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The context
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- Heterogeneous systems

(Facets: data, functionality, time, security, quality, etc.)

- CBSE and the reuse of components

« Correctness of the heterogeneous systems: modeling
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Some issues

- Components are from different languages and cover different
facets.
The composition and verification are not simple, need to be "normalized".

- Global properties are heterogeneous; need to be clearly
expressed, integrated and analyzed.

Need for expressive language.

« The composition of the components should preserve their local
contracts.
Respect for local requirements.

- Global properties require heterogeneousformal analysis tools,
which generates complexity.
The need of tools.

* Focus: top-down and practical method
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The main concepts of our solution

Normalized components
Input

« A nqrmalizgd componentis a component
equipped with a generalized contract,
acting as its intertace with other components.

Component C;

Assumptions (A;)
Facet Fi.: Prop P,
Guaranties (Gi)
Facet Fi: Prop Py,

Behaviour

€3

Language to express global properties

« We consider PSL (Property Specification Language) as an
expressive language to express the generalized contracts.

Output
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Generalized contract

Generalized
Contract (GC;)

Assumptions (A;)
Facet F,: Prop P,
Guaranties (Gi)

» An extension of an A/G contract.

o Structured with its Assume

and Guarantee parts.
Facet Fy: Prop Py,

« Structured according to different clearly identified
facets (data, functionality, time, safety, quality, etc.) in
its Assume or Guarantee.

 The behaviour is not included in the contract



Towards modeling and verification of heterogeneous

systems

Given the requirements of a heterogeneous system. ]

3
[

(Steps ...)

4

|

Global model of the heterogeneous system. ]

[

Formal analysis of the system. ]

| > Need of a method
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A method - heterogeneous system

Composition of normalized components only Ci(AG,...), Cj(AG,...), ...

Decomposition of the properties with respect to the identified and agreed
upon facets and distribution along the analysis of the assembled
components.

Reuse existing components or build needed ones.

%\/Ia}n%)ulation of components through their generalized contracts
A/G).

Weakening or strengthening of the local contracts according to the global
level properties.

Addition of a priority for each facet, in order to simplify the analysis of
the global property.

We target different analysis tools according to the facets and we have to
ensure the global consistency.

Minarets method ...




Structure of a heterogeneous system

H. system |g + | Normalized Assumptions Facet .
@& —| component * ’
* __*
1 1 ;___, - ]
1 1 * * 1
Behaviour Generalized Guaranties Priority
cohntract ..
o—

Fig. 1. Meta-model of a heterogeneous system with normalized
components



Minarets Method

Req S o ‘ Global reiulrements ’ < |Formal global propertiesl < l Mo(cjﬁ:ﬁducslgnx[\;nts ]
global properties (with PSL) ProMelLa ...)
Modelling
2 .
S4 Generalized contract S5 Structured and S6 | Normalized individual s7
decomposed with facets formalized properties L components
J

Generalized contract

v

&

Adapted components J

normalization

- )
Components with layered — 3 erifying
S8 ‘ P facets ’ Ye s9
Yes No
\ 4
No [ Checked individual ]
o o component
Individual components verification (by layer and priority)
(Translated components JCompose d system (with
» S10 » (components ready for S UPPAAL)
L composition) J rl
Translation and composition J
\2
.f Properties ready for W o o
S12 rL verification > S13 rL Verified components

Individual components verification

Fig. 2. The successive steps of our Minarets method
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Case Study
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C: Painting Workshop
C1: PM C2: PS

. *@?@+_’ .

| A

Fig. 3. Painting workshop
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Step 3

« Modeling of components

Robot painter

Painting station
Robot_painter

false checking_color R_tank

Paint_station
ivenCalor or
enColor or
enColor
vailability !

FREE free_station==true

star_painting_procedure?

IE RP_painting_time

’ and painting_sui

continue_p

< CS_painting_time
essfully==false
nting?
get_color = true

free_station=false

get_time == false

painting_time?

get_time = true OFF
start_config?

car_type?

freeing_station!
Configuration

reeing_time=0
end_p
free_station=true
get_type == false . N I o
get_type = true, RP_painting_time CS_painting_time
wtouch=false,ctouch=false,

painting
alimit=Talse

ssfull to_be_free

. freeing_time==5
painting_successfully =true
RP_painting_time==CS_painting_time

B_tank_ _B_1
RP_painting_time=0

freeing_timi
ntinue_painting!
RP_painting_time = CS_painting_time
and painting_successfully ==false

Control station with ProMeLa

active proctype control_station() {
starting:

do
(start==FALSE) -> start=TRUEstart_procedure!start;

—(get_type==FALSE) -= config_t'car_type ;

—(get_time==FALSE) -> config_pt!CS_painting_time;

(get_color==FALSE) ->config_c!CS_r_color,C5_b_color,CS_g_color;ack_chan?synAc
(get_type==TRUE && get_time==TRUE && get_color==TRUE) -> goto end_config;
od

end_config: CS_end_config==FALSE -> CS_end_config=TRUE;
success?painting_success -> (painting_success==TRUE) -> free_PSIPS_status;
goto end_painting_procedure;

end_painting_procedure : end_CS==FALSE -> end_CS=TRUE;skip;
}

Fig. 4. Components modeled with UPPAAL and ProMeLa
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Step 4

.l . DATA: The RGB dosage(true/ false),
» Decomposition of the global properties star_painting_status(true/ false).

with respect to the facets that we considered |FUNCTIONALITY: | |

. . . . RGB_painted_quantity = RGB_given_quantity.
(Data, functionality, time, security); TIME: painting_time=given_time,
Freeing_time= given_freeing time.
SECURITY: car_type= given_car_type,
RGB_tanks>= RGB_given_quantity.

Step 5

« Structuration of the formalized properties with the PSL language

for RP 1n painting_status for RP in painting status

property p@ :always property pl :always
(get_type = true and (P5 in Busy status and
get_color = true and C5 in end configuration and
get_time = true) R tank color »= CS R GivenColor and

Data : assert pod;

q B tank color == C5 B GivenColor and
en

G _tank color == C5 G GivenColor})
Security : assert pl;
end

property p5: always (CS_time_painting = given_time -> RP 1n OFF_status)
Time: assert p5;

property p6 : always (deadlock -= (PS5 in FREE and RP in OFF and C5 in End ))
Functionality assert p6;

Fig. 5. Structured property with PSL
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RP contract

Assumption:
car_type=true, get_color=true,get_painting_time=
true, RGB_tank_quant>==RGB_GivenColor_g

S t 6 Guarantee:
e p DATA:. The RGB dosage(true/ false).

SECURITY: car_type= given_car_type,
RGB_tanks== RGB_given_quantity.

. . TIME: painting_time=given_time.
¢ Normallzatlon FUNCTIONALITY: RGB_painted_quantity =
RGB_given_guantity, .

Behaviour
- Integration of assumptionsand guarantees
4
RP contract
Assumption: o
Step 8 ey ey

Guarantee:

DATA[1]: The RGE dosage(true/ false).

. . . . SECURITY[2]: car e= given_car_type,

® AttI‘lbllthIl Of d pI‘lOI‘lty tO eaCh facet RGE_tanksE::] RGﬁiygFi.venEiquaEtity._ "’
TIME[3]: painting_time=given_tims.
FUNCTIONALITY[4]: RGE_painted _quantity =
RGB_given_quantity, .

Behaviour

74




. 1 |

Step 11

- Composition of the component behaviour (with UPPAAL).

Robot_painter

Paint_station

GivenCol

_G_GivenColor or

free_station - ) -
FREEslarI_pammr_pr-) RF,N!NW _time < CS_painting_time
and painting_successfull
continue_painti

=false

freeing_station!
reeing_time=0

RP_painting_time == CS_painting_time
end_painting_successfull
painting_successfully=true

wtouch=false, ctouch=false,
alimit=false

to_be_free
freeing_time==5

RP_painting_time<=CS_painting_time

GivenCyl

Giver continue_freei

freeing_tim:
continue_painting!
ainting_time < CS_painting_time
=false

station!

Control_station

free_station==false and painting_su

ssfully ==true
continue_freeing_station?

end_painting_successfully ?

end_configuration

configiration
ainting_time!
S_painting_time=30

start_painting_procedurel _ ¢ ooy

o

Start pre_config

End

checking_color  car_color!

Fig. 6. The composed system after the component translation (in UPPAAL)
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Assessment

 The proposed Minarets method solves a part of
the faced issues

« More tool assistance is needed

- The experimentations give the opportunity to
tune the method steps

- The impact of treated facets on interactions
between various tools
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Conclusion

- Minarets method for complex and heterogeneous
systems modeling and analysis

« Generalized contract (the standard interfaces
between components)

- Reducing the difficulty of modeling and analysis of
heterogeneous systems composition.
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Perspectives

» The study of various policies for the composition of the

normalized components.
The construction of the global property from the local properties.

» The study of the global consistency of the composed
system.

 The distribution of the global property on the local
components.

- Verification of the different facets written with PSL
according to the verification tools.



Thank you for your attention . .
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