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Motivation 

•  It is common misunderstanding in MBSE, that 
SysML as modeling language is enough to 
successfully apply MBSE  

•  Modeling language is just the language, and 
must be combined with a methodology to be 
useful  

•  Quite a few methods available for MBSE  
•  The ones that exist are too abstract for solving a 

real-world problem  
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Idea 
•  Decade working on standardization of military frameworks (UPDM, NAF, 

DoDAF, MODAF, UAF) 
•  Expertise acquired working on real-world projects in transportation and 

defense industries  

Bombardier Transportation System Modeling Method (Naas et al., 2015)  KDA System Architecture Framework  
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The Four Pillars of SysML   

© 2012-2017 by Sanford Friedenthal 
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Case Study: Vehicle AC Unit 

7 



Problem Domain: Black Box 
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•  Black-box perspective 
describes the SoI as a 
whole  

•  In this perspective, 
stakeholder needs, 
functions expected from 
the SoI, user scenarios, 
SoI interaction with 
environment, and 
measurements of 
effectiveness are defined  

•  The operational analysis 
of the system is 
performed  
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Stakeholder Needs 
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Stakeholder Needs 
•  captures stakeholder 

requirements, regulations, 
policies, principles, and internal 
guidelines to develop a system  

•  in Requirements Engineering 
process this is the raw 
information elicited from the 
user that needs to be refined, 
first by analysing, second by 
specifying more detailed 
system requirements 

Stakeholder Needs 

? via 

import/export 

refer 
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Use Cases 
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Use Cases 
•  captures 

refinement of 
functional 
user needs in 
a form of a 
use case 
specification  

1 

2 

•  includes use case scenarios defining flow 
of events inside the use case as well as 
the other additional information, e.g. 
prerequisites, constraints, etc. 

12 



System Context 
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System Context 
•  captures how SoI interacts with its 

environment 
•  origins of such model can be found 

in DoDAF, known as High Level 
Operational Context (HLOC)  

•  the purpose of the model is to 
depict high level interfaces needed 
for the system to communicate with 
its environment, e.g. GUI, UI, TCP/
IP etc.  

•  can be supplemented with domain 
concept model 
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Measurements of Effectiveness 
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Measurements of Effectiveness 
•  captures non-functional user set goals for the system expressed in numerical 

format 
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Problem Domain: White Box 
•  White-box perspective, 

as opposed to the black-
box, describes behaviors 
that are expected from 
subsystems of the SoI.  

•  In this perspective, 
environmental entities, 
are no longer 
considered: inputs and 
outputs of the SoI are 
delegated to its 
subsystems  

•  The result of the white-
box analysis is system 
requirements 
specification (SRS) 
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Functional Analysis 
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Functional Analysis 

•  continuation of functional use case analysis, 
where focus is internal system functions in 
some of the techniques known as processes 

•  functional analysis serves for identification of 
logical subsystems responsible for a group of 
functions 
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Functional Analysis 
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Logical Subsystems Communication 
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Logical Subsystems Communication 

•  logical interfaces are identified and defined. •  interface control documents (ICD) can be generated.  
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Logical Subsystems Communication 
•  identified logical subsystems, based on the 

control and resource flows captured in the 
functional analysis model, are connected 
with one another in terms of logical 
interfaces. 
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Logical Subsystems Communication 
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MoEs for Subsystems 
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MoEs for Subsystems 

•  In this cell, MoEs for one or more subsystems 
of the SoI are specified to make further 
refinements of non-functional stakeholder 
needs  

•  This cell is optional, as you might not need to 
specify MoEs additional to those defined for 
SoI 
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System Requirements 
Pillar

D
o
m

a
in

Requirements Behavior Structure Parametrics

P
r
o
b
le

m

B
la

c
k
 B

o
x B1

Stakeholder

Needs

B2
Use Cases

B3
System Context

B4
Measurements 

of Effectiveness
W

h
it

e
 
B
o
x W1

System

Requirements

W2 
Functional 

Analysis

W3
Logical

Subsystems

Communication

W4
MoEs of 

Subsystems

S
o
lu

t
io

n S1
Component 

Requirements

S2
Component

Behavior

S3 
Component

Structure

S4 
Component 

Parameters

28 



System Requirements 
Inputs: 
•  user needs 
•  functional 

analysis  
•  logical interfaces 
•  MoEs.  

•  by analysing inputs, system requirements are 
identified and specified in the system 
requirements specification 
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Solution Domain 
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Trade-off Analysis 
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Component Structure 
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Component Structure 
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Component Structure 
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Component Behavior 
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Component Behavior 
•  captures a detailed 

behaviour of a system/
subsystem/component 
defining its states and 
actions, e.g. algorithm, 
operation call, signal 
handling, etc.  

•  a detailed behaviour is a 
subject of simulation. 
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Component Parameters 
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Component Parameters 
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Component Parameters 
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Component Requirements 
•  captures 

detailed 
requirements for 
every identified 
subsystem/
component  

•  component 
requirements 
are derived from 
system 
requirements 
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Architecture Traceability 
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Conclusions and future works 
•  Analysis of MBSE methods and enterprise architecture frameworks discloses that majority of 

them are conceptual and thus can hardly be used in combination with systems modeling 
techniques, such as SysML, in practice.  

•  In contrast to them, the MBSE Grid approach proposed in this paper is fully compatible with 
SysML. Based on the transparent system architecture framework,  

–  it clearly defines the modeling process  
–  reveals what model artifacts should be produced in each step of system specification and 

design  
–  explains how to manage traceability relationships (both horizontal and vertical).  

•  The case study later in this paper proves applicability of MBSE Grid in combination with 
MagicDraw toolset, which supports SysML.  

•  Currently, the MBSE Grid approach is mainly oriented to the creation of a system model. 
Thus, it will be extended to include support of system variants, engineering analysis, and 
verification & validation.  

•  In the farther future, the approach is considered to support a full model lifecycle management, 
including its creation, usage, and configuration management. 
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Questions??? 
Thank You! 

Aurelijus Morkevičius, PhD,  
Head of Solutions @ No Magic 

aurelijus.morkevicius@nomagic.com 
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