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Introduction to ACG

Beginning of 90s

First use of
modeling tool for
command law
design

| 1990 1995 2000 2008 >

Beginning of 90s

Code generators exist

but are not able to Beginning of 2000s

produce code meeting

serial constraints. They Code generators adapted to
are malnl.y used for: embedded serial code begin to
* Simulation be mature enough to be used in
» Rapid prototyping production
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Renault V-cycle

Shared activities between
supplier and Renault \ — \

Requirements
\ System

. . V&V
Functional Requirements \ Functional \

include models Requirements
\ IeS[ |-'|an

\ Software

. mgs . Requwements

Renault activities concerning Software
. : V&V

software : Software Quality Soﬁwam

Assurance Archltecture

Management of the SW development

-
cycle at the supplier Coding
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Renault Process flow to the coding phase

Specification of the function

Requirements the function should satisfy (data processing, i
performances, interface...) Function’s

Structured in a document Specification

Design of the function =)

Decomposition of the function into elementary modules =
« Functional architecture of the function »

Can be formalised in a functional model, often executable
Is an entry for the software coding activity

Function’s
Design

Validation plan of the function
Test cases needed to verify each requirement.

Use of the validated executable functional model as a
behavioral reference (MIL/SIL)

Function’s
Validation Plan
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Manual vs Automatic Code Generation
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C source
code
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ACG Tools Examples

Implementation C source
Functional model Q. model
Q=7

Qf\\\ ///ZQ i . 8

CONVERSION }_{ \

code

GENERATION

m==m) | LLL)  Code generator
Modeling tools Generators
Simulink/Stateflow ™ Targetlink™  RTW Embedded Code™
StatematTeM STM Developer™
SCADETM SCADETM
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New activities introduced by ACG

- Adaptation to generator’'s constraints

Optimization

~—— =

V&V

Py
o
o
-
N
=
=h
Q
Q
=
@)
-

T
2
O
Q
=5

(@)

. . ___ __ _ _ __ __ _ _ __ _ _ __ _ _ _ __ _ _ _ __ _ _ __ _ _ _ _ __ _ _ __ __ ___ _ ___ _ _ __ _____ ______ ___ ___________4

—

o)
S,
=
3
)
-
)
=
o
)
Q
-
Q
=
o
=

e 4 e 4

RENAULT SAS

Frederic MONDOT / Caroline LU DATE : 08/05/2008 STRICTLY CONFIDENTIEL 1 RENAULT




Example — Adaptation to generator’s constraints 1/2

« Special » block

not supported by |: _f
the generator il

L J

mpteur de temps

Swiitch

state_flag

Yy
[* *]

Multiplication of boolean
values = not optimal
and not supported by all

5 generators

e —_—— —

| Moz bereesterEns N | L
___________________ |
| Optimization J : |
P nnnnnnnnns o
| Robustification | | vay,
O O L S S St S e | |
| Scaling - :
|
|

_____________________ ) \____

v

12 RENAULT

RENAULT SAS
Frederic MONDOT / Caroline LU DATE : 08/05/2008 STRICTLY CONFIDENTIEL




Example — Adaptation to generator’s constraints 2/2

“Generator
Friendly” o

Repl t —
cpipcement [\ |

L J

mpteur de temps

Switch

state_flag

Yy
[+ ]

Multiplication replaced
by more efficient

____________________ —_—
| Adaptation to generator’s constraints J : } bOOIean OperatOI’
___________________ e | =T
| Optimization ' : | > j U
____________________ ) |
—————————— =S ' I
| Robustification )1 vay
——————————————————— o ——— : |
| Scaling - :
I
|

_____________________ ) \____
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Current business model and problems

OEM Supplier
Functional model SW design o C source
And specification & ¥ code
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Current business model and problems

OEM > Supplier >

Functional model

And specification@ @% model

3\\ |

Implementation C source
code

\4}\ 7 : , munmnmm M;
CONVERSION H "T1“L ¥ GENERATION
Code generator
e . . I
Adaptation of Models to ACG constraints

= Request for evolution of the functional model to avoid the risk of an important
rework during conversion phase.

Exhaustive textual specification with the model
= Without textual specification the model difficult to understand by the supplier,

the supplier may have to reverse engineer the model to get the requirements
(needed for test coverage)
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Situation 1
OEM Gg Supplier

Nl

« Generator Constraints )
* Optimization Model Modifications
* Robustification " potentially « heavy »
Functional Model » Scaling
X - Software Integration ) Implementation Model

|
—— AT AR N W e | v m‘?{
»..n‘\n».u..r"..‘m..:,. . : T ~— -\\ . g - I . v i : E/\,a.
s =270 11 Generator | 1 Robustification ;- Scaling, Nk
5 ol 1] £ :_.__: | . | o U G ! ‘ e ;
e eI _constraints i1 optimization | | Integration )

Activities potentially long : models could >
be very different | N

i Impact Analysis N
and modification of the implementation model
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3. ACG Impacts on process
Situation 2

OEM h Supplier

Functional I Implementation

Model

| Generator | |_~obusHNIcation
. | —f———=c
| constraints |

A
sl | n| [ 2o

New Implementation
Model

Modifications porting is boosted due to
the similarity of the models
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Situation 3 |

O/EM ____________________ ? Supp“er

! A part of ACG constraints is taken)

' into account in the model design } I
phase : Implementati
| > Modeling Rules 1 mplementation
: - Components library | Model Ee
| | i == =
e N m—————= —
! P 1 | : b
| | Generator E __RPE’H?[_'f'_C_a_t'?n | _§9§|ln_91' ['{[@ i
| T B po——————x J
i __constraints | " optimization | | Integration | S F e
|
|
|
|
|

New Implementation
Model
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Quality

GENTATION e

COMPALATION R
ACG greatly reduces the number of interpretation and coding errors
ONLY IF

Z

=
E

/AThe quality of conversion phase is under control
= Implementation models need to be validated
=» Functional models need to be closer to implementation ones in order to
reduce the risk

ADeviations due to generator or compiler are under control

K-)Unit testing on the compiled code is mandatory )
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Productivity

@
&

A

ACG can bring up to 20% gain on productivity
ONLY IF
AThe conversion workload is under control
=» Taking some of the ACG constraints at the level of functional modeling can
greatly reduce the conversion effort at a very low cost
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Code performance

,<

' CON\‘{SION : 1 R

GENERATION  COMPILATION %

)
h._[.l:
| m

EE

[ ACG has a relatively small (0 to 30%) perf overhead over manual coding }

ONLY IF
4 )
A The model is “optimized”
=>» As for compilation, a non optimized model will produce non optimized code.
At the latest, the model needs to be optimized during conversion.
A The generator produces optimized code
= The performance of generated code highly depends on the generator’'s
- configuration
- optimization mechanisms )
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Conclusion

A trend : More and more suppliers wish to use and will
use Automatic Code Generation (ACG)

ACG is not a “push button” process only

= A lot of work is necessary before and after the production of the code
= V&V activities are always present
= New business model (new development flow)

ACG allow to reduce systematic coding errors

G
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Questions / Answers

ILL NEED TO KNOW
YOUR REQUIREMENTS

BEFORE I START TO
DESIGN THE SOFTWARE. |
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E-mail: SCOTTADAMSS ACLCOM

FIRST OF ALL,
LIHAT ARE YOU
TRYING TO
ACCOMPLISH?

[

MAKE YOU DESIGM

I'™M TRYING TO
MY SOFTWARE.

B 2008 Seoil Adama, bne. Dl by UFS ne,

I MEAN WUHAT ARE
YOU TRYING TO
ACCOMPLISH WITH
THE SOFTWARE?

T LJONT KMOW LIHAT
1 CAN ACCOMPLISH
UNTIL YOU TELL ME

WHAT THE SOFTWARE

CAN DO,

TRY TO GET THIS
COMCEPT THROUGH YOUR
THICK SKULL: THE
SOFTWARE CAM DO
LHATEVER T DESIGN
IT TO DO

© Scott Adams, Ine./Dist. by UFS, Inc.
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CAN YOU DESIGN
IT TO TELL YOU
MY REQUIREMENTS?
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