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State of the Art

GILE Framework DLR
An MBSE process, integrating MDO and Trade-Space Exploration |
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State of the Art 4#7
GILE Framework DLR
An MBSE process, integrating MDO and Trade-Space Exploration |

How can established MBSE processes be adapted and scaled to
support the development of System-of-Systems?

VARSID S —_

= T , i || Design & Optimization' || = .
= S el Ar‘cllltectures model modgl P =" Solutions and

e= == === Value model

o #'/ ¥ j. % ““«\. )
A :

«,% 9 "‘%

Stakeholders model ReqUIrements PR
model B ——""

MODPROD 2026 | Jasamin Akbari | DLR-SL



Definitions 4#7
What is a System-of-Systems? DLR

Operating Environment

System of Systems

/ : : \ “A system-of-systems (SoS) is a
Constituent System Constituent System collection of independent systems,
/ integrated into a larger system that
delivers unique capabilities.” "]

Constituent System

Constituent System

Distintinguishing Criteria (2
/ 1. Operational Independence
2. Managerial Independence

Constituent System /

Constituent System

\_

[1] INCOSE, SoS Primer

MODPROD 2026 | Jasamin Akbari | DLR-SL [2] Maier, Mark W. (1998): Architecting principles for systems-of-systems. In: The Journal on International Systems Engineering 1, S. 267—-284.




Overview of the Methodology 4#7
DLR

From a Problem to a Solution

Application Case:
Wildfire Fighting SoS
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SoS Problem Definition
Process Overview

Actors and
Operational

i DLR

act [Activity) Define Problem [Problem Definition of So8]

SoS Context and Stakeholder
Existing Systems and Needs
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“ J
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SoS Problem Definition
SoS Context and Existing Systems

Geographical and Urban Context of Andalusia

= Mediterranean climate with extreme summer
conditions

» Large, topographically heterogeneous territory
» Extensive wildland-urban interface

= Critical civil and economic infrastructure embedded
In fire-prone areas

Existing Infrastructure Landscape

» Established aerial firefighting support infrastructure
» Regional wildfire brigades

» Fixed-wing firefighting aircraft
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SoS Problem Definition
Modification of the Meta-Model DLR

= Capability
The SYSTEM-OF-SYSTEMS shall provide CAPABILITY while in CONDITION

Example: The 505 shall provide continuous wildfire observation while in the entire
mission.

= Performance
The SYSTEM-OF-SYSTEMS shall provide CAPABILITY with PERFORMANCE while in CONDITION

Example: The 505 shall provide wildfire suppression with a fire containment effectiveness
of 80% within 2 hours while in operating in wind speeds up to 30 km/h.

* Design (constraint) D N Statement Attribut
The SYSTEM-OF-SYSTEMS shall DESIGN CONSTRAINTS [in accordance 1 ame Template ributes
in CONDITION] The [System] shall CMD
Example: The SoS shall have technologies with maturity TRL 9 N <Capab|l|ty Reqmremem) prowd.e. [Capability] (CondﬂionXSystem) :
[Condition]
N.B. Patterns adapted from The [System] shall
provide [Capability] Capability
RT-4 (Performance Requirement) with [Parameter] : H
[Constraint] [Value] Constraint
[Unit] [Condition] ((condition )("System )
The [System] shall Value )| Parameter
exhibit [Parameter
RT3 <Sui1abi|i1y Reguirement (Constraint}) [ . ] (Unit)l(Constraint) :
[Constraint] [Value] —
[Unit] [Condition] (Cond“'O"XSYS‘e@

[1] R. Carson, Implementing structured requirements to improve requirements quality, INCOSE IS,
MODPROD 2026 | Jasamin Akbari | DLR-SL Seattle, WA, 2015




Problem Definition and Specification
Stakeholders and Needs

Stakeholder Overview D
ID Name RQ-6
¢
SH-11 <Maimenance, Repair, Overhaul>
SH-3 <Manufacturer/ OEM> G
SH-4 <Air Traffic Management>

—
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Needs Definition

Name

NOO4

NOO5

NOD2

NOO3

Statement

The SoS has to mininimize its environmental
impact

The SoS has to maximize effectiveness of
firefighting

One ojective of the two scenarios is to minimize
damage to vegetation, property, infrastructure
and humal life in case of wildfire

The SoS has to operate in two scenarios: inland

(landlocked) and island (seaside)

The SoS has to minimize greenhouse emissions
from the fire

DLR

rmade

Links:

(-—- Policy MakerX—- SRerU2>

— Community

(—- PRquDSX-—- Disaster Relief)

S0S Operator

(-—» CummunityXH Policy Maker)
(—- CReq(}UZX—- CRqum)

(—- CReq[}UEI)I(-—r Sos Dperaior)

=— Community

(-—- Policy Maker)l(—- SReq[}m)

=— Community




SoS Problem Definition
Operational Scenarios DLR

1615
Detection of Fire 1640
Dispatch of Firefighting Assets

1500
Wildfire starts to Spread

O7) O

2045 1645
Initial Response

Adaption to Weather Conditions

O O3

2330
Containment and
Stabilization

O O O—

=~ v @,

0615 0800
Residual Risk Reduction Recovery Work
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SoS Problem Definition
Required Capabillties DLR

rmade

ID Name Statement Links:

The SoS shall provide wildfire supression while
in night conditions

Capability Requirements

ID Name Statement Links:

The SoS shall provide wildfire supression while

RQ-2 CReq002 o o
in night conditions

NOO1

The SoS shall provide operational capabilities

RQ-8 CReq003 = CReq001

while wildfire conditions

The SoS shall provide operational capabilities
RQ-9 CReq004 while wildfire conditions and in both landlocked — N002
and seaside environments

The SoS shall provide wildfire supression while . CRerOSX-—» N001>

RQ-1 CReq001 . ..
in day conditions

'

The SoS shall provide operational capabilities in

RQ-12 CReq005
EU regulated spaces

—e SReq003




SoS Problem Definition 4#7
Capabllity Requirements DLR

ID Name Statement Links:

The SoS shall provide wildfire supression while
RQ-2 CReq002 o - — NOOT
in night conditions

Capability
(derived from Stakeholder Need) Condition

(derived from Scenario Descriptions)

One ojective of the two scenarios is to minimize _ _
=— Community ) =— Policy Maker

RQ-3 NOO1 damage to vegetation, property, infrastructure
(—- CReqUUEX—- CRqum)

and humal life in case of wildfire
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SoS Problem Definition
Performance Requirements DLR

rmade

The SoS shall provide wildfire supression with
RQ-14 PReq001 — SReq002
- C0O2 emissions < 100 kg while operations ( )

Performance Requirements

ID Name Statement Links:

The SoS shall provide wildfire supression with

RQ-15 PReq002 ~— SReq002

NOx emissions < 100 kg while operations

The SoS shall provide wildfire supression with

RQ-14 PReq001 ~— SReq002

CO2 emissions = 100 kg while operations
The SoS shall provide wildfire supression with

RQ-16 PReq003 . L. . :
particulate emissions < 100 kg while operations

«— SReqg002

The SoS shall provide wildfire supression with
RQ-18 PReq005 containment effectiveness = 50 % in wind — NOO05
speeds up to 80 km/h

The SoS shall provide wildfire supression with
firefighting operations initialization £ 30 min

RQ-17 PReq004 . .
while emergency condition and after emergency

call
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SoS Problem Definition 4#7
DLR

Performance Requirements

Capability
(derived from Stakeholder Need) r | I | a d C

The SoS shall provide wildfire supression with
RQ-14 PReq001 — SReq002
- C0O2 emissions < 100 kg while operations ( : )

Parameter

. . Condition
(derived from KPIs/KVIs/business model) .

(derived from Scenario Descriptions)
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Overview of the Methodology 4#7
DLR

From a Problem to a Solution

‘ ' SoS Architecting
Define what the SoS architecture is, capture the

architectural decisions
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SoS Architecting

Process Overview

—

SoS Architecture
Generation

fa

Input from the
Problem Setup

* CapabilityRequirements | )
* Capabilitygaps

* Operational context

* Operational scenarios
* Measures of goodness

p

A\

SoS Operational
Capabilities
(Mission Tasks)

SoS Capabilities

Alternative Means
at CS level
(Behaviorand
Composition)

<> C(CSlevel
<> SoSlevel

SoS Behavioral
Capabilties

CS Capabilities

=) push
= pull

N
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DLR

Output for the
SoS Evaluation

Design Choices

* CS Parameters/

CSs
e CS Behavior

* SoS (Operational)

Capabilties

p




SoS Architecting
Architectural Design Space DLR
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FUN:
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SoS Architecting
~ Automated Design Space Evaluation DLR
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SoS Architecting
Automated Design Space Evaluation (DEMO) DLR
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SoS Architecting 4#7
Architecture Selection DLR
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Conclusion and Outlook 4#7
DLR

Challenge of System-of-Systems

Summary Next Steps

How can established MBSE processes be | |* Shift to System-of-Systems Engineering
adapted and scaled to support the requires evolutionary thinking in 505
development of System-of-Systems? architecting (in contrast to SE)
° So|ution-agnostic processes for SoS O DESiCion'making rECIUires consideration

problem definition and SoS architecting of distributed ownership of constituent
- Implementation with selected MBSE systems

tools and evaluations tools

AN /
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