CHESS: aTool to Support
the Design of Safety-
Critical Systems using
Formal Methods
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® Technological context of CHESS
® Functionalities currently implemented in CHESS

® Details: CHESS Profile & Formal Specification Languages
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Technological Context

® Papyrus (https://eclipse.org/papyrus/)isan open-source project to provide
an integrated environment for editing UML and SysML models.

® CHESS (www.chess-project.org) is an open-source project to provide
component-based engineering methodologyandtool support for the
development of high-integrity embedded systems.

= eclipse

Lo~ ¥ CHESS
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Functionalities currently implemented

® SystemDesign

® Requirements Specification
® System definition
® Requirement Formalization

® Functional Refinement
®  Architectural Refinement
®  ContractRefinement

*  Parametrized Architecture
® Nominal and Faulty Behavior Definition
® Functional Early V&V
® Validation of contracts
® Checkthe contract refinement
® Contract-Based V&V of State Machines
® V&V of state machines
® Safety Analysis
® Contract-Based Safety Analysis
® Model-based Safety Analysis
Trade-off Analysis

Document generation
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System Design: Requirements Specification

® Informalrequirements can be:

® represented using SysML Requirements Diagram.

® imported from excel files, csv files, or by using the ReqlF (Requirement

Interchange format)

«Requirement»
Brake_Delay |

«Requirement=
text=The delay between a brake i
command (given via the brake pedal)
and its execution (by applying brake
force to the wheel) shall not exceed
10ms
id=WBS01
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System Design: Architecture definition

® Define components and their interface using the SysML Block
Definition Diagrams

sBlock, Systemy»
Systemn

«Block, SubSystems
ESCU

properties
in Pedal Post: Boolean
* in Pedal Pos2: Boolean
out Brake Line: Continuous
= in bscul_fault Monitor. Bookean
* in bscu2 fault Monitor: Bookan
inbseul fault Command: Boalean
in bscu2 fault Command: Boolean

operations

constraints

properties
n Pedal Post: Boolean
n Padal Pos2: Boolean
out Valid: Boolean

| out CMD_AS: Boolean

n becul fault Moanitor: Boolean
n tecu2 fault Manitor: Boolean
n bscul fault Command: Boolean
n Decu2 fault Commandt Boolean

«Blocks «Blocks
Hydraulic SubBSCU
proparties properties

= out Brake Line: Continuous
= i CMD_AS: Baolean
= in Valid: Boolean

operations

BWmG

in Pedal Pos Boolean

T out Visid: Boolean
© out CMD_AS: Boolean

in fault_ Monitor: Boolean
in fault Command: Boolean

operations

constrants

operatians

constraints

constramts
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System Design: Requirement Formalization

«Requirement»
Brake_Delay i
«Requirement»
text=The delay between a brake
command (given via the brake pedal)
and its execution (by applying brake
force to the wheel) shall not exceed

® Translate the informal requirements into formal properties using the textual
editor with content assistantfor LTL (linear temporal logic)

10ms
id=WBS01 e ; ; &l + =
. I . & Hierarchi.. [=]Contract.. g Problems &) Console =g Progress 5] Trace 8
mE»E -
‘ 17t FormalProperty1
UML WheelBrakingSystem:modelSystemView:Physical Architecture: System::FormalProperty 1 Selected Property
Comments € UnrecognizedKeyword '= bscul_fault_ Monitor & always(Peda)_Pos1) |
Profile H Pedal_Pos1 ~
Style H Pedal_Pos2
[= 1=
Appearance _ S_f_
Rulers And Grid i
L=
Advanced = -»
CustomPropertyEditor =y
OpenCert [E«
L= -
L= =
I= «=
I= - v
|
]
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System Design: Requirement Formalization

® Linkthe informal requirements to the formal properties

T Properties 57 | J ModelVa.. 77 Referenc.. & Hierarchi.. [=]Contract.. ! Problems [ Console =gProgress 3fTrace = O . 1
lEnm - «Requirement»

Brake_Delay

{z} FormalProperty1

ML WheelBrakingSystem:modelSysternView:PhysicalArchitecture:SystemzFormalProperty1 Selected Property «Requ irement=
e @ UnrecognizedKeyyears = bscul_fault_Monitor & always(Pedal_Pos1) A text=The de|ay between a brake
Profile B Pedal_Pos1 ~ . .
e command (given via the brake pedal)
e and its execution (by applying brake
Rulers And Grid
r— force to the wheel) shall not exceed
ances
CustomPropertyEditor 10ms
OpenCert .
pents id=WBS01
v

[C] Properties 52 | Jf M &7 Referenc... & Hierarchi... [=] Contract... '5_: Problems & Progress #] Trace = O
REDE ¥
{7} FormalProperty1

™ Applied stereotypes: % | | % | Formalize @ % o

Comments v E FormalProperty  (from CHESSContract) Brake_Delay
Profile (= Formalize: Requirement [*] = [Brake_Delay]
» & concern: Concerns [1] = unspecified
Style
Appearance
Rulers And Grid
Advanced
CustomPropertyEditor

OpenCert




System Design: Contract Definition

«Block, System:=
System
properties

“in Pedal_Pos1: Boolean

* in Pedal_Pos2: Boolean

* out Brake_Line: Continuous
*in bscul1_fault_Monitor: Boo...
“ in bscu2_fault_Monitor: Boo...
“ in bscul_fault_Command: B...
*in bscu2_fault_Command: BE...

operations

«Block=
Hydraulic

propertiss
* out Brake_Line: Continuous
“in CMD_AS: Boolean
*in Valid: Boolean

operations

constraints '
brake_time: Hydraulic_Brake Time

=Blodk, SubSystem:
BSCU
properties

* in Pedal_Pos1: Boolean

* in Pedal_Pos2: Boolean

* out Valid: Boolean

' out CMD_AS: Boolean

* in bscul_fault_Monitor: Boolean
*in bscu2_fault_Monitor: Boolean

“ in bscul_fault_Command: Boolean
* in bscu2_fault_Command: Boolean

® Formal Properties can be further structured into contracts.

® Contract describes the expected behavior of the component

=Block»
SubBSCU

proparties
“ in Pedal_Pos: Boolean

' out Valid: Boolean
* out CMD_AS: Boolean

* in fault_Monitor: Boolean
* in fault_Command: Boolean

operations

J s

' {Valid := bscut.Valid or bscu2 Valid}

ond_time: BSCU_CMD_Time
safety: BSCU_Safet

operations

CONSEIaING
safety: SubBSCU_Safety

cmd_time: SubBSCU_CMD_Time

->¢




System Design: Contract Definition

® The contractis a pair of properties representing an assumption and a

guarantee
Assumption: Property to be Guarantee: Property expected
satisfied by the component to be satisfied by the component
environment provided that the assumption
holds

D properties #\ 4 Model Validation * References i Trace # Hierarchical Model View ZlContract Refinement View [ Problems © Console = Progress

T System

UML WheelBrakingSysterm:modelSystemView: Physical Architecture:System Selected Class
Camments contract_system : contract_systemType v | Contract List
SyshML contract_systern Add Contract

Profile

Style Assume Guarantee

Appearance true always[BrakE_Lineﬁ

Rulers And Grid

Advanced

Contracts

CustomContractEditor

OpenCert
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System Design: Architectural Refinement

® Decomposea componentvia SysML Block Definition Diagrams

«Blodk, Systems
System
[T
*in Pedal Pos1: Boalean
*in Pedal Pos2- Boalesn
ot Brake Line Conbiraous
* i bscul_fault_Monitar: Boa..
“im bscud_fault Maonitar: Boa..
in becul_fault Commard: B
*in bscu2_fault Command: B..

operation

NSNS
brake time: Systern Brake Ti._

+ g 1‘\\

aBlock, SubSystems \3; + hydraulic
[Etal] i
R -Bh:h:lcl-
¥ in Pedal Pocl: Backan Hydrraulic
in Pedal Pos2: Baclean R D'Oéﬂ'ﬁhﬁ
bt = ok Br; reee Conbirasous
i ::::::E;?L“::mr in CMD._A%: Boalean
in bsoul fault Monitor: Baolean * in Valid: Boalean
“in bscu fault Monitar: Baolean
“in bscu1_fault Command: Boclean [r——
in bsou fault Command: Booksan
OERTAtaG OGN
T brake time: Hydradic Brake Time
[Walid -= bscul Valid or bsou2 Valid|

omd_time: BSCU ChD Time

safiety: BRSO Safety
+ bsosl
= bsou2
¥ 1 SO
aBlodke
SubBSCL
O O T

*in Pedal Pos: Baolean
# gut Valid: Boolean
aut ChMD A% Boalean
* in fault_Monitar: Boolean
* in fault Command: Boolean

operadong

CONERTAN [ ]
safety: Suba5CL Safety
cmd_time Sub8SCH OMD Time ] :




System Design: Architectural Refinement

® Connectinput/output ports of the componentsusing SysML Internal Block
Diagrams

«Block, Systam=»
- System
FlowPort»
<FlowPorts A i
g «Componentinstance» «Componentinstances
bscu: BSCU hydraufic: Hydraulic
lowPore» FlowPort
“ = <FlowPorts «FlowPortx
Y o £ & <FlowPorts
lf <FlowPort= a =FlowPorts «Flo ‘.’IOR” .‘Fb“-ipg It
L, <FlowPort» “FlowPorte (3} =

_TL <FlowPort» <FlowPorts
Eﬂowf’om «<FlowPorts
S

->¢



System Design: Contract Refinement

® Refine contracts of composite components linking them to the
contracts of subcomponents

«Blodk, Sysbems
System
o R
¥ in Pedal Pos1: Boolean
* in Pedal Pos2: Boolsan
ouk Brake Line Conbruous % S'Et CDnt--- D X
*in bscull_fault_ Monitar: Sza..
“im bscud_fault Monitar Soa..
in becul_fault Command: B... Select Refinements:
*in bscu_fault Command: B..

hydraulic.brake_time
aperatiors bscu.safety

CONEIEnT .
|- ke teme: ystemm ke i bscu.cmd_time
+ e +
1
sl . £EY
sBloche
propados )
¥ in Pedal Pos1: Bookean Hiydiaulic
in Pedal Pos2: Bookean PP
out Valid: Boolean * out Braloe Line: Contiruous
= ot O AS: Boolean in CD_A%: Boalean
in bscul_fault Monitor: Boo lean in Walid: Boolean
in bscu_fault Monitor: Boo lean
“in bscul_fault Command: Boclean i
in bscu?_fault Command: Boclean
opRTatans COFGAAING
Jp— braki time: Hydradic Brake Time
[valid -= becul Valid or bsou? Valid)
omd _bme: BSCL ChAD Time
safety: RSO Safety

¥ \
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System Design: Contract Refinement

® Inspect through overview over:

® System decomposition

® Contractrefinements

£ Hierarchical Model View &2 (=] Contract Refinement View 53 = O

-

System Architect Mumber of Sub ts and Centract: . -
yEtem Arehiiectures HMREr et sdbeampenents and entracks Refined Contracts MNumber of sub-contracts
v & System 3 ; . :
v ] bscu:BSCU 5 v = System.brake_time 3
~ & bscul:SubBSCU 2 v [ bscu.cmd_time ]
(5] SubBSCU_CMD_Time [=] bscul.cmd_time 0
[=] SubBSCU_Safety ] bscul.safety 0
v 5] bscuZ:5ubBSCU 2 (5] bscu2.cmd 1 0
=] 5ubBSCU_CMD_Time scus.cmd_time
(=] 5ubBSCU_Safety £ bscu2 safety 0
v a switch:Select_Switch_lmpl 2 @ switch.sell_time 0
(=] Select_Switch_Sel0_Time [odl switch.sell_time 0
E| Select_Switch_Sell_Time oo EI bscu.safety 2
=] BSCU_CMD_Time
] BSCU_Safety E| bscul.safety 0
v &] hydraulic:Hydraulic 1 El bscul.safety 0
[=] Hydraulic_Brake _Time EI hydraulic.brake_time 0
[=] System_Brake_Time
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System Design: Parametrized Architecture

«Block, System»
System1
properties
= inout n_sub_comp: Integer

operations
consfraints
block_1 [n_sub_comp] firstcomp_1 lastcomp_1
«Block> «Block» «Block>»
Block FirstComp LastComp
properties properties properties
= in inPort: Boolean & out outPort: Boolean = in inPort: Boolean
B[ operations operations
constraints constraints constraints
System1
= lastcomp_1: La... = firstcomp_1: Fi...
[22] 2 in inPort: Booldan [€]@ out outPort: Bgolean
= block_1: Block ... «<DelegationConstraint»
7 DelegationConstraint1 ] .
[2]E in inPort: Boolean { block_1[il.inPort:=firstcomp_1.outPort inout n_sub_comp: Integer
for O<=i<n_sub_comp}
& out outPort: Boolean

«<DelegationConstraint=
% DelegationConstraint2

{ lastcomp_1.inPort:= big_or(for —
0<=i<n_sub_comp block_1[i].outPort)} — D (

TIVIHIULY IVILL UGS, WLLUNLT 4V 141U, &cvauv




System Desi

«Block, System=»

System1
properties

inout n_sub_comp: Integer

operations
constraints
block_1 [n_sub_comp] firstcomp_1 lastcomp_1
«Block» «Block»
Block astComp
properties properties properties
Z in inPort: Boolean & out outPort: Boolean & in inPort: Boolean
R operations operations
constraints constraints constraints
[ System1
= lastcomp_1: La... = firstcomp_1: Fi...
2] in inPort: Booldan 19 out outPort: Baolean
= block_1: Block ... «DelegationConstraint»
%) DelegationConstraint1 ]
2] in inPort: Booldan { block_1[i].inPort:=firstcomp_1.outPort
for 0<=i<n_sub_comp}
& out outPort: Bpolean

bl

«DelegationConstraint»

% DelegationConstraint2
{ lastcomp_1.inPort:= big_or(for
0<=i<n_sub_comp block_1[i].outPort)}

n=4

>
instantiation

& jnout n_sub_comp: Integer

Plenary Meeting, October 16-18, 2018

Nn: Parameters instantiation

«Block,

System>»

System1

properties

operations

constraints

1% {lastcomp_1.inPort := (block_1[3].outPort | (block_1[2].outPort | (block_1[1].outPort | block_1[0]...

lock| 1[0] block_1[2]

lock}/1[3]\plock_1[1] lastcomp_1 firstcomp_1

«Block» «Block» «Block»

= Block [ LastComp = FirstComp

properties properties properties
Z in inPort: Boolean 2 in inPort: Boolean B out outPort; Boolean
o oo 1 operations operations

Operations constraints constraints

constraints

= System1

= lastcomp_1: LastCom)

2] in inPort: Boolean

«DelegationConstraint»

) Define_lastcomp_1.inPort

{lastcomp_1.inPort := (block_1[3].outPort | (block_1[2].outPort | (block_1[1].outPort | block_1[0].outPort)))

= firstcomp_1: FirstComp‘

= block_1[2]: Block

l

© out outPort: B

3] = in inPort: EdolebputPort: Booleangﬂ

= block_1[3]: Block

HeE in inPort: EboleanutPort: Boolean|

Y

\ = block_1[0]: Block

]

& in inPort: EdoleaputPort: Boolean

;

= block_1[1]: Block

\

1= in inPort: EdoleanutPort: Boolean!

L
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System Design: Nominal Behavior Definition

® SysML State Machine Diagrams are used to model the nominal behavior
definition of the component.

® Atransition comes with a guard and an effect. The guard is a boolean
condition upon the values of components properties.

BatteryMominalBehaviour

«Block»
Battery [({power = 0) & (energy - load < 0))]/ energy=0
properties
B in powel’: EnergyType [{{power = 0) & ({energy + power) < 30}}]/ energy=energy + power
=~
€l out energy: EnergyType PR
= in load: EnergyType o
‘Working
) [({power = 0) & (energy - load >= 0))]/ energy=energy - load

[TRUE]{ energy=30
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System Design: Faulty Behavior Definition

® Faults are introduced into the system (Fault injection)

® SysML State Machine Diagrams are used to model the faulty behavior
definition of the component.

«ErrorModel»
StateMachine2

=StuckAt, ErrorStates
Errori

«zInternalFault»
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Functionalities currently implemented

® Requirements Specification
® System definition
® Requirement Formalization
® Functional Refinement
® Architectural Refinement
® Contract Refinement
® Parametrized Architecture
® Nominal and Faulty Definition
Functional Early V&V
® Validation of contracts
® Check the contract refinement
® Contract-Based V&V of State Machines
® V&V of state machines
Safety Analysis
® Contract-Based Safety Analysis
® Model-based Safety Analysis
Trade-off Analysis

Document generation
|
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Functional V&V: Validation of contracts

® Check if a specific guarantee of the contract satisfies the
assumption of another contract

Componenta

Component2

— D
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Functional V&V: Check the contract refinement

® Checkthe contract refinement

® Guarantees of composite componentensured by contracts of
subcomponents




Functional V&V: Check the contract refinement

® Checkthe contract refinement

® Guarantees of composite componentensured by contracts of

subcomponents

Assumptions of subcomponents ensured by contracts of other
components




Functional Early Verification & Validation

® Contract-Based Verification of State Machines

® Verifyif every state machinelocally satisfies the contracts of the
associated component

Component1

<A,G>

4



Functional V&V: V&YV of State Machines

® Perform the verification of properties on state machines
(model checking, independently on contracts).

® Model Validation (e.g. reachability of all states)

Temporal Formula Yes

Model Checker

(1) o S No,
H@v@\ counter example ...
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Functionalities currently implemented

Safety Analysis
® Contract-Based Safety Analysis
® Model-based Safety Analysis

Trade-off Analysis

Document generation
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Contract-based Safety Analysis (CBSA)

® Generate a hierarchical fault tree, given a contract refinement

® The top-level event is the failure of the system component

® The basic events are the failures of the leaf components and the failure of the
system enVi ron ment Failure of the systemimplementation in

satisfying the contract:
System_Brake_Time

L

N
FACIY
1{ ~l
. 1 . . .
Failure of the system Failure of Hydraulic implementation
environment in satisfying the o 2 " in satisfying the contract:
assunption of: Cu Hydraulic_Brake_Time

System Brake_Time
Failure of bscyimplementation in
satisfying the dontracts:
BSCU_Cmd‘and BSCU_vaid

T - I
e |
- oo
o TN N
..... [ [ o
(5 byt ol i, T l‘, \'\ l‘
T T I |
‘ O ‘ ‘ O O O \
N N N N N
| I‘I i I ‘ | | |
O O O O \ O O
o N
L I f‘/"( ~
© O
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Model-based Safety Analysis (MBSA)

® MBSA analysesthe model extended with faulty behaviorand searches
forthe possible combinationsthat may lead to a system failure.

® G@Generate faulttree from the extended state machine

BB S| O m | B & alox v mE

A
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Functionalities currently implemented

Trade-off Analysis
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Trade-off analysis

Plenary Meeting, October 16-18, 2018




Functionalities currently implemented

Document generation
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Document Generation

® Generate a document in html format, including:

® Textual informationabout:
® Components
® Ports
® Attributes
® Formal Properties
® Contracts

® Diagrams exported from CHESS as vector images format.

® Results of the verification, validation, and safety analysis (work in progress)

->¢



Document Generation

System

System

bscu
CMD_AS
Valid
11_fault_Command
2 _fault_Command
@ @@

A

Component description:

Name Type Notes

System

Input ports:

Name Type Range

Pedal_Pos1 Boolean [PortRange]

Pedal_Pos2 Boolean [PortRange]

bscu1_fault_ Monitor Boolean [PortRange]
| bscu2_fault_Menitor Boolean [PortRange]

bscu1_fault_Command Boolean [PortRange]

bscu2_fault Command Boolean [PortRange]

Qutput ports:

Name Type Range

Brake Line Continuous [PortRange]

I\




Details: CHESS Project structure

® CHESS Projectis structured in 5 main views (packages):
® Requirement View: informal requirements definition
® System View: logical components and contracts definition
® Component View: software components definition
® Deployment View: hardware components definition

Analysis View: analysis configurations definition

— D

<



Details: CHESS Profile

® Aprofileinthe UML provides a generic extension mechanism for customizing
UML models for particulardomains and platforms.

® The Systems Modeling Language (SysML) is a general-purpose modeling
language for systems engineering applications.

® SysML allows the user to model:

® Informal Requirements

® System Architecture

® System behavior

SysML Diagrams
iy

Behavior Requirement Structure
Diagrams Diagram Diagrams
£|‘.‘. iy

Activity Sequence State Machine Use Case Block Definition Internal Block Package
Diagram Diagram Diagram Diagram Diagram Diagram Diagram
Parametric
Diagram




Details: CHESS Profile

® SysML model extended with Formal Methods concepts

allows to specify information for a component instance:
-the weak contracts which hold

«Metaclass»
«Stereotype» InstanceSpecificatior] ¥
| ConstraintBlock | v !
«Stereotype»
e | Componentinstance [
Property - (=) + WeakGuarantees: ContractProperty [*]
«Metaclass»
«Stereotype» DataType
Eantract «Metaclass»
=1 + Assume: FormalProperty [1] Comstraint
=] + Guarantee: FormalProperty [1]
=l + Formalize: Requirement [*]
=) + Language: Languages [1]
(=] + contextStatement: String [0..1)
&l + artefactStatement: String [*] Raeechipes
FormalProperty «Stereotype» «Stereotypes
(=) + Formalize: Requirement [*] DelegationConstraint ContractRefi 7t
(=) + concern; Concerns [1] (S + Instance: Property [0.1]

&) + Contract: ContractProperty [1]
’ =] + instanceSpec: InstanceSpecification [0..1]

«Stereotype» a property to be used as

i assumption or guarantee
ConstraintProperty B [ umptl gu

of a given contract b
Slot 2 «Stereotype» :
GaAnal 1
|
1
1
to specify contract refinement for a
given contract instance.
«Metaclass» Instance and instanceSpec attribute
are mutually exclusive
«Stereotypes Class i
ContractProperty
[=J + RefinedBy: ContractRefinement [*]
5 + ContractType: ContractTypes [1]
Stereotype»
[EJ + status: ContractStatus [1 :
m ContractRefinementAnalysisContext
T [E] + checkAllWeakCentracts: Boolean [1]
1
i
1
]
!
T
used to instantiate a contract in a \
given class/component. -
Can extend a slot to represent | am not able to generate the static
contract instantiation for an definition of the profile having this
InstanceSpecification stereotype extending the MARTE
GaANalysisContext, | obtaind some errors

in the genmodel related to the MARTE

URL.. for the moment, as temporary .
solution, | define it as extension of Class.
D




Details: CHESS Profile

® SysML model extended with faulty behavior/faultinjection

sStereatypes
ntermal®rapagaticn

+ external-aults: S
+ delay- MF9_Real |-
«+ weight: NFP_Real ...

sStereatypes
aStereatypes IntemalFauk
Faiure + ooourenos NEP .
+ mode String [.- = + weight MFP_Real .
+ delay: MF®_Ap_.
o+ wmghit: NFP_RL_ —
—_— . =y

Tl ahetaclisse

Iransition

b

2 RS

- ~
aStereatypas “Sherentypes JETe—
EIRm et ErrarHanding FaultHanding __.-"'
+ delay: NEP_Raal [01.1) + del a
! 2y MER_Amal [0.1) + diely MFP Real [0.1] [ 1
+ successProbability: MFP_Real @011 successPrabability: MEF Real [f 2 successPrababiliy: - Silr:n:altypn
++ waght: NFP_Real [0.1] +-+ weight: NP Biaal [0.1) ++ weight: MEP Baal [0 Momnalinpu
I sSipreatypes
ki Sterma by e
Aol State StuchfitFived
[ + propert.
sEnumerations
S0 oy
Threatsizss | I ey
+ probabidli oy MFP_Ral [1) A Repair
+ undE: Siring [0 1] r,-’ aStarnotype. Camipensaticn
| , L RampDawn ErrorDetection
' ST e + propest] Recanfiguraticn
Erarie + docr St
Mesw Dep prafile \
.-"-. "I'- aStersatypes
= "'-._'I\ Irveerted
RN -
] g .
DegradedStatn

abdetaclacss
Transition

=Stercotypee
DepEvent

+ port Property [0-1]
«+ waight: NFP_Real [0.1]

sSioreatypes
NormalSutpu
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Details: Formal Specification Languages

® 0SS (OCRA System Specification):itis used to specify the components,
their ports and contracts, and their decomposition.

® For the contract definition, itinvolves a Linear-time Temporal Logic
Language (LTL with future and past operators)

COMPONENT examplel system
INTERFACE
INPUT PORT in_data: boolean;
OUTPUT PORT out_data: boolean;
CONTRACT reaction
assume: in the futurein_data;
guarantee: always (in_data implies in the future out_data);
REFINEMENT
SUB a: A;
SUB b: B;
CONNECTION a.in_data :=in_data;
CONNECTION b.in_data := a.out_data;
CONNECTION out_data:=b.out_data;
CONTRACT reaction REFINEDBY a.reaction, b.pass;
COMPONENT A
INTERFACE
INPUT PORT in_data: boolean;
OUTPUT PORT out_data: boolean;
CONTRACT reaction
assume: in the futurein_data;
guarantee: always (in_data implies in the future out_data);
COMPONENT B
INTERFACE
INPUT PORT in_data: boolean;
OUTPUT PORT out_data: boolean;
CONTRACT pass

[
assume: true; — (
guarantee: always (in_data implies out_data); :



Details: Formal Specification Languages

® NUSMV (a new Symbolic Model Verifier) language:it is designed to
describe the system behavior.

® It allowsdescription of completely synchronous to asynchronous systems,
detailed to abstract systems.

MODULE main
VAR
request: boolean;
state: {ready,busy};
ASSIGN
init(state) := ready;
next(state) :=
case
state=ready & request: busy;
TRUE: {ready,busy};
esac;
SPEC AG(request --> AF (state = busy))
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