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Abstract

Model-based engineering (MBE), the creation and use of a single system model distributed over
multiple tools and repositories, is a critical enabler for the development of Internet of Things (loT)
products. In this paper, we present an example using a development approach starting from a SysML
architecture model and using it as the core of a Total System Model (TSM) involving PLM, ALM, CAD,
simulation, requirements and project management models in a diverse set of engineering software
tools. Graph database technology is used to capture and explore the TSM using a range of potentially
useful queries. We use IBM Rational Rhapsody as the SysML modeling tool and InterCAX’s MBE
solution, Syndeia, to demonstrate these concepts.
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The SysML models may be downloaded from the Intercax website for Rhapsody and MagicDraw.

Introduction
loT product development represents a rigorous series of modeling challenges.

e Cyberphysical — As a combination of software, electronic and mechanical components (and
sometimes more), loT products require multidisciplinary approaches, where no single design
or analysis tool is sufficient.

e Agile —loT products are designed to change rapidly, so the development process must be
closely coupled to configuration and project management.

e Secure — As network elements, loT products are vulnerable to outside actors. Building in
security, safety and reliability requires recognition of non-obvious extended connections
between features and functions.

e System-of-Systems (SoS) — As components of larger networks, loT models must be easily
federated into larger models to evaluate emergent behaviors.

Requirements I| oject Mgmt
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Model-Based Engineering (MBE) depends on a single, self-consistent digital model of the system,
spread across multiple engineering tools and repositories, as illustrated in Figure 1. It extends the
concept of Model-Based Systems Engineering (MBSE) of capturing a system’s specification as a model,
rather than a series of static disconnected documents. As the MBSE idea developed, it became clear
that a single model in a single tool, for example, a SysML system architecture model, was insufficient
for the purpose. In Model-based Engineering, all the disciplines and tools in the engineering process
are engaged in an ongoing network.

In the first part of this discussion, we are going to use a SysML model as the core of a network of
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models used in the MBSE development of an loT product, a Locator-Pager that registers nearby RFID
nametags and directs audible pages to the appropriate location as part of an office-based network.
e SysML models are inclusive of requirements, behaviors, structure and analysis, making them
an appropriate clearinghouse for all aspects of system data,
e They are able to incorporate both the product specification and the system development
process, and
e SysML is an object-oriented modeling language, facilitating model inclusion in larger models.
In the second part of the discussion, we will consider the other models used in our system
development, for example,
e Hardware designers use PLM and CAD
e Software engineers use ALM and simulation
e Systems engineers use requirements management tools
e Project managers use schedule, issue tracking and ERP systems.
An MBE approach addresses the disadvantages of this diverse toolset, such as the potential for
inconsistencies between models, the difficulty in finding needed data, and the problem of identifying
extended relationships between requirements, behavior and structure that give rise to emergent
system effects. We will show how our MBE platform, Syndeia, creates and maintains a graph of the
connections inside and between models, preserving model integrity and facilitating queries and
visualization of the connections.

Model-Based Systems Engineering for the loT

In this section, we will consider Model-Based Systems Engineering, MBSE, as representing a
SysML-centric approach, although other modeling languages could also be used. This SysML model is
available for download (link) for closer inspection by the reader. In the second section of this
presentation, we will extend our approach to Model-Based Engineering (MBE), where multiple tools
and models interact as peers within the TSM.

Modeling Product vs. Project
Every system development project has both product-specific and project-specific considerations:
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e Product-specific includes product requirements (market, technical, regulatory), product
function and hardware and software design
® Project-specific includes organization structure, project requirements, and product
development methodology

The intersection of these two domains is often the Work Breakdown Structure (WBS) which captures
the product-specific tasks in the context of the project organization, as illustrated in Figure 2.

Ordinarily, systems engineering is concerned with the first set of considerations, project management
with the second, each area with its own set of tools and models. However, the need to coordinate the
two is widely recognized. A common model in a common modeling language facilitates this.

Modeling the Product

The product SysML model follows a normal pattern, starting with identification of use cases with the
context of the product domain. The SysML use case diagram in Figure 3 captures the product
purposes. Figure 4 and Figure 5 show the composition and interconnections of the domain, the
LocaterPager (LP) interacting with RFID tags, a remote employee Location Register, and a workplace
internal communications network.
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It is outside the scope of this technote to describe a specific MBSE methodology for 1oT product
development, or a complete detailed model for a real product. In our example, we simply present
provide a product decomposition for the LP (Figure 6) and an internal block diagram (Figure 7) for the
software components. These provide the basis for demonstrating the ability to connect these
elements with PLM, ALM, MCAD and simulation models in the next section.
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Modeling the Project

Capturing the project organization in SysML is relatively straightforward, as illustrated in Figure 8. This
differs from a conventional organization chart in being model-based rather than a simple image. The
top three levels represent organizational groups rather than individuals. Individual group members
who might be assigned to projects are represented generically at the bottom level with 1..*
multiplicity; specific employees will be represented as specializations or instances of their roles. As we
will see in the next section, employee data can be stored in an external database rather than the
SysML model itself.
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In our example, projects are governed by a standard set of project requirements, which are realized in
a standard project flow. Figure 9 and Figure 10 show representative requirements and activities from
the first phase of the project, the activity Phase_1 Create_Project_Plan. Similar activities are created

for Product Plan, Product Design and Product Review phases, although in our model, the Product
Design phase is driven by product requirements rather than project requirements.
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The Work Breakdown Structure (WBS) specific to this development project includes both standard
project tasks such as Product_Reqts_Creation and product-specific tasks such as
Product_Externals_Design (the design of the outer casing). As with the earlier requirements and
activities, each WBS block in Figure 11 can be decomposed into finer levels of detail as needed.

Copyright 2016 InterCAX LLC



bdd [Package] WBS [WBS BDD]

«Block JIRA_lssuex»
LP_Project_WBS

P

P

«Block, JIRA_Issue»
Phase_1_Project_Plan

<«Block,JIRA_Issue»
Phase_2_Product_Plan

«Block,JIRA_Issue»
o1~ Product_Flow_Creation

«Block,JIRA_Issuer
F Product_Reqts_Creation

«Block,JIRA_lssue»

pﬁ‘ Project_Flow_Validation

«Block,JIRA_lssue»
Product_Reqts_Validation

«Block,JIRA_lssues
WBS_Creation

pi3

+Black,JIRA_[ssuer
WBS_Review

pl4

3e¥F pp THL , Fhzwezinnzx

&

«Block,JIRA_lssue»
Phase_3_Product_Design

«Block,JRA_Tssues
Phase_4_Product_Review

«Block,JIRA_Issuex»
531~ Product_Externals_Design

«Block, JIRA_Issues

sl

y_Design_|

«Block JIRA_lssues
Electronics_Design

p3z

«Block, JIRA_Issue»

57| Product_Reqts_Verification

«Black JIRA_lssues

«Block, JIRA_ssues
= Product_Internals_Design

P

«Block JIRA_lssues
3 Cost_and_Manufacturability_Review

p23>, System_Architecture_Design
«Block, JIRA_lssues

N P

o]

«Block JIRA_ssuer
Code_Creation
P34

«Block,JIRA_lssuer

G

Final_Design_Review ‘

There are potentially many ways to connect the four models in the project domain. In Figure 12, we present one
solution, shown for the first phase project elements, using standard SysML relationships

Project activities representing process flow “satisfy” project requirements
Project activities are also “allocated” to WBS blocks
WBS blocks “reference” departments within the organization responsible for the task

When the project structure is instantiated, specific employees within each of the departments can be assigned to the

WABS tasks.
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Model-Based Engineering for the loT

Syndeia

Syndeia™, from Intercax, is a platform for the practice of MBE. It uses a SysML system architecture
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model (Figure 13) as central hub and connects SysML elements to elements in PLM, CAD, ALM
(application lifecycle management), project management, requirements, simulation and other
engineering tools. We call the resulting network the Total System Model (TSM).

SysML is an effective medium for building a high-level roadmap of the system because it provides a
rich language for connecting structure, behavior, requirements and analysis concepts, concepts that
can map to corresponding concepts in more specialized tools. Currently, Syndeia supports two SysML
modeling tools, MagicDraw (No Magic Inc.) and IBM Rational Rhapsody, and a variety of other tools,
including Teamcenter and NX (Siemens), Windchill and Creo (PTC), MySQL (Oracle), DOORS NG (IBM
Rational), Simulink (The Mathworks), JIRA (Atlassian), GitHub (GitHub, Inc.) and Excel (Microsoft).
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Building the TSM

To build this network of connections, we used Syndeia, the MBE platform from Intercax. Using a
simple drag-and-drop interface (Figure 14), Syndeia can create a variety of inter-model connection
types, ranging from simple reference links to full model transforms which allow comparison and
synchronization of data between tools (Figure 15). Using Syndeia, we can populate the SysML model

from the external tool, populate the external tool from the SysML model, or create a reference
connection between pre-existing model elements, depending on the tools and use cases. In each case,
a persistent network of connections is created and maintained by Syndeia.

I

& Syndeia Dashboard (3.0.23) - loT_Product_Example

)

¥ SysML Model

5. Connection Type

'.,ui Repository Manager / .a Connec_tiun Manager ?g Cunnecﬁnn- E.-ruwser ] = i-:onnecﬁon Summarﬂ :}f.tompar-ison R,esurti\ Sém:ngs |

= Jama ICAX 1

=3 1oT_Preduct_Example
(] Corporate
=1 LP_Project
=7 LP_Domain
=7 Product_Reqts
(=1 1] LP_Product_Spec
[#-[T LP_Functional_Spec
[H-[7 LP_Performance_Spec
£ LP_Market_Spec
[ Appearance
[£ 1 Weight
[ 7 pimensions
[ 3 Power
[£3 Mounting
# 3 Produdt_Structure

" Reference =@ Jama 1CAX

1] Function Wrap

Data Map
1@ Model Transform

1

H1-¢3 Automohbile

=1¢5Y riveLine

H-¢h IBA BABOK

A ﬁh Integrated System

~¢ 1oT_LocaterPager

=1 System Architecture (SysML)

|=-%# Architectural Requirements
(=% LP_Product_Spec

“ i LP_Market_Spec
i i@ Power
i Weight
% Dimensions
i Appearance
% Mounting

o
¢
7
u
A
=
s
i
g
=

£ Project_Flow [t} & LP_Functional_Spec
= wes i [t} 5% LP_Performance_Spec
+1&E3 Syndeia HhIs
+-E3 SysMmL Ao Market -
.
| Ready 1:20:38 PM | 100M of 272M 1 |

MC¥F pa Lixdfy dYjmazY¥d jmz~ nx1 wxufd ¢¥zdOh” ¥Falmfwx '} ix L] >= &fk™ \dfd Yxd ;YwY @lm” jndfa

Copyright 2016 InterCAX LLC

11



& Syndeia Dashboard (3.0.23) - IoT_Product_Example l“‘="| .@ m

= Repository Manager | = Connection Manager 4 Connection Browser | ) Connection Summary | JF Comparison Resuft | , Settings |
| Q- Type here to filter connections Export to Excel
Source (SysML Element) ¥ | Name ¥ | Type . : : e L]
=1 {3 ToT_Product_Example eXpands -
B Corporate “ollapse A =
=HE LP_Froject afrash
| [/F7 LP_Domain
[= B3 Product_Reqts Go to...
i\ 2 [ LP_Product_Spec Open Target
1] LP_Product_Spec - LP_Product_Spec REQUIREMENT_J4 il k-
#[[7 LP_Functional_Spec Compare SysML & Target T
(11 LP_Performance_Spec Sync SysML -> Target
11 LP_Market_Spec
i LP_Markel_Spec - LP_Market_Spec  REQUIREMENT _JA Sync Target -> SysML h
el 1 Appearance Delete Connection(s)
=+ ] Weight A
Weight - Weight ____________|REQUIREMENT_JAMA_MO... IWeight _____llama ICAX 1 ]
(1} Dimensions
i Power
[+ 1] Mounting »
-
| Ready | 1:32:15PMm | oamof246m T

3NC¥F pA LexdfiY dY!mazY¥d 'mz 1x1 bzweY¥F Yxd 1xbm z¢ 1zx! Yo¥z! ! wzdfi ¥Yx kz¥w bzxxfonzx af ™ Ffx ¥FaCfwix!

Viewing the TSM

A major benefit of realizing the TSM is being able to trace connections across the graph, both
inter-model connections between tools and intra-model connections inside a single tool. With
Syndeia, we can view all the inter-model connections in a chord plot, as in Figure 16, where the
peripheral nodes in different colors represent Rhapsody, Teamcenter, DOORS NG, Simulink, NX,
GitHub, JIRA, Jama and MySQL. A search box lets us look for specific node and connections.
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