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• 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 

 



Some of the complexity issues 

 

•Possibly no conscious knowledge of 

other systems 

•Operational independence,  

•Geographically distributed, 

•Constantly Evolving, 

•Independent Governance, … 





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;  

 

• Semantically sound models based on the notion of contracts;  

 

• Innovative architectures that provide the infrastructure to allow the  

dynamic affiliation of components so that the behaviour of the ensemble  

is not disturbed;  

 

• Novel supporting model based tools for analysis, simulation,  

and optimization;  

 

• Organized in an integrated environment.  

 

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. 
 



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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• 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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SoS is modelled using an architecture framework 

  
Iterative process until desired global characteristics implemented 



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 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 Design Space Exploration  



• 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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   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 
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Summary of Online 
Repository 

Catalogue 
navigation pages 

User Guides 

Architecture Patterns 
Catalogues 



The Author of 

the Pattern 

Rhapsody Models 

Available for 

Download 

Any key words 

that may appear 

in the pattern that 

will be useful 

when looking up 

the pattern in a 

repository.  

Name of Pattern 

This refers to the 

problem and why you 

would use the pattern 

to address the issue.  

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.  

Also known as. 

Diagram of 

Pattern’s 

Structure 



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.  

The elements that 

are involved 

within the pattern.  

Refers to the 

restrictions of 

the pattern.  

Describes what the 

pattern has to offer to 

the user and the 

characteristics which it 

possessed which will 

be of benefit to the 

pattern implementer.  

Possible emergent 

properties which have 

emerged from 

simulation 

Associated metrics 

e.g. bandwidth, 

response time, cost, 

redundancy level, etc.  

Advice/Guidance on 

the usage of the 

pattern, providing 

some considerations 

to be undertaken 

when the pattern is 

applied.  



URL References to 

related materials 
Catalogue which 

the pattern belongs 

to or can be found 

Where the pattern 

has known to be 

used in real-life 

scenarios and in 

which domains. E.g. 

Military, Emergency 

Services.  

The consequences 

refer to differing 

variables that may 

influence the usage of 

the pattern. What 

aspect of the pattern 

structure does it allow 

you vary in order to fit 

your specific 

application?  

If the pattern has 

stemmed down from 

an original pattern, 

or patterns. Which 

are these?  

Any patterns that 

may have been form 

from the pattern.  

An example where 

the pattern is in use. 



Import Pattern into Rhapsody Project 

Downloadable Models 
(Profiles) 





• To import patterns profile 
into Rhapsody, the 
following steps are 
followed: 

 

• Step 1 Download the 
pattern from the patterns 
repository to the local 
machine 

 

• Step 2: In Rhapsody 
project, select "File"--
>"Add to Model". 

 



Profiles as .sbs files 

Add to model as 
unit 

• Step 3: In Add to Model 
dialogue, select the .sbs file 
of the pattern that needs to 
be imported and choose 
"As Unit" at right hand side 
instead of “As Reference”, 
then click the "Open" 
button. 
 

•Step 4: Under profiles 
folder of the Rhapsody 
project, a package of the 
same name as the pattern 
is added. The patterns 
profile is ready to use now. 
 



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

 

• SoSArchitecturePatterns 
package is added under 
‘profiles’. 

 

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

 

The pattern’s profile 

Elements of the 
pattern’s model 



Main structure diagram in CentralisedCommandControlHQAndTETRA/LTECommunicationNetwork pattern  
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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  













• 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 

 

 



• Continued development of ontological 
database for wider integration with other 
modelling and simulation tools 

 

• Expansion of architecture patterns 
repository to include further patterns 

• Root patterns 

• Application specific patterns 

 

• Inclusion of additional examples and 
performance metrics within patterns 

 

• Release of patterns repository (post DANSE 
project) 

 

 

 




