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Motivation — Purpose ‘g

* In the scope of SoS, it is important to establish a digital environment
for multiple organizations to interact, especially when transitioning
from system of systems (So0S) architecture to architectures of different
SOls

 There are different Standards and Techniqgues for both and connection
between the two Is currently the Gap that is not well defined.

« The purpose of this presentation is to introduce a detailed
approach for ensuring this digital continuity in the model-
based environment utilizing standard-based modeling
frameworks and languages.



UAF for System of Systems Engineering

Knowledge of an SoS can
be captured using the
Unified Architecture
Framework (UAF)

UAF layout (also known as
a UAF Grid) Is organized
Into rows and columns,
where:

— Rows are domains

— Columns are model kinds

— Intersection of a row and
column is called a view
specification
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SysML/MagicGrid for Systems Engineering%#

« Architecture of a single SOI can be captured one %%'
using Systems Modeling Language (SysML) LANGUAGE L
and MBSE Grid (MagicGrid) Framework

. MagieGrid defines the modeling workiiow tra: TN
aligns with technical processes determined by

ISO/IEC/IEEE 15288:2015 p— -

Measures of Effectiveness

F i | Analysi MoEs for Subsystems

* MagicGrid layout is organized into rows and
columns, where:

PROBLEM
(WHITE BOX)

System Requirements System Structure System Behavior System Parameters

— Rows represent the domains

Requir Subsy Structure Subsystem Behavior Subsystem Parameters

—  Columns represent the four pillars of SysML SOLUTION

— Intersection of a row and a column represents
a view specification, which can be visualized in
the form of a relevant SysML diagram

Structure Component Behavior Component Parameters

IMPLEMENTATION



Systems Engineering Processes
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From Resource Structure & Connectivity Vie\/\f..\i;}
(UAF) to System Context (SysML/MagicGrid)
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Capability Configuration (UAF) A

« The UAF Resources domain captures how different resources
(including humans and systems) interact to implement operational needs
and achieve capabilities of the SoS

* |n the Resource Structure view, resources are grouped into logical
containers — capability configurations. Each capability configuration

relates to (exhibits) the capability it has to [Resoursee struowre (fgg Resources Scture ] |
achieve Ty
Resource Architecture
* Multiple capability configurations can 1—' — ﬂ
be specified to achieve the same Capabilty Configuration 1~ | |Capablity Configuration 2~
Capablllty at the Same Or dlﬁerent system 1 system 2 system & system 3
: : sSystema [ sSystems (7] e O e
perIOdS Of tlme System 1 System 2 System 4 System 3
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System Context (SysML/MagicGrid)

« Jtincludes SOl itself as well as external systems and users

System context determines the external view of the SOI

that interact with the SOI to exchange data, matter, and

energy

« They are all captured in the
SysML model as blocks

bdd [Package] 2 System Context[ @ System Context ])

wblocks
System Context

I B

S0l ES1

sblocks wblocks

System of Interest External System 1

g
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Specifying System Context w3y

 The System Context view in the SysML model can be
considered a subset of the Resources Structure view of the
UAF model

« |tis important to identify which capability configuration to
choose as an input to analyze the system context of the
particular SOI, by applying MagicGrid

Resources Structure [ @ Resources Structure ]J bdd [Package] 2 System Context[ @ System Context ]J
m- iy, aCapability Configurations (é'*.“
Resource Architecture Capability Configuration 1
S t m l- i . — I l - — wblocks
yS e -~ : ‘mml;n . o : 'mcmn A Gl System Context
Context S~ || =T T I | r
1| system 1 system 2 : zystem 4 system 3 %g| |{redefnes system 1} £sq |{redefines system 2}
| | sSystems - aSystems I aSystema aSystems (") ablocks blocks
I System 1 System 2 1 System 4 System 3 System of Interest External System 1
L o s s e o e e e i o s o e I
UAF Model SysML Model
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Specifying Participants of System Context™

« Block that captures the system

s Structure [ [ Resources Structure ]J
context becomes a subtype of the _
capablllty configuration and inherits — ,:* s -
all its parts F’mmmmw@ wmmm'm_ﬁ{
 These parts are redefined to type B s;“:"'k‘?‘ =° EE°
i \ N\
them with blocks that capture AF Mol
copies of the SOI, users, or external ~ ~=™=="===== (YT VA —
systems in the SysML model *\@\J
' .
« This enables to elaborate the system &(“" i
context information in the SysML \‘_
model (without modifying the UAF
model)
SysML Model
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Specifying Interactions of System Context (1) ¥+

1. Create relevant SysML interface blocks

2. Create abstractions from the SysML interface blocks to UAF resource
Interfaces

3. Create proxy ports in SysML model and redefine UAF resource ports
with them

Reszources Internal Connectivity [ Capability Configuration 1 ]/J
aResourcelntarizces @
JESE=IEC Inierface A flow for Data Element A DE1 Data Element A
UAF Model . flow properties aResourceRoles @ g Tor ata Element A LT ata Elemen sResourceRales @
in fp1 : Data Element & system 2 : System 2 |_|i| » |_|i| system 1: System 1
£ rpl1 . ~Resource Interface A rpl1 : Reszource Interface A
| t \
| xabstractions
I
| [
winterfaceBlocks ibd [Block] System Context| Syslem Context ])
SysML Model Interface Block A
flow PRoperies
in fp1 : Data Element A1 ES1: External System 1 I::m : ~Interface Block A > p1 - Interface Block A [.;E' Sol: System of Interest
flow for Data Element A1 Data Element A1
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Specifying Interactions of System Context (2) ‘s

4. Create connectors in SysML and redefine UAF resource
connectors with them

5. [optional] Create SysML element to capture the item that flows

6. [optional] Create abstraction from that SysML element to the
relevant UAF element

Resources Internal Connectivity [ Capability Configuration 1 ]/J

flowe for Data Element & CE1 Data Element A

aR=sourceRoles IJ_I IJ_I aRezourceRoles
= A alataElemsnt
UAF Model system 2 : System 2 @ |_|:| > |_|:| system 1: System 1 @ 3
rp1 : ~Resource Interface A 4 rp1 : Resource Interface A Data Element A
."|".
| xabstractions
----------------------------------------------------------------------- T-----------
i
ibd [Block] System Context[ Egj System Context ]J sblocks
Data Element A1
SySML Model ES1: External System 1 I::m - ~Interface Block - p1 - Interface Block A [—;E' Sol : System of Interest
flowe for Data Element A1 Data Element A1
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From Resources Domain Views (UAF) to %
Stakeholder Needs (SysML/MagicGrid)

«  According to MagicGrid, stakeholder needs for the single SOI can be captured by interviewing
stakeholders, giving them questionnaires, discussing needs in focus groups, or studying documents written
in diverse formats.

. In addition to these information sources, the UAF model of the SoS can serve as input to the
stakeholder needs as well:

— The Resource Processes, Resource States, and Resource Interaction Scenarios Viewpoints can be used for
identifying functional stakeholder needs

— The Resources Measurements Viewpoint can be used for non-functional SNs

Pr-Rm

Resource Resource
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Functional Stakeholder Needs Wy
 The subset of functions defined in the Resource Processes View, that are allocated
(using the Is Capable To Perform relationship) to the system which becomes the SOI in the
SysML model, motivate the creation of one or more functional stakeholder needs for that

SOl

« This also applies to the case of states and interactions allocated to the relevant system in
the UAF model

 When stakeholder needs are captured, SysML refine relationships can be established from
them to the relevant functions, states, or interactions in the UAF model

« When use cases of the SOI Legend
are captured in the Sysmp. 'F:E‘;Z"E':T”E’f'”’” |
model, SysML refine
relationships can help to - &Function 1 ©—+— (31 Stakeholder Need 1 &
convey which stakeholder O system 1 &2,
needs these use cases refine

T lgse Case

= lse Case 1

"~ Z“Function 3 @—4— [H 2 Stakeholder Need 2 81—
= l)se Case 2

UAFE Model SySML Model
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Non-Functional Stakeholder Needs R 7

 Measures that are owned by the system which becomes the SOI in the SysML model
motivate the creation of one or more non-functional quantifiable stakeholder needs for

that SOI

 When stakeholder needs are captured, SysML refine relationships can be established from
them to the relevant measures in the UAF model

«  When MoEs of the SOI are captured in the SysML model, SysML refine relationships can
help to convey which stakeholder needs these MoEs refine

Legend
—— Chwned Member
Refined By

[mlvaluel

(&l 2 Stakeholder Meed 3 2

PO measurement! J—jg—
Q System 1 E{

Fr measurement2 E—8— [l 4 Stakeholder Need 4 &

[mlvalue?

UAF Model SysML Model
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Transition Workflow

“act [Activity] Transition Workflow [ @ Transition Workflow ]J

Resource
Structure and
Connectivity
Views

L
1. Capture System Context

A
2. Make System Context inherit from Capability
Configuration

W

3. Create Blocks to capture copies of Sol, External
Systems, and Actors

. W .
" 4. Redefine inherited Parts of System Context to type
them by Blocks created in step 3

W

5. Create Blocks or Signals that capture Exchange
ltems, and convey what UAF elements they specify

|
6. Capture Interface Blocks and convey what
Resource Interfaces they specify

_ W .
'7.Create Proxy Ports for each Block created in step 3,

"

and type them with Interface Blocks created in step 5

step &

" 8. Redefine Resource Ports with Proxy Ports created in .

W

what Resource Connectors they redefine

" 9. Create Connectors between Proxy Portz and specify -

W

items, use Blocks and Signals created in step b

C10. Specify tem Flows on Connectors. To set conveyed '

W

11. Capture missing External Systems and Actors

A

12. Capture functional Stakeholder Needs for Sol and
convey what Functions,5tates, or Interactions allocated
to relevant System in UAF, they refine

W

13. Capture non-functional quantitative Stakeholder
Needs and convey what Measurements of relevant
System in UAF, they refine

Resource Processes,
Resource States,

and Resource
:|5 Interaction Scenarios
Views

|
I Resource

®

Measurements
View
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Case Study
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Conclutions I

 There is a growing demand in industry to digitally connect SoS engineering with systems
engineering disciplines.
« At the moment there are no existing techniques clearly defining this transition.

« [tis clear that to maintain digital continuity between the two, the MBSE approach is a
necessity.

 We have chosen UAF as the tool to capture knowledge on SoS and MagicGrid with SysML
to capture knowledge on Systems.

 We described a smooth standards-based approach of transitioning from SoS to SysML and
proved it by applying it to a real-world example model.

 The work done is communicated to the OMG UAF working group and MagicGrid
community with the goal of including the proposed methodology in the guidance documents
for both frameworks.

« Automated support from the tool vendors could speed up the transition dramatically. We
were working closely with one of the tool vendors, Dassault Systemes, to provide such
functionality in their model-based engineering suite.
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