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Dynamic Software Architectures

Dynamic software architectures are those 
architectures that modify their architecture and 
enact (implement) the modifications during the 
system’s execution.
Client-Server example:
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Self-Managing Architectures

A self-managing architecture not only 
implements the change internally but also 
initiates, selects, and assesses the change itself 
without the assistance of an external user.
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Self-Managing Architectures 
Challenges

Dynamic components are “challenging in terms of 
correctness, robustness, and efficiency” [Szy03].

Self-managing architectures are especially 
challenging because the initiation and selection 
also occur internally.

How can we address these challenges?
Formal specification

[Szy03] Clemens Szyperski. Component technology: what, where, and how? In Proceedings of the
25th International Conference on Software Engineering, pages 684–693, 2003.
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Purpose of Survey

We have 3 criteria for our survey:
1. Determine if each approach supports self-

management.

2. Evaluate each approach with respect to 
expressiveness.
a) Types of change supported.

b) Types of selection mechanisms supported.

3. Evaluate each approach with respect to the 
distribution (scalability) of the management 
approach.
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Support for Self Management

We evaluate support for self-management by 
determining if initiation occurs internally. 

In all of the approaches we evaluated, if 
initiation occurs internally then the other steps 
of the change process can also be specified 
internally.  
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Support for Self Management
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Support for Self Management
Le Métayer uses side conditions in 
rewriting rules to refer to public 
variables in components.

e.g. {Component(c), c.leave=true, 
Connector(c,m), Connector(m,c)} 
→ Ø
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Expressiveness (Types of Change)

Self-managing architectures are limited by the 
reconfiguration operations that are available. 

Example:
System that can add connectors but not components 
is limited – less types of change are available.
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Expressiveness (Types of Change)

We survey support for:
Basic operations. 

component addition and removal.

connector addition and removal.

Composite operations. 
Subsystem addition and removal.

Available constructs that can be used in specifying 
composite operation (e.g. sequencing, choice, and 
iteration).
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Expressiveness (Types of Change)
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Expressiveness (Types of Change)

RAPIDE has one execution 
architecture event type for 
each basic operation: 

CreateModule(...);
DeleteModule(module : Event);
CreatePathway(...);
DeletePathway(pathway : 
Event);
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Expressiveness (Types of Change)

Example of iteration in CommUnity approach:

script RestoreStandard
in a: Account
prv i: record(c:Customer; co:VIP)
for i in match {c:Customer: co:VIP | co(c,a)}loop

remove i.co;
create standard(i.c, a);

end loop
end script
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Expressiveness (Types of Selection)

We distinguish between 3 levels of selection that 
a specification approach may support:

Pre-defined Selection: A change is chosen 
based on a pre-defined selection made prior to 
run-time.
Constrained Selection from a Pre-defined Set: 
There is some choice in what change to make. 
Operationally Unconstrained Selection: There 
is an unconstrained choice regarding the 
change to make.
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Expressiveness (Types of Selection)
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Expressiveness (Types of Selection)

Example of constrained choice 
between two component 
attachments:

DynamicClientServer {
interface none;
composition

client: Client;
server[2]: Server;

attachments
client request(r)<>

if (server[1].n <= server[2].n)
then server[1].serve(r);
else server[2].serve(r);

}

binds
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Distribution (Scalability)

The management of reconfiguration in dynamic 
software architectures can be either: 

Distributed across 
components

Centralized in a 
specialized component
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Distribution (Scalability)
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Distribution (Scalability)

In Dynamic Wright reconfigurations 
are specified in a configuror.
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Distribution (Scalability)

In the PiLar language multiple 
components can have constraints 
that specify localized 
reconfigurations.
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Conclusions 
Most approaches support basic self-
management.

Support specification and analysis related to the 
implementation of change.

Areas that need to be addressed further 
include:

Initiation (using monitors, etc.)

Selection of change (Expressiveness).

Distributed management (Scalability).

Analysis of entire architectural change process.
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Future Work & Open Questions

What other criteria should be used for the 
assessment of specifications for self-managed 
architectures (in addition to basic support, 
expressiveness, and distribution)?
In terms of analysis, what questions need to be 
addressed?
Should a benchmark for specifications be 
developed? Possibly based on practical examples?
In general, is specification work in this area going in 
the right direction? 

There seems to be a lack of practical use of a number 
of the approaches surveyed…
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