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Overview

* Introduction to Systems of Systems
« Systems of Systems
» Designing For Adaptability and Evolution in Systems of Systems (DANSE
Project)

« Architecture Patterns for SoS Development
» Architecture Patterns and SoS Design
* Mining Architecture Patterns

* Online Architecture Patterns Repository
« Architecture Patterns Classification
» Architecture Pattern Anatomy
« Using the Repository
« Applying Architecture Patterns to an SoS Design Project

« Architecture Patterns Examples
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Some of the complexity issues

*Possibly no conscious knowledge of
other systems

*Operational independence,
*Geographically distributed,
«Constantly Evolving,

*Independent Governance, ...
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DANSE - Designing for Adaptability and evolutioN in System of systems
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DANSE aims at developing new approaches to the design and management of the operation of
SoS based on advanced methodologies based on a new evolutionary:

* Adaptive and iterative SoS life-cycle model;

SoS
Initiation
Phase

SoS Management Phase (continuous)

+ Semantically sound models based on the notion of contracts;

ne potential needs

dynamic affiliation of components so that the behaviour of the ensemble —— | Al ' /_bl % l/h
iS not d|Sturbed’ e, L na ‘ze possible architecture ¢ anﬁes >

Cycle -
| [ Influence and implement changes >

* Novel supporting model based tools for analysis, simulation, a
R . . onstituent A \ ' A
and optimization; e

* Organized in an integrated environment. TVE >

* Innovative architectures that provide the infrastructure to allow the cignsssing: |1 5o >
/

DANSE focuses on the development of a new methodology to support evolving, adaptive and
iterative SoS life-cycle models based on a formal semantics for SoS inter-operations and
supported by novel tools for analysis, simulation, and optimisation.



1\ ) = SEVENTH FRAMEWORK
\ [ PROGRAMME

Bl Loughborough
University

Advanced VR Research Centre

DANSE Technical Approach

To achieve these challenges DANSE addresses the following innovation points:

*A new evolutionary, adaptive and iterative SoS life-cycle model, offering evolutionary simulation,
analysis, and development of the SoS in real time.

*Development of new formal semantics for SoS modelling based on an architectural framework.

A formal method for “correct by evolution” analysis which constantly guarantees that the SoS
evolves towards its current goals.

*High-level behavioural simulation based on SoS abstraction using theoretical relationships
rather than detailed event-level simulation.

*Methods and tools to allow optimisation at the global SoS level and at the local level of
constituent systems, in face of possibly contradicting goals.
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DANSE Technical Approach — Modelling and Simulation
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Architecture Patterns
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Architecture Patterns

Patterns are not new —they have been in
existence for centuries

Design patterns used extensively by software
engineering

However, Architecture Patterns are new

Patterns encapsulate considerable knowledge from experienced practitioners

Patterns are templates or recipes to describe solutions to known problems (relate Context,
Problem & Solution in a consistent manner)

Provide a generalised rule or guideline for realising certain architecture design
characteristics.

Patterns allow specification of different architectural approaches

Support abstract representations that facilitate greater understanding of complex SoS
architectures
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[} [}
Check Alignment
with SoS Capability Goals
i .

A\ 4

@ SoS is modelled using an architecture framework

@ |[terative process until desired global characteristics implemented
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Application Specific Check Alignment
with SoS Capability Goals
i .

Implement
& Test
[1,2,3]

Review l

| Selected Architecture
Pattern Applied

@ Architects identify a series of patterns which offer desired qualities and
attributes

@ Selected patterns implemented in architectural framework and analysed
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@ Candidate architectures submitted to simulation environment
@ Architecture evaluated against a set of SoS constraints and target functions

@ Alternative patterns substituted if a particular solution does not converge towards the desired
target ‘[ SoS Constraints and Target Functions ]<_ e

__________________________ Capability Goals

Performance

Analysis &
simulation

of alternatives

[ »

f ;

_ Selected SoS Candidate o
Patterns Architecture (UFDM)

-
— e o s = o

Simulation
Environment

1

=4

Joint
simulation

Emergent
behaviour

| Architecture Expression | i Design Space Exploration lterations

Trade-Off & Feedback
————————————————————— Review—=—=——=—=—=—=—=—=——cs—c=========-=

SoS Design Space Exploration
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@ Candidate architectures submitted to simulation environment

@ Architecture evaluated against a set of SoS constraints and target functions

@ Alternative patterns substituted if a particular solution does not converge towards the desired
target ‘[ SoS Constraints and Target Functions }_ e
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@ Candidate architectures submitted to simulation environment

@ Architecture evaluated against a set of SoS constraints and target functions

@ Alternative patterns substituted if a particular solution does not converge towards the desired
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Mining Architecture Patterns

« Mining patterns is an iterative process
« There is an art to mining patterns
« Patterns have structure

« Remember patterns are small reusable elements
that are generally repeatable in structure

« Think simple - an elegant pattern is characterized by its |
simplicity

« Architecture Patterns are abstractions
« Don't go into specific implementation details
* This is too deep

* Note some patterns may look similar but can actually be
radically different

* New patterns can be created or evolve from pre-existing
patterns
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Mining Architecture Patterns

Consult SME(s)

(if possible)
Create Operational Viewpoint Identify Systems Features in Scope
. Identify Fundamental Functional
;:‘?Tga?ggz:s Architectural Elements (eg
. Obtain Command & Control, Comms,
SoS/Constituent
s - CONOPS Interfaces etc.)
ystem Under ™ D i
h . ocumentation ¥
Consideration " - ==
(if available) Construct Initial s
- . : Identify Fundamental
Operational/ Analyse/ldentify Bk ol
Structural View > Constituent - T e— —
{(Using UPDM or Systems Fe—— I—
[ Mind mapping) D
‘ Undertake Architecture Pattern Elicitation Create Architecture
: In Modellin
Extract Potential Existing Pattern Environmer?t
Architecture Available
Pattern(s)
Complete Patterns | _ Coé‘:;ri;f:ggia?ﬁgre - _ | SoS Architecture Construct SoS
Template Online Patterns Library Patterns Library Architecture
|

\ Create New
Non Existing Pattern and

Pattern ' Update Patterns
Library




o “ Loughborough

NSE ‘7— University

Advanced VR Research Centre

Mining Architecture Patterns
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Mining Architecture Patterns
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. Identify Fundamental Functional
;:‘?Tga?ggz:s Architectural Elements (eg
. Obtain Command & Control, Comms,
SoS/Constituent
s = CONOPS Interfaces etc.)
ystem Under ™ D .
. - ocumentation h 4
Consideration : . =
(if available) Construct Initial s
- . : Identify Fundamental
Operational/ Analyse/ldentify Bk ol
Structural View — »| Constituent - T e— -
(Using UPDM or Systems Fe——
| Mind mapping) S—
‘ Undertake Architecture Pattern Elicitation Create Architecture
; — In Modelling
Exlracl_ Potential Ex.sung Pattern Environment
Architecture Available
Pattern(s)
Complete Patterns | _ Coé‘:;ri;f:ggia?ﬁgre = . | SoS Architecture Construct SoS
Template Online Patterns Library Patterns Library Architecture
i

\ Create New
Non Existing Pattern and

Pattern ' Update Patterns
Library




o “ Loughborough

NSE ‘7— University
A =

Advanced VR Research Centre

Mining Architecture Patterns

Consult SME(s)

(if possible)
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Extract Potential Existing Pattern Environmer?t
Architecture Available
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Architectural Framework

OV-1 High Level Operational Concept

/_/

OV-5b Operational Activity Model

\

SV-4b Systems Functionality Description

\\ SV-10b Systems State Transition Description

SV-1 Systems Interface Description

AV-1 Overview and Summary Information

SV-1 Systems Interface Description BDD

SV-5a Operational Activity to Systems Function Traceability Matrix
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Step 1- Produce or pull up
Architecture (UPDM) of ER SoS

- SoS

Step 5 - Produce
—— alternative architecture
~ models
- = uTe Al
- =i =il EE v

~=  Step 4 — Search pattern

' repository/ database for

— Suitable SoS command
patterns

-/ Step 2 - Abstract CS of
 interest: Look at the
2 Command System of the ER

SoS
Step 3 - Set
criteria for which
new pattern must L2
satisfy Original
4 |
[ —

Cor;u.nand Pa?tern -

———vee @
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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
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




SEVENTH FRAM{WORK
PROGRAMM

CANSE S checturwhtermaLbeary damas ora ac.

o T ' R | i, B a

sy 21| oo

i

[= BT
a3 EITT rwwwew ;

S0S ARCHITECTURE PATTERNS LIBRARY ‘

Summary
This 1 an onine fary for S5 chischure patams. Pattoms are avalasie 5 view wih fl Gtals.
oes Cassfed > Root ahimce pezams snd Scedfc achicire. Patiens

10y baan Wt casaliod accoring 1> T daman o e snd P s cin s hem
‘accaring to Ber reqremants. For 6ath pafkem 3 secton gD 15 bACKGTURd FAMRon and 3
secton Goscrtie how 0 e Pt g © e oy s ohayis o o 508 13 bown Guen
P e et esartad W exmous uminaraie how he sote dfeces - Tas

oo In
0o caure the rary wh B0 akow the Usars 1 343 new panems and madly of deels exstng
paterrs.

Catalogues:
oot Arshitacture Pastems.
ommas, Certro ans Exweuton Arcsnchm Puters

Communcaton Arcvechrs Patiems Guids or Po3 Users

R— P
Sesety a4 Aubossson s FO— —— .
s i
Commant s Cortot P ""l—#\v'"EI_‘Il_A e
B O ———
Communiaton P
S0S ARCHITECTURE PATTERNS ‘Command and Control Pattern

UPOM Patiers.
Parmms for Contractual Specacatons o Priing Laymt.

Patirnvame | Cascading, Distributed

oughborough
Paams for Uses misracton versity
Pt Do S Exprmon Kapuo
[ - Loz | | L ope

This work was funed by Eusopaan Com
Gl 7 (FOTICT 20017 Deweg

A command e recees regencs
remtien from s ae s

et oo sysara. A kel osgat = =
astvated I corfuncion win a caszade of _ =
enacions haer down T chen, = === = =

- N apslcatle
=Y

L A
5@ h® LTI i

Th seceches s 9T ey sedlle
o el

come=on mode adure ports in 300t
conesand s inebigancs nmainy SOS ARCHITECTURE PATTERNS

Mosvaiion 5 and o, e cremand chan

Goas e ey

T T 8 Ohr¥e o skt

Pattern Name cmu« oemmu-aconw HQand |
Patten [CAE Optimiation paten]

mana Communcatcns,
Keywords | Teecemmuneanons, Emargency Retgnse

Communication Pattern
G0 Printieg Layout

Loughborough
University

1 i |
Systama can e -
rwmm ana oy moumor  Auor UTeam ) [INew Patsern
S T e 11 T e I = W]
et o /ﬁﬁrr“”‘____,
Expot Fild 1054 y
- Sraring o eligancs e v o <2 _———
sosvaon epaiae. uspents | P g e ey
Capsiities Swve Ax ContralisedCommandContr o e o et

(Comimind Siatass bk 10 LA Inteent

e = B o) (e e
- - — a7 O
- oo el
AW o ey SOV —
A pintons 4
% Documents. i
@ wiriorpe
Motvasiondll &= dhrse =
s K =
e
R P, | B3
e s &
T : E
1T et s o i
PR
tonmien,

OE weme

F'

o e
e P

e T

B Loughborough
University

Advanced VR Research Centre




A

atterns

B Loughborough
University

Advanced VR Research Centre

atalogues

ARCHITECTURE PATTERNS REPOSITORY

- ( Summary:

This is an online repository for architecture patterns. Patterns are available to view with full details.
Patterns have been classified into Root architecture patterns and Specific architecture patterns.
Patterns have been further classified according to the domain of use and the users can access them
according to their requirements. For each pattern a section givin? its backgg)und information and a
section describing how to use that pattern in the design and analysis of a SoS has been given.
Patterns have been supplemented with examples demonstrating how the subtle differences in their
characteristics can influence the decision-making process of the architect. The library can be used to
search for patterns, to understand where to use them effectively and to download SysML profiles. In
due course the library will also allow the users to add new patterns and modify or delete existing
patterns. This repository is subject to frequent improvement.

Summary of Online
Repository

Catalogues:
Root Architecture Patterns
Command, Control and Execution Architecture Pattems
Communication Architecture Patterns

Interface Patterns

Architecture Patterns
Catalogues

Security and Authorisation Pattems

Resilience Patterns

Contractual Specification Patterns

Service Oriented Architecture Patterns

User Interaction Patterns

Specific Architecture Patterns
Command, Control and Execution Architecture Pattems
Communication Architecture Patterns
Interface Patterns
Security and Authorisation Pattems
Resilience Patterns
Contractual Specification Patterns
Service Oriented Architecture Pattemns
User Interaction Patterns
Design Space Exploration Patterns
Domain Specific Architecture Patterns
Water Supply and Distribution Patterns
Air Transport System Patterns
Ground Transport System Patterns
Qperational Patterns (DANSE - Concept Alignment Example)

1S.
DAN E

et

B Loughborough
University

User Guide:

navigation pages

Guide for Web Browser Users

Guide for iPad Users

Contact

For any query please feel free
to contact any of us,

Roy S. Kalawsky
r. s.ialawsky@lboro.ac.uk

Demetrios Joannou
d.joannou@lboro.ac.uk

Antara Bhatt
a.bhatt@lboro.ac.uk
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S s ARCHITECTURE PATTERNS REPOSITOR St i il ontrol and Execution Architecture

. Patterns
in the pattern that Go to Printing Layout

will be useful Pattern Nama Centralised Command and Control e
when looking up [Paﬂ"’“ D NS c Loughborough
the pattern in a A E . University
rep05it0ry. Keywords {Comrnand, Centralised, Control } —_—
Auther -/ New Pattem Diagram of
The Author of Pattern Information | ' Using the Pattern Pattern’s

the Pattern - - ! Structure
Ewxercise of authority {invention, advice, opinicn, !

influenca, or command} and direction by a control
system over assigned resources to achieve

. accomplishment of the specfied mission. The
This refers to the Central CommandiControl System governs and

prob|em and Why you | exercises full authority over resources. ) éStrul::lum
would use the pattern Also Know (ccc.ca
to address the issue.

. A

which has unquestionable owerall authority.

(The pattarn allows for a single command cantra, ) |
Available for

‘ Rhapsody Models

Download

Also known as. Motivatin: o e s @
! Applicability [Honmmhinanmm Pattams
Statement of why 5
the pattern would be ' Model sysmL) [ SomArmT R L o
utilised to address i o
the design problem . Y e ( Usiond )
. g p x 1. Many points of intelligence access the | (SysM !
or situation. It will Centrzlised Command System, zllowing for a |Model uroh) | Uplead ]
heIp understand the meaore informed decision making process. | odel
H Upload
structure and 2. Cantralised command faciitates for sl ; (UPDU+Canclas) ( )
. knowledge to be in one cantral location, resulting | Model [Other) [: Unload ]
consequences later ggg:gﬁ',;g-a in more accurate decision making. - ==
i ]

in the pattern.
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Descrlbes What the I—1.M|an)l points of intelligence access the
pattern has to offer to Centralised Command System, allowing for 2

the user and the mere informed decision making process.
icti i i 2. Centralised command facilitates for 2l
characteristics Wthh It . knowledge to be in one central location, resulting
pOSSGSSGd which will g::;l?itlll?i:h in more accurate decision making.
be Of benefit to the 3. Excellant planning and tasking potential.
pattern implementer.

4. Command System able to rank requests in
order of highast priority and able to act
accordingly.

Refers to the . J

restrictions of (1. For CommandiCantrol to b effective, the
command and control information natwork must
th € pattern . be “interoperable, sustainabde, and survivabla®.

2. A single command/control system is subject to

Motivation:

L|?nigu::5 sarious common mode failure and is completaly
dapendent on the Command/Control System
baing available.

3. A single command/zontrol system is extremaly
cost effective in terms of interfaces but due to
The elements that paint 2 abowe it may be necessary ko consider

| (SysML+C
Model (UPDM)

. Model
' (UPDM+Cancise}

are |nV0|Ved I_J:llrl:nml:llil.'m mrra rasiliant anchitach s variants

within the pattern.

Participants

[ Central Command System, Command Systems

[ Central Command Systemn — Command System:
Centralised Command System passes orders on
to the appropriate command system o achieve a
specific result, mission or goal. Command
Systemns may act as a point of intelligance to the
Central Command system, collecting “on-scens”
information or data to help co-ordinate tasks and
to reallocate resources for example if need be.

Collaborators

Here, not only are the participants being shown that
make up pattern, but also how, and with which

other elements are interacting, describing briefly
the relationship between elements which facilitate
the tasks they need to conduct.

' Modl (Other}

Implementation

Performanca
Metrics

:Ema ant
; Fmpragrﬂas

| Example(s)

I, Unlad |
Advice/Guidance on
( = the usage of the
( ™ pattern, providing
- some considerations

On implementation, consideration should be taken on the
following issues:

to be undertaken

1. Commands to ather command systems need to be 1
unambigucus but also considering how intelligent a when the Pattern =
command should be, for security concemns. applied.

2. The capacity of command systems a cenfral command
system can cope with in a high demanding situation.

3. Whether or not the centralised command pattern will
facilitate for a fast or slow response time depending on 503
goals.

. v

(Information will be provided after simulation has bean run.

Associated metrics
e.g. bandwidth,

response time, cost,
redundancy level, etc.

"

I-Inft:lmaﬁ-c:n will be provided after simulation has bean run.

Possible emergent
Emergency Response agencies {fire departmeant i i

departments and medical services) are somatimg propertles which have
controlled by a single cverarching control cantre,| emerg ed from
authority over all three. Knowladge and intelligan : .
collected and manipulated by the single comma simulation

reriginns ars mands as oo which rasnomas csnht £
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The consequences

An example where
the pattern is in use.

refer to differing Collaborators L
i Emergency Response agencies {fire deg@rtments, police
. vari ables th atm ay | departments and medical services) are sometimes
influence the usage of | Example(s) controlled by a singhe overarching control centre, which has
| authority over all three. Knowladge and intelligence is
the pattern. What collected and manipulated by the single command HQ and
as peCt Of the pattern | derizinns arm mads as bn which resnumas monht tnha
structure does it allow _ If the pattern has
you vary in order to fit
our specific \ / stemmed down from
your spe [+ Reduced coupling. Tre pattem frees response | | an original pattern,
appllcatlon? systems from raceiving commands from multiple ' .
command systems. In turn the command system ! Exi:mrnprﬁr] or patterns. Which
knows exactly what each resource is doing. j g :._""?'_" are these?
* Multiple Intelligence systams are raguirad.
Consaguences .
Where the pattern " High redundancy.
« Centralised Command System manages all
has known to be com
) . resources available. Upliad Espot  UndaRedo  Delsts
used in real-life -
scenarios and in | Employs s own inteligance data L PN (T A TS T
which domains. E.g. (Ganaral command systams. amergency respanse | | Parent Patterns
Mllltar Emer enc Known Usesi scanarios, military activities, air traffic contral, \ may have been form
Y, g y main security systems, ground fransport systems, other | N — from the pattern.
Services. iranspart systame, energy management, water | Related Patterns: | TP oe
| management systems etc. ) | Child Patterns
Catalogue Command, Control and Execution Architectura P

Pattarns

Catalogue which
the pattern belongs
to or can be found

| Reference (URL)

[hﬂpjfnww.lhcm.mukl‘reﬁaadﬂavrm’

URL References to
related materials
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sos ARCH'TECTU RE PA"TERNS Communication Architecture Patterns
Go to Printing Layout
Pattern Name Centralised Command/Control HQ and
Communications (TETRA/LTE) Network e
Pattern [CAE Optimisation Pattern] D N S E u Loughborough
University
Command, Communications, A _.._.../
Keywords Telecommunications, Emergency Response,
s oo Civow et |caiogue | previous | Net [ anPatems |
Pattern Information § Using the Pattern
This pattern is to provide the structure of '
constituent systems in an emergency response ! | Antennal TE l [ AntennaTatra ]
Intent SoS in which Concise Modeling sterectypes can '
be added to perform optimisation activities. '
Optimisation will consider both how the : Controller TETetra
constituent systems of the emergency response ! Structure m
\ | I
Also [ Not applicable [ PoliceStation E HQ l
Known As :
: e
To provide two options of communications :
networks — Terrestrial Trunked Radio (TETRA) :
and Long Term Evolution (LTE) to support :
message sending and data transfer between the :
Motivation: agencies making up an Emergency Response
Goals SoS.
Downloadable Models
Applicability [Speciﬁc Architecture Patterns ( P f |
rofiles)
Model (SysML) [
Model [
( 1. Provides the option between two (SysML+Concise)
communications networks. Model (UPDM) [ - CentralisedCommandControlHQANdTETRA_LTEComm ]
2. The pattern can be used for optimisation Model
activities in Concise Modelling. (UPDM+Concise) [ CentralisedCommandControlAnd TETRA_LTECommuni ]
3. The pattern allows for communication
coverage for all agencies at all times if optimised
Motivation: effectively. Model [v]
Capabilities
The implementation of this pattern is likely to be multiple
phase process as existing legacy systems may already be
in place, for example, command centres, base station and




S
/A DIE

SEVENTH FRAMEWORK
PROGRAMME

B Loughborough
University

Advanced VR Research Centre

Easy Deployment from Repository to Rhapsody

_ O DANSE (danseutac “'_

ARCHITECTURE PATTERNS R

Pattern Name

Keywords

Intent

Also
Known As

Motivation:
Goals

€->C N [D danse.lboro.ac.uk/fmi/webd#DANSE&lay=SoSArchitecturePatterns&viewstyle=form&record=5&mode=browse i‘ﬂ » =

Cascading, Distributed |
Command-Response Pa

Chain, Command, Cascade, Intelli
Response

Loughborough Uni ¥

‘Pattern Information

Export Field to File

>
A command system receives intelli
information from its own sources o
command systems. An initial respg
activated in conjunction with a cas(
instructions further down the chain

Please specify file name to export.

-

( Not applicable

. Save As: | CascadingDistributedintellic |

=N -

'Tnis architecture is typical of many|
governed systems and suffers frol
common mode failure points. In ad
and intelligence information passe
the command chain is subject to d¢
modification. Whilst overall control
there is a degree of decentralised (

.

« Any of the Command Systems ca
intelligence data, and if they requir
command systems to respond, the
they see fit
- Sharing of intelligence data via th

systems
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Pattern Appllcatlon Process

|F||e| Edit View Code Layout Tools  Window Help

. . tecturesSystemViewPko I
* To import patterns profile New Ctrl+N
. New on Design Manager... B 0 §° 1% 87 & 3 3 %
Into Rha pSOdy, the Open... Ctrl+Q  trlisedCommandControl HGA v (3% H
fOI IOWlng Ste ps are Open from Design Manager... f’ £
. ClOSE SoS_Technical in DoDAF20_... l —S_TF
fOI Iowed ) Save Ctrl+S ' —
Save As... h:::n
Synchronize with TcSE 1 é%& L
i Step 1 DOWnload the Save All Ctrl+Shift+S E.‘urz:a':;emg
pattern from the patternS Insert Project 4 :
repository to the local Ao Rn St iy : e
. Add Ada Standard Libraries ! E::: )
machine Add to Model. =
Add Profile to Model... ) T

Configuration Items...
«Speme

* Step 2: In Rhapsody . . =

Project Properties... - e
H =+ Pl Stk bt
project, select "File"-- e e

>"Add to Model". Print.. Ctrl+p

Print Preview ==

Printer Setup... Ewmmu

Diagram Print Settings... i .
legeg: Rl

1 UPDM_Model_V03.3

Exit
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Pattern Application Process

« Step 3: In Add to Model

dialogue, select the .sbs file Profiles as .sbs files

K [+] e L= |

of the pattern that needs to Lot

. Look in: ) iles - ’ Ee -
be imported and choose — . el [ Add Subarts
“A . . . ( E o) Name Date modified Type [F] Add Dependents -

s Unit" at rig ht hand side = __| CentralisedCommandCont . 9/16/201410:59 AM  SBS File @ As Unt
instead of “As Reference” RecentPlaces | centralisedCommandContrHQANATETRA... 9/16/2014 10:59 AM  SBS File
| | || DistributedChainOfCommand.sbs 9/16/2014 10:56 AM  SBS File ‘
. n n ’ . E GroundLevelReservoir.sbs 6/12/201412:06 PM  SBSFile t
then click the "O pen Desktop _ Plugins 9/16/2014 210 PM  Text Document
button. =
Liﬁ‘lzges
. Add to model as

*Step 4: Under profiles Ci'!';t ]
folder of the Rhapsody @

. ' < i | 8 3
p rOJ e Ct' a p a C ka ge Of t h e i File name: DistributedChainOfCommand v l Open I I.
same name as the pattern Flesoftype:  [AlFiles () v [ Cancel |

is added. The patterns e —
profile is ready to use now.
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Application Example: Emergency Response SoS

e SoSArchitecturePatterns.sbs has
been downloaded from the
repository and imported into to
the CAE UPDM model using
‘Add to model.

e SoSArchitecturePatterns
package is added under
‘profiles’.

* The structure of
CentralisedCommandControlHQ
AndTETRA/LTECommunicationN
etwork pattern is represented
here

(7] Proflles

/

----- 5 (U) DANSE (REP)

(#-f£5] Danse (REF)

(-{£5) SoaML (REF)

E—J@ SoSArchitecturePatterns
-0 Packages

-7 AsynchronousInterface
-7 Broadcastinterface

The pattern’s profile

-7 CascadeChainOfCommand_BypassCommand

t] CascadingDistributedIntelligenceCommandResponse
-7 CentralisedCommand&Control

&[] CentralisedC d&DecentralisedControlExecution
-] CentralisedCommand-CentralisedIntelligence_ICR

=3 CentralisedCommandControlHQAndTETRA_LTECommunigati

BE Systems
[#-t= AntennaCoveragelTEPre
l E AntennaCoverageTetraPre
l E AntennaGeneric
- AntennalTE
l E AntennaTetra
l Q Area
@ cable
E‘E ‘- EndC,
l b Attributes
I & Links
I . ResourceRoles
= 8] Structure Diagrams

dControlHQAndTETRA_LTECommunication

L «SV-1 Systems Interface Description,SV-1 Systems Interface Description» Soyz'ncal
)

t-= ControllerLTETetra

- E FireStation

7= Hospital

o= HQ

3 E PoliceStation

(- Q prevAntennaTetraInstall

-7 CentralisedC rt

= CentralsedlntelllgenceCommandResponse
i#-[] ChainOfCommand-EmergenceResponseUK
#-[7 CommandControl&ExecutionArchitecture
#-[7] DecentralisedCommand&Control
i#-[7] DeferredSynchronousinterface
#-[7 DistributedChainOfCommand
-0 DstnbutedCommandSupport
#-[ EventBasedResponse_LeakageOfD
(-7 FireEmergencylnteraction

D---;tl Firewall

[
£
[
[
[

Materials

=

Elements of the
pattern’s model
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Application Example: Emergency Response

Main structure diagram in CentralisedCommandControl[HQANdTETRA/LTECommunicationNetwork pattern

SoS_Technical «(U) SV-1 Syztams Intarface Dascrigtion (U) SV-1 Systems Intarface Descrigtions

* +{U) ResourceRole, (U) optimized, (U) tex

% 1 «+{U) ResourceRole,(U) optimized, (U) techni
itsAntennal TE:AntennalTE itsAntennaTetra:AntennaTetra ) %, (U) optimized,(U) technical{
Attributes itsArea:Area
I «(U) catalog» antennald:int Attributes (0 Attributes
= «(U) catalog» cost:float = «(U) catalog» antennald:int [= «(U) optimized, coverageRequester_Ar
[ «(U) catalog» name:RhpString I «(U) catalog» cost:float [ «(U) optimized, coverageRequester_Ar
B «(U) catalog» name:RhpString I «(U) catalog» typeName:RhpString
HQ U £ z HQ
1 1
0.5 «{U) R Role, (U) optimized, (U) technical,(U) ¢ ) 2, (U) tachnical,(U) inventory 202
itsControllerLTETetra:ControllerLTETetr itss geTetraF over
a ageTetraPre
1.% ) «U) Resum_oeﬂole (U) Sy rstem» Atiributes (7 Attributes
= et E «(U) catalog» cost:float E «(U) inventory,coverageDataProvider_AntennaT
Attributes E «(U) catalog,interfaceMaxCapacity_Con... E «(U) inventory,coverageDataProvider_AntennaT
E Location:int E «(U) catalog» typeName:RhpString E «(U) inventory,coverageDataValue_AntennaTetr
E NumberOfFireTrucks:int 1% ¥ [ «(U) inventory, coverageDataRequester_Antenn:
Name:RhpStrin T
= type pString i ;
1 U ket R R R Yy R TR T *  «{U) ResourceRole,(U) inventory,(U) technical,coverageProvider_)
(V) itsAntennaC gel TEPr TE
Pre
= RESOIICERCIE
GNP ot 1 Attributes (2 Attributes
I5E 1 . E «(U) inventory,coverageDataProvider_AntennaTetra»
butes = = catalog» Name:RhpStrin: =
Al 1 B SR Bstiy [ «(U) inventory,coverageDataProvider_AntennaTetra»
E location:int E «(U) inventory,coverageDataValue_AntennaTetra» coy
E numberOfPoliceCars:int * o
E typeName:RhpString
1
0.5 «U) je,(U) optimized, (U) technical(U) S
itsControll ic:C 1l ic " “;U) Ra:‘meﬂde'%m inventory, (U) technical,(U)
b Resourcel System» revAntennaTetralnstalkprevAnte
MI nnaTetralnstall
o HQ Attributes 5 Attribute
Attributes == [:] . . ibutes
B location:int 5 (V) catalog» catalog:Rhpstring = «(U) inventory» previnstallTetraAntennal
% E «(U) catalog» cost:float ) I
B numberofambulance:int 3 ) = «(U) inventory> prevInstallTetraAntennal
H «(U) catalog, interfaceMaxCapacity_Cont... SR A
E numberofParamedicCars:int
= typeName:RhpString ]
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@ Candidate architectures submitted to simulation environment

@ Architecture evaluated against a set of SoS constraints and target functions

@ Alternative patterns substituted if a particular solution does not converge towards the desired
target

SoS Constraints and Target Functions o
Process ~ P Capability Goals

Step 6 - Plug in to -
Architecture Step 1- Produce or pull up
. - = SoS Architecture (UPDM) of ER SoS

| ——
Step 5 — Produce ‘ o 3

— alternative architecture J ./ Step 2 - Abstract CS of
models interest: Look at the

Ferformance
of alternatives

Analysis &
simulation

2 Command System of the ER 1
SoS
Step 3 - Set / k .
criteria for which / Simulation —
new pattern must -~ s .
’ 5 : B Environment

e e satisfy 3 Original Command Pattern
~=  Step 4 — Search pattern ‘ —

. _—
repository/ database for é T - = = = y

Suitable SoS command | =~ o =  Joint Emergent
patterns _ simulation behaviour

|
|
|
Design Space Exploration lterations ) :
|
|
|
|

| Trade-Off & Feedback
b s s e Review—-—-—-—-—--=-=-=-=-=-"=-=-"=-"="=-"====- ==

SoS Design Space Exploration
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€ = C A [ danselboroacuk/fmi/webd#DANSE&lay=SoSArchitecturePatterns&viewstyle=form&urecord=6&mode=browse w »| The Strategic ; E
Grid

. Blue Pueblo iy www.cplusplus.com... [ Pinlt : HIPR Top Page V' Introduction to prog... ﬁ EuroSys — Europea.. | '] Spatial Frequency of.. » ] Other bookmarks

o > |

ARCHITECTURE PATTERNS REPOSITORY Water Supply and Distribution Patterns

Go to Printing Layout
Pattern Name | Water Grid with Borehole- Demand -

management between borehole D D SE ‘ Loughborough : “ ‘ .

and transmission mains supply - Umversnty
Borehole, water grid
Keywords
Catalogue Previous Next All Patterns
Author Loughborough Uni ¥ [ New Pattern
Pattern Information ! Using the Pattern Wit
|+ n
Transfer of water to a demand centre through ~ ~ 1
water supply grid that carries purified water. i -
Intent Water is also supplied through a borehole | sv-1WATER GRID WITH BOREHOLE <SV-1 Systms Tnterface Dmscrgtion 500~
located near the demand point. The pattern
could be used for water supply grids for "
transferring water from one region to the other Structure i Sysems e
= Attributes Attributes Attributes
Also Not applicable i costint 1 1| [ FlowRate:fioat = FlowRate:float
Known As [ Demand Centre '—' Borehole Supply ] = OperationCydeint = PipeDiameter:int 1 1| = Pipeni tint
= ProductionCapaity:int PipeLengthint [ PipeLengthiint
B WaterQualty:fioat = PressureHead:int = Pressureteadiint
The! Ond.
Supply and distribution of water to a demand - m::m 1
center through a water supply grid. The water o
treatment works supplies water directly to the Sysems
water supply grid which is distributed to different DemandCentre
Motivation: demand points. The demand center also receives 7z Attributes
Goals supply from a borehole. Upload  Export  UndoRedo  Delete \9\ = AverageDailyConsumptiomint
= MaximumDailyConsumptionint
p ; " = MaximumHourConsumptionint
Applicability [Domam Specific Architecture Patterns ]
1
3
S | L) £ o
M [ ok dJ Attributes 1 1 E Attributes
Upload = Depthiint FlowRate:float
«  The grid carries purified water (SysML+Con<:|se) = pressure:int = PipeDiameterint
Model (UPDM) [ Export Delete Upload J = volume:int = PipeLengthiint
+ Supply can be managed between the o Hesans
g?ere(m]ea ﬁgd the transmission main depending on (UPDM+Concise) ( Uglcad) i
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Emergency Response Communication Patterns

Communication Architecture Patterns

; ; Go to Printin, ut
ARCHITECTURE PATTERNS REPOSITORY Communication Architecture Patterns p— R
e S ‘ Loughborough
50 to Printing N
Pattern Name Generic Tetra Communication 12 — A E Umversnty
Infrastructure for Emergency "/ S M Loughborough —
Resnonse 2 Dﬂ N E University
Tetra, Communications, Network, Emergency el
Keywords Response
- Using the Pattern
Author Loughborough Uni | New Pattern
Pattern Information Using the Pattern
The pattern provides the communications -
medium for an entire EMergency response J
Intent S0S. This two-way transceiver specification i! g [
aliows for information exchange between - E T
constituent systems of the complete SoS !
during a majar incident. The specification s~ : 71N
\ y Structure e // \ N “g——-
[ ) U~ o /
i il Not applicable ” B \. /
'P \. "
\ - \ A
; J :}'.A. ‘- :F
This pattern Is to provide coverage for all ¢ g2 § |
emergentcy response conshtuent systems witnin =% ' 1
tne 508 allowing for information exchange - E e Upicsd  Expont  UndoRedo
between constituent systems of all invoived - ~
: agencies during a mission or a major incident
'é':}‘.!m" (forest fire, factory explosions, nuclear disasters, | Upioad  Expont  UndoRedo = [Specmc Architecture Patterns ]
terrorist attacks, transpont disasters, floogs ete )
Applicability [Spetlﬂc Architecture Patterns ] ( ‘ Unioad Export )
Model (Systt) | | Uptoss_ Export ) ( Uploas_Exort )
\ J load
: Y e Concise) ( Usloss  Export ( uposa_gupon )
1. The pattem allows for infonmation exchange
vetween the constituents of a single agency and Model (UPDAY) ( Upioad  Eort ] ( Upload _Export ]
als0 inter-agency communication i
2, Talk-Groups can be set up to Include 3 large (UPDM+Concise) [ toad. BXion ]
i insane Af Aaariainants i o Axall
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Emergency Response Communication Patterns

_ARCHITECTURE PATTERNS REPOSITORY Communication Architecture Patterns

roe

G0 to Printing Layout

Loughborough
ARCHITECTURE PATTERNS REPOSITORY Communication Architecture Patterns NSE ‘ Unngersn;y 8
=

A

Go to Printing Layout

Loughborough
D E L Unlvgersny =

(TETRA/LTE) Network Pattern |

pattern Name | H@ and Communications -
[CAE Optimisation Pattern] -

Command, Communications, -
Keywords S

Telecommunications, Emergency Response,

Using the Pattern

= ~

e S
Pattern Information Using the Pattern - Ancoatera.

This pattemn Is to provide the structure of - ! I
constituent systems in an emergency

Intent response SoS in which Concise Modeling ‘J
stereatypes can be adoed to perform

optimisation activities. Optimisation wil :

| consider both how the constituent systems of -] ' Structure

-

Not applicabie

Also Know

(1o pravide two ogtions of communications
networks - Terrestrial Trunked Radio (TETRA)
and Long Term Evolution (LTE) to support
message sending and data transfer between the
i n: agencies making up an Emergency Response
g::l:‘uo SoS Upioad Export  Undo/Redo

| Usloas  Export  UndoRedo =

Specific Architecture Patterns ]

Applicability [Specmc Architecture Patterns ] Upload  Export )

Model (Systl) [ Upload Export | [ ) Upload Emon]

> = Model [
1. Provides the option between two (SysML3Concise)
communications networks Model UPDN) | m Upload  pxgort ) )

Upload _Export | Upload Emun}

NN NN

Uplead  Exgort |

2. The pattemn can be used for optimisation Model [ ‘

activities in Concise Modelling (UPDMs Concise) ojosd. ookt J
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ARCHITECTURE PATTERNS REPOSITORY »

ps (] Imported From Goo.. [ Blue Pueblo 1 www.cplusplus.com... [ Pinkt § HPRTopPage V'

patternName | Air Traffic Management (ATM)
Organisational Structure
Air Traffic Control, Centralised authority
Keywords

[/ New Pattern

Author Loughborough Uni ¥

Pattern Information

This is a generic architectural pattern of an air
traffic management organisation structure for

Intent monitoring the overall air traffic flow in the National
Airspace System

Also

Known As

This pattern enables management, organisation
and communication between various control

in the air traffic structure,

in order to provide traffic separation services to air

Motivation: traffic participants. The constituent parts and their
Goals control hierarchy are as shown below.

The hierarchy enables air traffic .

management personnel (ATSCC) to analyse
demand in the system and implement initiatives

that are then relayed to the air traffic controllers
(ARTAMY

ion to prog... ﬁ‘ Sys—Europea... | ) Spatial Frequency of...

Air Transport System Patterns

Go to Printing Layout
c B Loughborough
D NS F ‘ Uni\%:rsity ®
AL
Catalogue Previous Next All Patterns

Using the Pattern

Structure

Ulad Expot UndoRedo Delte @\
Applicability [Domain Specific Architecture Patterns ]
Model (syshL) Upag
Model
(SysML+Concise) [ M}
Model (UPM) [ S0t Deete Uoboas )
Mode!
(UPDM-+Concise) [ umoac]

Who's i Area Radar
0S In
Approach Radar Approach Radar
Control Controller Controller
Departures Arrivals
Aerodrome/ Aerodrome/
Tower Controller Tower Contraller

A
e
1]

X
A
(]

Air Traffic Control during various flight phases (imsge Courtesy www.va0.pt)

sv-1 systems interface description bdd_ATM organisation structut®-1 Systems Int=face D=xcrigtion 800~

(V)Aircraft 1
System

1| (U)Air Route Traffic Control Center

1
1
(V)Air Trafic Control Tower

Attributes
B (U)Number of sectors within ARTC...
= (UNumber of Radar Controllers:int
E (U)Number of traffic management ...

Attributes

E (U)Number of ground control...
= (U)Number of local controleer...

(U)Air Traffic Control System

Attributes

1
’ (U)Terminal Radar Approach
Control

Attributes
= (UNumber of approach control...
E (U)Number of departure controll...
E (U)Number of feeder controllers...
E (U)Number of final controllers:int
= (UNumber of monitor controler...
= (UNumber of satelite controler...

E (U)Number of air traffic manage...

1

(U)Aviation Industry Partners

Attributes
= (U)Airline Operators:int
= ()cvil Aviation Authority:int
= (Experts in field of aviation:int
E {U)General public:int
(U)Representatives of aviation industr...
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Concluding Remarks

Architecture patterns are an excellent resource for the
SoS architect

Provide key building elements for SoS architectures
Integrated with modelling and simulation environments
Facilitate abstraction of complex systems

Support SoS design space exploration

Built from verified and validated designs
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On going Research

Continued development of ontological
database for wider integration with other

modelling and simulation tools

wHH“Mm

S

Expansion of architecture patterns
repository to include further patterns

* Root patterns
e Application specific patterns

Inclusion of additional examples and
performance metrics within patterns

Release of patterns repository (post DANSE

project)
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Thank you for your attention




