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Complex Real-Time SystemsComplex Real-Time Systems
! Complex real-time systems characterized by:

" extreme dependability (reliability, availability)

" diverse and feature-rich functionality

" continuous feature upgrades (evolutionary requirements)

" physical distribution

! Encountered mostly in telecom (e-business 
infrastructure and internet access devices), defense, 
aerospace, and industrial control
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! This complexity requires focussed modeling support in 
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! An abstract view of a system that identifies only the 
important elements and relationships

! We will focus only on run-time architectures:

The run-time organization of significant software 
components interacting through interfaces, those 
components being composed of successively smaller 
components and interfaces
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! To ensure visibility and enforcement of architectural 

intent
" the architectural specification must be an integral part of the 

final implementation
" not as documentation, but as part of the actual 
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! This requires automated translation of the architectural 

spec into the implementation language
" automated translation is key since any manual intervention 

breaks enforcement capabilities
" an architectural definition language (ADL)
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Capsules: Architectural ObjectsCapsules: Architectural Objects
! A special kind of active object! A special kind of active object
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Protocols: Reusable Behavior PatternsProtocols: Reusable Behavior Patterns
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! Architectural enforcement: only explicitly prescribed 

architectural structures can be instantiated
" it is not possible to bypass (corrupt) the architecture by low-

level programming

! Simplification: low-level program code that dynamically 
creates (destroys) components and the connections 
between them is eliminated
" in some systems this can be as much as 35% of all code

! Major net gain in productivity and reliability
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! Won’t “regular” objects do?

" Composite capsules explicitly capture complex structural 
patterns of concurrent objects

• Structural assertions (enforced architectural intent)
• Multiple levels of decomposition, if necessary

" Ports through protocols bind complex high-level interactions 
to objects

" Capsules have distinct interfaces for different collaborators
• Interfaces are objects with state and identity
• Suitable for distributed system modeling

" Capsules can model layering relationships
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End Ports: Where Structure and Behavior Meet

! Ports directly connected to the state machine

receiveCtrl : Control~senderCtrl : Control~

c : SystemControl

initial

connected

connecting

capsule state machine

Public End 
Port

Implementation
End Port
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! Software architecture plays a major role in system 

definition, construction, and evolution
! Embedded systems require specialized support for 

common complex architectural forms (layering, 
concurrency, interactions, etc.)

! UML can be used as an ADL for real-time systems
" consists of just 4 basic concepts (capsules, ports, 

connectors, and protocols)
" suitable for executable models and automatic code 

generation
! Directly supported by the Rose RealTime product
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Stereotype UML Metaclass

«protocol» Collaboration

«protocolRole» ClassifierRole

«port» Class

«capsule» Class

⇒ supplemented by an optional notation
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