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Abstract In the system based on a hierarchical scheduler, the processor is shared between several
collaborative schedulers. Such schedulers are becoming more and more investigated and proposed in
reallife applications. For example, the ARINC 653 international standard which defines programming
interface for avionic real time operating systems provides such a kind of collaborative schedulers. This
article focuses on the modeling and the schedulability analysis of hierarchical schedulers. We
investigate the modeling of hierarchical schedulers with architecture analysis and design language
(AADL). A model checking based method for analyzing the schedulability of AADL hierarchical
schedulers is proposed. The AADL thread components and hierarchical schedulers are modeled as
network of timed automatons. The schedulability is described as a set of temporal logic formulas.
Then we use a model checker Uppaal to analyze and verify the schedulability of hierarchical
schedulers. Our work shows that analyzing schedulability of AADL hierarchical schedulers by model
checking is feasible. The method uses an exhaustive method to automate analyze the properties of a
system by a model checker. Compared with related works, the proposed method produces more

precise results.

Key words complex embedded real-time system; architecture analysis and design language (AADL) ;
UPPAAL; schedulability analysis; model checking
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Fig. 1

AADL architecture of a part of flight control system.
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thread implementation T_AP_Com puter. Impl
properties
Dispatch_Protocol==>Periodic;
Compute_Execution_Time=">3 ms+*+3 ms;
RS_Properties: . Fixed_Priority=—>2;
Deadline=">10 ms;
Period=>>10ms;
end T_AP_Computer. Impl;

process implementation P-HCI. Impl
subcomponents
T-Screen-Disp : thread T-Screen. Impl;
T-Pilot-Input : thread T-Pilot. Impl;
properties
RS_ Properties . Scheduling _Protocol ==> Automaton_User _
De fined_Protocol;
RS_Properties::Source_Text=">"arinc_partition. sc";
RS Properties . . Automaton_Name=">"Partitionl _Scheduler" ;
end P-HCI. Impl;

Fig. 2 A part of an AADL specification modeling an
ARINC 653 avionic system.
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Fig. 3 Automaton modeling the periodic thread.
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Fig. 4 Automaton modeling the periodic thread trigger.
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Fig. 5 Automaton modeling the processor scheduler.
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Table 1 Data of AADL Threads to be Scheduled
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7 47 50 4 — Partition 2
8 51 164 15 — Partition 2
9 78 203 18 — Partition 2
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Fig. 7 A part of automaton network modeling the system scheduling.
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Fig. 8 The simulation of AADL hierarchical scheduling model.
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