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Relfying good concepts

* Modele représentant un certain code exécutable en abstrayant

certains aspects
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Reifying good concepts

* Modele représentant un certain code exécutable en abstrayant
certains aspects

nodename = getNodename ()
label=symbol.sym name.get (int(ast[0]).,ast[0])
print %s [label="%z'" % (nodename, label),

if isinstance(ast[l], str):
if ast[l] .strip():
print '= %="];' % ast[1l]
else:
foillt |u] 1
else:
Print L] ||] ; L]
children = []
for n, child in enumerate(ast[l:]1):
children.append (dotwrite (child))
print ! %s -> {' % nodename,
for name in children:
print '%s' % name,

_ Automatic generation /
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IR AT 0 TR

@ MOTOROLA
C ]
H I s 8 warPc 601™

A BIBM 1982

PPCABOIFF-066-1

A S23670W002

¥ Copynght Protected

l KAIR@ S Behavioral Semantics of Languages



UNIVERSITE :#a: 7
COTED’AZUR %<2~

Reifying good concepts

* Modele représentant un certain code exécutable en abstrayant

certains aspects

At the machine code level, a goto Is a
form of branch or jump statement.

Although at the pre-ALGOL meeting held in 1959, Heinz Zemanek
explicitly threw doubts on the necessity of GOTO statements, at
the time no one paid attention to his remark, including Edsger
Dijkstra, who would later become the iconic opponent of GOTO.

[3] The 1970s and 1980s saw a decline in the use of GOTO
statements in favor of the "structured programming" paradigm,
with goto criticized as leading to "unmaintainable spaghetti code"
(see below).
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http://en.wikipedia.org/wiki/Machine_code
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Reifying good ? concepts

Good is a point of view

* Modele représentant un certain code exécutable en abstrayant
certains aspects dans un but spécifique, pour un domaine particulier

[ Jin that letter Dijkstra argued that unrestricted GOTO statements
-should be abolished from higher-level languages because

(particularly those involving loops)

- Some programmers, such as Linux Kernel designer and coder
Linus Torvalds or software engineer and book author Steve

- McConnell, also object to Dijkstra's point of view, stating that

. GOTOs can be a useful language feature, improving program
. speed, size and code clearness, but only when used in a

- sensible way by a comparably sensible programmer.

Source: wikipedia
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Two possible usages of models

* Descriptive : Abstraction of an existing reality

To understand

o | Analyse

W, i Dinbl automate
e ' communicate

i e etc
.:. ma Prieta ~ :

hypacenter "

Calaveras

‘ San Andreas
Fault

Gregorio

* Prescriptive : Specification of something to be realized
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Two usages of models

* Descriptive : Abstraction of an existing reality
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Languages dédiés et modeles

* ...un principe qui a prouvé son efficacité dans de nombreux domaines

* ...permet de communiquer entre personnes comprenant le modele.

entrée sortie

Porte OUI (YES) I > 0 0
1 1
Deux notations pour chaque porte ?!
=l entrée sortie
Porte NON (NO} 1 b— ﬁ> " 1
— 1 0 . ) ] )
Mais la sémantique est donneée...
entrées sortie
= — 00 O
Porte ET (AND) & — } o 1 o - toutesles personnes comprenant
— — *1| 'fl’ 'fl’ la logique booléenne ?!
entrées sortie
Porte OU (OR) S Nw bs e+ 8
- 1 0 1
1 1 1
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Other kinds of models
1960 1970 1980 1990 2000

Models of Computation Petri Nets Kahn Proc. Networks S;nc:hmnnus Dataflow
Comp. Graphs Communllltln equential Processes

Modeling Environments Ptolemy Matlab/Simulink
Gabriel Grape-1l  etc.

Languages / Compilers Lucid_ Id_ Sisal Erlang Esterel Streamlt Brook
C IazyVAL Occam LUSTRE pH Cg StreamC
Strengths Weaknesses “Stream
Programming”

* Elegance  + Unsuitable for static analysis
* Generality + Cannot leverage deep results
from DSP / modeling community

Modeles d'abstraction forte, plus proche de l'analyse
du probleme que de la description de la solution
- réel impact sur I'informatique... par le cété théorique

William Thies (phd thesis)

. KAIR@ S Behavioral Semantics of Languages
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Transformational semantics

* Transformational : the semantics is defined by reducing constructs of the language to more
elementary ones by means of definitional transformations into a simpler language whose the
semantics is already given.

C T x86 assembly
language language
i i
|
defines \conﬁmvnsTb
conformsTo‘ \‘
| |
| mov eax, S$X
|
while(x <= 10) cmp eax, OxOA
{ jg end
S 'l'Jeginrﬁng:
} .
} inc eax

cmp eax, OxOA
jle beginning

end:
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Transformational semantics

https://stackoverflow.com/questions/35716868/gcc-02-optimize-to-wrong-behavior-is-it-a-bug

#include <stdio.h>

int main(int argc, char **argv)

{

KAIR@ S Behavioral Semantics of Languages

unsigned long i = 0;
while (1) {
if (++1 > oxAfffffffuL) {
printf("hello\n");
i=0;

gcc -O1

gcc -02

Disassembly of section .text:

00000000 <_main>:
#include <stdio.h>

int main(int argc, char **argv)

{
0: 55 push
1: 89 eb mov
31 83 e4 0O and
6: 83 ec 10 sub
9: e8 00 00 00 00 call
e: b8 00 00 00 20 mov
unsigned long i = 0;
while (1) {
if (++1 > exAfffffffuL) {
i=e 83 e8 01 sub
16: 75 fb jne

printf("hello\n");
18: C7 04 24 00 00 00 00 movl

1f: e8 00 00 00 00 call
24: eb e8 jmp
26: 90 nop
27: 90 nop

Disassembly of section .text.startup:

000000 < main>:
#include <stdio.h>

int main(int argc, char **argv)

{

0: 55 push
1: 89 eb mov
8E 83 e4 f0O and
6: 83 ec 10 sub
9: e8 00 00 OO e call
e: 66 90 xchg
10: C7 04 24 00 00 00 00 mov1
17: e8 00 00 00 00 call
1c: eb f2 jmp
le: 90 nop
1f: 90 nop

%ebp

%esp, %ebp
$oxfFfffffo,%esp
$0x10, %esp

e < _main+0xe>
$0Xx20000000, %eax

$0x1, %eax
13 < main+0x13>

$0x0, (%esp)
24 < main+0x24>
e <_main+oxe>

%ebp
%esp, %ebp

soxfrfffffo,

$0x10, %esp

Université
Nice sornn swmirours
kK

%esp

e <_main+@xe>

%ax , %ax
$0x0, (%esp)

1c <_main+@xlc>
10 < main+0x10>



https://stackoverflow.com/questions/35716868/gcc-o2-optimize-to-wrong-behavior-is-it-a-bug
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Axiomatic semantics

* Axiomatic: the semantics is defined by a logical theory associated to each language elements in
order to enable some properties to be proven (the formulae describe, for each statement,
the relation between the pre-state and the post-state of the executing the statement)

Hoare Tr'iEles

O Meaning of construct S can be described in
terms of triples:
{P}s{Q}
B Pand Q are formulas or assertions.
0 Pis apreconditionon S
[0 Qis a postconditionon S
B Asserts a fact (may be either true or false)
B The triple is valid if:
OO0 execution of S begins in a state satisfying P
0 S terminates
0 resulting state satisfies Q

http://www.cs.purdue.edu/homes/suresh/565-Spring2009/lectures/lecture-6.pdf

|MR@S
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Operational semantics

* The operational semantics for a programming language describes how a valid program is interpreted as
sequences of computational steps. These sequences then are the meaning of the program.

* Structural Operational Semantics [http://homepages.inf.ed.ac.uk/gdp/publications/sos_jlap.pdf]

condition (n,o) I n n in state o, evaluates to n
Rewriting rule (a,0) I n “expression a in state o, evaluates to n”
(X,0) J o(X) “location X evaluates to its contents in a
state”
(b,o) | false :
— while loops
(while b do c,0) || o ( ps)
while () (b,o) || true (c,o) || ¢” (while b do c¢,0”) || o’
do - (while b do ¢, ) | o/
done -

(B, s) = true iB,'s) = false
(while Bdo C,s) — (C;while Bdo C,s) (while BdoC,s) — s

l KAIR@ S Behavioral Semantics of Languages
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GEMOC approach : context

* We consider models that can be interpreted according to their (concurrent and timed)
operational semantics
* We do not want to implement all the tooling for each new language

Meta- _ : : .
languages What is a Syntax What is an operational semantics
- bl A Language
Xecutaple
DSML . =y |
Smax  Oherene
! Tooling the
meta language
conformsT to avoid tooling
Executabl (partially) each language
m):)edceli able A model implements guag
Runtime An interpreter

. KAIR@ S Behavioral Semantics of Languages
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Globalization of Modelling langages : Challenge 1

Modell

How to formally Behawor Structure
specify model
behavior in a generic
and abstract way ?

1

parameterizes

Generic simulator and model checker

How to automatically reason

Cl on the behavior of a model ?

l KAIR@ S Behavioral Semantics of Languages
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Globalization of Modelling langages : Challenge 3

C3

What is (are) the
appropriate
metalanguage(s) to
specify a behavioral

semantics
?

Language Dedicated to
Behavioral Semantics
Specification

Conforms to

How to make explicit
the concurrency and

time in the specification ) :
of behavioral semantics Behavioral Semantics

7
Concurrency = =
& Time

What tooling can

be developed to

take benefits of a
modular description

of the semantics
?

|Conforms to

. KAIR@ S Behavioral Semantics of Languages
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Modeling and Simulation
— Co-simulation

/_SCADE SCADE
——

Simulink

¢

Coordinator

Ask to simulate the individual models
Realize Data propagation
Ensure Time consistency

— Mostly Time triggered and generic coordinators in the State of the Art

(Tavella, 2016)

g AR®S

(Tavella, 2016)

—Accuracy — — Rollback —— — Performance
Period
Event If event detected, rollback & cyper tl | cctone
Event Detection Dt = max (min step, Dt/2) FMU [““l No activity
t activity
rue
true WCET Communication t
| Step Si
al | false EMU o, Size
alse I — - simulation
Original step size I
= — - I t 5 A\ Communication Point t
Original step size —
t tieat -
(Centomo, 2016)

Julien DeAntoni



Modeling and Simulation

- the CoSIm20 framework (Giovanni Liboni’s thesis)

Coordination
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Coordination

Interface Rich Interface
overHeatController ConneCtorS CPUinBoxWithFan
e sucron] ot o
Simulation - .
imulation
U nit :?Ocn;);:j;nuz?ra[ure I:I when cpuTemperature is ready to be read D((Olm,pm,TOS;;aer ' i
[l eortemper
L orspecacommens
Native Runtime API P Automated Native Runtime API
(e.g. FMI, GEMOC) % Generation (e.g. FMI, GEMOC)
Execution
+ Act
data get/set ction
9 Exchanges
Runtime < MM P ANNE— Runtime
Coordination Coordination
API > |Z| > API
(e.g. Java, (e.g. Java,
Python) Python)
IMQ

.iﬁ;AIR@S

An advanced modeling environment
with explicit rich connectors
specifying when and how each data
must be coordinated

A distributed runtime framework
with a coordinator tailored to the
system, mixing timed and event
triggered communications

Julien DeAntoni
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Globalization of Modelling langages : Challenge 2

C2

Modell Model2 Modeln

Behavior Structure Behavior | Structure

Behavior Structure

Behavior | | Strueture What are the different What are the impacts
correspondences that of correspondences
exist between models on the global behavior

2 ?

l KAIR® S Behavioral Semantics of Languages
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Expectations

/S

7 I‘s;em interface
trace / ‘ AN o —
h-pattern
| -] |
N N
L1 L Horizontal £ L2
AN R patterns S —— R N
syn semantics E Z semantics syn
A c
: E E :
L L
— h-cor > prop
|
‘ | | \ |
| N Horizontal correspondences ¥ |
T
M1 E E M2
R R
F F
A A
. C C "
properties E E properties
) properties ~

Property relations
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