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■■ Modeling TimeModeling Time
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Common Wisdom...Common Wisdom...
♦ When designing software, we are instructed to ignore

details of the technology and similar “implementation”
issues until we have a sound logical solution to the
problem

■ simplifies the design problem (separation of concerns)

■ software is portable to new/different technologies

♦ But, what about real-time systems?

♦♦ When designing software, we are instructed to ignoreWhen designing software, we are instructed to ignore
details of the technology and similar “implementation”details of the technology and similar “implementation”
issues until we have a sound logical solution to theissues until we have a sound logical solution to the
problemproblem
■■ simplifies the design problem (separation of concerns)simplifies the design problem (separation of concerns)

■■ software is portable to new/different technologiessoftware is portable to new/different technologies

♦♦ But, what about real-time systems?But, what about real-time systems?
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environmentenvironment

Real-Time SystemReal-Time System

Real-TimeReal-Time
SystemSystem

(state)(state)

signalsignal
sourcesource

controlled
entities

controlledcontrolled
entitiesentities

outputsoutputs

inputsinputs

signalsignal
sourcesource

inputsinputs

••outputs = f (inputs, state)outputs = f (inputs, state)
in a timely fashion!in a timely fashion!

♦ Systems that maintain an ongoing timely interaction with
its environment

♦♦ Systems that maintain an Systems that maintain an ongoing timelyongoing timely interaction with interaction with
its environmentits environment

••coordinationcoordination
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Common Aspects of All RT DesignCommon Aspects of All RT Design
♦ The quantitative aspect is significant

■ Time sensitive (metric view of time is needed)

■ Resource sensitive (memory size, channel capacity)

♦ Concurrency is an inherent part of the problem
■ The real world is concurrent

■ Concurrent activities need to be coordinated

■ Concurrent activities may be asynchronous (non-deterministic)

♦♦ The quantitative aspect is significantThe quantitative aspect is significant
■■ Time sensitive (metric view of time is needed)Time sensitive (metric view of time is needed)

■■ Resource sensitive (memory size, channel capacity)Resource sensitive (memory size, channel capacity)

♦♦ Concurrency is an inherent part of the problemConcurrency is an inherent part of the problem
■■ The real world is concurrentThe real world is concurrent

■■ Concurrent activities need to be coordinatedConcurrent activities need to be coordinated

■■ Concurrent activities may be asynchronous (non-deterministic)Concurrent activities may be asynchronous (non-deterministic)
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Complex RT SystemsComplex RT Systems
♦ Real-time systems with requirements for:

■ supporting complex functionality
■ high dependability (availability, reliability, safety)
■ distribution
■ heterogeneity
■ evolvability
■ scalability

♦ While we now have pre-packaged solutions for many
categories of small-scale real-time systems, we are only
starting to learn how to construct complex real-time
systems

♦♦ Real-time systems with requirements for:Real-time systems with requirements for:
■■ supporting complex functionalitysupporting complex functionality
■■ high dependability (availability, reliability, safety)high dependability (availability, reliability, safety)
■■ distributiondistribution
■■ heterogeneityheterogeneity
■■ evolvabilityevolvability
■■ scalabilityscalability

♦♦ While we now have pre-packaged solutions for manyWhile we now have pre-packaged solutions for many
categories of small-scale real-time systems, we are onlycategories of small-scale real-time systems, we are only
starting to learn how to construct complex real-timestarting to learn how to construct complex real-time
systemssystems
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ProcessorProcessor ProcessorProcessor

System
Manager

ProcessorProcessor

Component
C

Fault-ToleranceFault-Tolerance
♦ Example: using spare processor capacity

■ failure detection
■ fault diagnosis
■ failure recovery

♦♦ Example: using spare processor capacityExample: using spare processor capacity
■■ failure detectionfailure detection
■■ fault diagnosisfault diagnosis
■■ failure recoveryfailure recovery

Component
A’

Component
B’

Component
A

Component
B

♦ Optimal recovery strategies may be based on current
needs and state of the application!

♦♦ Optimal recovery strategies may be based on currentOptimal recovery strategies may be based on current
needs and state of the application!needs and state of the application!
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Processing Site Processing Site

observer on offoffon

State?State?

“on”“on”

“on”“on”

Distributed System Problems (1)Distributed System Problems (1)
♦ Possibility of out-of-date state information due to lengthy

(and variable) transmission delays
♦♦ Possibility of out-of-date state information due to lengthyPossibility of out-of-date state information due to lengthy

(and variable) transmission delays(and variable) transmission delays
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timetime

clientAclientAclientA notifier1notifier1notifier1 notifier2notifier2notifier2 clientBclientBclientB
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e1e1

e2e2

e2e2

Distributed System Problems (2)Distributed System Problems (2)
♦ Inconsistent views of system state:

■ different observers see different event orderings
♦♦ Inconsistent views of system state:Inconsistent views of system state:

■■ different observers see different event orderingsdifferent observers see different event orderings
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Complex Real-Time Design IssuesComplex Real-Time Design Issues
♦ Much of the complexity associated with these systems is

the result of the “intrusion” of the inherently complex
physical world into the logical world of software

♦ The real-time design dilemma:
■ if the physical world intrudes on the logical world, how can we

separate the “logical” world of design from the “physical” world
of implementation?

♦♦ Much of the complexity associated with these systems isMuch of the complexity associated with these systems is
the result of the “intrusion” of the inherently complexthe result of the “intrusion” of the inherently complex
physical world into the logical world of softwarephysical world into the logical world of software

♦♦ The real-time design dilemma:The real-time design dilemma:
■■ if the physical world intrudes on the logical world, how can weif the physical world intrudes on the logical world, how can we

separate the “logical” world of design from the “physical” worldseparate the “logical” world of design from the “physical” world
of implementation?of implementation?
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■ Modeling Concurrency

♦♦ Real-Time System CharacteristicsReal-Time System Characteristics
♦♦ The Logical and the Engineering ViewpointsThe Logical and the Engineering Viewpoints
♦♦ The Standard Real-Time UML ProfileThe Standard Real-Time UML Profile

■■ UML ExtensibilityUML Extensibility
■■ FoundationFoundation
■■ Modeling TimeModeling Time
■■ Modeling ConcurrencyModeling Concurrency
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Logical (Functional) ViewpointLogical (Functional) Viewpoint
♦ Network of collaborating “logical devices”

■ e.g., an aircraft simulator
♦♦ Network of collaborating “logical devices”Network of collaborating “logical devices”

■■ e.g., an aircraft simulatore.g., an aircraft simulator
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Engineering (Realization) ViewpointEngineering (Realization) Viewpoint
♦ The realization of a specific set of logical components

using facilities of the run-time environment
♦♦ The realization of a specific set of logical componentsThe realization of a specific set of logical components

using facilities of the run-time environmentusing facilities of the run-time environment
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Engineering ViewpointEngineering ViewpointEngineering Viewpoint
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Multi-Tier Realization MappingsMulti-Tier Realization Mappings

Engineering ViewpointEngineering ViewpointEngineering Viewpoint
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The Engineering Viewpoint in RT SystemsThe Engineering Viewpoint in RT Systems
♦ The engineering viewpoint represents the “raw material”

out of which we construct the logical viewpoint
■ the quality of the outcome is only as good as the quality of the

ingredients that are put in

■ as in all true engineering, the quantitative aspects are often
crucial (How long will it take? How much will be required?…)

♦♦ The engineering viewpoint represents the “raw material”The engineering viewpoint represents the “raw material”
out of which we construct the logical viewpointout of which we construct the logical viewpoint
■■ the quality of the outcome is only as good as the quality of thethe quality of the outcome is only as good as the quality of the

ingredients that are put iningredients that are put in

■■ as in all true engineering, the quantitative aspects are oftenas in all true engineering, the quantitative aspects are often
crucial (How crucial (How longlong will it take? How  will it take? How muchmuch will be required?…) will be required?…)
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Engineering-Oriented DesignEngineering-Oriented Design
♦ Dilemma: How can we account for the engineering

aspects of the system without prematurely and possibly
unnecessarily committing to a particular technology?

♦ Approach: Provide an abstract technology-independent
but quantified representation of the essential
characteristics of the engineering viewpoint as part of the
logical viewpoint

■ use of quantitative methods and predictive models

♦♦ Dilemma:Dilemma:  How can we account for the engineeringHow can we account for the engineering
aspects of the system without prematurely and possiblyaspects of the system without prematurely and possibly
unnecessarily committing to a particular technology?unnecessarily committing to a particular technology?

♦♦ Approach:Approach:  Provide an abstract technology-independentProvide an abstract technology-independent
but quantified representation of the essentialbut quantified representation of the essential
characteristics of the engineering viewpoint as part of thecharacteristics of the engineering viewpoint as part of the
logical viewpointlogical viewpoint
■■ use of quantitative methods and predictive modelsuse of quantitative methods and predictive models
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Viewpoint SeparationViewpoint Separation
♦ Required Environment: a technology-neutral environment

specification required by the logical elements of a model
♦♦ Required Environment:Required Environment: a technology-neutral environment a technology-neutral environment

specification required by the logical elements of a modelspecification required by the logical elements of a model
Logical ViewpointLogical ViewpointLogical Viewpoint

Required EnvironmentRequired EnvironmentRequired Environment
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Process

UNIXUNIX
ProcessProcess

Engineering Viewpoint (alternative A)Engineering Viewpoint (alternative A)Engineering Viewpoint (alternative A)

UNIX
Process

UNIXUNIX
ProcessProcess

WinNT
Process
WinNTWinNT

ProcessProcess

Engineering Viewpoint (alternative B)Engineering Viewpoint (alternative B)Engineering Viewpoint (alternative B)

WinNT
Process
WinNTWinNT

ProcessProcess
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Required EnvironmentRequired Environment
♦ Specifies a domain in which certain engineering

properties apply:
■ failure characteristics (failure modes, availability, reliability)
■ CPU speeds
■ communications characteristics (delay, throughput, capacity)
■ etc.

♦ We need
■ A standardized means to specify these properties
■ A means to compare these properties against those of a

concrete engineering environment

♦♦ Specifies a domain in which certain engineeringSpecifies a domain in which certain engineering
properties apply:properties apply:
■■ failure characteristics (failure modes, availability, reliability)failure characteristics (failure modes, availability, reliability)
■■ CPU speedsCPU speeds
■■ communications characteristics (delay, throughput, capacity)communications characteristics (delay, throughput, capacity)
■■ etc.etc.

♦♦ We needWe need
■■ A standardized means to specify these propertiesA standardized means to specify these properties
■■ A means to compare these properties against those of aA means to compare these properties against those of a

concrete engineering environmentconcrete engineering environment
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Quality of Service ConceptsQuality of Service Concepts
♦ An abstract, technology-independent representation of

the engineering model can be specified using the general
concept of Quality of Service (QoS):

a quantitative specification of how some service is performed
■  e.g. throughput, capacity, response time, service policy

♦ Two sides to QoS specifications:
■ offered QoS: the QoS that a server provides to its clients
■ required QoS: the QoS that a client requires from a server

♦♦ An abstract, technology-independent representation ofAn abstract, technology-independent representation of
the engineering model can be specified using the generalthe engineering model can be specified using the general
concept of concept of Quality of Service (QoS):Quality of Service (QoS):

a quantitative specification of how some service is performeda quantitative specification of how some service is performed

■■  e.g. throughput, capacity, response time, service policy e.g. throughput, capacity, response time, service policy

♦♦ Two sides to QoS specifications:Two sides to QoS specifications:
■■ offered QoS:offered QoS: the QoS that a server provides to its clients the QoS that a server provides to its clients
■■ required QoS:required QoS: the QoS that a client requires from a server the QoS that a client requires from a server
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Quantitative Methods for RT SystemsQuantitative Methods for RT Systems
♦ Once we have included QoS information in our models,

we can use quantitative methods to formally:
■ predict system characteristics (detect problems early)
■ analyze existing system
■ synthesize the desired system

♦ Current real-time quantitative method types:
■ Schedulability analysis

will the system meet all of its deadlines?
■ Performance analysis based on queueing theory

what kind of response will the system have under load?

♦♦ Once we have included QoS information in our models,Once we have included QoS information in our models,
we can use we can use quantitative methodsquantitative methods to  to formallyformally::
■■ predict system characteristics (detect problems early)predict system characteristics (detect problems early)
■■ analyze existing systemanalyze existing system
■■ synthesize the desired systemsynthesize the desired system

♦♦ Current real-time quantitative method types:Current real-time quantitative method types:
■■ SchedulabilitySchedulability analysis analysis

will the system meet all of its deadlines?will the system meet all of its deadlines?
■■ Performance analysisPerformance analysis based on queueing theory based on queueing theory

what kind of response will the system have under load?what kind of response will the system have under load?
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Issues with Quantitative MethodsIssues with Quantitative Methods
♦ Require uncommon and highly-specialized skills
♦ Software is notoriously difficult to model mathematically

■ highly non-linear (detail often matters)
■ models are frequently severely inaccurate
■ typical modeling process is highly manual:

♦♦ Require uncommon and highly-specialized skillsRequire uncommon and highly-specialized skills
♦♦ Software is notoriously difficult to model mathematicallySoftware is notoriously difficult to model mathematically

■■ highly non-linear (detail often matters)highly non-linear (detail often matters)
■■ models are frequently severely inaccuratemodels are frequently severely inaccurate
■■ typical modeling process is highly manual:typical modeling process is highly manual:

Actual Actual 
SystemSystem

Analysis Analysis 
ModelModel

analysis
results

analysisanalysis
resultsresults

measurementsmeasurementsmeasurements

++

--
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♦ Real-Time System Characteristics
♦ The Logical and the Engineering Viewpoints
♦ The Standard Real-Time UML Profile

■ UML Extensibility
■ Foundation
■ Modeling Time
■ Modeling Concurrency

♦♦ Real-Time System CharacteristicsReal-Time System Characteristics
♦♦ The Logical and the Engineering ViewpointsThe Logical and the Engineering Viewpoints
♦♦ The Standard Real-Time UML ProfileThe Standard Real-Time UML Profile

■■ UML ExtensibilityUML Extensibility
■■ FoundationFoundation
■■ Modeling TimeModeling Time
■■ Modeling ConcurrencyModeling Concurrency
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Semantic Variation in UMLSemantic Variation in UML
♦ Semantic aspects that are:

■  undefined (e.g., scheduling discipline), or
■  intentionally ambiguous (multiple interpretations)

♦ Why?
■ Different domains require different specializations
■ The applicability and usefulness of UML would have been

severely constrained if it could not support such diversity
♦ Standard UML can be used as the common conceptual

base for a family of languages
♦ Mechanisms for specifying semantic refinements:

stereotypes, tagged values, constraints

♦♦ Semantic aspects that are:Semantic aspects that are:
■■  undefined (e.g., scheduling discipline), or undefined (e.g., scheduling discipline), or
■■  intentionally ambiguous (multiple interpretations) intentionally ambiguous (multiple interpretations)

♦♦ Why?Why?
■■ Different domains require different specializationsDifferent domains require different specializations
■■ The applicability and usefulness of UML would have beenThe applicability and usefulness of UML would have been

severely constrained if it could not support such diversityseverely constrained if it could not support such diversity
♦♦ Standard UML can be used as the common conceptualStandard UML can be used as the common conceptual

base for a family of languagesbase for a family of languages
♦♦ Mechanisms for specifying semantic refinements:Mechanisms for specifying semantic refinements:

stereotypes, tagged values, constraintsstereotypes, tagged values, constraints
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UML StereotypesUML Stereotypes
♦ Specializations of “base” UML modeling concepts (Class,

Association, Attribute, etc.)
♦ Example: a specialization of the UML Class concept

■ Graphical definition style (UML 1.4)

♦♦ Specializations of “base” UML modeling concepts (Class,Specializations of “base” UML modeling concepts (Class,
Association, Attribute, etc.)Association, Attribute, etc.)

♦♦ Example: a specialization of the UML Class conceptExample: a specialization of the UML Class concept
■■ Graphical Graphical definitiondefinition style (UML 1.4) style (UML 1.4)

«metaclass»
Class

««metaclassmetaclass»»
ClassClass

«stereotype»
Capsule

«stereotype»«stereotype»
CapsuleCapsule

«stereotype»«stereotype»

Tags
port [0..*] : PortAttribute
internalStructure [0..1]: Collaboration

TagsTags
port [0..*] : port [0..*] : PortAttributePortAttribute
internalStructureinternalStructure [0..1]: Collaboration [0..1]: Collaboration

Additional semantic constraints
All instances of this class:
• are concurrent (isActive = true)
• only attributes that are stereotyped 
  as «ports» can be public
• cannot have public operations
• all attributes that are  stereotyped 
  as «capsules» and «connectors»
  are instantiated automatically with
  the instantiation of the object

Additional semantic constraints
All instances of this class:
• are concurrent (isActive = true)
• only attributes that are stereotyped 
  as «ports» can be public
• cannot have public operations
• all attributes that are  stereotyped 
  as «capsules» and «connectors»
  are instantiated automatically with
  the instantiation of the object
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UML Stereotypes: ExampleUML Stereotypes: Example
♦ An instance of the “capsule” stereotype in a class

diagram:
♦♦ An instance of the “capsule” stereotype in a classAn instance of the “capsule” stereotype in a class

diagram:diagram:

  
ClassX

    
ClassXClassX

#counter : int
#x : char
#counter : #counter : intint
#x : char#x : char

                 ports
+portB : ProtocolA::master
+portC : ProtocolB

                 ports                 ports
++portBportB : ProtocolA::master : ProtocolA::master
++portCportC : ProtocolB : ProtocolB

«capsule»

Additional notational formsAdditional notational forms
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UML ProfilesUML Profiles
♦ A package of related specializations of general UML

concepts that capture domain-specific variations and
usage patterns
� A domain-specific interpretation of UML

♦ Fully conformant with the UML standard
■ additional semantic constraints cannot contradict the general

UML semantics
■ within the “semantic envelope” defined by the standard

♦♦ A package of related specializations of general UMLA package of related specializations of general UML
concepts that capture domain-specific variations andconcepts that capture domain-specific variations and
usage patternsusage patterns
�� A domain-specific interpretation of UML A domain-specific interpretation of UML

♦♦ Fully conformant with the UML standardFully conformant with the UML standard
■■ additional semantic constraints cannot contradict the generaladditional semantic constraints cannot contradict the general

UML semanticsUML semantics
■■ within the “semantic envelope” defined by the standardwithin the “semantic envelope” defined by the standard

Standard UML SemanticsStandard UML SemanticsStandard UML Semantics

Profile XProfile XProfile XProfile YProfile YProfile Y
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♦ Real-Time System Characteristics
♦ The Logical and the Engineering Viewpoints
♦ The Standard Real-Time UML Profile

■ UML Extensibility
■ Foundation
■ Modeling Time
■ Modeling Concurrency

♦♦ Real-Time System CharacteristicsReal-Time System Characteristics
♦♦ The Logical and the Engineering ViewpointsThe Logical and the Engineering Viewpoints
♦♦ The Standard Real-Time UML ProfileThe Standard Real-Time UML Profile

■■ UML ExtensibilityUML Extensibility
■■ FoundationFoundation
■■ Modeling TimeModeling Time
■■ Modeling ConcurrencyModeling Concurrency
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The Real-Time A&D Group in OMGThe Real-Time A&D Group in OMG
♦ An OMG working group (www.omg.org)

■ mission: to investigate and issue requests (RFPs) for standard
ways and means to apply UML to real-time problems

♦ Three principal areas of investigation:
■ Time-related modeling issues (RFP.1: issued)
■ General quality of service modeling issues (RFP.2: pending)
■ Architectural modeling issues (RFP.3 � UML 2.0)

♦ RFP.1: “UML profile for scheduling performance and
time” (ad/99-03-13)

■ initial submission August 2000 (ad/2000-08-04)
■ revised submission due June 2001

♦♦ An OMG working group (www.An OMG working group (www.omgomg.org).org)
■■ mission: to investigate and issue requests (mission: to investigate and issue requests (RFPsRFPs) for standard) for standard

ways and means to apply UML to real-time problemsways and means to apply UML to real-time problems
♦♦ Three principal areas of investigation:Three principal areas of investigation:

■■ Time-related modeling issues (RFP.1: issued)Time-related modeling issues (RFP.1: issued)
■■ General quality of service modeling issues (RFP.2: pending)General quality of service modeling issues (RFP.2: pending)
■■ Architectural modeling issues (RFP.3 Architectural modeling issues (RFP.3 �� UML 2.0) UML 2.0)

♦♦ RFP.1: “RFP.1: “UML profile for scheduling performance andUML profile for scheduling performance and
time” (ad/99-03-13)time” (ad/99-03-13)
■■ initial submission August 2000 (ad/2000-08-04)initial submission August 2000 (ad/2000-08-04)
■■ revised submission due June 2001revised submission due June 2001
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RT Profile: Guiding PrinciplesRT Profile: Guiding Principles
♦ Ability to specify quantitative information directly in UML

models
■ key to quantitative analysis and predictive modeling

♦ Flexibility:
■ users can model their RT systems using modeling approaches

and styles of their own choosing
■ open to existing and new analysis techniques

♦ Facilitate the use of analysis methods
■ eliminate the need for a deep understanding of analysis

methods
■ as much as possible, automate the generation of analysis

models and the analysis process itself

♦♦ Ability to specify quantitative information directly in UMLAbility to specify quantitative information directly in UML
modelsmodels
■■ key to quantitative analysis and predictive modelingkey to quantitative analysis and predictive modeling

♦♦ Flexibility:Flexibility:
■■ users can model their RT systems using modeling approachesusers can model their RT systems using modeling approaches

and styles of their own choosingand styles of their own choosing
■■ open to existing and new analysis techniquesopen to existing and new analysis techniques

♦♦ Facilitate the use of analysis methodsFacilitate the use of analysis methods
■■ eliminate the need for a deep understanding of analysiseliminate the need for a deep understanding of analysis

methodsmethods
■■ as much as possible, automate the generation of analysisas much as possible, automate the generation of analysis

models and the analysis process itselfmodels and the analysis process itself
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Desired Development ModelDesired Development Model
♦ Seamless integration of technologies and tools based on

standards for real-time modeling
♦♦ Seamless integration of technologies and tools based onSeamless integration of technologies and tools based on

standards for real-time modelingstandards for real-time modeling

Model EditingModel Editing
ToolTool

55

3.13.1

44

Model AnalysisModel Analysis
ToolTool

Automated
model conversion

AutomatedAutomated
model conversionmodel conversion

Results + inverse
model conversion
Results + inverseResults + inverse
model conversionmodel conversion

Standard QoS
annotations

Standard QoSStandard QoS
annotationsannotations

UML modelUML modelUML model
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Infrastructure

Profile StructureProfile Structure

CommonBase

EnhancedTimeRT_CORBA

GeneralResourceModel

TimeModel Concurrency

AnalysisMethods

Schedulability
Analysis

Performance
Analysis
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Resources and Quality of ServiceResources and Quality of Service
♦ The characteristic of a finite (physical or logical) quantity

is captured through the notion of a resource
♦ A resource provides a service characterized by one or

more quality of service (QoS) attributes
■ capacity, reliability, availability, response time, etc.

♦♦ The characteristic of a finite (physical or logical) quantityThe characteristic of a finite (physical or logical) quantity
is captured through the notion of a is captured through the notion of a resourceresource

♦♦ A resource provides a service characterized by one orA resource provides a service characterized by one or
more more quality of service (QoS)quality of service (QoS) attributes attributes
■■ capacity, reliability, availability, response time, etc.capacity, reliability, availability, response time, etc.

ClientClientClient Resource UsageResource Usage
S1S1

S1S1

ResourceResourceResource

{{RequiredQoSRequiredQoS  ≤≤  OfferedQoSOfferedQoS}}

RequiredQoSRequiredQoS OfferedQoSOfferedQoS
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offeredQoSofferedQoS
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0..10..1
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0..10..1
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The General Resource Modeling FrameworkThe General Resource Modeling Framework
♦ A domain model (not a metamodel)♦♦ A domain model (not a metamodel)A domain model (not a metamodel)

1..n1..n

1..n1..n

{ordered}{ordered}
0..n0..n

requiredQoSrequiredQoS

0..n0..n

0..n0..n0..n0..n
ResourceResource
ServiceService

0..n0..nofferedQoSofferedQoS

QoSQoS
CharacteristicCharacteristic

ResourceResource
ClientClient ResourceResource

ScenarioScenario
EventEvent

ScenarioScenario
StepStep ScenarioScenarioResourceResource

ClientClient

AnalysisAnalysis
ContextContext

ResourceResource
UsageUsage
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Mapping to UML ModelsMapping to UML Models
♦ The general resource model is just a conceptual model

that unifies the basic abstractions from a variety of
different time-oriented analysis methods

♦ In a concrete UML model it can appear in many different
application-specific forms

■ To perform analysis, analysis tools must be able to
automatically detect these general forms

♦ This can be done using stereotypes that represent the
abstractions of the general resource model

♦♦ The general resource model is just a conceptual modelThe general resource model is just a conceptual model
that that unifies the basic abstractions from a variety ofunifies the basic abstractions from a variety of
different time-oriented analysis methodsdifferent time-oriented analysis methods

♦♦ In a concrete UML model it can appear in many differentIn a concrete UML model it can appear in many different
application-specific formsapplication-specific forms
■■ To perform analysis, analysis tools must be able toTo perform analysis, analysis tools must be able to

automatically detect these general formsautomatically detect these general forms

♦♦ This can be done using stereotypes that represent theThis can be done using stereotypes that represent the
abstractions of the general resource modelabstractions of the general resource model
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Typical Example (1 of 2)Typical Example (1 of 2)
♦ An object protected by a semaphore (collaboration spec)♦♦ An object protected by a semaphore (collaboration spec)An object protected by a semaphore (collaboration spec)

/lock:MySemaphore/lock:MySemaphore

getSema ()
relSema ()
testSema () : Boolean

getSema ()
relSema ()
testSema () : Boolean

/reader:R/reader:R/reader:R

readObj ()readObjreadObj () ()

/object:O/object:O

read ()
write (val)
read ()
write (val)

/writer:W/writer:W

readObj ()readObj ()

guards >guards >

reads >reads >

writes >writes >

usesuses

usesuses

clientclient

resourceresource

serviceservice

clientclient
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Typical Example (2 of 2)Typical Example (2 of 2)
♦ Interaction spec (sequence diagram)♦♦ Interaction spec (sequence diagram)Interaction spec (sequence diagram)

/reader:R/reader:R/reader:R /lock:MySemaphore/lock:/lock:MySemaphoreMySemaphore /obj:O//objobj:O:O

getSema( )

read()

readObj( )

relSema( )
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A Stereotype  from the Real-Time ProfileA Stereotype  from the Real-Time Profile
♦ The real-time profile defines the concept of a “protected” resource

derived from the generic UML concept of a Class (object)
♦♦ The real-time profile defines the concept of a “protected” resourceThe real-time profile defines the concept of a “protected” resource

derived from the generic UML concept of a Class (object)derived from the generic UML concept of a Class (object)

«metaclass»
Class

««metaclassmetaclass»»
ClassClass

«stereotype»
GRMprotectedResource

«stereotype»«stereotype»
GRMprotectedResourceGRMprotectedResource

«stereotype»«stereotype»«stereotype»
«stereotypeConstraint »
self.allOperations->exists
(op|op.stereotype.name
= “GRMacquire”)

««stereotypeConstraintstereotypeConstraint » »
self.self.allOperationsallOperations->exists->exists
(op|op.stereotype.name(op|op.stereotype.name
= “= “GRMacquireGRMacquire”)”)

«stereotypeConstraint »
self.allOperations->exists
(op|op.stereotype.name
= “GRMrelease”)

««stereotypeConstraintstereotypeConstraint » »
self.self.allOperationsallOperations->exists->exists
(op|op.stereotype.name(op|op.stereotype.name
= “= “GRMreleaseGRMrelease”)”)

Tags 
GRMallocPolicy [0..1] : AllocPolicy
GRMcapacity [0..1] : Integer

TagsTags  
GRMallocPolicyGRMallocPolicy [0..1] :  [0..1] : AllocPolicyAllocPolicy
GRMcapacityGRMcapacity [0..1] : Integer [0..1] : Integer
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More Real-Time StereotypesMore Real-Time Stereotypes
♦ Concept of a timed operation (for QoS specs)♦♦ Concept of a timed operation (for Concept of a timed operation (for QoS QoS specs)specs)

«metaclass»
Operation

««metaclassmetaclass»»
OperationOperation

«stereotype»
GRMresourceService

«stereotype»«stereotype»
GRMresourceServiceGRMresourceService

«stereotype»«stereotype»

Tags
GRMexT [0..1]: RTtimeString
TagsTags
GRMexTGRMexT [0..1]:  [0..1]: RTtimeStringRTtimeString

«stereotype»
GRMacquire
«stereotype»«stereotype»
GRMacquireGRMacquire

«stereotype»
GRMrelease

«stereotype»«stereotype»
GRMreleaseGRMrelease
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Using the RT StereotypesUsing the RT Stereotypes
♦ Annotate the UML model♦♦ Annotate the UML modelAnnotate the UML model

 
MySemaphore

 

 
MySemaphoreMySemaphore

 

«GRMacquire» getSema() {GRMexT = 3}

«GRMrelease» relSema() {GRMexT = 2}

testSema() : Boolean

«GRMacquire» getSemagetSema()() {GRMexT = 3}

«GRMrelease» relSemarelSema()() {GRMexT = 2}

testSematestSema() : Boolean() : Boolean

Stereotyping adds special  semantics
to the branded model elements (e.g. 
may have certain tags and operation 
stereotypes)

Stereotyping adds special  semantics
to the branded model elements (e.g. 
may have certain tags and operation 
stereotypes)

Offered QoS valuesOffered QoS values

Identifies an operation
with certain standard
semantics

Identifies an operation
with certain standard
semantics

«GRMProtectedResource»
 
 

«GRMProtectedResource»
 

{GRMcapacity = 1}
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Usage Scenarios and Required Usage Scenarios and Required QoSQoS
♦ Usage scenario expressed as a sequence diagram♦♦ Usage scenario expressed as a sequence diagramUsage scenario expressed as a sequence diagram

/reader:R/reader:R/reader:R /lock:MySemaphore/lock:/lock:MySemaphoreMySemaphore /obj:O//objobj:O:O

getSema( )

read()

readObj( )

relSema( )

{period = 10 ms}
{deadline = 1 ms}

«GRManalysisContext»
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Two Interpretations of Resource ModelTwo Interpretations of Resource Model
♦ The peer interpretation♦♦ The The peerpeer interpretation interpretation

♦ The layered interpretation (the 2-viewpoint model)♦♦ The The layeredlayered interpretation (the 2-viewpoint model) interpretation (the 2-viewpoint model)

/lock:MySemaphore/lock:/lock:MySemaphoreMySemaphore/reader:R/reader:R/reader:R
reads>reads>

Logical ViewpointLogical ViewpointLogical Viewpoint

Required EnvironmentRequired EnvironmentRequired Environment

WinNT
Process
WinNTWinNT

ProcessProcess

Engineering Viewpoint Engineering Viewpoint Engineering Viewpoint 
WinNT

Process
WinNTWinNT

ProcessProcess

«realizes»«realizes»
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The Layered InterpretationThe Layered Interpretation
♦ A software task that requires a specific minimal operating

environment
♦♦ A software task that requires a specific minimal operatingA software task that requires a specific minimal operating

environmentenvironment

20MB20MB 3MIPs3MIPs 100Mbit/s100Mbit/s services
(offered QoS values)
servicesservices
(offered QoS values)(offered QoS values)

CPUCPUCPU LANLANLAN
resourcesresourcesresources

CPU :CPU :
3 3 MIPsMIPs

BandwBandw. : . : 
70Mbit/s70Mbit/s

MemMem : :
2MB2MB required QoS valuesrequired QoS valuesrequired QoS values

AirframeAirframeAirframe clientclientclient

resource usageresource usageresource usage
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Specifying Required Environments in UMLSpecifying Required Environments in UML
♦ Using specializations of the UML Node concept♦♦ Using specializations of the UML Node conceptUsing specializations of the UML Node concept

RR

readObj ()readObj ()

«GRMthread»
ThreadForR

{priority = 3; heap = 20 KB;
stack = 3 KB}

«requiredEnv»«requiredEnv»

«metaclass»
Node

««metaclassmetaclass»»
NodeNode

«stereotype»
GRMthread

«stereotype»«stereotype»
GRMthreadGRMthread

«stereotype»«stereotype»

Tags 
priority [0..1] : Integer
heap [0..1] : Real
stack [0..1] : Real

TagsTags  
priority [0..1] : Integerpriority [0..1] : Integer
heap [0..1] : Realheap [0..1] : Real
stack [0..1] : Realstack [0..1] : Real

Active classActive class

Environment expected
by instances of class R
Environment expected
by instances of class R
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Modeling Realization in UMLModeling Realization in UML
♦ An association between models with explicit deployment

mappings between model elements
♦♦ An association between models with explicit deploymentAn association between models with explicit deployment

mappings between model elementsmappings between model elements

Logical ModelLogical ModelLogical Model

A

B

ascasc

Engineering ModelEngineering ModelEngineering Model

X Y

Z

«realizes»«realizes»

Source element Dest. elements
A X, Y

asc Y
B Z

deployment table
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Resource SharingResource Sharing
♦ Shared resources complicate QoS contract validation

■ service-specific composition rules
♦♦ Shared resources complicate QoS contract validationShared resources complicate QoS contract validation

■■ service-specific composition rulesservice-specific composition rules

CPU :CPU :
3 3 MIPsMIPs

BandwBandw. : . : 
70Mbit/s70Mbit/s

MemMem : :
2MB2MB

SW Task ASW Task ASW Task A

20MB20MB

MemoryMemoryMemory

5MIPs5MIPs

CPUCPUCPU

100Mbit/s100Mbit/s

LANLANLAN

CPU :CPU :
3 3 MIPsMIPs

BandwBandw. : . : 
70Mbit/s70Mbit/s

MemMem : :
2MB2MB

SW Task BSW Task BSW Task B

+++
+++
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Realization RelationshipsRealization Relationships
♦ The precise semantics of the relationship depend on the

chosen level of abstraction and resource type
♦♦ The precise semantics of the relationship depend on theThe precise semantics of the relationship depend on the

chosen level of abstraction and resource typechosen level of abstraction and resource type

SW Task ASW Task ASW Task A SW Task BSW Task BSW Task B

ProcessProcessProcess message
buffers

messagemessage
buffersbuffers HeapHeapHeap

ProcessorProcessorProcessor

SW Task ASW Task ASW Task A SW Task BSW Task BSW Task B

ProcessorProcessorProcessor
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♦ Real-Time System Characteristics
♦ The Logical and the Engineering Viewpoints
♦ The Standard Real-Time UML Profile

■ UML Extensibility
■ Foundation
■ Modeling Time
■ Modeling Concurrency

♦♦ Real-Time System CharacteristicsReal-Time System Characteristics
♦♦ The Logical and the Engineering ViewpointsThe Logical and the Engineering Viewpoints
♦♦ The Standard Real-Time UML ProfileThe Standard Real-Time UML Profile

■■ UML ExtensibilityUML Extensibility
■■ FoundationFoundation
■■ Modeling TimeModeling Time
■■ Modeling ConcurrencyModeling Concurrency
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The Model of Time in UML 1.4The Model of Time in UML 1.4
♦ Unbiased and uncommitted:

■ Time data type declared but not defined (could be either
continuous or discrete)

■ No built-in assumptions about global time source (open to
modeling distributed systems)

♦ Related concepts:
■ Time events: generated by the occurrence of a specific instant

■ Assumes some kind of run-time Timing Service

♦♦ Unbiased and uncommitted:Unbiased and uncommitted:
■■ Time data type declared but not defined (could be eitherTime data type declared but not defined (could be either

continuous or discrete)continuous or discrete)

■■ No built-in assumptions about global time source (open toNo built-in assumptions about global time source (open to
modeling distributed systems)modeling distributed systems)

♦♦ Related concepts:Related concepts:
■■ Time events: generated by the occurrence of a specific instantTime events: generated by the occurrence of a specific instant

■■ Assumes some kind of run-time Timing ServiceAssumes some kind of run-time Timing Service
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RealReal

MyTimeClassMyTimeClass

RT Profile: Modeling TimeRT Profile: Modeling Time
♦ «RTtime»: a stereotype of Classifier (and Instance)

■ supports both continuous and discrete time representations
♦♦ ««RTtimeRTtime»:»: a stereotype of Classifier (and Instance) a stereotype of Classifier (and Instance)

■■ supports both continuous and discrete time representationssupports both continuous and discrete time representations

«RTtime»

Stereotyping
identifies any use of
this class as representing
time

Stereotyping
identifies any use of
this class as representing
time
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Specifying Time ValuesSpecifying Time Values
♦ Time values can be represented by a special stereotype

of Value («RTtimeString») in different formats; e.g.
■ “12:04” (time of day)
■ “5.3 ms” (time interval)
■ “2000/10/27” (date)
■ “Wed” (day of week)
■ .$param ms” (parameterized value)
■ “poisson 5.4 sec” (time value with a Poisson distribution)
■ “histogram 0:0.3 1:0.4 2:0.3 3 ms”

♦♦ Time values can be represented by a special stereotypeTime values can be represented by a special stereotype
of Value («of Value («RTtimeStringRTtimeString») in different formats; e.g.») in different formats; e.g.

■■ “12:04” (time of day)“12:04” (time of day)
■■ “5.3 ms” (time interval)“5.3 ms” (time interval)
■■ “2000/10/27” (date)“2000/10/27” (date)
■■ “Wed” (day of week)“Wed” (day of week)
■■ .$.$paramparam ms” (parameterized value) ms” (parameterized value)
■■ ““poissonpoisson 5.4 sec” (time value with a Poisson distribution) 5.4 sec” (time value with a Poisson distribution)
■■ “histogram 0:0.3 1:0.4 2:0.3 3 ms”“histogram 0:0.3 1:0.4 2:0.3 3 ms”

P=0.3P=0.3 P=0.4P=0.4
P=0.3P=0.3

0 ms0 ms 1 ms1 ms 2 ms2 ms 3 ms3 ms
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ResourceResourceResource

Timing
Mechanism

TimingTiming
MechanismMechanism

ClockClockClock TimerTimerTimer

RT Profile: Modeling Timing MechanismsRT Profile: Modeling Timing Mechanisms
♦ Guidelines for modeling time and timing facilities

■ Based on the general resource model
♦♦ Guidelines for modeling time and timing facilitiesGuidelines for modeling time and timing facilities

■■ Based on the general resource modelBased on the general resource model
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Modeling TimersModeling Timers
♦ Resource that generates events when a particular instant

in time has been reached
♦♦ Resource that generates events when a particular instantResource that generates events when a particular instant

in time has been reachedin time has been reached

0..*0..*

11

Time
Event
TimeTime
EventEvent

TimerTimerTimer

isPeriodic : BooleanisPeriodic isPeriodic : Boolean: Boolean

set (Time)
read () : Time
stop ()
resume ()
destroy ()

set (Time)set (Time)
read () : Timeread () : Time
stop ()stop ()
resume ()resume ()
destroy ()destroy ()

Time
Value
TimeTime
ValueValue

11

0..*0..*

ClockClockClock 0..*0..*11

timestamptimestamp
11
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DurationDurationDuration
resolutionresolution

11

Time
Value
TimeTime
ValueValue currentValuecurrentValue

11

maximalValuemaximalValue

11

Modeling ClocksModeling Clocks
♦ Resource for telling the “time of day”♦♦ Resource for telling the “time of day”Resource for telling the “time of day”

ClockClockClock

precision 
stability
precision precision 
stabilitystability

set (Time)
read () : Time
stop ()
resume ()

set (Time)set (Time)
read () : Timeread () : Time
stop ()stop ()
resume ()resume ()

standardstandard11

QoS
Characteristics

QoSQoS
CharacteristicsCharacteristics

offset
skew
drift

offsetoffset
skewskew
driftdrift

stopstop

11

11

startstart EventEventEventoriginorigin

11
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CallerCaller OperatorOperatorcall

ack

Notation: Timing Marks and ConstraintsNotation: Timing Marks and Constraints
♦ A timing mark identifies the time of an event occurrence♦♦ A A timing marktiming mark identifies the time of an event occurrence identifies the time of an event occurrence

{call.{call.sendTimesendTime() - () - ackack..receiveTimereceiveTime < 10 sec} < 10 sec}

Timing constraintTiming constraint

ackack..sendTimesendTime()()

•• On messages: On messages:

sendTimesendTime()()
receiveTimereceiveTime()()

•• On action blocks (new): On action blocks (new):

startTimestartTime()()
endTimeendTime()()

call.call.receiveTimereceiveTime()()

callHandlercallHandler..startTimestartTime()()

callHandlercallHandler..endTimeendTime()()
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♦ Real-Time System Characteristics
♦ The Logical and the Engineering Viewpoints
♦ The Standard Real-Time UML Profile

■ UML Extensibility
■ Foundation
■ Modeling Time
■ Modeling Concurrency

♦♦ Real-Time System CharacteristicsReal-Time System Characteristics
♦♦ The Logical and the Engineering ViewpointsThe Logical and the Engineering Viewpoints
♦♦ The Standard Real-Time UML ProfileThe Standard Real-Time UML Profile

■■ UML ExtensibilityUML Extensibility
■■ FoundationFoundation
■■ Modeling TimeModeling Time
■■ Modeling ConcurrencyModeling Concurrency
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Concurrency at the Engineering LevelConcurrency at the Engineering Level
♦ Generic model of a multi-tasking environment♦♦ Generic model of a multi-tasking environmentGeneric model of a multi-tasking environment

0..*0..*

0..*0..* 1..*1..*

11

ClientClientClient

Scheduling
Policy

SchedulingScheduling
PolicyPolicy

< schedules< schedules
1..*1..*   1  11..*1..* 11

Multitasking
Context

MultitaskingMultitasking
ContextContext

SchedulerSchedulerSchedulerScheduling 
Unit (Thread)
Scheduling Scheduling 
Unit (Thread)Unit (Thread)

0..*0..*
DispatcherDispatcherDispatcher

1..*1..*

0..*0..*

Execution
Engine

ExecutionExecution
EngineEngine ResourceResourceResource
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AnalysisContext

PassiveResource

ResourceService

ActiveResourceProtectedResource

Scenario ScenarioEvent

ScenarioStep

Resource

Service
ExecutionTime

AccessedResource
AccessControlPolicy
Capacity
AccessTime
isMultiProcessorAccessible

0..n0..n

ResourceAction
SchedulingPriority
isPreemptable
ExecutionTime
RelativeStartTime

0..n0..n

{ordered}

ProcessingResource

SchedulingPolicy
AccessControlPolicy
ProcessingRate
ContextSwitchTime
PriorityRange
isPreemptable
Utilization
isSchedulable

Event
AbsoluteDeadline
RelativeDeadline
RecurrencePattern
Overlaps

0..1 0..n

+triggeredSE

0..1 0..n
SchedulableEntity

ReleaseTime
ReadyTime
ExecutionTime
BlockingTime
PreemptionTime
DelayTime
WorstCaseRespTime
SpareCapacity
isSchedulable

0..n0..n

RealTimeSituation
defaultTimeUnits

0..n

1

+ spec

1

{ordered}{ordered}

matching
hierarchies

Step
RelativeStartTime
BlockingTime
PreemptionTime
WorstCaseExecTime
WorstCaseComplTime

0..n0..n

1..n

+ root

0..n0..n

0..n

0..n

0..n

0..n
Executes

1

0..n

0..n {ordered}

Schedulability ModelSchedulability Model
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Summary: RT Design and EngineeringSummary: RT Design and Engineering
♦ In complex RT systems, the logical design is strongly

influenced by the physical characteristics of its
engineering environment

♦ In such systems, it is usually crucial to know if a system
will meet its non-functional requirements (throughput,
response time, availability, etc.)

♦ The QoS-based approach described here can serve as a
basis for:

■ quantitative analysis of UML-based models
■ a real-time modeling standard that will facilitate automated

exchange between design and analysis tools

♦♦ In complex RT systems, the logical design is stronglyIn complex RT systems, the logical design is strongly
influenced by the physical characteristics of itsinfluenced by the physical characteristics of its
engineering environmentengineering environment

♦♦ In such systems, it is usually crucial to know if a systemIn such systems, it is usually crucial to know if a system
will meet its non-functional requirements (throughput,will meet its non-functional requirements (throughput,
response time, availability, etc.)response time, availability, etc.)

♦♦ The QoS-based approach described here can serve as aThe QoS-based approach described here can serve as a
basis for:basis for:
■■ quantitative analysis of UML-based modelsquantitative analysis of UML-based models
■■ a real-time modeling standard that will facilitate automateda real-time modeling standard that will facilitate automated

exchange between design and analysis toolsexchange between design and analysis tools
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