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Designing for Adaptability and evolutioN in
System of systems Engineering

Systems of Systems Concepts

What does DANSE mean by a system of
systems?

To what kinds of projects does this
methodology apply?

Systems of Systems Concepts
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Architecture of an SoS —

Constituent systems System of systems

m Independently operated and m Provides emergent services through
managed system interactions

m Gather/receive source info m Can be modeled = May need control

m Perform services

m Interact @ control ‘
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DANE
SoS Characteristics

A System is a “System of Systems™ if it exhibits
significant amounts of:

m Emergent behavior - SoS performs functions not
achievable by the independent component systems

m Geographic distribution - geographic extent forces the
elements to exchange information in a remote way

m Evolutionary development - functions and purposes are
added, removed and modified in an ongoing way

m Operational independence - component systems have
purpose even if detached

m Managerial independence - component systems are
developed and managed for their own purposes

- Mark Maier 1998, “Architecting Principles for SoS,” Systems Engineering (INCOSE)

h_l—lonourcode, INC. — SoS Design: Current Research 5




Differing Levels of “SoS-ness”

DANZE

Systems of Systems Observed Characteristics
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Emergency Response So0S

Slide by Tim Lochow, EADS
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D NSE
Emergency Response SoS Dynamicity

SoSE Challenges Slide by Tim Lochow, EADS
( Modelling thﬂ/esign Exploratior\ Run Time Analysis
1S Architecture Alternatives & Simulation

Decades Population increase

New fire, police and health care department stations are
Life Cycle built or moved (More stations in order to serve smaller city

Dynamicity areas)

’ r | |

New buildings, roads and crossroads are created

Years . . ;
More fire, police and health care department units are
I allocated

Svst New C4l command & control organization & communication

ysS em_ system (e.g. introduction of LTE)
Dynamics 1

Hours H ‘
Operational Improved Emergency response performance in terms of
Dynamicity response time to emergency call and situational awareness

Minut;s “ |

_HOI’I_OL_}\\_ A /

=II SoS operational timeline and dynamicity aspects
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IANCE

Designing for Adaptability and evolutioN in
System of systems Engineering

DANSE Methodology

What is the DANSE project?
What is the life cycle of an So0S?

How does the DANSE methodology work in
that life cycle?

DANSE Methodology
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Israel Aerospace
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(technical support)
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DANSE Project

SEVENTH FRAMEWORK
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Constituent

m Develop approaches for SoS engineering (design + manage)
m Methodology to support evolution, adaptive and iterative SoS

lifecycle
m Contracts as semantically-sound model for SoS interoperations

m Architecting Approaches for SoS — continuous and non-disruptive
constituent system integration

m Supportive tools for SoS analysis, simulation, optimization
m Validation by real-life test cases

m Emergency Response; Integrated Water Treatment and Supply;
= Air Traffic Management; Autonomous Ground Transport
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DANSE Methodology

SoS (SoS
Initiation|Creation
Phase | Phase)

SoS Operation Phase
(continuous)

Single model to embody the
iIntegrating thoughts

®  An initiation phase
m  Optional creation phase
SoS

= Forward movemer_1t Engineering | | Define potential needs >
through the SoS life 7 N/ 1/ 7/

m Constant Cycling of Capability] Analyze possible architecture changes
Learning Cycle

events/scenarios ,
N _ L] Influence and implement changes
m A “capability learning cycle”

s Where the DANSE Constituent
benefit happens! Engioering
m Normal Vee-based SE in
the constituent systems —

Alternate starting points:
e SoS is acknowledged among existing systems
e SoS is created by a Lead System Integrator
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DANE
Capability Learning Cycle

. .S.'OS. (SO.S o eration Phase
m Constantly improve the SoS by a cycle |'";t;12§“|cg‘;:§'§)”|  comtmious)
of learning:

m Define potential needs -
= Analyze possible architecture e Capability

Capability

changes using models Learning Cycle
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Designing for Adaptability and evolutioN in
System of systems Engineering

DANSE Solution Methods

What actions can an SoS manager/architect
perform within the DANSE methodology?

DANSE Solution Methods
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DANE
Solution Methods

(\e]g Solution Method What it Does

1 Model SoS Create UPDM SoS model, particularly
focused on the SoS behaviour

2 Abstract CS model Make a pre-existing (or new) constituent
system model available for joint use with
the SoS model

3 Apply architecture Build or enhance the SoS model by the
patterns use of a repository of useful patterns,
proven by prior use
4 Generate architecture  Create multiple architecture alternatives
alternatives for analysis, by the use of graph
grammar constructs
5 Generate optimized Create and evaluate multiple architecture
architectures alternatives using concise modelling, with

selection of an optimum

h_l—lonourcode, INC. — DANSE Solution Methods 15




DANSE
Solution Methods —

(\e]g Solution Method What it Does

6 Perform joint Time-based execution of a joint
simulation simulation using SoS and CS models

7 Perform statistical Identification of simulated performance
model checking levels against parameters/goals

8 Evaluate emergent Confirmation/discovery of desired or
behaviour unknown SoS emergent behaviours

9 Evaluate goals and Definition of S0S/CS goals/contracts, with
contracts automated checking during simulation

10 Perform formal Knowledge of time-based compliance
verification against formal requirements

11  Configure DANSE Tool- Installation of necessary tools,
Net environment ontologies, rules, and clients to perform

DANSE modelling
12  Share models Share SoS or CS models with other Tool-

L
h_l—lonourcode, INC.—

Net participants
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Solution Methods In the lifecycle

* Perform joint simulation
» Evaluate emergent behaviour

SoS Operation Phase

(continuous)

e Evaluate goals and contracts
> * Perform joint simulation

| » Evaluate emergent behaviour
o - Wﬂfl Al 0

Engineering 'me otennal needs

l l g N
- %@%@W—> « Evaluate goals and contracts
Influence and implement changes * Apply architecture patterns
» Generate architecture alternatives
e » Generate optimized architectures
Engineering * Optimize SoS architecture
N  Perform joint simulation
L ~ | *Evaluate emergent behaviour
e Evaluate goals and contracts » Perform statistical model checking
* Optimize SoS architecture » Perform formal verification
* Perform joint simulation \- Share models )
» Evaluate emergent behaviour
* Perform formal verification
h L Share models )
_Honourcode Inc.— DANSE Solution Methods 17
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DANSE |
(44 77 —
Example “Use Case” of Methodology

SoS Requirements Analysis ——— > §50S Goals/Contracts

CS Modelling —>  S0S Modelling

—> Patterns <

SoS Architecture Model
(UPDM/NAF/etc.)

Architecture Optimization <—

Alternative Architecture
Generation

Emergent Behaviour

— Joint Simulation —

Activities Parametric Analysis

Products — Statistical Model Checking Formal Verification

h_l—lonourcode, INC. — DANSE Solution Methods 19
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Designing for Adaptability and evolutioN in
System of systems Engineering

DANSE Tools

What automated tools does DANSE provide
to support the solution methods?

DANSE Tools

20



Solution Methods ANSE
x ) \/
Modeling

1 Model SoS Create UPDM SoS model, particularly

focused on the SoS behaviour

2 Abstract CS model Make a pre-existing (or new) constituent
system model available for joint use with
the SoS model

3 Apply architecture Build or enhance the SoS model by the
patterns use of a repository of useful patterns,
proven by prior use
4 Generate architecture  Create multiple architecture alternatives
alternatives for analysis, by the use of graph
grammar constructs
5 Generate optimized Create and evaluate multiple architecture
architectures alternatives using concise modelling, with

selection of an optimum

h_l—lonourcode, INnC.— DANSE Solution Methods 21
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UPDM Overview

m “Unified Profile for DoDAF and MoDAF,” also covers NAF

All Viewpoint |  Capability | Operational | Systems Services
Viewpoint Viewpoint Viewpoint Viewpoint
' —>
Data & _ | Systems Viewpoint
Information Standards Project SV-1  Systems Interface Description
Viewpoint Viewpoint Viewpoint SV-2  Systems Resource Flow Descr.

SV-3 Systems-Systems Matrix

Operational Viewpoint

i ) Sv-4 Systems Functionality Description
OV-1 High-Level Operational Concept Y Y b

SV-5a Operational Activity to Systems

OV-2 graph![c_: IR Fl Function Traceability Matrix
) perational kesource Fow SV-5b  Operational Activity to Systems
Description

Traceability Matrix

SV-6 Systems Resource Flow Matrix

SV-7 Systems Measures Matrix

SV-8 Systems Evolution Description

SV-9 Systems Technology and Skills
Forecast

SV-10a Systems Rules Model

SV-10b Systems State Transition
Description

SV-10c Systems Event-Trace Description

OV-3 Operational Resource Flow Matrix

OV-4 Organizational Relationships Chart

OV-5a Operational Activity Decomposition
Tree

OV-5b Operational Activity Model

OV-6a Operational Rules Model

OV-6b State Transition Description

OV-6¢ Event-Trace Description

h_l—lonourcode, InC.—




Executable UPDM Views

m S0S model should be executable as a simulation

m Compare results with real world

m Project “what if” scenarios

m These views support execution, lead to joint simulation

View

OV-5a

OV-5Db
OV-6b
OV-6c¢c
Sv-1
SV-4
SV-10b

SV-10c

Name

Operational Activity
Decomposition Tree

Operational Activity Model

State Transition Description
Event-Trace Description

Systems Interface Description
Systems Functionality Description

Systems State Transition
Description

Systems Event-Trace Description

Simulation

Structure of OV executable elements

SysML Use Case, Activity forms
SysML State diagrams

SysML Sequence diagrams
Structure of SV executable elements
SysML Use Case, Activity forms

SysML State diagrams

SysML Sequence diagrams

ﬁ_l—lonourcode, InC.——
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Constituent System Models

S0S View authority

communicate

Lift systems on the level of

System View
SoS

Com-Link

sendToDistirct(... |

requestStatus(...

£s
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Abstraction Methods AL
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Solution Methods
Goals and Contracts

Nbr Solution Method What it Does

6

10

11

12

Perform joint
simulation

Perform statistical
model checking

Evaluate emergent
behaviour

Evaluate goals and
contracts

Perform formal
verification

Configure DANSE Tool-
Net environment

Share models

L
h_l—lonourcode, INC.—
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Time-based execution of a joint
simulation using SoS and CS models

Identification of simulated performance
levels against parameters/goals

Confirmation/discovery of desired or
unknown SoS emergent behaviours

Definition of SoS/CS goals/contracts, with
automated checking during simulation

Knowledge of time-based compliance
against formal requirements

Installation of necessary tools,
ontologies, rules, and clients to perform
DANSE modelling

Share SoS or CS models with other Tool-
Net participants

DANSE Solution Methods 26




Goals and Contracts as SoS DANSE |
(4 1 - 79 B
Requirements

m Goal: statement of a desired condition, with quantifiable
measurement of the degree to which it is met.

s  Communications coverage over the urban area
(% area covered)

m Response time to a fire
(minutes between call and arrival)

m Graded levels of performance

m Contract: statement of an essential condition, with
quantifiable measurement whether it is met.

= Within the urban area, response time to a fire is no greater
than 15 minutes with probability 99.5%

m Catastrophe and Emergency Center has direct
communications with all fire, police, ambulance centers

m Yes/No evaluation

h_l—lonourcode, InC.— Adaptive Evolution 27




Goals/Contracts Specification DANSE
Language (GCSL) Overview —

m Bridges the gap between Catastrophe and Emergency
Center has direct comms
m Natural language used .by people | AT T o e et
m Formal languages required by analysis

tools U’
m Textual pattern with specific semantics
m Formalization process If CEC exists...
1. Define natural language goals/contracts | ~~then it has direct comms
_ with all police centers
2. Structure each statement into the

e Assumption part (“If X is true...”) and the ;
e Promise part (“...then Y must be true”)
3. Select a GCSL pattern for the type of SOS. 1tsCEC->exists(CEC) implies
. SoS. itsCEC->ForAll (PoliceCenter-
relation >comms=true)

4. Write “X” and “Y” in the GCSL syntax

h_l—lonourcode, InC. — Goals and Contracts Specification Language 28




GCSL Editor

DANE

m Rhapsody plug-in, part of DANSE UPDM profile extensions
m Create UPDM Dblock
m Associated with SoS object of interest
m Contains GCSL statements

m GCSL Edltor checks syntax

] |

[ e Y E,-.. .,4.. awylineComot
A lleel P""ww‘.’d :- LLTARI T+ dn RhmRen
o ||MII et H{\ e --,_7,f b
I/ 0- Proba(The fire is stoppable in the
e city in 1 hour) > 99.9%
7~ 1-Proba{Meancity area underfire ™

shall be less than 0.01%) > 99%

(™ 'Bandard e
(G emiivtt

I [y
110 al ML T gt
g T
110l ML Tirwsitetes
!_l‘!ﬂ

I ipamaren

= 3 paer  Musgtomiel

0 - Always(true) - Whenever
[SoS.itsDistricts.fireArea->sum() > 0]/occurs|
[SoS.itsDistricts fireArea->sum() = 0] occurs
within [0, false)

1 - Always(true) - MEAN(SoS.itsDjstricts.fire

>sum(}, duration/interval) < 0.03/100 *
SoS.itsDistricts.area->sum()

Corslrainl : Mo 0 in S0SGC5L

| | Generdl | Deecepiion [ Ralatione| Tro~ | Froperiee
|

HREIEE
GCSL
Assurnplion Ahvays| Lrus)
GCSL_ID 1]
i GUIrENtEe MEMN{S05. msDistricts. fireu
Cuick Add
Name: Wik
Lual oK
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Solution Methods DANSJE/
Architecture Exploration :

(\e]g Solution Method What it Does

1 Model SoS Create UPDM SoS model, particularly
focused on the SoS behaviour

2 Abstract CS model Make a pre-existing (or new) constituent
system model available for joint use with
the SoS model

3 Apply architecture Build or enhance the SoS model by the
patterns use of a repository of useful patterns,
proven by prior use
4 Generate architecture  Create multiple architecture alternatives
alternatives for analysis, by the use of graph
grammar constructs
5 Generate optimized Create and evaluate multiple architecture
architectures alternatives using concise modelling, with

selection of an optimum

h_l—lonourcode, INnC.— DANSE Solution Methods 30




SoS Architecture Patterns

m Templates to describe solutions to
known problems

m Context — Problem - Solution

m Provide a generalized guideline to
realize certain architecture
characteristics.

m Built on a common anatomy

oo f'?OperationaI
Models

Architectural
Patterns

m DANSE has developed an SoS
pattern repository

m Searchable database of patterns

s UPDM profiles that can be
Inserted into the SoS model

Patterns

Interaction

SoS Life Cycle Support

h_l—lonourcode, INC. — Architecture Patterns 31




Architecture Patt

/~ Any key words
that may
appear in the
pattern that
will be useful

B Pattern Nama
when looking
up the pattern
Kln a repository. N oywords
Author

The Author of
the Pattern

Imtant
This refers to the
problem and why
you would use the
pattern to
kaddress the issue.

Also Know

Motivation:
Goals

Also known as.

Statement of why
the pattern would
be utilised to
address the design
problem or
situation. It will
help understand
the structure and
consequences later

in the pattern.

Motivation:
Capabilities

ARCHITECTURE PATTERNS R/

JSITORY

Centralised Command and Control
Pattern

[Commancl. Centralised, Control

oughborough Uni 7

Mew Pattern

Pattern Information

Exercisa of autharity {invention, advice, opinion,
influence, or command} and direction by a control
system over assigned resources to achisve
accomplishment of the specified mission. The
Central Command/Control System governs and
exercises full authority over resources.

CCC.Ca

The pattern allows for a single command cantre,
which has unguestionable overall authority.

1. Many points of intelligence access the
Centralised Command System, allowing for a
meore infarmed decision making process.

2. Centralised command facilitates for all
krowledge to ke in one central location, resulting
in more accurate decision making.

—Honourcode, InC.—

rn Anatomy

Name of Pattern

Command, Control and Execution Architecture
Patterns
Go o Printing Layout

ll Loughborough

University

| o

Diagram of
Pattern’s

Using the Pattern

Structure
Structure
“_.o—'—"
— Rhapsody Models
Available for

Ugload Export Undo/Redo  Delste 4:\ DOWH|Oad
Applicability [Ront Architecture Pattarns ]
Model (SysML} [ SoSArCRteCtueRalol b Delete Usloy/
Model "
(Sis;LvConmsg;. [ /L.gl_.n]
Model (UPDM) [ L;I:a:]
Model
{UPDM+Cancise] [ Lgl:a:]
Model (Other) [ Usizsd

[

14 other fields also available




Architecture Patterns Repository

@ Architecture Patterns repository includes larger catalog of patterns
@ e.g. UPDM, SysML,Test Cases etc.

¢ Sophisticated online repository for
architecture patterns with powerful search
capabilities, option to store new patterns.

¢ The repository exists itself in three forms;
@ a document-based repository,

@ a repository of IBM Rhapsody profiles,
and

@ an online searchable repository with the S
option to download IBM Rhapsody
SysML/UPDM profiles for inclusion in
DANSE Tool-net.

@ Accessed via:
@ Conventional web browser (all popular browsers supported),
@ Apple iPad running the free FileMaker App — FileMaker Go.
= @ User run-time version of FileMaker

—Honourcode, InC.— 33




DANE
Graph Grammar

m Rules for changing the form of a set of relationships
m Left hand side (LHS) depicts a pattern that can be matched
s Right hand side (RHS) depicts a transformed version
m Story Chart combines LHS and RHS into a transformation rule
m  Any successful find of the LHS pattern can be replaced with the RHS

m This method can automatically 1. Reader: Matched, not changed.
generate new architectures 2. Eraser: Matched and removed.
3. Creator: Added to the model.
4. Embargo: Prevents the match.
LHS RHS
FS |— Ps FS FS FS FS FS FS
1 | 1 ] 1 1 1 | 1
FTI|FTIFT|IFT FTI|IFT||FT||FT FT||FT FTI|FT||FT||FT FTI|FT||FT
Story Chart |
FS FS —S | PS
FS FS PS ) y .
FT: Fire truck AN
| | FS: Fire stati | L
ey | ey | ey | e - rire station - ferl et fer|{Fr][FT FT||F FT
PS: Police station

h_l—lonourcode, INC. — Architecture Generation: Graph Grammar 34




DANSE Graph Grammar

NS¢
OANE

- Story Charts implemented as special UPDM diagrams
- Based on a UPDM profile to enable the modeling of a rule
- Revised models created automatically by applying the rules

e —

Entire Madel Wiew

= B UPDM_GG_verify_Installation
+ ArchitecturalDescriptions
+-[] Components
+-- [0 Object Madel Diagrarns
=7 Packages
E':I Default
+ b PredefinedTypes (REF)

+-§7 PredefinedTypesCpp (REF)

= EI:I Rules

+ [g Creators
+ ba Ermbargos
+ ba, Erasors
(2 Readsrs
=) Rules
rule_0

+-[1 Profiles

h_l—lonourcode, InC.—
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rule_0in Rules * X

rule_0

FLile:
«Creators: |— ?IEnEarg_w_ _i
creator_7 | embargo_9
————— -
| |
| |
|l
) A
«CreatorLink:s L(EmbargoLink»
|
|
«Erasors «Readers
erasor_11 reader_13

«ErasorLink
o

«Readerlink »

Seledt
Stamp Mode

Creator
Embargo
Erasor
Reader
Creatorlink
Embargolink
Erasorlink
Readerlink

BE 27 ¢/ NNMNOO E (o3 |

(

Architecture Generation: Graph Grammar
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Exploration of Designh Space

SoS contract
*Assumption

... (GCSL)
*Promise
... (GCSL)

oK ’

.
R A,

ﬁ-

Low Goal
Satisfaction ﬁ
(=S

OK -

Low Goal I

Satisfaction

Rk
a=

Low Goal
Satisfaction
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Reachability of Future Architectures

Contract
Violation

Low Goal
Satisfaction

OK

Intermediate

!

Intermediate

)%

Intermediate

J

\

{

Intermediate

J

\ "/

Intermediate

[ Centralized

T

h_l—lonourcode, InC.—

Intermediate

Intermediate

Intermediate

Intermediate

Intermediate

Intermediate

Intermediate

Intermediate

Intermediate

)

VZrde

Architecture Generation: Graph Grammar

Decentralized
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Architecture Optimization Concept

|
SysMLviews, including design
alternatives, constraints and goals

| software |

4. Optimized architecture back
annotated to SysML model

h_I‘IUHUUfCUUB, | [ | O—

1. Describe system through different

output structures

variants

...... 81-c487-dbe2-HdE - s

mw GUID 8feb223d-5bck-4006-b173-46b563d7e 58 Cat Relay '
. pn -
Panroer - Lramroor

Architecture
Optimization

through Design
Space Exploration
iterations

3. Automatic translation(via an
interchange format) into
Optimization solver

ml

AN

2. Derived Data Schema for Input and

Architecture Optimization: Concise Modelling

38



Concise Modeling

SysML models combined with tabular data

m SysML depicts the system composition rules (architectural
template or pattern)

m Tables contain instantiations, variations in quantities or
parameters

m Automatic Generation tool creates architecture variants by
applying the table data to the template

h_l—lonourcode, Inc.— Architecture Optimization: Concise Modelling 39




Dashboard for Architecture

Optimization

Modeling Data management

[[ @0t pars pema e = [ o 5 v Sgnes |

| mx

@ DE o Far Demo - Desge.. * |

B AR A8 e Ana 1D AL

IEN.

- Single environment

= Main tool of the Systems Engineer

= Controlling the design and analysis
process

Based on Design Manager and JTS

Interaction with modeling
environments

m Review and comment mechanisms
= Models import / export control
m Back-end model transformations

Integration with analysis tools
= Simulations, computations, domain

specific views

= White-box, black-box

= Analysis results feedback into model-

Visual analytics
—Honourcode, InC.—
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Solution Methods
Joint Simulation and Analysis

Nbr Solution Method What it Does

6

10

11

12

Perform joint
simulation

Perform statistical
model checking

Evaluate emergent
behaviour

Evaluate goals and
contracts

Perform formal
verification

Configure DANSE Tool-
Net environment

Share models

L
h_l—lonourcode, INC.—

DANZE

Time-based execution of a joint
simulation using SoS and CS models

Identification of simulated performance
levels against parameters/goals

Confirmation/discovery of desired or
unknown SoS emergent behaviours

Definition of S0S/CS goals/contracts, with
automated checking during simulation

Knowledge of time-based compliance
against formal requirements

Installation of necessary tools,
ontologies, rules, and clients to perform
DANSE modelling

Share SoS or CS models with other Tool-
Net participants

DANSE Solution Methods 41




DANOE
Performance Evaluation Concepts :

m Have generated multiple architecture alternatives
m Patterns application
m Graph grammar automated generation
m Concise modeling with optimization

m Need SoS joint simulation to evaluate performance
m Predict characteristics of interest
m Evaluate contracts and goals during simulation
m Dynamic aspects of optimization
m Stochastic variability

m Provide information for decision analysis

h_HOI’]OUI‘COde, INC.— Joint Simulation: Performance Evaluation 42




Joint simulation

- FMI standard for component integration
- Constituent system models exported as FMUs from tool
- So0S architecture exported to DESYRE

- FMUs imported in DESYRE

- Simulation run in DESYRE

- Simulation results output from DESYRE

sl @

Constituent
Systems

ridrs
MODELIC?

Constituent
Systems
Models

h_l—lonourcode, INC. — Joint Sid:ioﬁ’:fPerformance Evaluation 43




DANE
Statistical Model Checking

m Goals and Contracts specified in UPDM model The probability that a
. . district does not stay
m GCSL translated into a set of properties that under fire more than 3
can be evaluated by PLASMA _ el
= UPDM parameters set as observable, traced e
by the simulator =55 -
s DESYRE simulator provides PLASMA with the EE

value assumed by the variables step-by-step
during the simulation

m PLASMA verifies the properties
m PLASMA returns the Statistical Model

Checking and contract verification results MEAN(S0S itsDisti

L v

SoS.itsDistricts-
3 >forAll(district |
] Whenever

. ! - L [SoS.itsDistricts.fire

] Area->sum() > 0]
FMU FMU FMU occurs,
[SoS.itsDistricts.fire

Area-=>sum() = 0]

occurs within [0,

v ~
-1 l RN
o ! ! ’ S
1 ’
P e 1 , N
@@ —

F. PLASMA
INRIA
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Designing for Adaptability and evolutioN in
System of systems Engineering

Implementation

How does the DANSE methodology support
change in the S0S?

DANSE Tools
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Constituent System Requirements

m Each change to the SoS and constituent system models
Implies a change to the actual constituent systems

SoS :‘|>
) w w services
CS requirements

modification \ —syzen
system @

-mz.mn’}f (odel] (odel servnces
nodel

Requirements

S Stem
for a new CS e\

system
m odel] fnodel services
odel]

m Changed / new requirements become inputs to acquisition
processes

s Modify existing systems
m Implement new systems
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Control vs. Influence o

m Traditional systems typically rely heavily on centralized
command and control

m Single acquisition authority
= Prime contractor
m Subcontractors via contractual arrangement
m Suppliers
m Other stakeholders

m So0Ss rely on influence and indirect control
m Multiple acquisition authorities
m May be a SoS Integrator
s Multiple System Contractors
m Several additional stakeholders
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Designing for Adaptability and evolutioN in
System of systems Engineering

Summary

An effective methodology for SoS evolution
supported by useful tools

DANSE Tools
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DANSE Methodology

SoS (SoS
Initiation|Creation
Phase | Phase)

SoS Operation Phase
(continuous)

Single model to embody the
iIntegrating thoughts

®  An initiation phase
m  Optional creation phase
SoS

= Forward movemer_1t Engineering | | Define potential needs >
through the SoS life 7 N/ 1/ 7/

m Constant Cycling of Capability] Analyze possible architecture changes
Learning Cycle

events/scenarios ,
N _ L] Influence and implement changes
m A “capability learning cycle”

s Where the DANSE Constituent
benefit happens! Engioering
m Normal Vee-based SE in
the constituent systems —

Alternate starting points:
e SoS is acknowledged among existing systems
e SoS is created by a Lead System Integrator
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Example “Use Case” of Methodology

SoS Requirements Analysis ——— > §50S Goals/Contracts

CS Modelling —>  S0S Modelling

—> Patterns <

SoS Architecture Model
(UPDM/NAF/etc.)

Architecture Optimization <—

Alternative Architecture
Generation

Emergent Behaviour

— Joint Simulation —

Activities Parametric Analysis

Products — Statistical Model Checking Formal Verification
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DANSE Tools

Constituent

Systems ;ﬁ g
<3

A;'cfrli'ecture
Optimization
ke

Architecture
Generation

(ToolEnNE SMcC
| Platform

Architecture

Patterns
Joint

Simulation_

N
|

) Statistical
Sased T Model
| based run-
time

Checking

,e Contract / Fault«-based
anajys,s | test
eneration
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Designing for Adaptability and evolutioN in
System of systems Engineering

Integrated Water
Treatment and Supply

rinking Water | S —s—_—"

DANSE
Methodology ' ___
/..:5;‘:.;,1 $o5 Management Phase (continuous)

--u -4.._. ‘__ ‘

—Defing potentlal needs "

Air Traffic
Management
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