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AGENDA

ÅIntroduction
ïKey Concepts

ïPrimary Challenges

ÅPTC Best Practice Storyboard
ïModel Based System Engineering

It is recommended that the reader has some 

knowledge of SysML

Å OMG SysML Specification -

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

Note

http://www.omg.org/spec/SysML/1.3/
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PTC VISION HIGHLIGHTS

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

Closed-Loop Lifecycle Management
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A holistic, multi-disciplinaryand collaborative approach 
to designing and maintaining complexsystems.

SYSTEMS ENGINEERING ISé

Validation
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Systems Engineering Enablers

HOW WE DO IT WITH PTC INTEGRITY  

Systems Engineering 
Challenges Design

more 

innovative 
products 

using a 

collaborativ

e, model -

based 

systems 

engineering 
approach.

Validate

products 

meet 
requirements

and best 

practice 

processes 
are followed.

Reuse

systems 

artifacts to 
enable 

profitable 

product line 
engineering . 

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

Lack of collaboration due to 
disconnected engineering 
disciplines 

Teams overwhelmed by the 
complexity of managing product 
lines

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

Limited or no 
system Reuse
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ÅThe Unified Modeling Language (UML) is an OMG Standard, general -
purpose modeling language in the field of software engineering, 
which is designed to provide a standard way to visualize the design 
of a system.

WHAT IS UML? 

UML Models
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ÅThe 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.

WHAT IS SYSML? 

SysML Models
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ÅMBSE is a model -based approach to Systems Engineering, typically 
applying the SysML modeling language to deal with system 
complexity and enabling unambiguous communication amongst 
interested parties

WHAT IS MODEL BASED SYSTEM ENGINEERING?

System 

Models

Software

Mechanical

Electrical

Analysis

Manufacturing

Marketing

Management

System

System Context Model Use Cases Model

Functional Model

Structural Model

Requirements

Service

(Device, Cloud, 

Mobile)
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ÅMBPLE 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

WHAT IS MODEL BASED PRODUCT LINE 
ENGINEERING?

Product Line System 

Model

+

Variability

=

VP

V V V

Car Types

VP

for the city

V

for the family

V

to impress the neighbors

V

1..1

Up front design for variability
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ÅModular Design is an approach which segments the design of 
whole systems into linked, manageable and reusable sub -system 
designs

WHAT IS MODULAR DESIGN?

Module (Asset) 

Library

Module

System Model

Expand product offering 

while reducing costs
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SYSTEMS ENGINEERING
SOLUTION SCOPE

Practice Groups

Systems Engineering

Requirements Engineering

o Collaborative requirements definition

o Accurate requirements analysis and approval

o Comprehensive requirements traceability

o Standardized requirements and test change 

management

Test Management

o Comprehensive test traceability and coverage

o Collaborative test definition and authoring

o Managed test execution and results analysis

o Integrated test planning

o Standardized requirements and test change 

management

System Design

o Model Based System Engineering

o Automated System Design Review

o System Level Simulation

o System Model Management

o System Model Publishing

o Domain Specific Languages Implementation

Product Line Design

o Model Based Product Line Engineering

o Architected Modular Design

o Product Line Analysis and Validation

System Engineering Process Governance

o Standardized System Engineering Best Practices

o Tailored System Engineering Practice Application
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ÅA common process for constructing a SysML system model involves 
an iterative approach based around the SysML diagram taxonomy 
ïEach 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

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

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

MODEL BASED SYSTEM ENGINEERING APPROACH

Layer 1 ðCapture system requirements and 
domain. Define system model for this layer

Layer 2 ðCascade requirements from previous 
layer and refine/derive/decompose. Iteratively 

update system model to incorporate 
requirements and designs for this layer

Layer 3 ðCascade requirements from previous 
layer and refine/derive/decompose. Iteratively 

update system model to incorporate 
requirements and designs for this layer

A

B

D E

C

F G

H I J

This is an example ðthe  

number of layers needed 

will depend on the system

Note
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ÅA top down modelling approach can produce a comprehensive definition 
of a product or system starting from the highest level down, but is not always 
practical or realistic
ïA bottom up approach should also be considered, where definition of critical aspects or sub-

systems of a product are prioritized

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

ïOften a combination of these approaches works best

MODEL BASED SYSTEM ENGINEERING APPROACH

Considerations 

A

B

D E

C

F G

H I J K L

Top down

Bottom up

Middle out
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ÅOften 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

ÅConsider if product variability will be required
ïRefer to the Model Based Product Line Engineering storyboard for more information 

ÅLarge, 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. 
ïRefer to the Architected Modular Design storyboard for more information 

MODEL BASED SYSTEM ENGINEERING APPROACH

Considerations 
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AGENDA

ÅIntroduction
ïKey Concepts

ïPrimary Challenges

ÅPTC Best Practice Storyboard
ïModel Based System Engineering
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ÅPractice: 
ïEnable collaborative complex system engineering using a 

common industry standard modeling language

ÅCapabilities:
ïGraphically define product context and stakeholders

ïMap and trace from requirements to the design

ïModel architecture including system functions and structure

ÅValue:
ï Improve communication between stakeholders and engineering 

teams

ï Improve product quality by early problem identification and 

enhanced design integrity

ï Increase productivity by reuse of model elements and improved 

impact analysis

ïReduce risk with improved estimation and early requirements 

validation 

MODEL BASED SYSTEM ENGINEERING 
BEST PRACTICE

Challenge: Designing complex systems within disconnected engineering disciplines
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BEST PRACTICE
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MODEL BASED SYSTEM ENGINEERING PROCEDURE 
OVERVIEW

Ʒ Plan Systems Engineering Initiative

Capture constraints

Analyze Requirements

Design Architecture

End

Allocate Architecture

Define & Analyze
System Context

Start

2.0

3.0

Design Use Cases

Design Functional  View

4.0

5.0

6.0

7.0

Plan Systems 
Engineering Initiative

1.0

System 

Engineering 

CFT

System

Engineer

Define objectives, 

scope and process

SE Project CFT

Establish cross -

functional team

Define quality and 

performance 

measures and 

targets

Identify re -use 

candidates

Refine and confirm 

plan
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MODEL BASED SYSTEM ENGINEERING PROCEDURE 
OVERVIEW

Ʒ Define and Analyze System Context

Analyze Requirements

Design Architecture

End
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Define & Analyze
System Context

Start

2.0

3.0

Design Use Cases
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4.0

5.0

6.0

7.0
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Engineering Initiative

1.0

System 

Engineering 

CFT

System

Engineer

Capture system domain 

information in 

consultation with CFT
Create and configure 

system model

Analyze, refine and 

update system domain 

information
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MODEL BASED SYSTEM ENGINEERING PROCEDURE 
OVERVIEW

ƷAnalyze Requirements

Analyze Requirements

Design Architecture

End

Allocate Architecture

Define & Analyze
System Context

Start

2.0

3.0

Design Use Cases

Design Functional  View

4.0

5.0

6.0

7.0

Plan Systems 
Engineering Initiative

1.0

System 

Engineering 

CFT

System

Engineer

Analyze and refine 

requirements

Confirm 

requirements

Update and baseline 

system model

Capture system or sub -

system requirements with CFT
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MODEL BASED SYSTEM ENGINEERING PROCEDURE 
OVERVIEW

Ʒ Design Use Cases
Define use cases and 

relationshipsDefine system actors with CFT

Analyze Requirements

Design Architecture

End

Allocate Architecture

Define & Analyze
System Context

Start

2.0

3.0

Design Use Cases

Design Functional  View

4.0

5.0

6.0

7.0

Plan Systems 
Engineering Initiative

1.0

System 

Engineering 

CFT

System

Engineer

Associate use cases to 

requirements
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MODEL BASED SYSTEM ENGINEERING PROCEDURE 
OVERVIEW

Ʒ Design Functional View

Analyze Requirements

Design Architecture

End

Allocate Architecture

Define & Analyze
System Context

Start

2.0

3.0

Design Use Cases

Design Functional  View

4.0

5.0

6.0

7.0

Plan Systems 
Engineering Initiative

1.0

System

Engineer

System 

Engineering 

CFT

Create sequence 

diagram with CFT

Define lifelines and messages
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MODEL BASED SYSTEM ENGINEERING PROCEDURE 
OVERVIEW

Ʒ Design Architecture
Define system 

blocks

Analyze Requirements

Design Architecture

End

Allocate Architecture

Define & Analyze
System Context

Start

2.0

3.0

Design Use Cases

Design Functional  View

4.0

5.0

6.0

7.0

Plan Systems 
Engineering Initiative

1.0

System

Engineer

System 

Engineering 

CFT

Define internal blocks, 

ports and item flows

Define constraint 

blocks and 

parametric diagrams

Review system 

architecture design
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MODEL BASED SYSTEM ENGINEERING PROCEDURE 
OVERVIEW

ƷAllocate Architecture

Analyze Requirements

Design Architecture

End

Allocate Architecture

Define & Analyze
System Context

Start

2.0

3.0

Design Use Cases

Design Functional  View

4.0

5.0

6.0

7.0

Plan Systems 
Engineering Initiative

1.0

System

Engineer

System 

Engineering 

CFT

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

Select preferred 

physical 

architecture
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PLAN 
SYSTEMS ENGINEERING 
INITIATIVE
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MODEL BASED SYSTEM ENGINEERING BEST PRACTICE 
PROCEDURE
Ʒ Plan Systems Engineering Initiative

ÅObjectives

ïDefine a plan for the systems engineering program, project or phase

ÅRole

ïProject/Program Manager

ïSystem Engineer

ïCross-functional Team

ÅOutputs

ïPlan for the systems engineering initiative covering objectives, scope, 

process, constraints, domain, resources, re-use opportunities and 

quality/performance measures and targets

Analyze Requirements

Design Architecture

End

Allocate Architecture

Define & Analyze
System Context

Start

2.0

3.0

Design Use Cases

Design Functional  View

4.0

5.0

6.0

7.0

Plan Systems 
Engineering Initiative

1.0

System

Engineer

System 

Engineering 

CFT / Project 

Manager
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MODEL BASED SYSTEM ENGINEERING

Ʒ Plan Systems Engineering Initiative

Start Procedure 1

End Procedure 1

Establish Cross-
functional Team

Capture Constraints

Define Quality and 
Performance Measures 

and Targets

Define Objectives, Scope 
and Process

1.2

1.3

1.4

1.1

System

Engineer

Identify Re-use 
Candidates

1.5

Refine and Confirm   
Plan

1.6

System 

Engineering 

CFT / 

Project 

Manager

Analyze Requirements

Design Architecture

End

Allocate Architecture

Define & Analyze
System Context

Start

2.0

3.0

Design Use Cases

Design Functional  View

4.0

5.0

6.0

7.0

Plan Systems 
Engineering Initiative

1.0
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Start Procedure 1

End Procedure 1

Establish Cross-
functional Team

Capture Constraints

Define Quality and 
Performance Measures 

and Targets

Define Objectives, Scope 
and Process

1.2

1.3

1.4

Identify Re-use 
Candidates

1.5

Refine and Confirm   
Plan

1.6

MODEL BASED SYSTEM ENGINEERING

Ʒ Define Objectives and Scope

System

Engineer

Therefore it is important to coordinate with related disciplines and processes

Locate and verify any existing requirements, 

objectives, scope, domain, process, 

constraints, performance measures /targets

There are many different starting points for a Systems Engineering 

initiative:

ïDevelopment of a new product or product platform

ïAdapting existing product or platform

ïNew requirements or regulations

1.1

System 

Engineering 

CFT / 

Project 

Manager
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MODEL BASED SYSTEM ENGINEERING

Ʒ Define Objectives and Scope

System

Engineer

In coordination with other processes, define draft objectives, 

scope and process for the systems engineering project
Source: INCOSE, Wikipedia

Refer to PTC System Engineering Process Governance 

practices for guidance on lifecycle process , PTC 

Integrity Process Perspective and Process Director

Start Procedure 1

End Procedure 1

Establish Cross-
functional Team

Capture Constraints

Define Quality and 
Performance Measures 

and Targets

Define Objectives, Scope 
and Process

1.2

1.3

1.4

Identify Re-use 
Candidates

1.5

Refine and Confirm   
Plan

1.6

1.1

System 

Engineering 

CFT / Project 

Manager
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MODEL BASED SYSTEM ENGINEERING

ƷEstablish Cross-functional Team

Ensure representatives from all affected 

departments are members of the cross -

functional team.  This may include:

- Marketing / Sales

- System Engineering

- Software / Electrical / Mechanical 

Engineering

- Manufacturing

- Service

System 

Engineering 

CFT

System

Engineer

SoftwareMechanic

al

Electrical

Analysis

Manufacturing

Marketing

Manageme
nt

System

SE Project CFT

Additional input may also be 

obtained from external parties such 

as suppliers, partners, regulatory 

agencies and customers but these 

are not part of the core CFT.

Note

Start Procedure 1

End Procedure 1

Establish Cross-
functional Team

Capture Constraints

Define Quality and 
Performance Measures 

and Targets

Define Objectives, Scope 
and Process

1.3

1.4

Identify Re-use 
Candidates

1.5

Refine and Confirm   
Plan

1.6

1.1

1.2

Service

(Device, Cloud, 

Mobile)
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MODEL BASED SYSTEM ENGINEERING

ƷCapture Constraints

System 

Engineering 

CFT

System

Engineer

Confirm constraints such 

as regulatory 

compliance and 

company or industry 

standards

Include any known 

engineering limitations 

or constraints

PTC Mathcad

Also consider business constraints 

such as project deadlines  and 

milestones, or release/sales 

schedule

Note

Start Procedure 1

End Procedure 1

Establish Cross-
functional Team

Capture Constraints

Define Quality and 
Performance Measures 

and Targets

Define Objectives, Scope 
and Process

1.2

1.4

Identify Re-use 
Candidates

1.5

Refine and Confirm   
Plan

1.6

1.1

1.3
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MODEL BASED SYSTEM ENGINEERING

ƷDefine Quality and Performance Targets

System 

Engineering 

CFT

System

Engineer

Start Procedure 1

End Procedure 1

Establish Cross-
functional Team

Capture Constraints

Define Quality and 
Performance Measures 

and Targets

Define Objectives, Scope 
and Process

1.2

1.3

Identify Re-use 
Candidates

1.5

Refine and Confirm   
Plan

1.6

1.1

1.4

Coordinate with Quality Mgmt processes and 

define quality and performance measures

If possible also set quality and 

performance targets

This is an 

advanced, 

optional technique

Note
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MODEL BASED SYSTEM ENGINEERING

ƷIdentify Re-use Candidates

System 

Engineering 

CFT

System

Engineer

Start Procedure 1

End Procedure 1

Establish Cross-
functional Team

Capture Constraints

Define Quality and 
Performance Measures 

and Targets

Define Objectives, Scope 
and Process

1.2

1.3

1.4

Identify Re-use 
Candidates

Refine and Confirm   
Plan

1.6

1.1

1.5

Identify re -use 

candidates from existing 

systems or designs and 

review with CFT

Consider existing SysML models 

for similar products

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
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MODEL BASED SYSTEM ENGINEERING

ƷIdentify Re-use Candidates

System 

Engineering 

CFT

System

Engineer

Start Procedure 1

End Procedure 1

Establish Cross-
functional Team

Capture Constraints

Define Quality and 
Performance Measures 

and Targets

Define Objectives, Scope 
and Process

1.2

1.3

1.4

Identify Re-use 
Candidates

Refine and Confirm   
Plan

1.6

1.1

1.5

Evaluate existing 

mechanical, electrical of 

software designs for 

possible re -use

Existing MCAD 

(Mechanical Computer 

Aided Design)  designs

Existing software designs 

Existing ECAD (Electrical 

Computer Aided Design) 

designs
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SE Project CFT

MODEL BASED SYSTEM ENGINEERING

ƷRefine and Confirm Plan

System 

Engineering 

CFT / Project 

Manager

System

Engineer

Start Procedure 1

End Procedure 1

Establish Cross-
functional Team

Capture Constraints

Define Quality and 
Performance Measures 

and Targets

Define Objectives, Scope 
and Process

1.2

1.3

1.4

Identify Re-use 
Candidates

Refine and Confirm   
Plan

1.1

1.5

1.6

Review and confirm plan 

with CFT

If needed update plan objectives, scope, 

process, constraints, CFT, quality and 

performance targets and re -use 

candidates

Kick off and manage 

project
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DEFINE AND ANALYZE 
SYSTEM CONTEXT
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MODEL BASED SYSTEM ENGINEERING BEST PRACTICE 
PROCEDURE
Ʒ Define and Analyze System Context

ÅObjectives

ïCapture, document and analyze system domain information

ÅRole

ïSystem Engineer

ïCross-functional Team

ÅOutputs

ïSystem Domain Model
Analyze Requirements

Design Architecture

End

Allocate Architecture

Define & Analyze
System Context

Start

2.0

3.0

Design Use Cases

Design Functional  View

4.0

5.0

6.0

7.0

Plan Systems 
Engineering Initiative

1.0

System 

Engineering 

CFT

System

Engineer
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MODEL BASED SYSTEM ENGINEERING

Ʒ Define and Analyze System Context

Start Procedure 2

End Procedure 2

Capture System 
Domain in  

Consultation with CFT

Analyze, Refine and 
Update System 
Domain Model

Create and Configure 
System Model

2.2

2.3

2.1

Analyze Requirements

Design Architecture

End

Allocate Architecture

Define & Analyze
System Context

Start

2.0

3.0

Design Use Cases

Design Functional  View

4.0

5.0

6.0

7.0

Plan Systems 
Engineering Initiative

1.0

System 

Engineering 

CFT

System

Engineer
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MODEL BASED SYSTEM ENGINEERING

Ʒ Create and Configure System Model

System 

Engineering 

CFT

System

Engineer

Start Procedure 2

End Procedure 2

Capture System 
Domain in  

Consultation with CFT

Analyze, Refine and 
Update System 
Domain Model

Create and Configure 
System Model

2.2

2.3

2.1

Enabler supports 

collaborative model 

development (setup 

during Modeler 

installation)

Select File > Open 

Modelé to open 

Enabler and review 

existing Repositories 

and Models

Coordinate with related 

processes such as 

Requirements Management, 

Quality Mgmt and identify any 

relevant existing information  

If using Asset Library, this 

may be a collection of 

linked models for systems 

and sub -systems

Note
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MODEL BASED SYSTEM ENGINEERING

Ʒ Create and Configure System Model

System 

Engineering 

CFT

System

Engineer

Start Procedure 2

End Procedure 2

Capture System 
Domain in  

Consultation with CFT

Analyze, Refine and 
Update System 
Domain Model

Create and Configure 
System Model

2.2

2.3

2.1

Notify those involved in the modelling 

activity which model(s) and version is 

being used and how to access 

Repositories can be 

managed using the 

Repository Administrator

Refer to System Model 

Management Best Practice 

for more information

Note

Access permissions on 

models can be defined
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MODEL BASED SYSTEM ENGINEERING

Ʒ Create and Configure System Model

System 

Engineering 

CFT

System

Engineer

Start Procedure 2

End Procedure 2

Capture System 
Domain in  

Consultation with CFT

Analyze, Refine and 
Update System 
Domain Model

Create and Configure 
System Model

2.2

2.3

2.1

Select File > New Model to 

create new system model

Select Options ðchoose SysML 

(Full Profile) and enter name

If needed, import the SysML 

Profile (Tools > Add Profile)

Note

Profile extensions can be used to support a 

customer specific data model 

Note




