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Transformation and Verification Method of AADL Data Flows for Real-time System Using Uppaal
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Abstract

which can support integrated modeling and multi-analysis. We used timed automata formal checking method to trans-

Architecture analysis and design language (AADL) is a modeling language for formalization and graphics,

form and verify data flow in AADL models. Considering the difference between single data flow and mixed data flows,
we designed corresponding transformation rules from AADL models to timed automata, and analyzed and verified the
data flow comprehensively by establishing timed automata network. An automated model conversion Eclipse plug-in was
designed and integrated into the AADL modeling tool OSATE. Finally, timed automata modeling and Uppaal were used
to simulate and verify the transformed timed automata while verifying whether the AADL model equivalently satisfies

the real-time requirement of system. Experimental results show that the model transformation method is valid and flow
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latency qualities can be verified effectively with Uppaal.

Keywords AADL, Timed automata,Data flow latency, Uppaal,, Software verification
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2.1 AADL ¥#Eif

AADL BRIE 2 #4218 i 3 (Flow) I HE Y, 55 B 3
{13 (End to End Flow) iR T 2 G N BIEMFH AR
FEBE. TEBK Flow & X A& ™ B (Flow Specifica-
tion) 5 3B (Flow Implementation) " B ER4Y .
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tions)%; B MR Y i B XA Latency: Time applies to{ Flow,
(BEA o et B, X FEWAF  connection)

B EEELEND(ns) MY 6 Latency=>>13ps

(u) E B (ms) A () £ (m)
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flow path brake_flow
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Fo i B 4 R G W R0, om0 B3 O DA &
TR IR PRI IESR 2 L, B F={PoXPo,La};

fo: /s €F, B flow source, 2 ¥ 2 i 048 I A 545

Su: f2 € F, Bl flow sink, 23 8 408 i 28 5 5

Po. 5044854, i+ Po={data port, event port,
event data port} , BIEUHES: O . 435 O FIEHE = (Fi O &
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ELE SILE IR & SRR R 2 H 3R 4> AADL RN
B, BB I RERN — L RS R B B IRAR Sk ML 3% K
RRERMITESRE, T EREBLBE = ENERES %
BEEEHIRE, NTITE B — N EERETRBRE. HEEY
AADL SUAE A INE 4 Fim.
systemn WeldingSystem
end WeldingSystem;
system implementation WeldingSystem. SystemImpl1

subcomponents
Sensorl ; device EncoderSensor, impl;
Processorl ; processor Processorl;
SpeedActuator: device Speed Actuator, impl;
Process0; process Process0. ProcessImpl];
connections
Cl:data port Sensorl. Encode_Out —>> Processorl. Encode_In;
C2:data port Processorl. SpeedControl_Qut —>> SpeedActua-
tor. SpeedControl_In;
flows
SpeedControl_Flow: end to end flow Sensorl. SensorOut_Flow —>>
Cl1—>>Processorl. InProcessor_Flow—>> C2 —>> SpeedActua-
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tor., ActuatorIn_Flow
{
Latency =>> 8ms;
}s
properties
Allowed_Processor_Binding =>> reference processorl applies to
Process0;
Actual_Processor_Binding = >> reference processorl applies to
Process0;
end WeldingSystem, SystemImpll;
device EncoderSensor
features
Encode_Out:out data port;
flows
SensorQut_Flow: flow source Encode_Out {
Latency =>> 2ms;
}s
end EncoderSensor;
device implementation EncoderSensor. impl
end EncoderSensor. impl;
processor Processorl
features
Encode_In:in data port;
SpeedControl_Out:out data port;
flows
InProcessor_Flow: flow path Encode_In —>> SpeedControl_Out {
Latency =>> 4ms;
}s
end Processorl;
processor implementation Processorl. impl
end Processorl. impl;
device SpeedActuator
features
SpeedControl_In;in data port;
flows
Actuatorln_Flow: flow sink SpeedControl_In {
Latency =>> lms;
}s
end SpeedActuator;
device implementation SpeedActuator. impl
end SpeedActuator, impl;
thread CalThread
{features
Cal_In:in data port;
Cal_Out:out data port;
end CalThread;
thread implementation CalThread. ThreadImpll
properties
Compute_Execution_Time =>> 4ms,+*,4ms;
Period =>> 10ms;
Deadline =>> 10ms;
SEI:: Priority =>> 1;
Dispatch_Protocol =>> Sporadic;
end CalThread. Threadlmpll;
thread Threadl
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end Threadl;
thread implementation Threadl. Threadlmpll
properties
Dispatch_Protocol =>> Periodic;
Period =>> 10ms;
Deactivate_Execution_Time =>> 3ms,***,3ms;
Deadline =>> 10ms;
SEI. : Priority =>> 0;
end Threadl. ThreadImpll;
thread Thread2
end Thread2;
thread implementation Thread2. Threadlmpll
properties
Dispatch_Protocol =>> Periodic;
Period =>> 10 Ms;
Deactivate_Execution_Time =>> Zms, ***, 2ms;
Deadline =>> 10ms;
SEI:: Priority =>> 2;
end Thread2. ThreadImpll;
process Process0
features
DataPortl:in data port;
DataPort2;out data port;
end Process0;
process implementation Process0. ProcessImpll
subcomponents
ThO; thread CalThread. Threadlmpll;
Thl.thread Threadl, Threadlmpll;
Th2.thread Thread2. Threadlmpll;

end Process0. Processlmpll;
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SpeedControl_Flow_Start l1==latency1,12=0 __12==latency2,13=0

13<=latency3

11<=latencyl
SpeedControl_Flow_End

o 11=0,14=0
12<=latency2

l4<=latency4

SpeedActuator_SpeedControl_In
SpeedActuator_SpeedControl_In_Check
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E 10 A RBRIBHIESBREREE
CalThread Cal Out ControlThread Control_In
14==latency4
complete[T1d]? dispatched[T1d2)!
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complete[Tid]?

SpeedControl_Flow_End
SpeedActuator_SpeedControl_In

SpeedActuator_SpeedControl_In_Check

ControlThread_Control_Out
Processorl_SpeedControl_Out
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. AADLMS BB | [ et LK
AT R 1 ER YL 3
AADLM TAME X4
AxH RERERIH
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Fr R AADL BTSRRI,

(ORI, P IE T 4% L R Th i AR 4R
SCACEE N R RVE BN K A AADL ERIE B X R Y
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