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U
se

the
S

ource,Luke...

H
ardw

are
is

m
oving

quite
(too)

fastbut...

W
hathas

survived
for

50+
years?

F
ortran

program
s...

W
hathas

survived
for

30+
years?

C
program

s,U
nix...

•
A

lotoflegacy
code

could
be

pushed
onto

parallelhardw
are

(accelerators)
w

ith
autom

atic
tools...

•
N

eed
autom

atic
tools

for
source-to-source

transform
ation

to
leverage

existing
softw

are
tools

for
a

given
hardw

are

•
N

otas
efficientas

hand-tuned
program

s,butquick
production

phase
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•
P

ar4A
ll

◮

P
IP

S
(I)

•
P

IP
S

(InterproceduralP
arallelizer

ofS
cientific

P
rogram

s):
O

pen
S

ource
projectfrom

M
ines

P
arisTech...

≈
150

h
·y

R
&

D
,21-year

old!

•
F

unded
by

m
any

people
(French

D
oD

,Industry
&

R
esearch

D
epartm

ents,U
niversity,C

E
A

,IF
P,O

nera,A
N

R
(French

N
S

F
),

E
uropean

projects,regionalresearch
clusters...)

•
O

ne
ofthe

projectthatcoined
polytope

m
odel-based

com
pilation

•
≈

456
K

LO
C

according
to

D
avid

A
.W

heeler’s
S
L
O
C
C
o
u
n
t

•
...

butm
odular

and
sensible

approach
to

pass
through

the
years

◮
≈

300
phases

(parsers,analyzers,transform
ations,optim

izers,
parallelizers,code

generators,pretty-printers...)
thatcan

be
com

bined
for

the
rightpurpose

◮
N

ew
G

en
objectdescription

language
for

language-agnostic
autom

atic
generation

ofm
ethods,persistence,objectintrospection,

visitors,accessors,constructors,X
M

L
m

arshaling
for

interfacing
w

ith
externaltools...
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•
P

ar4A
ll

◮

P
IP

S
(II)

◮
Interproceduralà

la
m
a
k
e

engine
to

chain
the

phases
as

needed.
Lazy

construction
ofresources

◮
P

olytope
lattice

(linearalgebra)used
for

sem
antics

analysis,
transform

ations,code
generation...to

dealw
ith

big
program

s,not
only

loop-nests
◮

H
uge

on-going
efforts

to
industrialize

the
project,extension

ofthe
sem

antics
analysis

for
C

•
A

round
15

program
m
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currently

developing
in

P
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P
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P
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É
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P
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public
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C
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and
use

itfor
m

any
projects

•
B

utstill...
◮

H
uge

need
ofdocum

entation
(even

ifP
IP

S
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literate
program

m
ing...)

◮
N

eed
ofindustrialization

◮
N

eed
furthercom
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to
increase
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m

unity
size
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•
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unding
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•
P

ar4A
ll

◮

C
urrentP

IP
S

usage

•
A

utom
atic

parallelization
(C

&
F

ortran
to

O
penM

P
)

•
D

istributed
m

em
ory

com
puting

w
ith

O
penM

P
-to-M

P
Itranslation

[S
T

E
P

project]

•
G

eneric
vectorization

for
S

IM
D

instructions
(S

S
E

,V
M

X
,N

eon...)
(S

A
C

project)
[S

C
A

LO
P

E
S

]

•
P

arallelization
for

em
bedded

system
s

[S
C

A
LO

P
E

S
]

•
C

om
pilation

for
hardw

are
accelerators

(Ter@
P

IX
,S

P
oC

,S
IM

D
,

F
P

G
A

...)
[F

R
E

IA
,S

C
A

LO
P

E
S

]

•
H

igh-levelhardw
are

accelerators
synthesis

generation
for

F
P

G
A

•
R

everse
engineering

&
decom

piler
(reconstruction

from
binary

to
C

)

•
G

P
U

C
U

D
A

code
generation

[TransM
edi@

,F
R

E
IA

,O
penG

P
U

]

•
G

enetic
algorithm

-based
optim

ization
[Luxem

bourg
university]

�
P

anel:
com

pilers
for

em
bedded

system
s

@
E

S
W

E
E

K
2009

H
P

C
P

roject&
T

É
LÉ

C
O

M
B

retagne
R

onan
K

E
R

Y
E

L
L

22
/27

•
P

ar4A
ll

◮

F
uture

w
ork

in
P

IP
S

(I)

•
P

Y
P

S
:polishing

P
ython

scripting
w

ith
S

W
IG

(
;

easy
extension

to
other

religions
,

)

•
M

ix
heterogenous

//:
G

P
U

and
C

P
U

execution,w
ith

S
S

E
x

,
O

penM
P

and/or
M

P
I...

•
O

penC
L

output[O
penG

P
U

project]

•
Ifsom

eone
spentsom

e
tim

e
to

w
rite

#
p
r
a
g
m
a

inform
ation...

U
se

them
!
,

•
E

clipse
(E

cliP
IP

S
)

integration
to

apply
transform

ations
and

get
easy

feedback
[O

penG
P

U
project]

•
U

se
advanced

tiling
to

take
advantage

ofvarious
w

eird
m

em
ory

hierarchy:
cache/shared/non-coherent/shared

m
em

ory/texture
cache/...

•
S

electoptim
altransform

ations
and

code
generation

param
eter

by
using

genetic
algorithm

system
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F
uture

w
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S

(II)

•
U

sing
com

plexity
inform

ation
to

selectthe
bestexecution

m
ode

(G
P

U
or

C
P

U
)

•
M

atlab
to

C
U

D
A

com
piler

•
G

enerate
run-tim

e
specialization

and
speculation

w
hen

som
e

static
inform

ation
is

lacking
atcom

pilation
tim

e
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•
C

onclusion
◮

C
onclusion

(I)

•
W

e
need

open
standards

to
avoid

sticking
to

som
e

architectures

•
N

eed
softw

are
tools

and
environm

ents
thatw

illlastthrough
business

plans
or

com
panies

•
O

pen
im

plem
entations

are
a

w
arranty

for
long

tim
e

supportfor
a

technology
(cf.

currenttendency
in

m
ilitary

and
nationalsecurity

projects)

•
E

nd
ofclear

separation
ofem

bedded/M
ID

/P
C

/H
P

C
system

s

•
Tools

too
com

plex
to

afford
1

differenttoolper
application/architecture

dom
ain

•
S

cripting
is

an
efficientw

ay
to

team
differenttools

•
Lotoflegacy

softw
are

need
to

survive
to

m
anycore

revolution

•
S

ource-to-source
com

piler
a

good
place

to
begin

w
ith:

the
source

is
the

value
ofthe

application
rightnow

•
U

se
#
p
r
a
g
m
a

to
exchange

m
eta-inform

ations
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C

onclusion
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C
onclusion

(II)

•
Letthe

S
ource

be
w

ith
You!

¡W
e

need
you!

W
e

have
already

P
hD

students,
engineers

and
researchers

around
P

ar4ll,butm
any

hard
issues

rem
ains...
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P
ar4A
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supported
by...

•
H

P
C
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roject(France)

•
M
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P

arisTech
(France)

•
InstitutT

É
LÉ
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O

M
/T

É
LÉ
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O

M
B

retagne
(France)
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R
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P

olytechnic
Institute
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S

A
)

•
E

uropean
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E
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IS
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C
A
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project
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French
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F
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)
F

R
E

IA
project

•
French

Im
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N
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orks
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TransM
edi@

project
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•
Table
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m

atières
◮

H
P

C
P

rojectcom
pany

2
M

ulticores
strike

back...
4

G
P

G
P

U
s:

justm
ore

integrated...
5

TechnoC
loC

gy
shrinking

6

1
S

oC
ftw

are
O

utline
8

¿
D

id
you

say
softw

are?
9

R
ealsoftw

are
10

E
xtracting

parallelism
in

applications...
11

...
but

m
ultidim

ensionalheterogeneity!
12

N
otreinventing

the
w

heel
13

¡A
ssociate

differenttools!
14

B
ridging

tools
from

differentdom
ains...

15

2
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O
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16
W
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need

softw
are

tools
17

U
se
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S

ource,Luke...
18
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