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are
accessed,or

they
can

be
inexact,ifP

IP
S

can
only

find
an

over-approxim
ation

ofw
hatis

really
accessed
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•
C

U
D

A
generation

◮

From
array

regions
to

G
P

U
m

em
ory

allocation
(II)

E
xam

ple

1
fo

r
(

i
=

0
;

i
<

=
n
−

1;
i

+
=

1
)

2
fo

r
(

j
=

i
;

j
<

=
n
−

1;
j

+
=

1
)

h_A
[

i
][

j]
=

1
;

can
be

decorated
by

P
IP

S
w

ith
w

rite
array

regions
as:

1
/
/

<
h_

A
[P

H
I1

][P
H
I2

]
−
W
−
E
X
A
C
T
−
{0<

=
P
H
I1

,
P
H
I2+

1<
=
n
,

P
H
I1<

=
P
H
I2}>

fo
r

(
i

=
0

;
i

<
=

n
−

1;
i

+
=

1
)

3
/
/

<
h_

A
[P

H
I1

][P
H
I2

]
−
W
−
E
X
A
C
T
−
{P

H
I1=

=
i
,

i<
=
P
H
I2

,
P
H
I2+

1<
=
n
,

0<
=

i}>
fo

r
(

j
=

i
;

j
<

=
n
−

1;
j

+
=

1
)

5
/
/

<
h_

A
[P

H
I1

][P
H
I2

]
−
W
−
E
X
A
C
T
−
{P

H
I1=

=
i
,

P
H
I2=

=
j
,

0<
=

i
,

i<
=
j
,

1+
j<

=
n
}>

h_A
[

i
][

j]
=

1
;

•
T

hese
read/w

rite
regions

for
a

kernelare
used

to
allocate

w
ith

a
c
u
d
a
M
a
l
l
o
c
(
)

in
the

hostcode
the

m
em

ory
used

inside
a

kernel
and

to
deallocate

itlater
w

ith
a
c
u
d
a
F
r
e
e
(
)
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•
C

U
D

A
generation

◮

C
om

m
unication

generation
(I)

C
onservative

approach
to

generate
com

m
unications

•
A

ssociate
any

G
P

U
m

em
ory

allocation
w

ith
a

copy-in
to

keep
its

value
in

sync
w

ith
the

hostcode

•
A

ssociate
any

G
P

U
m

em
ory

deallocation
w

ith
a

copy-outto
keep

the
hostcode

in
sync

w
ith

the
updated

values
on

the
G

P
U

•
B

uta
kernelcould

initialize
an

array,or
use

the
initialvalues

w
ithoutw

riting
into

it,or
use

itas
a

local(private)
array

•
(P

IP
S

does
have

m
any

privatization
phases)
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•
C

U
D

A
generation

◮

C
om

m
unication

generation
(II)

•
P

IP
S

gives
2

very
interesting

region
types

for
this

purpose
◮

In-region
abstracts

w
hatreally

needed
by

a
statem

ent
◮

O
ut-region

abstracts
w

hatreally
produced

by
a

statem
entto

be
used

later
elsew

here

•
In-O

utregions
can

directly
be

translated
w

ith
C

U
D

A
into

◮
copy-in

1
c
u
d
a
M
e
m
c
p
y
(
a
c
c
e
l
_
a
d
d
r
e
s
s
,

h
o
s
t
_
a
d
d
r
e
s
s
,

2
s
i
z
e
,

c
u
d
a
M
e
m
c
p
y
H
o
s
t
T
o
D
e
v
i
c
e
)

◮
copy-out

1
c
u
d
a
M
e
m
c
p
y
(
h
o
s
t
_
a
d
d
r
e
s
s
,

a
c
c
e
l
_
a
d
d
r
e
s
s
,

2
s
i
z
e
,

c
u
d
a
M
e
m
c
p
y
D
e
v
i
c
e
T
o
H
o
s
t
)

�
P

ar4A
llin

C
U

D
A

—
G

P
U

conference
10/1/2009

H
P

C
P

roject,M
ines

P
arisTech,T

É
LÉ

C
O

M
B

retagne,R
P

I
R

onan
K

E
R

Y
E

L
L

etal.
19

/46

•
C

U
D

A
generation

◮

Loop
norm

alization

•
H

ardw
are

accelerators
use

fixed
iteration

space
(C

U
D

A
:thread

index
starting

from
0...)

•
P

arallelloops:
m

ore
generaliteration

space
•

Loop
norm

alization

B
efore

1
fo

r
(
i

=
1
;
i

<
S
I
Z
E

-
1
;

i
+
+
)

2
fo

r
(
j

=
1
;
j

<
S
I
Z
E

-
1
;

j
+
+
)

{

s
a
v
e
[
i
]
[
j
]

=
0
.
2
5
*
(
s
p
a
c
e
[
i

-
1
]
[
j
]

+
s
p
a
c
e
[
i

+
1
]
[
j
]

4
+

s
p
a
c
e
[
i
]
[
j

-
1
]

+
s
p
a
c
e
[
i
]
[
j

+
1
]
)
;

}

A
fter

1
fo

r
(
i

=
0
;
i

<
S
I
Z
E

-
2
;

i
+
+
)

fo
r
(
j

=
0
;
j

<
S
I
Z
E

-
2
;

j
+
+
)

{

3
s
a
v
e
[
i
+
1
]
[
j
+
1
]

=
0
.
2
5
*
(
s
p
a
c
e
[
i
]
[
j

+
1
]

+
s
p
a
c
e
[
i

+
2
]
[
j

+
1
]

+
s
p
a
c
e
[
i

+
1
]
[
j
]

+
s
p
a
c
e
[
i

+
1
]
[
j

+
2
]
)
;

5
}
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•
C

U
D

A
generation

◮

From
preconditions

to
iteration

clam
ping

(I)

•
P

arallelloop
nests

are
com

piled
into

a
C

U
D

A
kernelw

rapper
launch

•
T

he
kernelw

rapper
itselfgets

its
virtualprocessor

index
w

ith
som

e
b
l
o
c
k
I
d
x
.
x
*
b
l
o
c
k
D
i
m
.
x
+

t
h
r
e
a
d
I
d
x
.
x

•
S

ince
only

fullblocks
ofthreads

are
executed,ifthe

num
ber

of
iterations

in
a

given
dim

ension
is

nota
m

ultiple
ofthe

b
l
o
c
k
D
i
m,

there
are

incom
plete

blocks

•
A

n
incom

plete
block

m
eans

thatsom
e

index
overrun

occurs
ifall

the
threads

ofthe
block

are
executed
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•
C

U
D

A
generation

◮

From
preconditions

to
iteration

clam
ping

(II)

•
S

o
w

e
need

to
generate

code
such

as

1
v

o
id

p
4
a
_
k
e
r
n
e
l
_
w
r
a
p
p
e
r
_
0
(

in
t

k
,

in
t

l
,
.
.
.
)

2
{

k
=

b
l
o
c
k
I
d
x
.
x
*
b
l
o
c
k
D
i
m
.
x

+
t
h
r
e
a
d
I
d
x
.
x
;

4
l

=
b
l
o
c
k
I
d
x
.
y
*
b
l
o
c
k
D
i
m
.
y

+
t
h
r
e
a
d
I
d
x
.
y
;

if
(
k

>
=

0
&
&

k
<
=

M
-

1
&
&

l
>
=

0
&
&

l
<
=

M
-

1
)

6
k
e
r
n
e
l
(
k
,

l
,

.
.
.
)
;

}B
uthow

to
insertthese

guards?

•
T

he
good

new
s

is
thatP

IP
S

ow
ns

preconditions
thatare

predicates
on

integer
variables.

P
reconditions

atentry
ofthe

kernelare:

1
/
/

P
(
i
,
j
,
k
,
l
)

{
0<

=
k
,

k
<

=
6
3
,

0<
=

l
,

l<
=

6
3
}

•
G

uard
≡

directly
translation

in
C

ofpreconditions
on

loop
indices

thatare
G

P
U

thread
indices
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•
C

U
D

A
generation

◮

C
om

plexity
analysis

(I)

•
Launching

a
G

P
U

kernelis
expensive

◮
so

w
e

need
to

launch
only

kernels
w

ith
a

significantspeed-up
(launching

overhead,m
em

ory
C

P
U

-G
P

U
copy

overhead...)

•
S

om
e

system
s

use
#
p
r
a
g
m
a

to
give

a
go/no-go

inform
ation

to
parallelexecution

1
#

p
rag

m
a

o
m
p

p
a
r
a
l
l
e
l

if
(
s
i
z
e
>
1
0
0
)

•
∃

phase
in

P
IP

S
to

sym
bolically

estim
ate

com
plexity

of
statem

ents

•
B

ased
on

preconditions

•
U

se
a

S
uperS

parc2
m

odelfrom
the

’90s...
,

•
C

an
be

changed,butprecise
enough

to
have

a
coarse

go/no-go
inform

ation

•
To

be
refined:

use
m

em
ory

usage
com

plexity
to

have
inform

ation
aboutm

em
ory

reuse
(even

a
big

kernelcould
be

m
ore

efficient
on

a
C

P
U

ifthere
is

a
good

cache
use)
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•
C

U
D

A
generation

◮

O
ptim

ized
reduction

generation

•
R

eduction
are

com
m

on
patterns

thatneed
specialcare

to
be

correctly
parallelized

•
R

eduction
detection

already
im

plem
ented

in
P

IP
S

•
E

fficientcom
putation

in
C

U
D

A
needs

to
create

localreduction
trees

in
the

thread-blocks

•
O

n-going
im

plem
entation

atR
ensselaer

P
olytechnic

Institute
(R

P
I)

w
ith

parallel-prefix
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•
C

U
D

A
generation

◮

Fortran
to

C
U

D
A

(I)

•
F

ortran
77

parser
available

in
P

IP
S

•
C

U
D

A
is

C
/C

+
+

w
ith

som
e

restrictions
on

the
G

P
U

-executed
parts

•
N

eed
a

F
ortran

to
C

translator
(f
2
c...)?

•
O

nly
one

internalrepresentation
is

used
in

P
IP

S
◮

U
se

the
F

ortran
parser

◮
U

se
the

C
pretty-printer

•
B

utthe
IO

F
ortran

library
is

com
plex

to
use...

and
to

translate
◮

Ifyou
have

IO
instructions

in
a

F
ortran

loop-nest,itis
not

parallelized
anyw

ay
because

ofsequentialside
effects

,

◮
S

o
keep

the
F

ortran
outputeveryw

here
butin

the
parallelC

U
D

A
kernels

◮
A

pply
a

m
em

ory
access

transposition
phase

a
(
i
,
j
)

;

a
[
j
-
1
]
[
j
-
1
]

inside
the

kernels
to

be
pretty-printed

as
C

•
W

e
could

outputC
U

D
A

F
ortran

directly
w

hen
available
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•
C

U
D

A
generation

◮

Fortran
to

C
U

D
A

(II)

•
F

ortran
90

and
95

supportis
quite

interesting
◮

D
ynam

ic
allocation

�
A

void
nasty

user
allocation

functions
in

F
ortran

77
used

to
allocate

objects
in

a
big

array...
�

W
as

a
parallelism

killer...

◮
D

erived
types

(C
structures)

�
A

void
using

m
ore

dim
ensions

to
arrays

to
sim

ulate
structure

fields
in

F
ortran

77
�

W
as

a
parallelism

killer,used
useless

dereferencing...

◮
P

ointers
�

U
sefulto

navigate
through

recursive
derived

type
�

W
as

a
parallelism

killer,used
useless

dereferencing...
�

M
m

m
...

Try
to

avoid
this

anyw
ay

,

•
M

ostofthese
concepts

are
in

C
,so

are
already

dealtby
P

IP
S

•
;

O
n-going

F
ortran

95
supportw

ith
the

g
f
c

parser
from

G
C

C
G

fortran
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•
C

U
D

A
generation

◮

Fortran
to

C
U

D
A

(III)

•
O

bject-oriented
F

ortran
2003?

H
ard

for
a

com
piler

to
understand

the
object-oriented

interproceduralpolym
orphism

...

•
P

rogram
m

er
should

avoid
itatlow

-levelfor
perform

ance
issues

◮
S

om
e

high-perform
ance

optim
izations

need
to

change
data

organization...
◮

...
thatm

eans
objectm

odelrestructuring
/

•
Is

there
a

culturalcom
m

unity
big

enough
to

have
object-oriented

F
ortran

program
s?

N
eed

a
big

library
ecosystem

to
have

com
petitive

advantage...
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•
C

U
D

A
generation

◮

P
ar4A

llaccelruntim
e

—
the

big
picture

(I)

•
C

U
D

A
can

notbe
directly

represented
in

the
internal

representation
(IR

,abstractsyntax
tree)

such
as

_
_
d
e
v
i
c
e
_
_

or
<
<
<
>
>
>

•
P

IP
S

m
otto:

keep
the

IR
as

sim
ple

as
possible

•
U

se
som

e
calls

to
intrinsics

functions
thatcan

be
represented

directly

•
Intrinsics

functions
are

im
plem

ented
w

ith
(m

acro-)functions
◮

p
4
a
_
a
c
c
e
l
.
h

has
indeed

currently
2

im
plem

entations
�

p
4
a
_
a
c
c
e
l
-
C
U
D
A
.
h

than
can

be
com

piled
w

ith
C

U
D

A
for

nV
idia

G
P

U
execution

or
em

ulation
on

C
P

U
�

p
4
a
_
a
c
c
e
l
-
O
p
e
n
M
P
.
h

thatcan
be

com
piled

w
ith

an
O

penM
P

com
piler

for
sim

ulation
on

a
(m

ulticore)
C

P
U
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