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Model:

"A simplified representation of some aspect of the real world"

Source:  EIA/IS-731.1 Document2 - Systems Engineering Capability Model

DEFINITION OF MODEL

https://creativecommons.org/licenses/by-nd/4.0/
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MBSE:

"Model-based systems engineering (MBSE) is the formalized 
application of modeling to support system requirements, design, 
analysis, verification and validation activities beginning in the 
conceptual design phase and continuing throughout development 
and later life cycle phases"

Source:  INCOSE SE Vision 2020

DEFINITION OF MBSE

https://creativecommons.org/licenses/by-nd/4.0/
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3000 BC to date: mathematics

1954: MBSE described in a Rand Corporation report

1977: development by TRW of SREM, initially for software engineering, applied to systems engineering

1991: commercial release of RDD language derived from SREM, and associated RDD software tool

1991: Object Process Methodology (OPM) first conceived by Dov Dori

1993: commercial release of CORE tool and associated language, also derived from SREM

1996: release of OMG UML

2001: commencement of INCOSE/OMG SysML project

2006: release of OMG Business Process Modelling Notation (BPMN)

2007: release of OMG SysML 1.0

2015: publication of ISO/PAS 19450:2015 OPM standard

2025: anticipated release of OMG SysML 2.0

MBSE LANGUAGE TIMELINE

https://creativecommons.org/licenses/by-nd/4.0/
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"Systems Engineering"
Alexander W. Boldyreff

1954 Rand Corporation paper available in hard copy.

THE 1954 RAND CORPORATION PAPER

https://creativecommons.org/licenses/by-nd/4.0/
https://oac.cdlib.org/view?docId=hb4q2nb2px;NAAN=13030&doc.view=content&chunk.id=div00003&toc.depth=1&brand=oac4&anchor.id=0
https://www.rand.org/pubs/papers/P537.html


PPI-008626-1 © Copyright and all Other Rights Reserved Project Performance International 1998 – 2024 Creative 

Commons License to Registered Attendees  BY-ND 4.0 Share  Attribution  No Derivatives

Page 7 of 34

• Currently the most widely used MBSE language, but with strong proprietary competitors

• Was supposed to be developed against RFP requirements (see the PPI Systems Engineering Goldmine)

• Open source for distribution and use

• Conceived by INCOSE in 2001

• A joint development by OMG and INCOSE

• Released as OMG v1.0 in 2007

• Currently at OMG v1.7 released in 2022

OMG SysML 1.x OVERVIEW

https://creativecommons.org/licenses/by-nd/4.0/
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SysML 1.x DIAGRAMS

• Block definition diagram

• Internal block diagram

• Package diagram

• Use case diagram

• Requirement Diagram

• Activity diagram

• Sequence diagram

• State machine diagram

• Parametric diagram

https://creativecommons.org/licenses/by-nd/4.0/
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Source: Sparx Systems

SysML 1.6 – BLOCK DEFINITION DIAGRAM

https://creativecommons.org/licenses/by-nd/4.0/
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Source: Sparx Systems

SysML 1.5 – REQUIREMENT DIAGRAM
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Source: Sparx Systems

SysML 1.5 – USE CASE DIAGRAM
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Source: Sparx Systems

SysML 1.5 – PACKAGE DIAGRAM
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Source: Sparx Systems

SysML 1.5 – ACTIVITY DIAGRAM
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Source: Sparx Systems

SysML 1.5 – INTERNAL BLOCK DIAGRAM
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Source: Sparx Systems

SysML 1.5 – PARAMETRIC DIAGRAM
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Source: Sparx Systems

SysML 1.5 – SEQUENCE DIAGRAM

https://creativecommons.org/licenses/by-nd/4.0/
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Source: Sparx Systems

SysML 1.5 – STATEMACHINE DIAGRAM
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SysML 1.x ADVANTAGES

• Standardized and open source

• Based on UML, therefore assisting software engineers who are familiar with UML

• Many proprietary and some open source tools available

• Powerful backing of the Object Management Group (OMG)

https://creativecommons.org/licenses/by-nd/4.0/
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SysML 1.x DISADVANTAGES

• Departs greatly from the (sound) requirements, reflecting need, against which SysML was supposed to 

be developed.

• In practice, no model interchange between SysML tools, a key need.

• Many technical issues that prevent efficient use.

• Requires very large effort to learn, especially without prior UML experience – in practice limits routine 

use to a few experts.

• Inefficient in use – many steps to create and show simple relationships.

Friedenthal, S., Seidewitz, E., SysML v2: Highlighting the Differences with SysML v1, Project Performance 
international (PPI) Systems Engineering Newsjournal, PPI SyEN 123 – April 2023

https://creativecommons.org/licenses/by-nd/4.0/
https://www.ppi-int.com/systems-engineering-newsjournal/ppi-syen-123/
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Source: Regis Casteran,"Functions in systems model",  Sep. 9, 2019

MBSE LANGUAGE EFFICIENCY

• Action: (not necessarily atomic, i.e., could involve multiple user steps) a user action resulting in the 

creation, modification or suppression of an element or a diagram.

• Element: (model) element (including link) that is created, modified or deleted by a user action in 

a diagram.

• Diagram

https://creativecommons.org/licenses/by-nd/4.0/
https://medium.com/seatwork/functions-in-systems-model-1f96f96a818
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SysML v2.0

• Close to what SysML 1.0 was supposed to be, and much more

• Model interchangeability between tools via a clever API strategy

• Executable

• MUCH easier to learn

• MUCH easier to use

• Free of software bias – no longer a profile under UML

• Bimodal – graphical and textual representations (which has pros and cons)

References: PPI SyEN, Edition 123, April 2023 and Friedenthal, S., Seidewitz, E., A Preview of the Next 
Generation System Modeling Language (SysML v2), Project Performance international Systems 
Engineering Newsjournal, PPI SyEN 95 – 27 November 2020.

https://creativecommons.org/licenses/by-nd/4.0/
https://www.ppi-int.com/systems-engineering-newsjournal/ppi-syen-123/
https://www.ppi-int.com/systems-engineering-newsjournal/ppi-syen-95/
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EXAMPLE OF SysML v2.0 TEXTUAL REPRESENTATION

https://creativecommons.org/licenses/by-nd/4.0/
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PPI, a member of the OMG, has proposed three future extensions to 

SysML v2:

• Improved state-based modeling for requirements capture and validation

• Requirement pattern (for requirements analysis, manual authoring and potentially automated 

authoring of requirements – partially or fully)

• Decision patterns and decision traceability

PROPOSED SysML v2 EXTENSIONS

https://creativecommons.org/licenses/by-nd/4.0/
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STATES DIAGRAM

Example 1 - State Transit ion Diagrams
STATES DIAGRAM FOR A BOMB

Legend:

P   Permissive guidance (”may”) statement
TX   Time Expired
� ��ZĞƋƵŝƌĞĚ�ƚƌĂŶƐŝƟŽŶ
� ��WĞƌŵŝƩĞĚ�ďƵƚ�ŶŽƚ�ƌĞƋƵŝƌĞĚ�ƚƌĂŶƐŝƟŽŶ
� ��WƌŽŚŝďŝƚĞĚ�ƚƌĂŶƐŝƟŽŶ
hŶĐŽŶŶĞĐƚĞĚ�ĂƌƌŽǁ�͗��ĞĨĂƵůƚ�ƐƚĂƚĞ�Žƌ�ŵŽĚĞ
�������������������ǀĞŶƚ;ƐͿ�ƚŚĂƚ�ĂƌĞ�ƚŽ�ĐĂƵƐĞ�ƚƌĂŶƐŝƟŽŶ
   �ǆƚĞƌŶĂů�ƌĞƐƉŽŶƐĞ�;ŝĨ�ĂŶǇͿ�ĂƐ�Ă�ĚŝƌĞĐƚ
� ��ĐŽŶƐĞƋƵĞŶĐĞ�ŽĨ�ƚŚĞ�ƚƌĂŶƐŝƟŽŶ�ŚĂǀŝŶŐ��
� ��ŽĐĐƵƌƌĞĚ
                 

Armed
State

^ĂĨĞ
State

DŝƐĮƌĞ
State

TX
State

�ĞƚŽŶĂƟŶŐ
State

�ĞƚŽŶĂƚĞĚ
State

States Diagram for a Bomb

PPI-003102-25 (Annex B-2)
Ξ��ŽƉǇƌŝŐŚƚ�WƌŽũĞĐƚ�WĞƌĨŽƌŵĂŶĐĞ�;�ƵƐƚƌĂůŝĂͿ�WƚǇ�>ƚĚ�ϮϬϭϮͲϮϬϮϭ

WĂŐĞ�ϭϰϭ�ŽĨ�ϮϮϲ
5 January 2021

Annex B
�ǆĂŵ

ƉůĞ�^ƚĂƚĞ�dƌĂŶƐŝƟŽŶ��ŝĂŐƌĂŵ
Ɛ

P

(P)

(P)

PPI-008223-1
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MODES-IN-STATES DIAGRAM

Example 2
MODES-IN-STATES DIAGRAM FOR A BOMB

Modes-In-States Diagram for a Bomb

Safe 
�ĞƚŽŶĂƟŽŶ

Mode

SDM
/ŶĂĐƟǀĞ

SS

TXS

TXS

Emergency 
�ĞƚŽŶĂƟŽŶ

Mode

EDM
/ŶĂĐƟǀĞ

SS MS

MS

Self-Timed
�ĞƚŽŶĂƟŽŶ

Mode

Manual
�ĞƚŽŶĂƟŽŶ

Mode
AS

AS

PPI-003102-25 (Annex B-3)
© Copyright Project Performance (Australia) Pty Ltd 2012-2021

Page 142 of 226
5 January 2021

Legend: 
AS  Armed State
��D�� � �ŵĞƌŐĞŶĐǇ��ĞƚŽŶĂƟŽŶ�DŽĚĞ
D^� � DŝƐĮƌĞ�^ƚĂƚĞ
^�D� � ^ĂĨĞ��ĞƚŽŶĂƟŽŶ�DŽĚĞ
SS  Sub-State
^d�D� � ^ĞůĨͲdŝŵĞĚ��ĞƚŽŶĂƟŽŶ�DŽĚĞ
TXS  Time Expired State
� � ZĞƋƵŝƌĞĚ�ƚƌĂŶƐŝƟŽŶ
� � WĞƌŵŝƩĞĚ�ďƵƚ�ŶŽƚ�ƌĞƋƵŝƌĞĚ�ƚƌĂŶƐŝƟŽŶ
� � WƌŽŚŝďŝƚĞĚ�ƚƌĂŶƐŝƟŽŶ
Unconnected arrow : Default state or mode
�������������������� �ǀĞŶƚ;ƐͿ�ƚŚĂƚ�ĂƌĞ�ƚŽ�ĐĂƵƐĞ�ƚƌĂŶƐŝƟŽŶ
    External response (if any) as a direct
� ��� ĐŽŶƐĞƋƵĞŶĐĞ�ŽĨ�ƚŚĞ�ƚƌĂŶƐŝƟŽŶ�ŚĂǀŝŶŐ� � � � � �
  occurred

(P)

EŽƚĞ͗��ŽƵůĚ�ĂůƐŽ�ďĞ�ĚĞĮŶĞĚ�ĂƐ�Ă�ƐƵďͲƐƚĂƚĞ͘

AS

STDM
/ŶĂĐƟǀĞ

SS

https://creativecommons.org/licenses/by-nd/4.0/
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PPI State-Based Modeling Expressiveness: used in PPI States & Modes Analysis
Capture and Visualize:

Expressiveness: Based on Harel statecharts(?)
Capture and Visualize:

System states and their definitions System states and their definition
System modes and their definitions
System submodes and their definitions
Required-to-be-potentially-concurrent states, modes and submodes Composite states and their substates
Required-to-be-mutually-exclusive states, modes and submodes
Permitted-but-not-required-to-be-potentially-concurrent states, modes and submodes
Default system state(s), including conditional defaults Initial state?
Default system mode(s) upon entry to a state, including conditional defaults
Default system mode-inactive-substate(s) upon entry to a state, including conditional defaults
Default system submode(s) upon entry to a mode, including conditional defaults
Required state-to-state transitions (triggering event(s) + system external response if any) State-to-state transitions (trigger[guard] / action)
Permitted state-to-state transitions (triggering event(s) + system external response if any)
Prohibited state-to-state transitions (unconditional and conditional)
Required mode-in-state to mode-in-state transitions (triggering event/events + system response if any)
Permitted mode-in-state to mode-in-state transitions (triggering event/events + system response if any)
Prohibited mode-in-state to mode-in-state transitions (unconditional and conditional)
Required mode-in-state to/from mode-inactive-substate transitions (triggering event/events + system response if any)
Permitted mode-in-state to/from mode-inactive-substate transitions (triggering event/events + system response if any)
Prohibited mode-in-state to/from mode-inactive-substate transitions (unconditional and conditional)

Functional requirements in each state/substate

STATE-BASED MODELLING NOTATION EXPRESSIVENESS COMPARISON (WIP)

https://creativecommons.org/licenses/by-nd/4.0/
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PPI advocates a "one-size-literally-fits-all" requirements structural pattern for:

• Parsing Analysis (performed as a part of requirements analysis)

• Requirements authoring.

This pattern breaks down a requirement into up to 7 constituent elements, two of which are mandatory 

and one of which is purposefully replicated.

REQUIREMENTS PATTERN EXTENSIONS TO SysML v2

https://creativecommons.org/licenses/by-nd/4.0/
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REQUIREMENTS PARSING PATTERN

https://creativecommons.org/licenses/by-nd/4.0/
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Element Text

1.    Actor
The Actor is grammatically the subject of the sentence, and is therefore a noun or a gerund (noun-verb combination). 

Examples are: “The system”, “The app.”, “the vehicle”, etc.

2.    Conditions for Action (CfA)

Conditions for Action are the conditions during which the characteristic is required to be present, or the triggering and/or 

initiating/terminating conditions, in any number and type of these conditions. CfAs do not change the Action. Examples 

are “when in executing state”, “upon receipt of an ON command”, “from receipt of an ON command to receipt of an OFF 

command”.

3.    Action
The Action is the verb, as it relates to the Actor, and includes any auxiliary verb such as “shall” or adverbs such as “not”,

Examples are “shall display”, “shall not be displayed”. 

4.    Constraints of Action 1 (CoA)
Constraints of Action qualifies the action. CoA can be performance, or can take other forms. Examples are: “within 10 ms”, 

“at a resolution of 720x729 pixels”, “as specified herein”.

5.    Object of Action (OoA)

Object of Action, if any, is the thing acted upon, and is usually a noun. OoA can also be a gerund (noun-verb combination), 

OoA is easily identified by taking the action and turning it around, for example, “what shall be displayed?” – “current time” 

would be an object of action.

6.    Constraints of Action 2 (CoA) 
Constraints of Action qualifies the action. CoA can be performance, or can take other forms. Examples are: “within 10 ms”, 

“at a resolution of 720x729 pixels”, “as specified herein”.

7.    Refinement of Object (RoO)
Refinement of Object qualifies the object, for example “present at the user interface”, “for the location”, “compliant with 

the format standard”.

8.    Constraints of Action 3 (CoA)
Constraints of Action qualifies the action. CoA can be performance, or can take other forms. Examples are: “within 10 ms”, 

“at a resolution of 720x729 pixels”, “as specified herein”.

9.    Exceptions to Action (EtA) 
Exceptions to Action limit the applicability of the requirement. Examples are “unless already in storage”, “except in Off 

State”. May include additional CFAs.

10.  Other
Other is used only in the Analysis application of the template, and is the metaphorical garbage can. Examples of “Other” 

content include assertions of fact, and statements of purpose. These have no place in a requirement.

REQUIREMENTS PARSING PATTERN

https://creativecommons.org/licenses/by-nd/4.0/
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PPI Requirements  Analysis Parsing Pattern Elements Corresponding SysML v2.0 Classes:

Actor
Condition(s) for Action Constraints?
Action Action (approximate correspondence)
Constraint(s) of Action 1 Constraints?
Object of Action
Constraint(s) of Action 2 Constraints?
Refinement(s) of Object
Constraint(s) of Action 3 Constraints?
Exception(s) to Action
Other

REQUIREMENTS PARSING PATTERN MAPPING TO SysML v2.0 CLASSES (WIP)

https://creativecommons.org/licenses/by-nd/4.0/
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• Definition: A decision is a fundamental question or issue that demands an answer or solution - not the 

alternative chosen

• Design = solution decision making

• A system design is the result of numerous decisions (that must be consistent and correct)

• These decisions follow patterns that can be used to jump-start any project

• An explicit decision model enables proactive, efficient & effective design; ad hoc decision-making is 

just the opposite

• Decisions create requirements, i.e., all requirements are derived requirements

• Decision traceability demands capture of decision rationale and consequences (a rich data structure)

DECISION PATTERNS AND DECISION TRACEABILITY - FIRST PRINCIPLES 

https://creativecommons.org/licenses/by-nd/4.0/
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Solution Concept

Solution Architecture

Hardware Platform

Function X Technology

Use Cases

Feature Set Feature Concept

External Interfaces Interface Concept

Operating Regime

UC Value Proposition

Behaviors to Exploit

Behaviors to Control

State Model

Functional Model Functional Interfaces

Form Factor

HW Component Design

LC Phase Strategy

Software Platform

Logical Arch N2

Df(X) Concept

Dev, Test, Trial, Mfg, Deploy, Support, End-of-Life

Solution Role (Ops Concept)

Information Architecture

UC Flow (UX)

Control Method

Exploitation Method

Functional Model
Recursive functional 

decomposition

Task X InteractionHuman Interface

SW Component DesignSoftware Architecture

Hardware Architecture

System Lifecycle

Repeat decision for each 

alternative chosen or element 

implied by the parent decision

PRODUCT/SYSTEM DESIGN DECISION PATTERN

https://creativecommons.org/licenses/by-nd/4.0/
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PPI-006248-5
© Copyright Project Performance (Australia) Pty Ltd 1994-2024

www.ppi-int.com

Legend:

REQUIREMENTS ANALYSIS
(CAPTURE AND VALIDATION)
METHODOLOGY

SRA System Requirements Analysis
S/H Stakeholder
DEV Development
OCD Operational Concept Description (CONUSE)
ERA Entity Relationship Attribute
 Perform only if there are initial speci!ed 

requirements as an input to the analysis.*

• speci!ed requirements
• veri!cation requirements
• value model
• description of intended use

Output:
• problem domain informationInput:

IDENTIFY
STAKEHOLDERS

STATES &
MODES

ANALYSIS

READ &
ASSESS
INPUTS

PLAN
THE SRA

CONTEXT
ANALYSIS

FUNCTIONAL
ANALYSIS

REST OF
SCENARIO
ANALYSIS

PARSING
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