
1SYMTA/S

SymbolicSymbolic Timing Analysis Timing Analysis forfor SystemsSystems

Razvan Racu
Arne Hamann
Rafik Henia
Rolf Ernst
Kai Richter

Razvan Racu
Arne Hamann
Rafik Henia
Rolf Ernst
Kai Richter

INSTITUTE OF COMPUTER 
AND COMMUNICATION
NETWORK ENGINEERING

Technical University 
of Braunschweig



2SYMTA/S

SymTA/S ApproachSymTA/S Approach

• Compositional analysis

• Relies on local timing analysis methods for components

• Component I/O timing described by event models

• System-level composition by event stream propagation 
and event model interfacing between components

• Iterative solution of event stream propagation

• Considers buffering influences on system timing

• Scalable and flexible, including heterogeneous systems
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BUS

TDMA

CompositionalCompositional ApproachApproach

• Tasks are coupled by data flows (task inter-communication)

• Interpreted as activating events (event models)

• Composition by means of event stream propagation
• Apply local scheduling techniques at resource level
• Determine the behavior of the output stream
• Propagate to the next component
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System Analysis System Analysis LoopLoop

local analysislocal analysis

environment model 

local analysis

derive output event model 

until convergence or 
non-schedulability

map to input event model 
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Standard Event ModelsStandard Event Models

• Six-class event models using the same set of parameters

• strictly periodic T

• periodic with jitter T, J < T

• periodic with bursts T, J ≥ T, d

• sporadic t

• sporadic with jitter t, J < t

• sporadic with bursts t, J ≥ t, d

• Automatic Model Transformations

• Event Model Interfaces

• Event Adaptation Functions, incl. Shaping/Buffering
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• components may require different event models

Important because

• Output timing usually more irregular than input timing

• Input models more constrained
• Re-use of local analysis techniques (RMS)
• Implementation dependent (e.g. black box)

Event Model Event Model TransformationsTransformations
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ResourceResource Level Analysis Level Analysis 

• Local scheduling techniques

• Static Priority Preemptive incl. RMS and DMS

• TDMA

• EDF

• Round Robin

• Static Execution Order

• Industry related (including non-preemptiveness)

• OSEK flavours

• CAN, including error models
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System System ExampleExample
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System System ExampleExample: : MultiMulti--inputinput TasksTasks
t = 1000

t = 750

t = 600

t = 250, J=500

T = 70

T = 70
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System System ExampleExample: : FunctionalFunctional CycleCycle
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System System ExampleExample: : ConstraintsConstraints
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System System ExampleExample: : ConstraintsConstraints

jitterjitter constraintconstraint
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System System ExampleExample: : PrecedencePrecedence RelationsRelations
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System System ExampleExample: : TraffingTraffing ShapingShaping

Without Shaping With Shaping

S
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Key Key featuresfeatures
• Heterogeneous architectures with local scheduling strategies

• Complex applications

• Multi-input tasks with AND and OR-activation

• Tasks with different execution modes & context propagation

• Functional and non-functional cycles

• System-level analysis

• Local and global phase (offset) information between events
and event streams, task precedence relations

• End-to-end deadlines

• Traffic Shaping

• Buffer sizes

• Control interaction of connected components
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verified system

idea, specification,
sketch, existing system

idea, specification,
sketch, existing system

SymTA/S Tool SuiteSymTASymTA/S Tool Suite/S Tool Suite

• SPP/DMA/RMA
• EDF
• TDMA
• RR
Industry related:
• OSEK flavours
• CAN
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analysis libraries for 
ECUs, buses, etc ...

EXPLOEXPLO

automatic
exploration

flow integration:
• data bases
• tools

SENSSENS
sensitivity
analysis

Analysis
Engine

Analysis
Engine
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CurrentCurrent LimitationsLimitations and and PossiblePossible ExtensionsExtensions

• FIFO communication and activation

• Local analysis focus vs. holistic consideration

• Pay bursts only once

• Few "holistic ideas" can be extracted and used in the
compositional approach

• Pseudo-holistic algorithm to compute path latencies

• Other event models


