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Provide a general methodology for transforming AADL models into BIP:

B AADL suffers from the absence of concrete operational semantics.

E Provide an execution environment for AADL models

B Enable the application of formal verification techniques already
developed for BIP to AADL
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AADL = Architecture Analysis and Design Language
e Standardized by the SAE (Society of Automotive Engineers).
e Dedicated to the modeling and specification of complex Real-time embedded systems.

e Describe the structure of component-based system as an assembly of software components



Software category <

Execution
platform category =<

N

Composite category {

Data
Subprogram
Process
Thread
Processor
Memory

Bus
Device

System



The data component type represents a data type in the source text that
defines a representation and interpretation for instances of data.

* Asubprogram component represents an execution entrypoint in source text.

-  Asubprogram call sequence is declared in a subprogram or thread

implementation.

data Person subprogram operation
end Person; features
data implementation Person.impl A:in parameter integer;
subcomponents B: in parameter integer;
Name : data string; result: out parameter integer;
Adress: data string; end operation;

Age : data integer;
end Person.impl;
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* Athread represents a sequential flow of control that executes instructions
- within a binary image produced from source text.
* Athread always executes within the virtual address space of a process;

* Several types of thread exist :
— Periodic, Sporadic, Aperiodic, Background.

A process represents a virtual address space.
 To be complete, the implementation of a process must contain at least one

thread or thread group subcomponent.

thread sensor process implementation Partition.Impl
features subcomponents
inp : in data port integer; Sensor_A: thread Sensor Thread.A;
outp : out event port; Data_Fusion: thread Fusion Thread.Impl;
properties _ Alrm 1 : thread Alrm Thread.Impl;
Dispatch protocol=>Periodic; ~ COnnections
Period => 20ms: data port Sensor A.outp->Data Fusion.inpA;
end sensor; event port Sensor A.launch alrm->Alrm.launch
A;

end Partition.Impl,;



® A processor is the execution platform component that is capable of
scheduling and executing threads.

® A memory component represents an execution platform component
that stores binary images.

can exchange control and data between memories, processors, and
devices.

e A device component represents an execution platform component that
provides an interface with the external environment.

' ' ® A bus component represents an execution platform component that
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* Asystem component represents an assembly of software and
execution platform components.

* Itis the only composite category.

system Platform
end Platform;
system implementation Platform.Impl
subcomponents
Part : process Partition.Impl;
p : processor myProcessor ;

end Platform.Impl;



A connection is a linkage that represents communication of data and control between
components.

Types of connections:
— Port connection
— Parameter connection

A port is a logical connection point between components that can be used for the transfer of
control and data.
Three directions:
— input port (in) >
— output port (out), <
— bidirectional port (in out). <
Three types of port:
— data port,
— event port,

— event data port.

A AVAM
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Component based modeling: The BIP framework

BIP = Behavior Interaction Priority

BIP is a framework for modelling heterogeneous real-time components.

Priorities (Memoryless Controller)

Interaction Model (Connectors on typed ports)

B EHA AV I OR
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Atomic component :

An atomic component is composed of:

a set of ports, e.g, {in, out}

a set of control locations, e.g, {Si, Sj}
a set of variables,

a set of transitions
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* A connector is a set of ports which can be involved in an interaction.

* Port types (complete A, incomplete Q) are used to distinguish between ports
which may or must interact.

Interactions:
{tick1,tick2,tick3}, {out1}, {out1,in2}, {out1,in3}, {out1,in2, in3}
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BIP Editor

BIP Compiler

BIP deadlock detection
Transformations invariant generation
D-Finder

Code Generation

execution,
Verification Exploration Interactive guided/exhaustive

Model checking Engine Simulation | Simulation
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% Structural translation summary
AADL BIP

Software component:
= Subprogram

= Data

" Thread

= Process

Atomic/Compound component
Data : C/C++ structure

Atomic component

Atomic component

Hardware component:
= Processor (scheduling)
= Device

Atomic component
Atomic component

= System

Compound component

= Connection

Connector

= Annex behavior

Behavior (state/transition)
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Tranmnclatinnm frarm AADNDL +A DID
11dAlIDIALIVIL 11UIII AAUL LU DIl
% Structural translation summary
AADL BIP
Software component:
= Subprogram Atomic

= Thread

Atomic component

Hardware component:
= Processor (scheduling)

Atomic component

= System

Compound component

= Annex behavior

Behavior (state/transition)
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AADL :

in parameter out parameter

out event data port
(thread or subprogram)

BIP :

call
(parameter)

port

return
(parameter)
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load || stop abort || get _exec req_exec || complete || preempt in_port || out_port
(in_data) (out_data)
load
abort
stop
not_ready ready
m __
complete
get_exec
preempt

no in_port

more OUL POt ot exe :
overflow

¢ low<t<high

deadline
clock>deadline
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dispatch ready finish
IDS
ready
finish finish
all_false(IDS) Ji/IDS[i].ready
“dispatch
(SelectedID)
ready SelectedID
ready
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Scheduler
dispatch re#y fir‘l'gh
l A P l
oet_exec req_exec Complete get_exec rec_exec Complete
Thread | e Thread
load sto abfrt Iua:i stap abfr‘t

A A 4
load stop abort
Process
loaded
]
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The behavioral annex describes a transition system

[ annex behavior_specification {**

[ state variables . |
(Identifier : data_type;)+ ] Included in the variables part

[ initial (<assignment>; )+ ] Included in the Initialization part

states
(stale_identifier : [initial] [return] [complefe] state;)+

transitions
( <stafe_identifier> -[ <guard> J-> <stafe_identifier> { <action>*}; )+

*3‘('},.
/
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AADL :
<guard> ::=

[on <expression> -->] <event> [when<expression>]

on <event> [provided <expression>]
| <expression>

| provided <expression>

when part expresses a past condition over the data to be read.

ction

AADL : s1p -
<action> ::=
computation ( expression , expression ) ; .
| delay ( expression , expression ); Transition
. Or
| communication ; N
| assignment ; Set of transition connected

| if ( expression ) action

(elsif ( expression ) action)* ( else action )?
end if ;

-- expresses use of the cpu for a non-deterministic period of time between min and max.
-- expresses a suspension for a non-deterministic period of time between min and max.
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Tool architechture

BIP Editor

BIP Compiler AADL Compiler

BIP
Transformations

Code Generation

Verification

Exploration Simulation

Model checking Engine Interactive
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BIP Flight computer :

Sensor_Sim Stall_Maonitor
A0h, A0A,
Clim_rate Clim-rate
Engine Failure Stall_Warn
Operator HCl Landing_Gear Dummy_In_Out
Stall_Warning
Gear Reqg @——=e Beg  Dummy_ Dubge———e |n

Engine_Failure
Gear_Ack e———— Ack Dummy |1 @=————————ap DLt

Gear_Cmd Gear_Cmd
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BIP Verification :

BIP exploration engine, generates a Labeled Transition System (LTS).

%+ Model checking by Aldebaran:
E Checks for deadlock-freedom.

+ Model checking with observers:

Observers allow us to express in a simple manner most safety requirements.
B Verification of thread deadlines.
B Verification of synchronization between components:
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BIP Flight computer :

Observer

r———————1

|
-1 Ohs_Req Chs_In -=-

— & Obs_ACK  Obs_Out & -

i

Landing_Gear Dummy_In_Out

Gear Req ¢—@—L—@ Reg  Dummy_Outg—T 88 In

Gear_Ack —h ¢ ik Dummy_[M +—A—¢ Out

Sensor_Sim Stall_Maonitor
Ao, A0b,
Clim_rate Clim-rate
Engine Failure Stall_Warn

Operator HCl
Stall_Warning
Engine_Failure
Gear_Cmd Gear_Cmd
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We provide a translation from AADL to BIP, which has an operational semantics
formally defined in terms of labelled transition systems.

Translation allows simulation of AADL models, as well as application verification
techniques, such as state exploration (using IF toolset) or component-based
deadlock detection (D-Finder tool).

Limitation : there are AADL features ignored : bus, memory, ...

Future work : incorporating features that will appear with V2.0 of the AADL
standard.
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Thank you
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subprogram

D parameter connexion

P>  out event data port connexion

34



In ° PI\MV\I\I 1V nf\mnf\v\r\nl-

sub, sub

port

call
(thread or

subprogram )

return Call_sequence
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AADL Processes: BIP Component

lnad |lnaded| stop ahort

stop/abort

load
abord t =

loaded
LOADING
t== Load_deadline

Process States and Transition
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load stop abort get_exec req_exec complete preempt in_port out_port

{in data) {out data)

not_ready "-mw:t:: ngh ready

deadline
cloclc=deadline
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dizpatch

ready

finish
all false(IDS)

finish

i IDS[i].ready

finish

dispatch
(SelectedID)

ready

DS

SelectedID
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