:  Biock

(=) Poo oo o
5 “ LA R AT A LA AN R et ah s A Blocks are internal to the system
LA

and actors are external. Blocks
are typically things we can
manage or control
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» Capture System Domain in Consultation with CFT
% @Q& Define associations between system domain entities

System _\/
System Engineering This is a
Engineer EFT This is a standard association from Composite
the Truck Domain block to the Aggregation
FuelStationOperative actor

) association
V

1 El

' '

v v
G ystem Model R T
System Model
Diriver Fuel Station
Operative
Capture System i
Domaln In w 3 X § Properties of 'Associates' N
Consultation with CFT
| General | Text | Options | Statt Role | End Role | Changes | Style | tems |
xd By Changed On Name Direction
Analyze, Refine and ® Statend Truck Boman
Update System B End ot Associates
Doma”’] MOdel D Bi<irectional Fuel Station Operative
) None
. [[] Composite Aggregation
ofocfiy- o s ]a |
[ End Procedure 2 ] . = /
#— Composite Association

o—  Shared Association

— Association |

e — —>| Uni-Directional Aszociation
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» Capture System Domain in Consultation with CFT

/ System
System Engineering
Engineer CFT

Create and Configure
System Model

Capture System
Domain in

Analyze, Refine and
Update System
Domain Model

[ End Procedure 2 ]

L

Representative

images can be
used for diagram
entities

bdd GraphicalBOD (TruckDomain)

[0 Lo
f ¢ amm & %ﬂ
13 Load

Driver  FuelStationOperative Truck e
a (2
Road Air

View Options \ CE]

Right click on the entity o
; N Breotypes otyps
and select View Options > e Fee |

Edit > Select Image

|

Edit

A
Aua =] -
Gereral ||con | Ce |
Remowv Favorites  Ctrl+5h
\V Colors Node Styles Image
o e 4 ek, tine it Dol -
Copy C Sample Text Lines [_Defauk Color Used Presentation [ Wame Oy
[¥] Aspect Ratio
Paste { I Select | | Shadowing
oK Cancsl | [ Clear image |
Paste Style [ oc J[ cone ] [ Use Defauk Colors | [ UseDefaut Node Styies |
. Delete Del Font Flow Styles
Rename [symbols ) | | Line widh =
Ll
Pr tatic -
Shadowing -
ori Fuel st : Select All Ctrl+A
river uelstation - - [ Use Defaut Fort ] Use Defaut Flow Styles Sample Text
T Align To Grid
View Options I Clear All General Shle Settings
7| Properties " Alt+Enter
] Prop =
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» Analyze, Refine and Update System Model
’i’ @@3 Conduct a review of the system domain model with the CFT to

System confirm that the model accurately represents the domain in focus
Sys.‘rem Engineering /
Engineer CIAl [bdd Graphicale D0 (ruckomain)]

Create and Configure
System Model

Perform analysis to
confirm model is
complete and correct
L (Refer to Automated
- System Design Review
Best Practice)

Capture System ——— Update model with any

Domain in changes as needed
Consultation with CFT

Analyze, Refine and
Update System

Domain Model @
s
There may be incomplete information

\\
[ End Procedure 2 ] available at this point so the creation of block ’
and internal block diagrams should occur \

iteratively and recursively as more system and r’ B S —— —
sub-system requirements are identified. Further
iterations occur in the following procedures |




S ptc

ANALYZE REQUIREMENTS
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PROCEDURE e

» Analyze Requirements

m @@3 - Objectives
X - - — Capture, analyze and refine system and sub-system requirements
Engineering
@E

System
Engineer

| -
® — System Engineer
Plan Syst .
— Cross-functional Team
) |
Define & Anal .
Outputs
_____ [E— — Requirements Model

Analyze Requirements

Design Use Cases

Design Functional View

Design Architecture

Allocate Architecture

%
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» Analyze Requirements

System
System Engineering
Engineer CFT

Plan Systems
Engineering Initiative

Define & Analyze
System Context

Design Functional View

Design Architecture

Allocate Architecture

T
_

Start Procedure 3 ]

|

Capture System or
Sub-system
Requirements with
CFT

Analyze and Refine
Requirements

Confirm Requirements
Update and Baseline
System Model

l

End Procedure 3

—
—/
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» Capture System or Sub-system Requirements with CFT

% @@3 Coordinate with related

W processes such as
. En;’;feee”r?ng Requirements Management,
Engineer CFT Quality Mgmt and identify any

relevant existing information

Capture System or ]

Sub-system Requirements may be stored
Requirements with in Lifecycle Manager or other
requirements management T T e

(sdminitrator) on Nov §, 2013 10:07:30 AM against date g 6, 2013 10:87:30 AM
e {admenistrator) on Dec 4, 2017 1:00:00 AM e

1'o°|s Managemert | Reationstups | Ferometers | Ftagraton Metrcs ¢ Altackments Branches  Labels | Werkficfme —

Analyze and Refine
Requirements

|

[
i
f

i
f
f

[

Confirm Requirements

oK Cancel T
| L st e

Button Specifications

e
1
!
!

Update and Baseline
System Model

This storyboard covers a MBSE approach to defining requirements.

Lifecycle Manager provides structured text based requirements
management and can be used in conjunction with Modeler

—

End Procedure 3

—
—/
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» Capture System or Sub-system Requirements with CFT

Determine the level and area of focus within
the system and sub-systems

System
Engineer

x’ Capture System or \
Sub-system \

Requirements with \
CFT E!j E!ZI 1 0P dow Cascade requirements
: c 4 down from higher levels if

appropriate

Analyze and Refine e —_
Requirements
. [ oo = e Middle out
I
I
|

Y

Confirm Requirements

)
I
I
I

| ~— /
@ . .
Update and Baseline Bottom up

System Model

|

End Procedure 3

_

—
—/
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» Capture System or Sub-system Requirements with CFT

=
/\& A Collect drivers for the new system
N from the Requirements Management For more details on how to capture requirements in
System system Lifecycle Manager, please refer to
g y
Engineer
BP Storyboard
[ Start Procedure 3 ]
e e e v 7
W Seon Tex Trace Status Priority D
Ll [ 1.1 - System Requirement H TC (1) Heading & none 1679 1678
Capture System or O | o
Sub-system B | T8 v Medium Truck System Requirements
1 H [ 1.2.1.2 - System Requirement )
Req ul re me nts Wlth : =) 1.2.2 - Heading 11 This document details the system requirements for the PTC Truck Mark 2 The truck shall be offered in variant [y System Requirement 3 downstream 1681 1678
C FT ] [ 1.2.2.1 - System Requirement -, suitable for a range of established and emerging markets and offer varying levels of load and driver options. o . e
[ 50l 1.2.3 - Head! . none
_‘ - Dn.zs.x-;;emmmm Market
L aﬂlf - Heading ~h2a Europe (i) Heading < none 1685 1678
L] @ 1.3.1 - Heading
; H 152.3.1.1.- Syshen Roauirarent 21 The vehicle shall be sold into the European market [ System Requirement 3 downstream bl i e
Ana Iyze a : d Reﬂ e i Lg oy 1.3:1.2 S 212 The vehicle shall be available in left an: right-hand driver versions. [ system Requirement 3 downstreom = High 1689 1678
Requirements Bl || TOa e =
q L =i (;m-x - Heading et USA Heading & none 1691 1678
1.3.2.1.1 - System Requirement
] ) 1.3.2.1.2 - System Requirement 221 The vahicle shall be sold into the US market. [ system Requirement 3 downstream = High 1693 1678
L =i &n.z - Heading " has China (1)) Heading & none 1695 1678
|l 1.3.2.2.1 - System Requirement
j S 1 ;‘; l;;::g‘ Sy i : 1231 The vehicle shall be sold into the Chinese market ) System Requirement 3 downstream - Medum 1697 1678
- Sl xad) - ety 2 Functional (0 Heading \ 199 167
~[ 1.3.3.1.1 - System Requirement
: D 1.3.3.1.2 - System Requirement 131 (1) Heading 4 none 1701 1678
W 133.13-§ Requirement
: @i :.3.3.:.4 - my:':g o
0 ] ol 1.3.3.1.5 - Heading
U pd ate an d Base | Ine (@l ?‘I:JL?W : 13.1.1 The vehicle shall be capable of carrying “medium duty” loads (class 4 56). D) System Requirement 3 downstream - Critical 1703 1678
Syste m Mod el [ @l 1.5 - Heading 13.1.2 The gross vehicle weight rating shall not exceed 7,500 kg (16 5001b). ) System Requirement 3 downstream = Critical 1705 1678
L] @i 1.6 - Heading — (i) Heading 4 none 1707 1678
s < @
Euel
[ End Procedure 3 ] Synchronization of requirements between Lifecycle @ Nl
Manager and Modeler is often iterative and includes rent 4 downsream = Crtcal v 7
additions, deletions and modifications
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MODEL BASED SYSTEM ENGINEERING @ ptc

> Capture System or Sub system Requirements with CFT

) Query: A1 Documents x [T
| & - Document .
)l T — Pass requirements from Lifecycle Manager to
1.1 - System Requirement .
H o [Pic] Modeler and vice versa.
B || ] v Medium Truck System Requirel Use the ‘Integration for Lifecycle Manager.’
O 500 122~ Hesding ha This document detals the system requirements fr the PTC Truck Mark 2 The
sysTem [l [ 1.2.2.1 - System Requirement | ‘sutadle for & range of estabished and emerging markets and ofer varying levels of load and driver cp
Engineer R g et A i Market
H T .; :"l::‘:;" Al Europe
|| aeaamll S eseesi——" g
Start Procedure 3 SR T - usa Resurements prtie
i 5 quireme: i
0| @ 1.3.2.1.1 - System Requrement Ly &' Requrement
1] D 1.3.2.1.2 - System Requirement 1221 The vehucie shail be sold into the US market v} -
] | Ppolromentian 0 ey (22 RequymentDisgram
] @13.22.1 - System Requrement
I e “han The wehicle shall be scid ints the Chiness market T
14 Sl 133 - Heading L, . 4
Sl 1.33.1 - Headng unctional
Capture System or H e B
| £ 1.3.3.1.2 - System Requirement 131
Sub-system [ ) 1.2.3.1.3 - System Requrement
. . g @i 13.3.1.4 - Heading Load
Requirements with B | | orisss-m I
= B 1301 The vehicle shall be capable of carrying ‘medium duty” loads (class 45 )
CFT [ i 1.4 - Hoading i
il @i 1.5 - Heading a2 The gross vehicle weight rating shail not exceed 7 500 kg (16 5001k)
| @it 1.6 - Heading 132
i ®
Fuel
. T PetrolfGasoline
Analyze and Refine
Requirements
Review imported
=0 +Truck (SysML) . . o
(0 » Activties requirements that will drive S
60 +Assets system development A -
-] +Blocks AT =FoGO" |1 sacs ccaunmsd duing the saing o e porery veis
ﬁ = / n!cenrnﬁ
=] +Requirements oded io set propery L
&2 +The driver shall be legally allowed Aaﬂm[noju]l:“'ﬁ 4 [ i-
P . paration on Clazs Hequreman! |55
. ' +The vehicle must comply with local fuel filling regulations
Update and Basellne ' +The vehicle shall be capable of carrying loads ?EEAJAE:; B¢t Popey Please wal. 3
&
System Model '/ +The vehicle shall be capable of carrying "medium duty” loads (class 4,5,6) ASON: Narna is not ma‘lp s Synchaanizing...
I +The gross vehicle weight rating shall not exceed 7,500 kg (16,5001b). " Vernzaos 1553:22) Mapping Finding Modeler k...
% 181272014 1553:22) M
') +Large Load sn;/zmn&wzz} M$: .
- +The veh?cle shall be capable of di;pla},.ring the temperature on the dashboard g::];:??g: :;%gg} :::::gg ; Found 0 . 3
\ [#-/% +The vehicle shall be capable of refuelling ) 18/12/2014 15.:53.28) Mapping -
End Procedure 3 — i i i - Guar ol
[ w7 +Use Cases Q Dataded Log
-] +Variation
51 % +Driver Aboul | Hel :




MODEL BASED SYSTEM ENGINEERING @ ptc

» Capture System or Sub-system Requirements with CFT

Perform system
requirements gathering

Include any other

System En;?/rslteeenr?n g sessions with the cross- relevant subject matter
Engineer CFT functional team .exliecrif.s, pote;\hally g
including customers an

end product users

Capture System or : Packages .
SUb'SyStem EI@ Truck Systern.

Requirements with -7 +UML Profile
CFT -7 + SysML Profile

5-5% +Atego Utilities Profile
Wi + Truck (Sy=MLY
. +[Packag Start Link
Analyze and Refine End Link...

Requirements |

New 4 Package
l Update All Profiles... Change Note
@ . s Other Model.. Comment
Conﬁrm ReQUirementS Capfure dq.fq using fernove from Package Constraint
SYSML Req‘.‘"rements Scope To Package... Diagram g | SysML 4 Block Definition Diagram
l and R'eqU|remenis e ; Matri/Table  » UML y Object Diagram
@ Diagrams SysML » Variability  » Package Di
: Report » ackage Diagram
Update and Baseline Tools , UML e Atego b Requirement Diagram [,
SyStem Model Find D Variability r Sequence Diagram
nen ~ Atego g Text Diaaram

End Procedure 3 @

| A requirement specifies a capability or condition that must (or should) be satisfied. A requirement

—
—/

may specify a function that a system must perform or a performance condition a system must
achieve

—




MODEL BASED SYSTEM ENGINEERING @ pfc
» Capture System or Sub-system Requirements with CFT

Requirements toolbar

gEIEIIIE{ -

System

i Packages > 2 x [Package] Truck (SysML) [2] |
B@ Truck System.
-7 +UML Profile req [Package] Truck (SysML) [2]J

% +SysML Profile
@38 +Atego Utilities Profile
200 +Truck (SysML)
¥ +Requirementl
Capture System or \.[74] +[Package] Truck (SysML) [1]
SUb'SyStem +[Package] Truck (SysML) [2]
Requirements with

CFT

areguirements
Requirement1

Analyze and Refine
Requirements

@ 1 | (2 Packages A= E Y TR —r—

i Properties of 'Requirementl’

Confirm Requirements

General |Text | Options | Changes | Style | tems | F{equiremantp

@ l Q_? Requirement 1 [

Define Requirement

Update and Baseline Full name:  Truck (SysML): Requirement properties. [
System Model Text tab allows

Type: Requirement additional textual

l _/ information to be

Last changed on/by: 01/01/2015 18:01:19 PTCNET\Pallet
anged on/by elenen ] recorded

—

End Procedure 3

—/
Y -

Vigibilty: @ Public ) Protected () Private () F‘ac:kage)

_



MODEL BASED SYSTEM ENGINEERING

» Capture System or Sub-system Requirements with CFT

System
System Engineering
Engineer CFT

Capture System or
Sub-system
Requirements with
CFT

Analyze and Refine
Requirements

|

Confirm Requirements

Update and Baseline
System Model

|

End Procedure 3

—
—/

—

Capture what capabilities, functions or services the system or sub-system
must perform. Identify any actors that have an interaction with the system

Requi Di X

N

il

req Reguirements Diagram

Constraints
can be added

arequirements erequirements

Thevehicle shall be capable of carrying “medium duty” loads (class 4,5,6).

Truck (SysML) I

i [ The vehicle shallbe capableof carrying loads

The driver shall be legally allowed to drive the truck:

- arequirements
arequirements The gross vehicleweight rating shall notexceed 7,500 kg (16,50010).

The vehicle shall provide a sleepingarea

arequirements | arequirRents
|The vehicle shall provide and W\anem centre for the drive

e
L
Hah\_(me venicle shall be capable ofrefueﬂmgl(- T T T aefnes | Thevehicleshall provi
«requirement:
The vehicle shallbe capable of displaying the temperature on the dashboard o

arequirements Decompose
requirements where
needed
-
T derveRaqts
IR —— =
:/ > Bx Properties of 'The driver shall be legally allowed to drive the truck' ?

Identify/confirm constraints
and performance measures. If
required, cascade
requirements and capture
sub-systems requirements

Genewal | Text | Options [ Changes | Style [ tems | Regurement |

Q? The driver shall be legally allowed to drive the truck

Fullname:  Truck (SysML)::Requiremerts:: The driver shall be legally allowed to dive the truck

Type: Requirement

Last changed on/by: 02/06/2014 12:30:43 ATEGO“\Happery

Vigibiity: @ Public () Protected () Private  (7) Package




MODEL BASED SYSTEM ENGINEERING

» Analyze and Refine Requirements

System
System Engineering
Engineer CFT

|

Capture System or
Sub-system
Requirements with

Analyze and Refine

1
: Requirements

S om—

Confirm Requirements

Update and Baseline
System Model

|

End Procedure 3

—

—/

The driver shall be legally a\luw§ ég

Review requirements
definitions and associations
to other requirements

Review, analyze and refine and
requirements with the CFT

The vehicle shall provide a sleepingarea

arequirements

requirement:
“req > The vehicle shall provide and entertainment centre for the drivs

«requrement- 4. _ arequirements
The vehicle shallbe capable of refuelling al > The vehicle shall provide ameans of making hot and coldbeverages:

Jrr— | Z
r o
+ 2 x M broperties of The vehicle shall provide a sleeping ares’ 243 5
General | Ted | Options | Changes | Style_| hems | Requremert | .'g
)
Tag Defiition Name  Tag Value B
master

parentRequirement

- Analyze and review requirements for sub-systems
within the context of the overall system

refinedBy Sleep
refines
satisfiedBy

satisfies

slave

subRequirements The vehicle shall provide a means of making hot and cold beverages, The vehicle shall provide and entertainment centre forthi =
synchronization Status ~ Undefined

tracesFrom

racesTo
& The vehicle shal provide a sleeping ares for the driver within the cab. The sleeping are shall comprise a bed, bedding and acc|
verifiedBy

\ verfies
al [ s

Validate correctness and
eliminate overlap

Perform analysis to confirm model is
complete and correct (Refer to Automated
System Design Review Best Practice)

Refer to the System Engineering Process Governance and
Efficient Design Review practices for additional information =
on system engineering reviews —




MODEL BASED SYSTEM ENGINEERING

» Confirm Requirements

System
System Engineering
Engineer CFT

Start Procedure 3

|

Capture System o
Sub-system
Requirements with

alyze and Refine
Requirements

Update and Baseline
System Model

End Procedure 3

Confirm and approve all
requirements with the CFT

PN

A4

i Packages > I X Requirements Diagram 2 Vﬂalm'renm Diagram X
+Cab P Temp a
+Cap W Temp req Requirements Diagram|

+Requirements Dia

4 +Requirements Diagram 2 f
- Fo +Use Case Diagram
$1o +Use Case Diagram 2

g +Variant Diagram
£ +Variant Diagram 2

N Truck (SyshL) |

+Requirements

arequirements

afequirements
capable of carrying “medium duty” [oa

The vehicle shallbe capable of carrying \oadsla\

@) +The driver shall be legally allowed to drive thet
) +The vehicle must comply with local fuel filling 1
@ +The vehicle shall be capable of carrying loads

@ +The vehicle shall be capable of carrying “me
+The gross vehicle weight rating shall not ex
& +Large Load

- +The vehicle shall be capable of displaying the te
@ +New

arequirsments
The gross vehicleweight rating shall notexceed 7,500 kg (

arequirements K|

The driver shall be legally allowed to drive the trucl

erequire ments
The vehicle shallprovide and entertainment centre for the df

arequirements
The vehicleshall provide a sleepingarea

D

@ +The vehicle shall be capable of refuelling
[=-%# +The vehicle shall provide a sleeping area

+The vehicle shall provide 2 means of makin

@ +The vehicle shall provide and Entartammenj
1 +Variation k

-6 +Cab Physical Decision Set

arequirsments

«requirements S ——
The vehicleshall be capable of refuslling arefings Thevehicleshall provide ameans ofmaking hot and coldb

arequirements
The vehicle shall be capable of displaying the temperature on the dashboard f-m—mm————="

<, +Cab Web Decision Set -

f (1 Packages =A@ & QJ‘QD J"/II

i Items and Diagrams which use The vehicle shall be capable of carrying loads. v & X [ Properties of 'The vehicle shall be capable of carrying loads' w ? -
Name Type | General | Text | Options | Changes | Style | ttems ‘ Requirement
Truck (Sysh iagrams.Requirements Diagram RequirementDiagram
$oTruck (SysM iagrams.Use Case Diagram Use Case Diagram
Truck (SysML)::Diagrams.Requirements Diagram 2 RequirementDiagram Tag Definition Name ~ Tag Value
%DTruck (SysML):Diagrams.Use Case Diagram 2 Use Case Diagram derived [
O Truck (SysML)::Use Cases.Load Use Case derivedFrom
2 Truck (SysML)::Use Cases.Unload Use Case id#
isDeletedinDoors FALSE
L J isBdemallyManaged  FALSE
isinDoors FALSE

=] | B Results

[l TR TE]

N

Update requirements
model if needed




MODEL BASED PRODUCT LINE ENGINEERING BEST

PRACTICE S pfc

> CO nfl 'm Requn"ements Pass System Level Requirements, Model

Elements and Trace Links to Lifecycle
Modeler

Packages -~ 1 i
% +UML Profile

-7 +SysML Profile

5% +Atego Utilities Profile

5[0 +Truck (SysML)

-0 +Activities _—— —
SysTe m (1] +Assets Y« 4 a'ego‘ Modeler Item Type Mapped Categories -
g (1 +Blocks Requirements Profile
Engineer - +Disgrams @ Roquisment o

= "

| E‘E Ru&nambuuyam Comment |
|
|

-] +Requirements SysML Profile -
+The driver shall be legally allowed to drive the truck -Block Comment
[ Start Procedure 3 ] ) +The vehicle must comply with local fuel filling regulations} l%fﬁbcwaﬂﬁowm Comment
+The vehicle shall be capable of carryil3y loads | =] Comment

' +The vehicle shall be capable of carrying "medium dur
+The gross vehicle weight rating shall not exceed 7,500

(a0 PTC ety Miodelr bageay Symchronizes =3 e

!

‘<) +Large Load Requremert Mapong Options
+The vehicle shall be capable of displaying the temperatur ﬂw- Obyect Synchroneaion Drection
Captu re System or +The vehicle shall be capable of refuelling SKudo <> Integity
%) +The vehicle shall provide a sleeping area Regty o Sudo e
Sub-system [ +Use Cazes © Sudoo> gty i

-1 +Variation

Requirements with %, +Cals Physica Deciion St
CFT + +Cab Web I.Jx.ac\smn Set

Y

3 3 Test Sutte: System Te...r Medum Truck (1775)
Analyze and Refine e — ‘
T s Secton  + Tee 90
yze | e . pic | PTC Integrity
Requirements | R
[ 2 121 - Heading.
H B 1.2..1 - Sysom Raqurement Medium Truck System Requirement~ o
i ) 1.2.1.2 - System Requirement i 2 PTC Integnity Modeler Lifecycle Manager Synchronizer o|l@|s= R
—— gy - (i il 1.2.2 - Heading 11 This document details the system reqursments for the PTC Truck Mark 2 The truck shal be 1
1 1 1.2:2.1 - Systorn Raquiremest i) sutable for 3 range of estabished and emerging markets and ofer varying levels ofload and &t i aion | oG
5 S 123 - Masdng i Market -
] L B 1.22.1 - System Requirement Ui o w In atror occured during the setting of the propery vakue
1 [ 2D 13- Hestng 121 Europe
[l @l 1.3.1 - Heading P xception]
: i g:::l‘ s The vehicle shall be 304 inta the European market odec o st peopery
e | i 132 - Hasdng 22 The wehicle shall be avatatie in let and ight-hand dive wrsions Mended Enot Info)
i S 1321 - Heading 122 USA paration on Clazs Reaquremand |1
|l @ 1.3.2.0.1 - System Requrement =
[ B 1.3.2.1.2 - System Requrement “haa The vehicle shail be soid ints the US market ;’gg‘m" Set Property Pleae wall.
. [l = - T i &
Update and Baseline 1 e [ S LDy P e e
B ||l Susrommnmmme B, T T I pe— 8/12/2014 1553.22) Mapoing Findog Modeles frks..
SyStem Model [ || PRy s - 8/12/2014 1553 22] Maponog d
1] S 133.1 - Headmg Functional 8/12/2014 15:53:22] Maponog
B B 1:3.3.1.1 - System Raqurament i 8/12/2014 155326] Mappnod Found 0
) 1.3.3.1.2 - System Requirement 131 8/12/2014 155326] Mappinod | '}
] ) 1.3.3.1.3 - System Requrement @ 18/12/2014 15.59.25) Mapping -
i 1.3.3.0.4 - Hoadng [ 0
5 ;&: S Load * — & 007 [l
| /A - Heading = Detaded Log
End Procedure 3 : &'I._‘l:l‘ e The vehicle shail be capable of camying ‘medium duty” loads (class 45 6) \ =
@l 1.5 - Heoding a2 The gross vehicle waight rating shall not axceed 7500 kg (16 500ib) m 3 Eat
[ i 1.6 - Heoding 132 GO [_Heb L - -
Fuel
Thaan PotrolGasoline [




MODEL BASED SYSTEM ENGINEERING

» Update System Model

System
Engineer

[ Start Procedure 3 ]

@ Capture System or
Sub-system
Requirements with

CFT

Analyze and Refine
Requirements

P

Confirm Requirements

N o ———— —— -

[ End Procedure 3 ]

Update system domain model if needed
(refine system structures in system domain
model)

™ / —

[ bad 80D TrUCkDOMAI) \/

Driver FuelStation Senvice
Operative Engineer
IE mn
~ B X i Properties of 'Service Engineer'
General |Tex1 IChangas I Style | tems |
Visibility Changed By Changed On
Service Engineer

Fullname:  Truck (SysML)::Use Cases Service Engineer

Type: Actor
Last changed on/by: 07/01/2015 13:30:38 PTCNET Pollertton

Visibility: @ Public ) Protected  (7) Private (0 Package




MODEL BASED SYSTEM ENGINEERING

» Update System Model

System
Engineer

Start Procedure 3 ]

|

Capture System or
Sub-system
Requirements with
CFT

Analyze and Refine
Requirements

Update and Baseline
System Model

Creating a new version is a common
way to baseline the model. Launch
the Model Explorer (or select File >

Select the model and click New to
create a new version

Open from with Modeler)

E_.._ Examples - Artisan Model Explorer

Lookin: “\Enabler\POLLERTOMILL \Exarmples\Truck System

| (=) |

PRI )

E-* Enabler

2§ POLLERTONILL
E"':i Exarnples
-[&] Active Deferred Ball Game Example
BallCpp
C# Another Block (Tetris) Example
Distributed Ball Game MDA Example
Filling Station
Heart Monitor C
Heart Monitor Java
H5UY

&
&
Fe
Fe
Fe
@ Search and Rescue
Fq
Fq
Fy
Fy

33

Speed Controller

Template - Component-based Produ
Template - Incremental Process
Template - Small Project

Traffic Lights

4| I | »

m

MName Version

[ Filling Station
@ Heart Monitor C
@ Heart Monitor Java
£ Hsuv

@ Search and Rescue
@ Speed Controller
@ Template - Component-based Products

Creates a new version or branch

@ Template - Incremental Process
@ Template - Small Project

[£ Traffic Lights
| Traffic Lighte .
Truck System I
4 VB Another Block (Tetris) Example
@ Waste System

OO e O O O O O O O O O O O

4 | 1 |

Last Changed By *

PTCNETWPollerto
PTCNET\Pollerto
UK-CHE-DTP-02:
PTCNETWPollerto
UK-CHE-DTP-022
UK-CHE-DTP-02:
UK-CHE-DTP-02:
UK-CHE-DTP-02:
UK-CHE-DTP-02:
UK-CHE-DTP-02:
UK-CHE-DTP-02:
PTCMET\Pollerto,
UK-CHE-DTP-02:
UK-CHE-DTP-02:

m

Truck System

Version: 4
Last Changed By: PTCNET \Pollerton

= ——

Last Changed On: 20/01/2015 10:50:12
Last Operation:

Created By: PTCNET \Pollerton
Created On: 12/12/2014 15:34:34

il
4IIII




MODEL BASED SYSTEM ENGINEERING @ pfc
» Update System Model

Choose File >

If a copy of the file needs to be stored in
Model > Export

Nz-; another location, Export can be used.

System
Engineer FileiEdit Tools Window Help

(3 New Model... Ctl+N @5 i [ | Envirenment
[ Start Procedure 3 ] 2 Open Model.. Ctrl+0
Close Model
@ l | i 4 Clone »
Capture System or View Log » Export...
SUb-SyStem Mew Diagram D Protect
Requirements with Marw\farsinn
CFT
! Analyze and Refine | Orgonice +  Newfoider
Requirements . Recent = e Dutemedtied  Type
| A G B SRecycleBin 06,201 n File folder
Searches .
l Select a location .5 e e et
@ and enter a name o Start M P cto
I . L Ternplates
Confirm Requirements for exported model - R b ot
(.zip format) 18 Computer ::‘m“‘:" :.:
l [ E Sytem (O} : ng:vn Files File V_(.J(‘
@‘———_— ——— —— - 33‘::0?‘@) . :rognm:esll&) f‘\ltfjlfkl
T Update and Baseline | & Network (Bt Aol
l  SystemModel W B CorivolPung i e
1 y 1 & Recycle 8in :
| ______' J Systern Volume Informaticn File folder
- L temo File foldes
r I File name:  Truck System wi_20_Jen_20150p I
[ End Procedure 3 ] Save a3 type: Zip Files (2
# Hide Folders [:SM ‘
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MODEL BASED SYSTEM ENGINEERING BEST PRACTICE g 54c
PROCEDURE e

» Design Use Cases

m @K - Objectives
% LS - -
! System — Capture and document use cases and relationships
E?’E‘Teerg Engineering

e CFT

m * Role
(1.0) — System Engineer
Plan Systems \
— Cross-functional Team
2.0) '
Define & Analyze o
Outputs

| — Use Case Model

Analyze Requirements

------ E—

Design Use Cases ]

@ Q._-
i
1
1
1
1 1
T
1
1
1
1
1
I-

Design Functional View

Design Architecture

Allocate Architecture

%




MODEL BASED SYSTEM ENGINEERING @ ptc

» Design Use Cases

System
System Engineering
Engineer ©ET

Plan Systems
Engineering Initiative

Start Procedure 4

Define & Analyze l

System Context Define/Confirm System
| Actors with CFT

Analyze Requirements @ l
______ e Define Use Cases and

) 1 Relationships
Design Use Cases ]
------ ' @y
A

—
—/

ssociate Use Cases
Design Functional View to Requirements

!

End Procedure 4

Design Architecture

Allocate Architecture

—
—/




MODEL BASED SYSTEM ENGINEERING @ pfc
» Design System Actors with CFT

Work with the CFT to

. . Use case diagrams focus on system
tif

System Engineering dochrlne: n;);:: : ases behavior. They describe the usage of

Engineer GFT a system (subject) by its actors

(environment) to achieve a goal,
which is realized by the subject
providing a set of services to selected
actors

[ Start Procedure 4 ]

N

H Define System Actors : i Packsges

[ |
1 W|th CFT : I B@ Truck System
1 1 - +ACS Profile
-------t------ @ +Asset Profile
X - @@ +IDL Profile
Define Use Cases and A +UML Profile
Relationships ...‘ﬂ;, +SysML Profile
w58 +Atego Utilities Profile
|

A0 +Actiy Start Link
-0 +Asse End Link...

D +Blac Synchronize IDL Element Mames
mD +Diag

Associate Use Cases
to Requirements

. . OpenIDL File
Right click on a g +Requ|
. . U New Pack
suitable package [~ s ackage
. : Update All Profiles... Change Note
End Procedure 4 and click New > ¢ .cs» e C : t
o i Wi ommen
Dlagram > SYSMI. > Diff With Other Model... .
i }Pemo"rzfrom Package Cansiemy
Use Case Diagram |"_""§ ", e 9 -
= ® +I[;]L E;rE Scope To Package... Diagram D SysML Block Definition Diagram

Ry +1UL_Ban - DnC Profile  » UML N S

@7 +IDL_Exan Links » . Object Diagram
{1 +Budget { Report 3 IDCRehle b Variability — » Package Diagram
+Graphicg Tools » Matri/Table  » Atego L4 Requirement Diagram
- +Truck M Find > SysML 4 Sequence Diagram

b +Truck Tg umML N

Open »
L e Merge Variability ,
i Resul Atenn Iy




MODEL BASED SYSTEM ENGINEERING @ ptc
» Design System Actors with CFT

~ g Confirm the name of the new diagram ent - P gl
;\i_ y A& and specify any other options T & R (YR PR

— System
Engineer GFT ) Diagram
¢ Properties of 'UseCase Diagram'
General | Text I Changes | Style I ltems |
| | -
[ Start Procedure 4 ] %)D UseCase Diagram
l_ Fullmame:  Truck (SysML).UseCase Diagram ,,— —_——==p
- L , ™
. 1 !
q Define System Actors : Page reference: Driver
: Wlth CFT 1 Type: |Jze Caze Diagram
- - -t e Last changed on/by:  06/01/2015 13:01:05 PTCMET \Pollerton
@ X Vigibility: @ Public  (7) Protected  (7) Private  (0) Package
Define Use Cases and
Relationships
l Fuel Station
@ . Operative
Associate Use Cases

to Requirements
1 Hes mﬂpertisn{'nmm' \

Add Actors to represent any entity General | Text | Changes | Siyle | ttems |
that will interact with the system _R_

End Procedure 4

—
—

Driver

A Fullmame:  Tryck (SysML) Driver

Type: Actor

Last changed on/by: 05/01/2015 13:12:556 PTCMET“Fallettan
Define properﬁes for Actor Misibilty: @) Public (O Protected  (7) Private  (©) Package

\. J
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» Define Use Cases and Relationships

1ent - &fﬂl ,ﬂqhy
@Q& IR m——p— ) 2 | A
%' A 2al AR
— System * UseCase Diagram x| ———

System Engineering [ |

Engineer CFT |nC|Ufie fype
Add use cases for the I> relationship
significant functions or

services the system must
Start Procedure 4 deliver

Define System Actors
with CFT

—

—/

m._ @includes

i Define Use Cases and :
Relationships !

1 Interaction
®,

type

Fuel Station

ssociate Use Cases relationship Operative

to Requirements

l

1 x
[ End Procedure 4 ] General |Text | Timing Note | Changes | Style | ltems |
Operate Truck
Use cases can O perate Tru
be created at Full name:  Truck (SyshIL) Operate Truck
any level within e Ui
the system
hierarchy Last changed on/by: 05/01/2015 13:14:06 PTCNET\Pollerton
Vishity: @ Fublic O Protected  © Piivate ) Package
J

—
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» Define Use Cases and Relationships

System
System Engineering
Engineer CFT

Define System Actors

with CFT

Define Use Cases and :
Relationships  H
1

______l.______

Associate Use Cases
to Requirements

l

[ End Procedure 4 ]

Use case descriptions
can also be created to
provide further
information and also
capture multiple
scenarios

E {21 +Blocks
g :s' Start Link L
30 End Link...
. Synchronize IDL Element Names
Open DL File
‘ New Package
Update All Profiles... Change Note
Diff With Other Model... Comment
Remove from Package CEpEiEmE
Scope To Package... Diagram ’W‘ Block Definition Diagram
T DnC Profile UML N Object Diagram
d Report LG = 4 Vanabilty ¢ Package Diagram
E s, + L Tools Matrix/Table  » Atege L4 Requirement Diagram
Hoti, +Ti Find SyshL e Sequence Diagram
J +Softw g umL ’ Text Diagram
&:IDL 8 e Variability , TUse Case Diagram

Create Text diagrams to
capture textual
descriptions of use cases

Load UC Description* X

Use Case ID
LT001

Use Case Name
Load Truck

Actors
Driver

Description
The driver confirms load suitability and loads securely onto truck.

Preconditions
1. Load available and weight correct
2. Loading mechanism available

Postconditions

1. Truck loaded

2. Collection recorded in electronic tracking system
3=.Receipl or invoice paperwork provided

Normal Flow

1. Driver inspects load to ensure weight is corect and packaged ready for loading
2. Driver utilises loading mechanism to load onto truck

3. Driver ensures load is secured as appropriate

4. Driver records collection in electronic tracking system

5. Driver provides receipt or invoice paperwork

Alternative Flows

1. Driver inspects load to ensure weight is correct and packaged ready for loading
2. Driver manually loads onto truck

3. Driver ensures load is secured as appropriate

4. Driver records collection in electronic tracking system

5. Driver provides receipt or invoice paperwork

Exceptions
Load too heawy or too large for truck capacity
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» Associate Use Cases to Requirements

Use cases provide additional details on the behavior needed to implement a
A& requirement. Therefore it can be useful to link a requirement to it's related use
System case
System Engineering ;
Engineer CFT  Packages TR X UseCase Diagram [ Requirements Disgram |
g +Variant Diagram W

& +Variant Diagram 2
@ +Variant Holder

—-D +Requirements
Start Procedure 4 &) +The driver shall be legally allowed to drive the truck P - ‘ = = - .
requirements
[ ——— bkt & E . .‘ .
: The vehicle shall be capable of carrying loads:
l =@ +The vehicle shall be capable of carrying loads Load 3

Q_? +The gross vehicle weig
" +Large Load
'/ +The vehicle shall be ca

Define System Actors
with CFT (/@) +The vehicle shall be

\ =\
@ l Drag and drop the existing
' i t into the use
Define Use Cases and requirement inio 1 [E]
Relationships case diagram window -

Operative

) ‘/‘,
. 1 . wincludes
ting shall not exceed Jh Operate Truck

. .
playing the temp’ Drriver "~ vincudes

elling

(-4, +Cab Web Decision Set

.

"

@-----‘L“““. e '

. ‘||§||m@{ {:‘n %uopHH 4 -2 a g

q Associate Use Cases i el ”

: to Requlrements 1 seCase Diagram X | Requirements Diagram X |
|

" Refine "
k. Trace
———— - Ne| Copy
.4, | Derive Reqt
5, | Satisfy
Y, Veify .
[ End Procedure 4 ] ~_ Add a Refine
Lot - _rE_ﬁ"_E’_ =The ht\esha‘\(\zgilr::;:;fcarrymgInads relahonShlp
O P NS between use
IJKI . case and
~.

arver T requirement (Use
Refine as we are

still modelling the

problem domain)

Fuel Station
Operative

.
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» Associate Use Cases to Requirements

@Q& As with Block Definition Diagrams, it is possible to put a
ARV system boundary onto a use case diagram

System
Engineering
CFT T4 dbd dib

iAo 8ol 4 s

System
Engineer

Start Procedure 4

!

Define System Actors
with CFT Select Frame Box and

l drag the box around
@,

the use cases in the
efine Use Cases and

system
Relationships \
——————————— \ arefne «requirements
1 — — _ _L | Thevehicle shall be capable of carry
I : =
: ’ D\~ cincludes
1 1 I [ \

—
—/

Operate Truck

~.

—— e D e .
Driver » —— S\ cincludes »
5
~. -

[ End Procedure 4 ] 7

i

Fuel Station
Operative

_
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» Associate Use Cases to Requirements

' - i-i&#) +The driver shall be legally allowed to drive the truck
@a@ ; T Loy - rl; Ll Lo o 1egu|ation! “ | Tlunlt{SysMLJI
=80 + The vehicle shall be capable of carnzna laade
System = DL ink I
System : : L " i :
B e Engineering +The gross vehicle weight rating End Link... o To navigate from a
CFT +Large Load requirement to related use
. . Generate Budget Report .
%) +The veh!cle shall be capable of disp) Help cases or use case dIQngmS,
- +Theveh!cle shall be calpable of rlefu I'ighi' click on the requiremeni
[+-%?) +The vehicle shall provide a sleeping Mew 4 d lect R t>U
207 +Use Cases Open DL File anda select kepor sage
% +Actorl Set b
- % +Driver
-} +Fuel Station Operative Open ’
Deflne SyStem ACtorS D"é; +Service Engineer Roll Up Contextual Features
. - +cab: Load Bay
W|th CFT l:l--1' +lnstancel : Chassis Browse Class...
w5 +Instance? : Long Chassis Links 3
. - +Drive Report 4 Consistency /
efine Use Cases and & +Load Tools > E—
R | t h -y +Operate Truck etails
elatonsnips (-0 +Refuling Find v Usage |
-4 +5leep Merge Ascociated Diagr){ls
(-2 +Unload Applied Sterectypes » . ne
Associate Use Cases H
to Requirements /
! Ttems and Diagrams which use The vehicle shall be capable of carrying loads.
Related use cases Name Type
[ End Procedure 4 ] gpd use case ;T—'Truck (SysML) . MseCase Diagram Use Case Diagram @
iagrams are P Truck (SysML)::Diagrams.Use Case Diagram Use Case Diagram e e
disp'ayed in the o Truck (SysML)::Diagrams.Use Case Diagram 2 Use Case Diagram Ira“;;"?fvvdzgosvl’v]sof
. V) |
Results window. 2 Truck (SysML).Load Use Caze .
Related diugrdms 2 Truck (SysML)::Use Cases.Load Use Case show actual links
0 Truck (SysML)::Use Cases.Unload Use Case between model
can be opened :QE TUCK | 3ys] ::!agrams.equ!remen s !agram equ!remen !agram item. Refer to the
by double Truck (SysML)::Diagrams.Requirements Diagram 2 RequirementDiagram neXf Slide for
ickina Truck (SysML)::Blecks:Engine[Block] Engine [1] InternalBleckDiagram R R
more information
[ s Rt DREE
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» Associate Use Cases to Requirements

% @@3 i Relationships -

. T ’ System g :ctivities

ystem Enai i B ssets . - .

Engineer ngl?:?:$rlng -1 Blocks To display all relationships between model
-] Diagrams items use the Relationship browser

BD Requirernents
(- Dependents /
Start Procedure 4 @-(C1 Depends On

l [:l Formal Parameters

[:l Applied Comments
Define System Actors

—
—/

[:l Applied Constraints
@7 The driver shall be legally allowed to drive the truck

with CFT % The vehicle must comply with local fuel filling regulations Locate the requiremeni and
"———— expand the Dependents folder
@ l -1 Dependents
- -2 Load
Define Use Cases and T ond
Relationships (. Refine
-L D Actual Parameters
w----- oy -] Applied Comments
iy Associate Use Cases | -] Applied Constraints ~~— Relationships are
: to Requ|rements 1 l:_:P The vehicle shall be capable of carrying loads diSplOYEd, in this case
sy sep—p—— Load the Refine link between
-, Refine . t and th
- Actual Parameters reqture:\en a €
[ End Procedure 4 ] @+ Applied Comments oac use case

-1 Applied Constraints

&2 The vehicle shall be capable of carrying loads
-2 Unload

(-2 Depends On

-1 Classifier Behaviors

-7 Subclasses
4 1 |

1| @ |F| 1 Relationships [ST9[> Ta[@-1 =%

_
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PROCEDURE e

» Design Functional View

C@ : « Objectives
m Se — Define functional interactions and preliminary functional architecture
Engineering
@FT

System
Engineer

m * Role
(1.0) — System Engineer
Plan Systems \
— Cross-functional Team
2.0) '
Define & Analyze o
Outputs

| — Interaction Model

Analyze Requirements — Functional Architecture Model
I

Design Use Cases

----- [—

: Design Functional View |}

s e

Design Architecture

Allocate Architecture

S
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» Design Functional View

System

i Engineering
Engineer

©FT

Plan Systems
Engineering Initiative

Define & Analyze
System Context

Analyze Requirements

Design Use Cases

----- [—

1
: Design Functional View :
]

s e

Design Architecture

Allocate Architecture

T
ll||l||||||||||||||||||||IIIIIIIIIIIIIIIIIIIIIII||||||||||l|llllIlIIIIIIIIIIIIIIIIIII||||||||||||||||||||H|||

Start Procedure 5

!

Create Sequence
Diagram with CFT

@ Define Lifelines and
Messages

4

End Procedure 5 ]

—
—/

—




System
System Engineering
Engineer @ET

[ Start Procedure 5 ]

Create Sequence ¥

Diagram with CFT :
1

Define Lifelines and
Messages

b

End Procedure 5

—
—

MODEL BASED SYSTEM ENGINEERING
» Create Sequence Diagram with CFT

For use cases that need to be documented in more detail,
specifically describing the interactions between actors and the

Sum system, a sequence diagram can be used
N W
|du~tll:.:-~ Operate Truck
‘ﬂ_,_‘-“"“ Show/Hide Compartments...
cluden " ,; Start Link
.
includes
/s Links 3 v
Ainclude» Tools 3
Populate 3
Autosize
| Mew 4 Activity
Open L Comment
Remove from Package Constraint

Right click on the use case and
select New >Sequence
Diagram

—

roperties of 'Operate Truck' Scope To Package... State Machine
ieneral |Texi I Timing Note I Cha Report >
Find 2

D Operate Truck

hleroe

| Note

The Sequence diagram describes the
flow of control between actors and
systems (blocks) or between parts of a
system. This diagram represents the
sending and receiving of messages
between the interacting entities called

lifelines, where time is represented
along the vertical axis

Enter name

for diagram

and select
options

Operate Truck X [Use Case Diagram X |

Operate Truck

Description

s

Properties of 'Operate Truck'

Gereral Text | Changes | Style | tems |

l Operate Truck '

Full ame:  Trck (SysML)::Use Cases Operate Truck Operate Truck

Page reference:  osp

Type: Sequence Diagram
Last changed on/by: 06/01/2015 18:52:25 PTCNET \Polleton

Visibility: @) Public  (O) Protected  (7) Private () Package

_
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» Create Sequence Diagram with CFT

Click on Sequence and

C @Q& then click in diagram Operate Truck
)}i A : = e WindOW belOW ihe |‘eX|‘ Degcriptign
‘ System Description. Add a == b=
R e Engineering sequence to the diagram " | "ot -
Engineer CFT ]
I
l
I
[ Start Procedure 5 ] '
I
L |
‘o W | |
Create Sequence H | < o]
Dlagl‘am W|th CFT ] ! Properties of "Truck (SysML):Use Cases.Operate Truck.Operate Trucl

[ - e’
- General | Full Text | kems
(5 o J— L flomlas —
Define Lifelines and D) | Driver loads the bay
Messages
g _XI Type: seq
l Last changed on:  06/01/2015 15:02:34

End Procedure 5

—
—

A new actor :
can be added iy +Variant Diagrarm 2 -

but if the L & +Variant Holder Operate Truck %
Iy -1 +Requirements Truck (SysML)::Use Cases Driver

. 5.7 +Use Cases
already exists 5.9 L Actard

in the model,

Driver loads theﬁa’y
/’

I

I |

1 I

- ! |

drag and drop \ - o +Fuel StatioHSRergtive _ g ! |
N P . . P — -

into the - %1 +Service Engineer ——— | !

diagram as 3 +cab: Load Bay . :

o e H i ' I

shown below ] = +Instancel : Chassis _ | !

G5 +Instance? : Long Chassis X |

-2 +Drive . |

[H-{r +Load = 1 |

1 1

_
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» Define Lifelines and Messages

Drag and drop existing BlockProperty
items (created earlier and displayed

Add BlockProperty items to the diagram on Internal Block Diagrams)
to represent system components
L L S ] LR J
Packages - 3 x IBD (Truck) %~ Operate Truck X [ Use Case Diagram x;ann; Aoma'm) x;
System 7 M| +Road pL -
Engineer M| +Sleepr Cab Operate Truck
+5pring Clamp |Truck (SysML):Use Cases.DriverI ﬁ
M +Temp Sensor T M | .
B +Temperature System Driver loads the bay : 'I 1
B . +Truck | P2 !
[ Start Procedure 5 ] 1Bl -Day Cob: Day Cab ' M !
-Sleeper Cab : Sleepr Cab : ,’ : 1
l -Chassis: Chassis I ,/ 1 !
-Drive Axle: Drive Axle I ’¢ 1 !
_ Ao _ Al 1 I
Create Sequence ——— l" 7 ! \ ﬁ. Lifeline
Diagram with CFT b f ~< -~ . -
I [o SRR T I |
'l -1 Day Cab ~~-----_——— : : !
N gy - -Day Cab: Day Cab L 1
. SN H 1 -Chassis: Chassis
Define Lifelines and |
Messages ]
e S |
AIEIRAE S Operate Truck i Drag line from
[ End Procedure 5 ] @ |Truck (SysML):Use Cases.DriverI ﬁ
. | . the actor to the
Jriver loads the bay : : : BlockProperi‘y
| : !
y ] .
Select Operation r . : ' : B
7 Select Object =
to add a
message Selectan object from the list to use. You can search for an item in the list by typing the first few characters of its name inthe edit
contral abowve the list. Pressing the New button will create an itern using the name in the edit contral.
E‘a Load Bay Cancel
D All OpBerations Signature Parent Now
o xe &
an re-use eX|5hng % Load () Truck (SysML):Blocks:Load Bay
operqﬁon or creqfe a % Unload () Truck (SysML)::Blocks:Load Bay
new operation
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» Define Lifelines and Messages

The operation will be added to diagram

" Operate Truck
R/ |Truck (SysML)::Use Cases.Driverl
kb A Driver loads the bay El Load | hll
System : : X @
Engineer i | !
: | . Operations describe
L) T functions that should be
[ Start Procedure 5 ] + ® X} Properties of Load! provided by the system

General | Text | Options | Sigture | Retum | Changes | Style [ tems | Body | Timing |

@ l Q Load i
Create Sequence —
Diagram with CFT  Truck (SysML):Blocks:Load Bay.Loa
ype: Continue to add

Operation . .
operations to define

@-----l------} £201510:50:21 PTCNET Pollerton
1 Define Lifelines and [ Enter a name and the sequence of
1 1 define properties | Prtected O Pivate O Package interactions
i Messages i prop
[ I | as needed \/
b Operate Truck |I|

L
[ Loadsay | TDayCab| [ Siespercab |
[ End Procedure 5 ] ; _ , . ! !
Driver loads the load bay : Load H : : :
Driver drives the truck from the I :J 1 Drive bﬂ, :
Drive the Vehicle ce ! | . : |
- If over night trip | : 1 : 1
_ Driver sleeps in sleeper cab : | | | Sleep hil
. . . Driver drives next day | T 1 Drive ) !
if engine not running end al ' : ' " :
starlup Driver unloads the load bay E Unload D.- : : :
end if ! i ! 1 ' !
loop
accelerate
brake A
end loop Logical constructs can be
defined within the sequence

—
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» Define Lifelines and Messages

Operations become part of the target block
and are displayed on diagrams (if
compartment is visible)

=
+Ignition System

. +Load

System
Engineer M| +Load Bay
—EI* - : Bay Fixing
w-% +Load
@-% +Unload

Gl +Long Chassis
- 1l| +Piston
E:
[
=
E

[ Start Procedure 5 ]

Dot

Create Sequence
Diagram with CFT

]. +Powertrain
i@l +Rear Spring - Bay Fixing
ol +Road

=l +5leepr Cab Connector
-El* -1 Cab Fixing

- -: ECU
@‘-----l------'l -8 - : Mechanical Sub-system 1
. e \: 1
y Define Lifelines and |
! Messages ; —
IL g : Artisan Studio
b I Compartments to display
E 5 ~
[ End Procedure 5 ] T B
21 flowProperties
§& fulParts
5] Inher
| OpenIDLFile New Part T
| Show/Hide Compartments... N | Node
Start Link N =
End Link... =
Add »
Help Owned Constraint
- Bay Fixing finks > g::ﬁ?pgass
& participants
2 & parts
-] [ Port ol
Right click on the block and
.
select Show/Hide

- Compartments... “
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<
PROCEDURE Spie
» Design Architecture

m @@3 - Objectives
X - - — Design, analyze and review system architecture
Engineering
@E

System
Engineer

m * Role
(1.0) — System Engineer
Plan Systems \
— Cross-functional Team
2.0) '
Define & Analyze o
Outputs

| — System Architecture Model

Analyze Requirements

Design Use Cases

Design Functional View

----- [——

Design Architecture ]

Allocate Architecture

|
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» Design Architecture

System
Engineering
ClAl

System
Engineer

Plan Systems
Engineering Initiative

Define & Analyze
System Context

Analyze Requirements

Design Use Cases

Design Functional View

Start Procedure 6

!

Define System Blocks

{

Define Internal Blocks,
Ports and Item Flows

y

Define Constraint Blocks
_____ ey and Parametric Diagrams

Do ]
Design Architecture : @ .
Review System

______ F--——- =l . .
Architecture Design
Allocate Architecture

—/

e

End Procedure 6

_

|
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» Update System Model

System
System Engineering
Engineer CFT

[ Start Procedure 6 ]

. Y —

Define System Blocks
______r______l

i
L
Define Internal Blocks,

@
Ports and Item Flows
®

Define Constralnt Blocks
and Parametric Diagrams

!

Review System
Architecture Design

|

[ End Procedure 6 ]

DE Examples - Open Model

| Note

Before commencing the detailed design of the system, create
another baseline of the model. System requirements should be
frozen and only be modified via a managed change process

Look in: \\Enabler\POLLERTOMNLL1\Examples\Truck System

=1+ Enabler
BG POLLERTONILL
Eg Examples

Creating a new version of
the model

3 Heart Menitor
3 Heart Menitor Java
& Hsuv

3 Search and Rescue
3 Speed Controller
3 Template - Component-based Produ

3 Template - Incremental Process
3 Template - Small Project

3 Traffic Lights

|4 Traffic Lights - SySim

3 Truck System

3 VB Another Block (Tetris) Example
-[£] Waste System

g Models

P —

MName
@ Active Deferred Ball Game Exa
& Balicpp Creates a new version or branch

|£ C= Another Block (Tetris) Examle
@ Distributed Ball Game MDA Example
|4 Filling Station

@ Heart Monitor C

@ Heart Monitor Java

& Hsuv

@ Search and Rescue

@ Speed Controller

@ Template - Component-based Products
@ Template - Incremental Process

@ Template - Small Project

@ Traffic Lights

oo

@ Waste System

ris) Example

counwooococoocococoo0ooo

< 1]

e Access permissions
w-cH can be defined for
UK-CHI

UKCH the model

PTCNET

UK-CHE-DTP-022\.. 08/09/2014 15
UK-CHE-DTP-022\.. 08/09/2014 15

Truck System

™ Version: 5
Last Changed By: PTCNET \Pollerton
Last Changed On: 20/01/2015 10:50:12
Last Operation:

Created By: PTCMNET\Pollerton

Created On: 20/01/2015 12:52:22
Attributes: RWO
Comment:
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» Define System Blocks

System
Engineer

System
Engineering
ClAl

)

Start Procedure 6 ]

Define System Blocks

| =

Define In

+

ternal Blocks,

Ports and ltem Flows

®

and Parametric Diagrams

y

Define Constraint Blocks

Review System
Architecture Design

End Procedure 6

—/

When creating the various models in
previous steps, system requirements will
have been refined and elaborated and

more there will be a greater understanding
of the needed system/sub-system structure
as well as system functions

Cascade requirements down from higher
levels and define Block Definition Diagrams
and Internal Block Diagrams to describe the

various sub-systems

X I+
-

Ef

;

Sendce
Enginesr

T )

P S R BN
I(|D||E||F||e|\II
| v
| |
|

1 T T O I
N e e e e o o o o —

Sub-systems that can stand-alone may be
better defined as a separate system
model and then linked using Asset Library
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» Define System Blocks

Truck sub-system block
definition diagram

SN

b Track 500) Dashboard sub-system

System
Engineering

©FT

System
Engineer

Ignition
I sub-
Engine sub- system

system =

A\

Additional diagrams can
be created to define the
block structure for lower
level sub-systems

[

End Procedure 6 ]

ECU software

component
N~
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» Define System Blocks

System
System Engineering
Engineer CFT

i
L

Define Internal Blocks,
Ports and ltem Flows

y

Define Constraint Blocks
and Parametric Diagrams

Review System
Architecture Design

End Procedure 6

—
—/

; g -Engine Mount: Engine Mount  »
- : Engine Mount
a - 1 Drive shaft
a -: Chassis
@l +Engine Mount
=M +Environment

a -1 Air
@l +Front Spring
. +Fuel
-l +Garage
-l +Gears
M +Load
) +Losd Axle F
= +Load Bay
- - Bay Fiing
-% +Load
- % +Unload
-% +Load

*

-l +Powertrain 4
: B -: Transmission ‘
a - : Drive shaft
E - :Engine
a - : Differential
+Rear Sprin

W +Sleepr Cab 4
@l +Spring Clamp

W +Suspension
-l +Temp Sensor

B +Temperature System
-l +testl

W +Transmission
-l +Truck

W +Truck Damain
- +Truck Product1

W +Truck Product 2
@l +TS Socket

W +Web Temp Service

-~

bdd Truck BDD

gy

-

|

Note that BlockProperty entities are created where blocks are
associated. (Composite aggregations are defined as parts on the parent
block). This is also displayed in the Package view
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» Define System Blocks

: |
‘ 4 4 e
y % @@3 Generate Budget Report
L System Hew ' Various properties such as

System Engineering Open IDL File attribute values, parts,

i neer EFT Toggle Compartments v references and associations
Show/Hide Compartmepts... Re can be displayed or hidden
Start Link v
End Link...

[ Start Procedure 6 ] - - Add X

@ Help
= === 1 Links 4
0 7 1 S
il Define System Blocks ! = TS Right click on a block and
@___---l------- Tools ’ select Show/Hide
. Autosize Compartments
Define Internal Blocks, Populate 3 i
Ports and Item Flows o
Link Class
‘ Unlink Class

Define Constraint Blocks
and Parametric Diagrams

0 v

Reoll Up Contextual Features

Compartments to display

Browse Class.. | [ ] COwned State i
. = T | Parent Association
Review System 4 epot 2 oalicioaris

Architecture Design L] @ PartOfAsset

3 proxyPorts
L[] ¢3) references
[ Required Interface

Role
Signal Event il

o —n

End Procedure 6

—
ll
—

Provided Interfaces E|

Choose what
information to display
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» Define System Blocks

System
System Engineering
Engineer CFT

[ Start Procedure 6 ]

. Y —

' Define System Blocks
L______r______l

Define Internal Blocks,

@
Ports and Item Flows
®

Define Constralnt Blocks
and Parametric Diagrams

!

Review System
Architecture Design

|

[ End Procedure 6 ]

—I+ oo+ oo
I

Block Properties
can be added

® i 8 3 Doy V- w0 Qo8 b4 e -t
Attribute
" BDD (Truck Domain) X | E| Block Property
o Constraint Parametelg

to blocks to

capture
attribute values

L

Click on the
Block that the
attribute will be
added to

4

-
=)

Constraint Property

Aftribute menu

\ Block Property

Select the

and choose

Enumeration Literal
Flow Port

Flow Property

Full Port

- Interface Property
Proxy Port
Standard Port

@l b D

e O $YM. includes a

model of
common Sl units

Options Existing Type:
(@) Existing Type =-23 Al Valid Types

o -2 Al Block -
© New Type A et Hocs that can be re
© Untyped -3 Al Value Types (Alizs) used

-l +Sleepr Cab

-Gl +Spring Clamp

-l +Suspension

-l +Temp Sensor

-l +Temperature System

e 08 o O o O e O
[

I3 Al Value Types (Aray)

{21 All Value Types (Basic Typs) V
=3 Al Value Types (Data Type)
- § (Budget Profile::Value Types)
- § Boolean (SysML Profile::Primitive Value Types)
- Complex (SysML Profile::Blocks::Blocks)
- § Complex (SysML Profile::Primitive Value Types)
-9 Integer (SysML Profile:: Primitive Value Types)
- F kg (SysML Profile::S1 Defintions: S| Value Types)
- m (SysML Profile -S| Definttions::S| Value Types)
- N (SysML Profile::S| Defiritions:-S| Value Types)
- Number (SysML Profile:: Primitive Value Types)

F‘mﬂlr F‘nmrllv

- String {SysML Profile::Primitive Value Types)
- § W (Budget Profile:-Value Types)

{23 All Value Types (Enumeration)

{23 Al Value Types (Sequence)

+
B. +Truck
B -Weight : Real
B -Maximum Load : Real

- -Sleeper Cab : Sleepr Cab
-Chassis : Chassis

B
B
a -Drive Axle : Drive Axle
B
ﬁ

m

-Load Axel: Load Axle

-Load Bay Load Bay

Name the property.

It is displayed in the

package hierarchy
and diagrams

Select a data type for the

attribute (Real primitive type
selected in image)




MODEL BASED SYSTEM ENGINEERING @ ptc
» Define Internal Blocks, Ports and ltem Flows

@@3 Define Interface Blocks

. e Interface blocks do not need to be
System Engineering _g Achuties T/ added to diagrams, so are
Engineer CFT .gm Star Link created directly in a package
A +Dia End Link...
A0 +Re Synchronize IDL Element Names
1 +Usd
0 +Var Open IDL File
-% +Dri New » Package 3
Start Procedure 6 - {5%) el IS Change Note
l o +Cafl | Diff With ther Model.. SN Select a suitable package and
g +Trul Constrain . .
i Removetiom Packege - : o right click. Select New > SysML
Scope To Package... (Ee[ele
Define System Blocks = e : »| | DacPofie > Structure > Interface Block
73 +Unl Report D IDL Profile 3
L - fim +Usq Tosls ' Matri/Table  »
(PP A —— (] +Softwa
@ 1 ! Find b SysML 4 Problem
. i-4% +IDL_Ex
[ Define Internal Blocks, | +0 ey | Ope Ul iy |l e
- +Budget Merge aneoil ocations
: Ports and Item Flows | 2 +6raohi] | ngphed stereatyps Ll e § P
[ —— -r ——————] :1:::1 T CEhG General v Constraint Block
 Packages Remove From Favorites  Ctrl+Shift+ G Eeouuement Iy Flow Specification E . .
@ , . s e nter a name and specify options
Define Constraint Blocks ems and Diagra] | Configuration Management . f“tb‘ty L e peclly op
and Parametric Diagrams lame Package Import/Export ' Type vecoses ol Trece Bt
i '9‘ [Truck (SysN x5 Undo Ctrl+Z  Blocks:Day C... ProxyPort ‘ | Model 1

Review SyStem ErPloperlis of 'Engine Mount' w
Architecture Design

|

End Procedure 6

General |Text I Options I Changes | Style I ltems I lnterfaceElock|

@ Engine Mount

Fullname:  Truck (SysML)::Blocks::Engine Mourt

—
—/

Interface blocks are specialized
blocks that have no behaviors Type: Interfacs Elock
or internal parts and are used to
type Proxy Ports (used in Internal
Block Diagrams)

Last changed on/by: 08/01/201513:15:39 PTCNET“Pollerton

Vigibility: @ Public () Protected () Private () Package )




MODEL BASED SYSTEM ENGINEERING

» Define Internal Blocks, Ports and Item Flows

{ System
System Engineering
Engineer CFT

[ Start Procedure 6 ]

Define System Blocks
i

Define Internal Blocks, ¢

Ports and Item Flows i

fr—————— r ______ 1

End Procedure 6 ]

—

Capture more details on
the internal structure of
each block using an
Internal Block Diagram

| Note

I Generate \:.fﬂeport

Block Definition Diagrams (BDDs) show the structure

of the system functions. Internal Block Diagrams
(IBDs) look inside the blocks to define the
data/information/item flows and the ports

Mew

I Budget Item

Open IDL File

Toggle Compartments
Show/Hide Compartments...
Start Link

End Link...

Add

Help
Links

Set
Tools

'ﬁ Internal Block Diagram .,

SysML
—

e
Parametric Diagram 1

[Block] Truck [1] rBDD (Truck Demain) X I

Autosize / \
/ \

Right click on a block and
select New > SysML > Internal

Block Diagram

Define diagram
properties

-

X g}penis of '[Block] Truck [1]' )

General |Texi |Changes | Style | ftems. | IrrtemalBlockDiaglam|

Full name:

[Block] Truck [1]

Truck (SysML)::Blocks:: Truck [Block] Truck [1]

Page reference:  jpg

Intemal Block Diagram

i )




MODEL BASED SYSTEM ENGINEERING @ ptc

» Define Internal Blocks, Ports and Item Flows

@Q& Add a Block Property ibd [Block] Truck[1]
N
VAR Y
System we -QQREF I DEB® Lo
System Engineering -
Qi ineer CFT gwwer - e - St ——
Options: Existing Type:
@ Existing Type -1 Al Valid Types A }
-~ =-{Z1 All Blocks -
BT W) i (Truck (SysML): Blocks) -
Start Procedure 6 (2 Untyped | Budget Types (Budget Profie)
- Cab (Truck (SysML}. Blocks) Vi
-l Chassis (Truck (SysML):Blocks) y
l . D Axel (Truck (SysML)::Assets: Drive fude) =4 I
Do o N ——
i -l Day Cab (Truck {SysML). Blocks)
Define System Blocks " X} Properties of 'Day Cab’
. Drive Input {Truck (SysML)::Assets::Drive Ade) L
-l ECU (Truck {SysML)::Activities) -
L L/ ¢ . Environmant (Truc (SyahL). Blocks) General |Text I Options I Data Type | Changes | Style I ltems I BIockF‘roperty|
W ————— (N ————— Flange (Truck (SysML)::Assets::Load Awde)
1 / = Fuel (Truck (SysML)::Blocks) ‘l Day Cab
1 Define Internal B|OCkS, 1 Select Block -/l Garage (Truck (SysML}. Blocks)
1 =LﬂmeI{Tck{S ML):-Assets::Load Axle) Full
uck (SysML):Assets:Load Ade ull name:  Day Cab [Truck (SysML):Blocks::Day Cab - Truck (SysML)::Blocks: Truck
: Ports and ltem Flows [ type. Create B Lood Tk (L) B ay Cab [Truck (SyshlL:Blocks: Day Cab - Truck (SysML: Blocks: Truck]
] i -l Load Ade (Truck (SysML)::Blocks)
o -r mEm——— s.uﬂc!ble Block M| Load Bay (Truck (SysML). Blocks) I Type: Block Property
@ first if needed = Long Chassis (Trusk (SysML): Bocks)
. B Mechanical Sub-system 1 (Truck (SysML): Activities)
Define Constraint Blocks BB o (T Sy Blocke) i |

and Parametric Diagrams ‘ H

!

Review System View Optons (=]

Architecture Design =
[¥] Show Name Docking Type
Stereotypes
Show Full Name _NotDocked -
Show Type

Stle

[ End Procedure 6 ] I Show Malilisty )
Righ'l' click on 7] Show DefaultValue Ophonally show
the Block 1 Shaw As Frams name, full name,
Properfy and 7] Show TextAs Floating Attachmant < fype, mU"IplICIfY,
select View ﬁ etc.
Options

ok | [ cancal ][ appy
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» Define Internal Blocks, Ports and Item Flows

= g Ports are points at which external
L Define ports and connectors entities can connect to and interact
\ with a block in different or more
System Ens?/rslteeenr?n \/ limited ways than connecting directly
B 9 - 9 to the block itself. They are properties
with a type that specifies features

available to the external entities via
connectors to the ports

(92}
2
)
=
3
o
Q
@
o
=
@
)
—

1 4 SO gl N

T’roxy Port h

Add new Block
called Engine and
click on Proxy Port

Ports and flows can be used to _

End Procedure 6 ] enable design of modular,
reusable blocks with clearly

defined ways of connecting
and interacting with their
context of use

—




MODEL BASED SYSTEM ENGINEERING @ ptc

» Define Internal Blocks, Ports and Item Flows Seloct Tvpe for new porl —we

- will use the Engine Mount
"i‘ @@a Click ol;r‘g?ntgiliiie of the Interface Block created earlier
, __1‘ 4 1

System “Select Type - .
System Engineering
@FT Cptions: Bxsting Type:

Engineer
@ Existing Type = All Valid Types N
=-{ All Interface Blocks

Ofawlypa T Bl Bay Fuxing (Truck (SysML):Blocks)

© Untyped | ¢ L. u Bay Holder (Truck (SysML)::Blocks)

----- u Cab Fixing (Truck (Sy=ML)::Blocks)

----- [l Cab to Chassis (Truck (SysML)::Blocks)
BN N-oh 4 1o Elocis

)

Engine Mourt (Truck (5:

Start Procedure 6 ]
----- @ Rear Spring (Truck {S)'EML)Z.Z-BIOCkSJ

Define System Blocks
----- u Spring Clamp ({Truck (SysML)::Blocks)

L ..... u TS Socket (Truck (SysML)::Blocks)
@ ____________ | - Recently Used

Define Internal Blocks, ?::8 e
Ports and Item Flows i

fr—————— r ______ 1

Can also create a new
Interface Block type

Select Type ] )@
Cptions: New Type:

End Procedure 6 ]

Type: @ Interface Block - | Port definitions may be driven by system
requirements (e.g. communication
network protocols)

MName: Engine Air Mount




MODEL BASED SYSTEM ENGINEERING @ ptc
» Define Internal Blocks, Ports and ltem Flows

: - @Qa Name the port and
*b’ , ANl choose options
n System

Engineering
ClAl

System
Engineer

Start Procedure 6 ]

Define System Blocks
—E) Engine Mount
@ —————— L —————— 1 Full name: - Truck Engine. Engine Mount

Define Internal Blocks, ¢ .
Ports and Item Flows e
1 Last changed on/by: 11/01/2015 15:47.44 PTCNET Polletton

B i e e e i — -
r Right click on the port and Vighiity: @) Public  ©) Protected @ Frivate  ©) Package
select View Options

@ﬁ Miew Option: — A i Text can be

)

<, f’ Properties of )

General |Text I Options I Data Type | Changes I Style I tems I F‘rm(yF‘ort|

J

| h repositioned
\Pon—‘rShowName Docking Type P
Stereotypes
7] Show Full Hame On Boundary -

- Y

Show Type ~ «
] . proxys

Engine Mount

End Procedure 6

[T Show hMultiplicity [¥] Show Derived Direction

Show Default Value
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» Define Internal Blocks, Ports and Item Flows

Add a port to the Chassis
block and then add a
Shallow Connector

System
Engineer

Engineering
ClA

[ Shallow Connector h

Define Internal Blocks,
Ports and ltem Flows

: Properties of 'Connector’

General | Tet | Options | Start Role | End Role | Changes | Style | tems | Connector

Define Constraint Blocks
and Parametric Diagrams »‘|_0 Connector

Fullname:  Connector [Chassis Fixing - Engine Mount]

Review System
Architecture Design Type:  Conmector

End Procedure 6

—/

D>

Ports and connectors represent an interface between
system entities. This concept is explained further in a
later procedure.

_
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» Define Internal Blocks, Ports and Item Flows

ibd [Block] Engine [1]

-
=3

Complete definition of internal
blocks, ports and item flows

1

System

Engineering
il N

System
Engineer

Rear Spring
ibd [Block] [Alernative 1 - Combined Motor Generator] |

Define Constraint Blocks
and Parametric Diagrams

Review System
Architecture Design

Define the
data/information/item
flows between the system
blocks

End Procedure 6

—
—/
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» Define Constraint Blocks and Parametric Diagrams

Constraint Blocks can be
p optionally defined within BDDs to
\ represent system properties such
as cost, power output, weight, flow
rate etc.

System

i Engineering
Engineer

©FT

Parametric diagrams are used to

Define System Blocks define how the parameters for the

bkp fc constraint relate to specific value
l <constraint» properties of the sub-system block
FlowConstraint

Define Internal Blocks, constraintParameters
Ports and ltem Flows «ConstraintParameter» demand : Real
wConstraintParameters flowrate : Real
«ConstraintParameter» pressure - Real

constraints
{flowrate=pressure(4*demand)}

Review System
Architecture Design demand : Real

- pressure - Real
flowrate - Real fc - Flokebnstraint O e e
constraints
{flowrate=pressure(4*demand)}
End Procedure 6 -
Parametric diagrams and

constraint block should be
used to capture non-
functional requirements

—/
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» Define Constraint Blocks and Parametric Diagrams

@@3 Complete definitions of e r—

System any constraints and
System Engineering parametric diagrams
Engineer ©FT

|
fawrte sl fuelow - FuelFiow ynectorDamand ; Real

Start Procedure 6

!

Define System Blocks

@ I72P

Define Internal Blocks,

—
—/

Max Acceleration | wrequirements
averifyn Acceleration

l
yn

econstraints «constraints «constraints «constraints
POrtS and Item FlOWS CapacityEquation RollingFrictionEquation FuelEfficiencyEquation StraightLineVehicleDynamics
constraintPar
L V1 Vol ;
@------ —_—————— - drag )

] Defl ne ConStraI nt BlOCkS : 5 ‘ Pa;lci)o:;g::;:ion ‘ 'Féf:lwzliz;i ‘ Aer;f)or:zg?:lion ‘Regen&af(i?ﬁsi:;i‘;};Equmior 2irts .
H and Parametric Diagrams | !
! 1 ace* Accel jrmeters
= T 5

2 S

o . dt: Time
ReVieW System CO-OI’dInCIi‘e W“h . Eﬂ?\ﬁélﬁﬁtﬂl
Architecture Design performance and quality evponr-Horseour

|

End Procedure 6

processes when defining x:Dit
constraints I; I
[ D YR

—
—/

«Constraints «Congraints «COMENr aints scongraints
PowerEquation PositionEquation VelocityEquation AccelerationEquation
il il constrai i 5
Cd:Real delta-t:Time a:Accel a:Accel
Cf:Real v Vel delta-t: Time delta-t: Time
i-Real x:Dist v el tp : Hor sePwr
tp: HorsePwr tw : Weight
tw : Weight
v:Ve

Vel
whipwr: HorsePwr
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» Review System Architecture Design

System
Engineer

Engineering
@FT Coordinate with related
processes and identify any
relevant existing information:
Automated System Design
Review, Verification and

Validation, Test Management

Define System Blocks

l T — -

Define Internal Blocks, '
Ports and ltem Flows

y

Define Constraint Blocks
and Parametric Diagrams

Analyze and review

system model and

system architecture
with CFT

Review System
Architecture Design

Update system
model if needed

End Procedure 6 ]
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MODEL BASED SYSTEM ENGINEERING BEST PRACTICE & pic
PROCEDURE

» Allocate Architecture

C@ : « Objectives
m Se — Define traceability from requirements to system architecture. Plan
Engineering
@E

System physical architecture

Engineer

m « Role
Plan Systems _ i

System Engineer

| — Cross-functional Team
System Context
« Qutputs
— Associations from Requirements to System Architecture Model

— Physical Architecture plans

I
I
Design Use Cases
Design Functional View
I

Design Architecture

7 e e !
: Allocate Architecture :
1




MODEL BASED SYSTEM ENGINEERING

» Allocate Architecture

System

i Engineering
Engineer

©FT

@m

Plan Systems
Engineering Initiative

Define & Analyze
System Context

3 —
Analyze Requirements
[ J—
Design Use Cases
Dl
Design Functional View

o o—
Design Architecture

Start Procedure 7 ]

[
) 4

Allocate System Behavior
to System Structure

@ !

Map System
Architecture to
Mechanical, Electrical
and Software Entities

|

Plan Physical
Architecture Alternatives

!

Analyze, Review and
Refine Architecture
Alternatives

v

Select Preferred
Physical Architecture

—

End Procedure 7

—




MODEL BASED SYSTEM ENGINEERING
» Link System Behavior to System Structure

Allocation can be used to link system Right click on the block definition

N behavior to system structure, in this case diagram to be Iir1ked and select End
System En ?’geeer;ng linking the Operate Truck Sequence diagram Link...
Engineer : CFT with the Truck Block Definition Diagram

E‘ "'I\Cqullclll Lr'lﬂ!lﬂlll . )
[ Start Procedure 7 ] cab +Requirements Diagiam 2 ‘ ‘ ” e e
A If over night tip | 1 % = +Use Cas I Start Link
.. ong Chassis Driver sleeps in sleeperca| | [ | % o +Use Case End Link...
Allocate SyStem Behaviorfl 1 --C) +Drive Driver drives nextday | | L. &5 +Variant DI ep
to System Structure | @O +Load erdat il & Variant D
p—— BC) +Operate Truck ) T & +Variant H save s
- i Start Link H-[_1 +Requirement Open
- +Refuling f.
Map System S +Slee e o
: +5Sleep
Architecture to 5 +Unload / u 4
Mechanical, Electrical &£ +Variation e As >
and Software Entities (-8 +Driver
@ Right click on a
Plan PhyS|caI sequence Select Allocated To as the

Architecture Alternatives

diagram and
select Start

Artisan Studio

relationship and click OK

Alterna’uves Operate Truck (Truck (SysML): Use Cases)

Relationship
[Alocated To -

@ * I.ink. 00 Cluick Links
Analyze, Review and Start kem
Refine Architecture m Operate

Select Preferred
Physical Architecture

[ End Procedure 7 ]

_ _

End tem
Truck BOD
W W | Diagrams (Truck (Sy=sML))




- System
System Engineering
Engineer CFT

1
IIooate System Behaviorfl]
to System Structure |

Map System
Architecture to
Mechanical, Electrical
and Software Entities

@ Plan Physrcal

Architecture Alternatives

!

Analyze, Review and
Refine Architecture
Alternatrves

Select Preferred
Physical Architecture

]

[ End Procedure 7 ]

MODEL BASED SYSTEM ENGINEERING

» Link Requirements to System Architecture

Properties of "Truck BDD'

—
| General I Text I Changes I Style I ttems I BlockDeﬁnitionDiagmml Allocated I_

A note can be added to the
Sequence Diagram to indicate
the relationship

| & #2041 B & ¢
=

Iy £ 3

Operate Truck I":I
Tag Definition Name  Tag Value ﬁ
allocatedFrom Operate | 1 !
allocatedTo Driver loads the load bay r Toad H
Driver drives the truck from the : T
ﬂ cab I !
If over night trip : 1
/ Driver gleeps in sleeper cab T :
Drriver drives next day : T
This allocation can be seen in the end it ! :
Properties of the linked items Driver unloads the load bay i Unload '
! i :
I
bdd Engineering Allocation
1 1
; ; Software designs

can also be
allocated to system
blocks

Software Sub-system (UML) I

«allocater

_




MODEL BASED SYSTEM ENGINEERING @ ptc
» Link Requirements to System Architecture v ———

@Q@ Navigate model relationships to view sequence diagram
v A traceability from blocks back to requirements

System [
Sys.‘rem Engineering H. i Items and Diagrams which use Load Bay.
Eng|neer CFT zTaT:::iecompanments Name Type
End Link... Truck (SyshL):Blocks: TruckJBD (Truck) InternalBlockDiagram

BayFixing | | A4¢ D

.Truck (SysMLj :Blocks:Truck Product 1.[Bleck] Truck Product1 [1] InternalBlockDiagram

Help

oo Right click on

Set

block and

Populate Associates [Truck - Load Bay] Association
htosae select Report > Bl aad Rav [Truck (Sushl Rlacks:| nad Rav - Truck (Sushdl 1Rlac...  RlackPronerhs

Delete Redefinition from Model e

Delete Top Level Definition from W

Roll Up R

Rall U Fesurs Double click to open

Rapon sequence diagram

Find

Connector

InternalBlockDiagram

[ Start Procedure 7 ]

Do

HAllocate System Behavior
to System Structure

EH Truck (SysMLj:Use Cases,Operate Truck. Operate Object Sequence Diagram

Open

Merge

Map System st Oporato Truck i
Architecture to [Daycab| [ Slespercab |
Mechanical, Electrical Drver ads the losd bay —

Driver drives the truck from the

D f 1 1
i Vi, i . :
and Software Entities ot et & 5 ! N | !
yoperatp Truy how/Hide Compartments... ,J It over nignt trip ' ! \ ! o
I oy n . N N Driver sleeps in slecper cab - T ; T - g8
T B e Right click on diagram title oeranes netom | . —n 7
river loads aols R end alt : ! : I 1
Plan Physica| Ditver drves tf | Populate and select Find > In Driver unloads the load bay r T r. ! ! !
ca —] o o ! - ! . !
Architecture Alternatives I over night tr g:w Relationship Browser i : . .
g::::ﬁ Remove from Package : / N . N . N N
anc a e R ! : Use case will be highlighted in Relationship
Analyze, Review and Driver uniozc S Links » [Toad Pl " ' browser. Expand and select Depends On
= 5 Report 1 f O 0 a
Refine Architecture = A v e folder to view linked requirements
Alternatives Merge In Constraint Blocks Browser ; /
Applied Stereotypes 4 In DnC Elements Browser .
IE Add To Favorites Ctrl+G In IDL Elements Browser =0 Operate Truck
Remove From Favorites  Ctrl+Shift+G In Ports and Flows Browser ..D Dependents
SeleCt Preferred w1 Unde Ctrl+Z In Requirements Browser BD Depends On
Physical ArChiteCture By Copy Ctrl+C i" ie“:t':m:l”t;(me"s‘°"5] Bioyses LB ) The vehicle shall be capable of carrying loads
aste I+ N Ass rofile srowser » Ref
* f EEE;WE o In Packege Browser £ Pl ne .
End Procedure 7 i o R -1 Porents
el from el In Relationships Browser |, | "D Children
- TR - Actors
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» Map System Architecture to Mechanical, Electrical and Software Entities

System
Engineer

Engineering
ClAl

[ Start Procedure 7 ]

v

Allocate System Behavior
to System Structure

Map System
Architecture to
Mechanical, Electrical
and Software Entities

Plan Physical
Architecture Alternatives

!

Analyze, Review and
Refine Architecture
Alternatives

v

Select Preferred
Physical Architecture

)

End Procedure 7

—/

Determine sub-systems or parts
that require mechanical,
electrical or software
components

Preliminary Design

Structure

&3 Truck Assembly

—_—
- - —
—_—

—_——

ECU block will require a physical casing,
electrical circuits and embedded software

—_—

g Truck.asm

—{;c"\}\@werfroin T MCAD

ECAD

\ @ Model

Executables

_



MODEL BASED SYSTEM ENGINEERING

» Map System Architecture to Mechanical, Electrical and Software Entities

System
System Engineering
Engineer CFT

[ Start Procedure 7 ]

v

Allocate System Behaviorf
to System Structure

Map System
Architecture to
Mechanical, Electrical
and Software Entities

Plan Physical
Architecture Alternatives

!

Analyze, Review and
Refine Architecture
Alternatives

v

Select Preferred
Physical Architecture

)

End Procedure 7

—/

Use the system
block structure
to derive and
plan the
physical
structure. Note
that this is a
manual step

bl b

Preliminary PDMLink
Product Structure

ﬁ Truck Assembly

—@ Transmission
Lz

—@ Differential




MODEL BASED SYSTEM ENGINEERING @ ptc

» Map System Architecture to Mechanical, Electrical and Software Entities

. Block properties can be mapped to attributes on the

System Engineering physical models (Parts, CAD Documents or ECAD data)
Engineer CFT

[ Start Procedure 7 ] 1] %

¢ ﬁ Truck Assembly

Allocate System Behaviorf
to System Structure {é}
— Powertrain

-@ Engine

Attributes:

Map System
Architecture to
Mechanical, Electrical
and Software Entities

Plan Physical
Architecture Alternatives

S I R

Power Output
Capacity
Compression Ratio
CO2 Output

!

Analyze, Review and
Refine Architecture
Alternatives

v

Select Preferred
Physical Architecture

)

End Procedure 7

_

—/




MODEL BASED SYSTEM ENGINEERING

» Map System Architecture to Mechanical, Electrical and Software Entities

System
Engineering
ClAl

System
Engineer

[ Start Procedure 7 ]

IIooate System Behavior,
to System Structure

Map System
Architecture to
Mechanical, Electrical
and Software Entities

Plan Physical
Architecture Alternatives

!

Analyze, Review and
Refine Architecture
Alternatives

v

Select Preferred
Physical Architecture

End Procedure 7

—
—/

Atiributes, operations,
constraints and interfaces
in the system model can
all drive software design

Tl

e

UML packages and class models can be
created in Modeler and code can be
generated from the models. Lifecycle

Manager can be used to manage software
source code (Integrated Software Mgmt)

7

5 o)

'

‘.

.
.
P
-
' .
.

wigwn .
Sperstionaliew .

1

.
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» Map System Architecture to Mechanical, Electrical and Software Entities

Identify interfaces by reviewing associations
in the structure model

-
=3
N

{1

System
Engineering
ClAl

System
Engineer

Map System
Architecture to
Mechanical, Electrical
and Software Entities 1

Review ports and
connectors on IBDs
to identify potential

interfaces

/

- Bay Fixing
Connector

AR c—

Plan Physical
Architecture Alternatives

!

Analyze, Review and
Refine Architecture
Alternatives

J Review BDDs and identify

relationships between blocks

that require an interface to be
defined and managed

Select Preferred
Physical Architecture

End Procedure 7

—
—/
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» Map System Architecture to Mechanical, Electrical and Software Entities

’i ‘g Q& Plan the interfaces needed in the physical INTERFACE SPECIFICATION &) PIC
- System architecture and related design models ——
b i Engineering Description: TRANSMISSION TO ENGINE
Engineer CFT _\/ Revision istory
.. . Rev| Date Change # Description of Change
Preliminary Design Sl
Structure odule Number Motdctigrere Fication Number
Start Procedure 7 GC201-0000-001 Go-cart Transmissi \ 201 SPEC
GC202-0000-005 GouzﬂE:fil:: _ A\ SPEC
‘ ﬁ Truck Assembly I Truck.asm e\
~ < — o .
————— Define and agree interface

Allocate System Behavior —

to System Structure
i -

- —

specifications and assign ownership

Map System
Archﬁ)tec):/ture o — P\owerfroin 1 ! Plan the realization of interfaces in
Mechanical, Electrical [T e design models (Refer to Interface
and Software Entities . Definition and Mgmt best
ergne ___ LT} =
Attachment/ /‘ ——— —>
: Assembly —
Plan Physical ! 108 1001_PTC ASM
3 i interface R » [ 109-1001K01_P16_SKEL PRT
Architecture Alternatives (Engine > —%08 ECU __ __),J.—#j s T
* Transmission and - i MRS _
@ . ECU) 7 ASM_FRONT
Analyze, Review and o) _> ﬂggﬂt_ﬁi_cws m
Refine Architecture — ——
Alternatives - -
Electro- __‘{ngronsmlss:on _+— — %
@ * mechanic /  |N®™T————77 S j

Select Preferred al inferface Ly 1N
Physical Architecture (EP%JB;O ‘;. %
: fer of terf Smeeind
Transfer of power interface
[ End Procedure 7 ] (Engine > Transmission)

_




MODEL BASED SYSTEM ENGINEERING

» Plan Physical Architecture Alternatives

System

i Engineering
Engineer

©FT

[ Start Procedure 7 ]

IIooate System Behavior,
to System Structure

Map System
Architecture to
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Consider architecture alternatives
to ensure all options are evaluated

Also consider product options and
variants - refer to the Model Based
Product Line Engineering best practice
for more information
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