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Introduction =l Inserm

|||||||||||||

The main tool of project management

An integrated process in a methodological approach

State-of-the-art of good practices in software process development techniques for DRES
RUP and DRES

Discrepancy between
e Evolution of modeling languages, practices of model transformation and verification AND

e Evolution of the processes which use them during the phases of requirements specification, analysis, design
and certified code generation

Very rare integration approaches in industrial environments
e Method B at RATP
e Esterel at Dassault
e Intensive use of PVS at NASA

Our approach
e To enrich the current process with other phases
e Consider that the requirements of strategic type must first be completely identified, specified, verified
e Parallelization of sub-processes
e A seamless development involving intermediate languages

NEPTUNE 2010 Toulouse, May 18th, 2010 page 3




A methodological context szl Inserm
1/ A process without a method

m A software development process can be applied with many
methodologies or many methods (or without any)

m The concept of software development process is closely related to

the concept of task scheduling, and it is essentially a matter of
temporal order

e The underlying field is project management .

e How do we manage avionic embedded systems projects?
= Respect of the standards (DO178B and ED-12-B)

= Modularity
s Check lists
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A methodological context =l Inserm
2/ A process within a method

m A method is built from a particular methodology and is adopting only one
software development process

m  The concept of method is closely related to the concept of strategy.

The method provides means for executing the development process tasks in an
optimal way

e The method refines the methodology with a set of improvements.
e The underlying field is Operations Research .
m This concept goes beyond the development process concept
e there is not a unigue way of performing an activity, whatever is the issue

m At the level of a method, any type of issue has to be considered, with the
optimal way of solving it
e there is a logic that allows us to solve any issue with more efficiency
e the method shows in details how to apply this logic
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RUP advantages / shortcomings =l Inserm
1/ RUP iterations

Disciplines

Business Modeling
Reguirements

Analysis & Design

Implementation
Test

Deployment

Conflguration
& Change Mgmt

Project Management
Environment

Eab #2

Iterations
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RUP advantages / shortcomings =l Inserm
2/ RUP advantages

= |IBM Rational definitely banished the waterfall process

e Unfortunately this good resolution have not been followed by
everyone, even in the research field.

m The use case driven" approach is definitively a very
good approach that is even kept in the Agile methods
e allows the requirements to be traced

m The architecture-centric" process is adopted for all
complex and large systems

m The possible customization enables an adaptable
process framework in which each company may
choose the most convenient elements.
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RUP advantages / shortcomings =l Inserm

3/ RUP shortcomings

m  The homogeneous decomposition between Inception Elaboration and
Construction is too much simplistic

e Because depending on activities types, cycles are more or less complex, therefore
not homogeneous

m The RUP is supported by a very heavy tool, which is not intuitive
e The learning period is long and requires significant investments

m  Depending on the environment, the parameterization may also be very long
e the parameterization gives the impression of genericity,

e Dut the process is not fundamentally different for a any kind of project
(telecommunications, automotive, aeronautics, financial, etc) : the phases and
activities are the very same.

m  The RUP is only suitable for very big projects

e its intrinsic logic is so much linked to the IBM Rational world that it is mostly applied
with the entire tool suite.

m  The entire process is rather a set of good recipes than the result of a rigorous
“‘rationale" as the name should suggest

e The inception phase should be global with respect to a systemic approach.
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Real-time languages and best practices =) Inserm
1/ Languages and their abstraction levels ==
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and best practices

<~

Real-time languages
meengtnee 111y !nserm
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Formal methods integration in real-time software development

1/ a formal use-case driven method

weztz 110 !nserm

|||||||||||||
de la santé et de la recherche médicale

=

while ((Rank[q]/=0)A
((Rank[q],q)<

»
>

(Rank [a_process] , a_process ) ) )

PVS pmnf

safety property :

THEOREM invariant(LAMBDA(s:State
: (NOT (s'pi2 = critical AND

s pil = critical)))

proofs
repository

NEPTUNE 2010

Complex

do ;
done;

Why specification

|+ S,

=> Zq

_-" 1 simple

+CAl Qpprifiratinn

while ((Rank[qg]/=0)A
((Rank[q],q)<
(Rank [a_process] , a_process ) )

)

integration

=

or (Rank (a_process)>

(Rank (q))
or (a_process >q)

—
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MARTE specification

SRM modelirlg framework

SW_interaction package

\

do skip ; SwMutualExclusionResource
end while ;

__Ada program MARTEZAAD@ AADL specification
Concurrency_Control_Protocol
property

exit when (Rank ( q)=0) Ocarina

thread enters a critical region :

Get_Resource
(on the shared data component)

exit from a critical region:

Release_Resource
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Formal methods integration in real-time software development
2/ Proof-based use cases: a sub-objectives technique

- !nserm
?Q\ Q Root specification
sub-problem R R TS~
- . . , . N ~So .
specification «lnclud/e» «include» ~ ~«include»
,/ \\\ S ~ -
/2 . A . “».
/ S ’ N 4 \\
SN N ’ \ hEN SN
- \ / \ / -
«mclud?;! \ . R4 ' include» N« ] ' «include»
N / N \
/ Yy Q ’ || 4 lﬁl v \
‘// TR . I )
b = = I T N
[S,] [¢SJ] [S q]
— proofs
[S] - Dil:l{l,q} [SI] repository
NEPTUNE 2010

Toulouse, May 18th, 2010 page 12



Formal methods integration in real-time software development

. . . wezzz il |
3/ Proof-based use cases: a sub-objectives technique neerm
‘l‘f”tmm” — antecedent
« consequents
consequent consequent consequent
/__-_—_-_-"‘-—-5
Consequent (null) consequent
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Formal methods integration in real-time software development T ——
4/ Architecture Model transformation: MARTE subset to AADL with ATL

.. Corresponds to ...

] <<swSchedulableRessource>> - Thread ECOre
n - Thread group
n - Shared Data...
[ - Subprogram...
n - Processor
m - Memory conformsTo conformhsTo onformsTo
n - Device...
[ - System
[ - Port... ATL CIGS
n - Mode
- ul
n - System Binding
|
conformsTo
MARTE.ecore AADL.ecore
rules established from + import
ATL libraries

source model to target :
Stereotype MARTE to AADL element
Ex:

<<swSchedulableRessource>> to Thread

conformsTo | MARTE2AADL.atl |conformsTo

(set of OCL matched rules

oCL: MARTEModel | . | AADLModel
do {thismodule.dsl(t, Thread); Transformation
I (source)

ATL module (target)
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Formal methods integration in real-time software development

5/ Reusable ATL code: helpers ~il inserm
Example on : MemoryPartition > Process implementation
(if non abstract and if the UML stereotype is MemoryPartition)
ATL helpers: ) (java) methods within # kinds of ATL units
Context (kind of elt) Helper_name (method’'s name)
me‘ramodgl return_type
S S s /
helper context UML2!Class def : isProcessimpl () : Boolean =
self.ilsAbstractzlfaIse and self.isStereotypeAppIie‘d(\ '‘MemoryPartition )/
\ Y 7 —~— <
operation_name OCL expression
*. (for parameters)
Refers to the contextual instance (UML2!Class)
EE=5T
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Formal methods integration in real-time software development

weizz 1l !nserm
6/ Automated Tool Support for c-limb activities: certifying the generated code & o
— algorithm Implementation
gﬂgm%mueymmm cesi= 1+ mex(RenK{1]. Rerk{N);
- i S ~ 4 Operation Body :
el @ fjocess) == \ 6e
Tyng ~ /eo, \ 1 N
. S, proqess a_process \in 1..
Extraction[q] ~ \ecl}c. vari Gbl e q:
S oy, beai sequence
ke L | J‘tngge?{q<N]q=q+l — - S \)‘/o egln Of Sfe s
e é = X <4 ; P
- Q ~ \eC/}e. ~ |L — = ..labeled actions (labels)
~ @aﬂq:(bv((ﬁ'aﬂmqumaﬂm 1 process))) | /cq ) While q /= N+1 do
~ Fr===————__ N~ 100
Citica ~ 1 e p. _."""l' — | = — el .
‘Ls_ﬂe_cf'c_‘”_w_"_: end while;
| “IT = = => cs: Rank [a_process]:=0;
end process
I State machine in +CAL [ \
Bakery:Mutex B .
—pm— Ada generation : Invariance checking in TLA+ (with TLC)
procedures
(PCALToAda translator)
§ last_trigger():v oid
¥ trigger2():v oid

Certification of the produced code
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Formal methods integration in real-time software development "
7/ Safe code generation and Modelchecking s nserm

O ANTLR v3.1.2 =» Ada 95 Code generation from the +CAL (p)

> ANTLR grammar, generates lexer, parser, AST, rewrite mapping
rules to the grammar

0O 2 simple commands java pcal2Ada.trans pgm translate +CAL into
Ada95 / java pcal.trans Algorithm - +CAL into TLA+

O The invariant to check is no 2 process are in state cs
0O IsMutex is a TLA+ operator defined just after the algorithm:
isMutex == Vi kel ..N:(i/=k)): => =((pcli ] = "cs") A(pc[k]

- llcsll))
= Then : we put assert answer = isMutex to check the algorithm
with TLC

= we simulate the algorithm (run)

E =52
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Formal methods integration in real-time software development szl Inserm
8/ Specifying a synchronization algorithm in +CAL

Institut national
de la santé et de la recherche médicale

other processes know if some

number requests are in progress or not

number of the request — — — — —

--algorithm bakery

Rank=[m € 1..N|-> 0];

process a_process € 1..N
variable q;
begin

variables Extraction = [k € 1..N |-> FALSE],

Extraction[a_process|.= 1RUE,

labeled actions | Rank[a_process]:= 1 + max(Rank[1]..

Extraction[a_process].= FALSE;

Rank[N]);

The “for” loop does not exist q:=1;
<« — — = While gq#N+1do
o ) while (Extraction[q])
attribution of the ticket .. L
“ busy waiting” (trying) - - do Sk!p ’
end while ;
wait until other processes while J((Rank[q]# 0) A ((Rank[q], q) < (Rank[a_process],a_process)))
with higher priorities - === doskip; <L -
have finished their job end while R ’.’
q=q+1; check on pid process
end while ;

\*The critical section
Rank [a_process].=0;
\* non-critical section...
end process
end algorithm

NEPTUNE 2010

Toulouse, May 18th, 2010

page 18



Formal methods integration in real-time software development szl Inserm
9/ P CALZA da 9A da 95 Pgm o —

procedure Entering (A _Process :in Proc_Index) is

begin
Extraction(A_Process) .= True ;
wait. Rank(A_Process) := 1 + Maximum:;
Extraction(A_Process) := False ; o guards
“p~for Qin 1. .Nloop e
Tooep. /,,:::/'
defay 0.1; .-~ .-~
< ., exitwhen not I;;etfactlon(Q);

exitsvhen Rank (Q)=0
//br else Rank (A}?_Process) > Rank (Q) or else (A_Process > Q)
_.-~end loop ;
C end loop ;
end Entering ;

exit of the loop

—— Exit Protocol
procedure Way Out (A_Process : in (Proc_Index) is
begin
Rank (A_Process) := 0;
end Way_Out ;
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From RUP to the C-Method software development process szl Inserm

1/ Each RUP (phase) iteration results in an executable  release

Requirements

Analysis & Design

Planning
Implementation

Management
Environment

Test

Evaluation

Deployment

In an iteration , you walk through all disciplines
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From RUP to the C-Method software development process =1 Inserm
2/ process iterations for complex systems A O = 0°F .

[Generation
[ Inception } “““ > | Elaboration Validation ] - >
[ Binding ]—’[Validation]
N
\

\
\ it
\ /
\ V4
’
\ ’
\ y
\ ’
\ k-

[Simulation

-
N\
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From RUP to the C-Method software development process i Inserm

3/ MDE Life-cycle evolution

Functional
reqs spec & analysis

Non-functional PI The classical V process

reqs spec & analysis
Architectural

decisions

Nog&itimctional PS
SiSpec & analysis The Y process :
: separation of domain & technical concerns

The Mirror MDE/MDA process :
separation of domain & technical, Pl & PS concerns E
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From RUP to the C-Method software development process szl Inserm
4/ C-Method and its lifecycle guided by the abstraction levels

[1 Non Functional
Bl Functional

B Proofs / Verification i VL (NFP

|
i Faizability : I +CAL | I UML 2 ﬂ::} AADL | Analysis Implementation

|
———————— |1 AADL
| SDV, Why | | Sequence ! ass diagrams | | : Design
_________ : : diagram: 1 9 b __ I
preof oo ;\{}_ 1 T _[ _} %E‘;;“;"_";;"_ﬂ_: P8AL2Ada Ocarina
: 1 Use Cases | | diagrams :
_________________ | ———e
r“,;,;;,é‘j‘; /&1 ----------------
[ co | Funct Req | Requirements Code :
| system ! o T s S R S S
a 6//}]’ T - /
" Conformity
€ | User rgquirements Static analysis
documgnt (non formal) Repositonies (abstract interpretation)
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From RUP to the C-Method software development process i Inserm
5/ The C-Method foundations

m [he strategy: multiple and // preparations of the other
phases = seamless transitions

e Activities are not seguential
e Many strata in the requirement phases
e 20% models generate 80% code

m 3 very large sub-processes to establish the guidelines
e C-brain -> software skeleton, global integration, verification

o —> architecture and execution framework
e C-limb - functional part, final realization
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From RUP to the C-Method software development process i Inserm

6/ The C-Method software development sub-processes

|||||||||||||

O Strategic
A
-~ —
?<2\ %Stra’[egic UC%sequence % class % Analysis
team 1 diagrams diagrams model
C_brain updates é validation é verification é integration
(2]
A

requirements

e N
R =» system =9» Proofs =» Why =» +CAL =» MARTE =2» A@DL

NFP functional Code
A
— N
User -
| Analysis
R s> Stvcure Do o B e 0
=
team_3
C_limb
~— 2 =2» Behavior=9 Algorithm=9» +CAL = XUML=» C\cﬁe
Code quality
NEPTUNE 2010 Toulouse, May 18th, 2010
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From RUP to the C-Method software development process i Inserm

|||||||||||||

6/ The c-brain activities

b1- manage the whole software development process
02- classify the requirements (strategic, user, system)
03- formalize the strategic requirements

b4- check the requirements to be conform to the non-formal
requirements

05- drive the strategic use cases
06- control the Analysis process
07- drive the integration process
08- drive the verification process until the last conformance step
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From RUP to the C-Method software development process i Inserm

6/ The c-heart activities

- extract the non functional properties from the first requirement
- formalize them
- check they are conform to the non-formal requirements
- translate them in an algorithm language
- prove them
- build the whole architecture analysis model (MARTE)
- prepare the software binding
- drive the MARTE2AADL transformation
- trace the NFP during the model transformation into AADL
- drive the scheduling analysis
- optimize the architecture
- bind the software on the hardware
- drive the execution framework generation
- drive the execution framework verification e
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From RUP to the C-Method software development process i Inserm

6/ The c-limb activities

|1- drive the functional requirements
|2- formalize them
I3- check their compliance to the non-formal requirements
|4- lead the structural analysis and design
e l41-identify the classes
e l42-extract the complex behavioral parts for 15

e l43-integrate and complete the skeletton
e las-generate a preliminary code skeletton

m [5- |lead the behavioral analysis and design
e I51- formalize algorithms in +CAL
e Is2-translate them into TLA+ specifications and check them with relevant invariants
e Is3-integrate the +CAL algorithms in the actions
o 154 lead the +CAL2Ada code generation

|6- test the binding

|7- validate the integration

I8- lead the functional validation

|9- verify the consistency with the requirements (abstract interpretation)
|10- manage the upgrade process until the death of the product
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w11 !nserm

Future works

m A certified translator PcAL2Ada (written in PVS)

m Integration of +CAL in a professional modeling tool
m Automate the abstraction phase of the C-Method (IA)

m Creation of user group / working group at the OMG
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Conclusions

= New phases

=  New activities

s Other iteration types

= New lifecycle, new method

s  Intermediate languages

= Languages integration techniques

m  Same overall logic: distribution of activities along the lifecycle
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