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he COMPASTA Study

" The Study at a glance
e Acronym: COMPASTA
e Type: Early Technology Development
e Funded as an idea in OSIP (MBSE Campaign)
e Contractor: Fondazione Bruno Kessler (FBK), Trento, Italy
e Duration: 18 months (April 2021 — October 2022)

= FBK
e Research Foundation (over 400 researchers)
e Embedded Systems Unit: about 30 people
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Background: the COMPASS tool

SE1¢

Tool for model-based system/SW
co-engineering

Developed in a series of ESA
studies (2008-2016)

e |Latest release in 2019

Input language is a variant of AADL
(called SLIM)

Functionality: formal design,
formal V&V

Based on model checking

AADL

SLIM

SLIM

SLIM

SLIM
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* Requirements specification
* Requirements analysis

e Contract-based design

* Functional verification

* Faultinjection

» Safety assessment and

* dependability: FTA, FMEA
* FDIR Analysis



Background: the TASTE tool

" Tool for model-based design of
embedded, real- time systems

= Created by initiative of ESA in 2008

= Several modeling languages
e ASN.1, AADL, SDL, Simulink, etc.

= Ecosystem: graphical editors,
visualizers, code generators

AADL

O w A

* Many languages
e Push-button compilers for

deployment

e Graphical editor for AADL
e Graphical editor for SDL
e High integrability

Deployment Specification

] *
O )

A
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Objectives of COMPASTA

" |ntegration of the existing COMPASS and TASTE toolchains

=  Goal: a comprehensive, end-to-end toolchain that covers system
development, early verification and validation, safety assessment and
FDIR, system deployment

e COMPASS used to build a formal model of the system architecture, the HW
components and their faults, and to validate the formal model

e TASTE used to model the SW components, for code generation and deployment,
and to test the final implementation

= Goal: foster the adoption and the industrial exploitation of the
COMPASS+TASTE integrated toolchain

SE1¢
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AS

E+COMPASS:

echnical approach

= Definition of common input languages for model-based specifications
e AADL, SDL

" Integration of COMPASS back-ends for V&V into TASTE
e COMPASS back-ends can be called from TASTE to perform formal V&V
e Lightweight integration into the TASTE GUI, and script-based interaction

" Encoding of AADL and SDL specifications into the language of the back-ends

=" Automated formal analyses using the back-ends

® Fxtended editors and visualizers

SE1¢
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Requirements

Architectural
design

Development

Behavior
specification

Deployment
specification

Running
system

SE1¢

ASTE + COMPASS Workflow

AADL

O w A

Deployment Specification

Early V&V

Requirements
analysis

Contract-
based design

Model
Checking
Safety analysis
Fault
injection FTA/FMEA

eptember 2021

FDIR



A comparative view of COMPASS and TASTE functionality

Development phase

COMPASS functionality

TASTE functionality

Requirements specification

Specification of properties and requirements

Requirements analysis

Architectural design

Contract-based design and refinement

Specification of system architecture (AADL)

Specification of system architecture (AADL)

Behavioral specification

Specification of the behavior of HW components
(extended version of AADL)

Specification of the behavior of SW components
(SDL or other language)

Formal verification of functional behavior

Specification of HW faults

Fault injection/ Model extension

Formal verification of functional behavior (in
presence of faults)

Fault Tolerance evaluation and dependability
assessment

Deployment

SW implementation

Specification of the deployment on the target HW

Code generation

Trace validation for testing

Testing of the implementation
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= Redundant power system
e Generators charging batteries
e Batteries powering loads via circuit
breakers
Redundancies

e Redundant lines between
enerators and batteries and
etween batteries and loads

= Faults

e Generators stuck at off, batteries
stuck at off, circuit breakers stuck at
open/closed

= Requirements
e All loads must be powered

e Aload must be powered by at most
one battery at any given time,
otherwise it gets broken

= FDIR components
e Manage re-configurations

:‘3(
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Generator 1

ASTE + COMPASS Workflow: An Example

A

CB1

Battery 1

-------------------------

Generator 2

Load 1

L

Battery 2

CB3
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ASTE + COMPASS Workflow: An Example

=" Modeling the system architecture (AADL)
e Use the graphical editor available in the TASTE interface view

interfaceview.xm| @ mockup - Qt Creator

OVERALL SYSTEM
System

nnnnn

system Battery
features
voltage_in: in data port [0..12];
voltage out: out data port [0..12];
cmd: in data port enum(off, on);

end Battery; _
=5¢
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E + COMPASS Workflow: An Example

" Modeling the behavior of HW components (SLIM)

14

e Declare a function block of type SLIM, and use an external textual editor (SDE)

system implementation Battery.Imp
subcomponents
delay: data clock;
voltage internal: data [0..12];
states
on: initial state while (delay <= 1);
off: state while (delay <= 1);
transitions
on -[when delay >= 1 and cmd = enum:off
then delay := 0; voltage out := 0 ]-> off;

end Battery.Imp;

ieneratol

ttttttttttttttttttttttttttt

eeeeeeeeee

lllllllll

AADL /Slim

/ VHDL

FuncTtioN BLocks oF Type 'AADL/Sruim'
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e Use the OpenGEODE
graphical editor
available in TASTE

<

E + COMPASS Workflow: An Example

=" Modeling the behavior’of SW components (SDL)

@klv O

process Fdirgen

UpenGEODE

Statechart view

: dcl par MyFDIRPar;
=

T l compute_sys_mode(par) <

‘\
TASK

<> ( tl'll.le ) ( fallse )

|7

) par.gen1_voltage_out >= 10 and par.gen2_voltage_out >= 10
" | |
D ( true ) ( false )
===

par.gen2_voltage_out < 10
O~
[ I

é ( true ) ( false )
=

Recovery

u

compute_sys_mode(par)

par.valid

<D

( true ) ( false )

Invalid

q U

compute_sys_mode(par) <

Invalid

g,
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Data dictionary

1

~ ASN.1 Data types

MyBoolean
MyFDIRPar
MyVoltage
T_Boolean
T_Int32
T_Int8
T_Ulnt32
T_UInt8
ASN.1 Constants
Input signals
Output signals
States
Labels
Variables
Timers

2

view
view
view
view
view
view
view
view

BIEIE]
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AS

E + COMPASS Workflow: An Example

= Specification of properties and contracts

-5

<

Name

Property

All loads powered

Always (Id1.is_powered and Id2.is_powered)

At least one load powered

Always (Id1.is_powered or |d2.is_powered)

No loads broken

Never (Id1.is_broken or Id2.is_broken)

Component | Name Assumption Guarantee
Generator power true always(voltage out >= 10)
Battery power always(voltage_in >= 10) always(voltage out >= 10)
CircuitBreaker | cmd_closed true always(cmd = enum:closed
-> status = enum.closed)
cmd_open true always(cmd = enum:open
-> status = enum:open)
FDIRGen Power always(voltage _in_1>=10o0r |always(voltage out 1>=10and
voltage in_2 >=10) voltage out_2 >=10)
FDIRCb cmd always(voltage _in_1 >=10 and | always(cmd_batl = enum:on and
voltage in_2 >=10) cmd_bat2 = enum:on and
cmd_cbl = enum:closed and
cmd_cb2 = enum:closed and
cmd_cb3 = enum:open)
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ASTE + COMPASS Workflow: An Example

= Specification of properties and contracts
e Open an external textual editor from TASTE

aceview.xml @ mockup - Qt Creator

CONTRACT EDITOR FOR FUNCTION BLOCKS

- L
Generatorl

—> Batteryl

B Function Type
O Function

= B Comment
[> Required Interface

< Provided Interface

O copy
3% Cut
(D) Paste
Properties

or2 Context me ustomization

power true always(voltage out>=10) 7™

COOXOem WOI

Edit Contracts

Edit ASN.1
General te SQL Database

Generate/update code skeletons

=5¢{ .
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" Fault injection

ASTE + COMPASS Workflow: An Example

e An example: permanent fault associated to generators

error model PermanentFailure
features
ok: activation state;
dead: error state;
end PermanentFailure;

error model implementation
PermanentFailure.Imp
events fault
fault: error event;
transitions
ok -[fault]-> dead;
end PermanentFailure.Imp;

=D<

system Generator
features
voltage out: out data port [0..12];
end Generator;

system implementation Generator.Imp

Dead

properties I
ErrorModel => classifier(PermanentFailure.Imp);
FaultEffects => ([State=>"dead";
Target=>reference(voltage_out); Effect=>"0";]);
end Generator.Imp; )

L —

Fault injection
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AS

E + COMPASS Workflow: An Example

= Formal verification
e Call the formal verification functionality from TASTE

=14
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interfaceview.xm|l @ mockup - Qt Creator

File Edit Build Debug ENENZEN Tools Window Help

mockup
@ mockup
» FS taste
~ @ Other fil

Valgrind Memory Analyzer (External Application) FORMAL VERIFICATION FUNCTIONALITY

Valgrind Function Profiler (External Application)
QML Profiler (Attach to Waiting Application)
Formal Verification (AADL/Slim) » | Dependability and Safety

é FDIR Analysis
A
>
) ¢ Generatorl > - 1> Batteryl
A
Open Documents s B = Generator2 D ’
interfaceview.xml* A
MBSE 2021, 29-30 September 2021 le



AS

® Formal verification
e Functional verification

e Dependability and safety
assessment (FTA/ FMEA)

e FDIR analysis

= Use the COMPASS back-ends
to generate the results

fdirl.alarm_gen

=

=

fault cfg 1 fault cfg 2
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E + COMPASS Workflow: An Example

® The propertyis false
The LTL property:Globally, it is always the case

Name Step1

that {ldl.is powered and 1d2.is powe

Step2 Step3 Stepa

active
done_delta

I

fdir1_activated

fdir1.active
fdir1.alarm_gen

fdir1.delay (0)

(1) (1) (1)

fdir1_do_go_to_secondary1

fdir1_do_go_to_secondary2

fdir1_do_#tau

fdir1.gen1_voltage_out (6)

(6) (6) (8)

fdir1.gen2_voltage_out (6)

(6) (6) (6)

fdir1.go_to_secondary1

fdir1.go_to_secondary2

fdirt.id (1)

fdir1.go_to_secondary1: FALSE

(1)

fdir1.mode

{mode_base)

(mode_base) (mode_base) (mode base)

fdir1_reactivated

fdir1.resolved_go_to_secondary1

fdir1.resolved_go_to_secondary2

fdir1.stutter

Fdir1_t_#delta (@] (©) (©) (0)
Fdir1.timed |

fdir1_val gen1 voltage out (6) (6) (6) (8)
fdir1_val_gen2_voltage_out (6) (6) (6) (6)
fdir1.valid

fdir1_val_valid

fdir2_activated

fdirz.active

fdir2.cmd_bat1 (on) (on) (on) (on)
fdir2.cmd_bat2 (on) (on) (on) (on)
fdir2.cmd_cb1 (closed) (closed) (closed) (closed)
fdir2.cmd_cb2 (closed) (closed) (closed) (closed)
fdirz.cmd_cb3 (open) (open) (open) (open)




ASTE + COMPASS Workflow: An Example

= Code generation, deployment and testing
e Use the TASTE functionality

File New Edit Tools View ?
CES IR CE IENEN
b DataView =| Data Vieu] Interface Vieu} Deployment Vieu] Concurrency Vieu] MDL]
— InterfaceViews
~ Shared Function Types
I [FTAir Device
Local Function Types Nodel
Configurations
— interfaceview::IV
“LFDIRL RI_go_to_secondaryl I0Block PI_go_to_secondaryl
“LFDIRL RI_get_input_vector I0Block PI_get_input_vector m32f407_discovery gnat2017
TLFDIRZ RI_get input vector IOBlock PI_get_input vector
[ [FulFDIR2 — data_response.input_signal
[> [Fu]FDIRL stm32f407_discovery_partition data_response.output_signal
I FuI0BLlock P
I Peek_Poke: :IV (import @) 10Block
FOIRL
- deploymentview: :DV Rl
 [Wo|Nodel
— [J]stm32f467 discovery gnat2@17
PR:stm32T407 discovery partition
[FUFDIR2
[FuFDIRL
[Fu|I0Block
> DV_Lib_Root
ConcurrencyView

DEPLOYMENT VIEW

= :< |
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ASTE + COMPASS Workflow: Summary

=" COMPASS and TASTE provide complementary functionality
=" COMPASS functionality used to:

e Model the system architecture
e Model the HW components and their faults
e \alidate a formal model of the system

= TASTE functionality used to:
e Model the SW components
e Code generation
e Deployment
e Testing of the deployed system

SE1¢
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Conclusions

" The goal of COMPASTA is to integrate COMPASS functionality into TASTE, and
produce a comprehensive, end-to-end toolchain for system design, formal
verification and validation, and deployment

" The Study is ongoing — final results are expected by the end of 2022

SE1¢

MBSE 2021, 29-30 September 2021

20



