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Standard C++ for CPU and GPU

<ANVIDIA.
CUDA.
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for( i(0lu); i < nbElemen
tabResult[i] = tabX[i]*tabY[i];

}

t; ++1){
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for(

tabResult[i]
}

Explicit order
) not necessary

1(0lu); i < nbElement; ++i)
= tabX[i]*tabY[i]l;
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Explicit order
) not necessary
for( i(0lu); 1 < nbElement; ++i)

tabResult[i] = tabX[i]*tabY[il;

Element Wise
Operation

C++ Algorithm : std::transform

=] 0)4 tabX
tabyY tabRes
X1 YAl return xi * yi

(NEEEEEEEEE)N
I
(MEEEEEEEER) <
X
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C++ Explicit order
not necessary
for( i(0lu); i < nbElement; ++1i) Element Wise
tdbRE’SL-Lt[i] = Lal)}“\[l]*tabY[l]; Operation
}
. Z X
C++ Algorithm : std::transform ) )
tabX tabX = =
tabY tabRes ™ ™
X1 YAl return xi * yi ™ ™
C++ 17 / C++ 20 m -
| |
] |
tabX tabX u u
tabY tabRes !; !;
X1 Yal return xi * yi
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not necessary
for( i(0lu); i < nbElement; ++1i) Element Wise
tabResult[i] = tabX[i]*tabY[il; Operation
}
. Z X
C++ Algorithm : std::transform ) )
tabX tabX = =
tabY tabRes ™ ™
X1 YAl return xi * yi ™ ™
Execution Policy H ~ (m i
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tdbRE’SL-Lt[i] = Lal)}“\[l]*tabY[l]; Operation
}
. Z X
C++ Algorithm : std::transform ) )
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G++ 11

hadamard product O3 —s—i
hadamard product vectorize
hadamard product intrinsics

hadamard product cpp20 unseq vectorize
hadamard product cpp20 unseq vectorize align —s—
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Clang++ 14

hadamard product O3 +——i

hadamard product vectorize

hadamard product intrinsics

hadamard product cpp20 unseq vectorize
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Example : Saxpy
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Laboratoire &’Annecy de Physique des Particules.

Example : Saxpy

(NEEEEEEEEE)N

=aX

Element Wise
Operation

(EEEEEEEEEE) <
+
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Example : Saxpy

tabResult|i

i

i nbElement i
a tabX[i tabY/[i

(NEEEEEEEEE)N

=aX

Element Wise
Operation

(EEEEEEEEEE) <
+
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< LAPP Example : Saxpy
C++ Explicit order
f : bEL t . not necessary
oy i < nbElemen il .
tabResult|i a“tabX[i tabYLi Element Wise

=aX

(NEEEEEEEEE)N

Operation

(EEEEEEEEEE) <
+
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(LAPP Example : Saxpy

Explicit order

: : ) not necessary
for i i nbElement i

tabResult[i a‘tabX/i tab Element Wise

Operation
C++ Algorithm : std::transform
tabX tabX
tabY tabResult
xi yi return a“xi yi

(EEEEEEEEEE)N
|

(EEEEEEEEEE) <
+
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Example : Saxpy

for i i nbElement i
tabResult|i a tabX[i tabY 4

Catches Extra

C++ Algorithm : std::transform ‘igsladads)

tabX tabX
tabyY abResult
xi yi return—a“xi yi

Explicit order
not necessary

(NEEEEEEEEE)N

a X
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(LAPP Example : Saxpy

Laboratoire &’Annecy de Physique des Particules.

Explicit order
not necessary

C++

for i i nbElement i
tabResult|i a tabX[i tabY 4

Catches Extra

C++ Algorithm : std::transform ‘igsladads)

tabX tabX
abResult
xi yi return—a“xi yi
C++ 17 /C++ 20
tabX tabX
tabY tabResult
X1 yi return a‘xi + yi

(NEEEEEEEEE)N

a X
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(LAPP Example : Saxpy

Laboratoire &’Annecy de Physique des Particules.

Explicit order
not necessary

C++

for i i nbElement i
tabResult|i a tabX[i tabY 4

Catches Extra

i iables b
C++ Algorithm : std::transform g/
tabX tabX
tabY abResult
xi yi){ returnta‘xi + yi
C++ 17 /C++ 20 Execution Policy
tabY tabResult
X1 yi){ return a'xi + yi

(NEEEEEEEEE)N

a X
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(LAPP Example : Saxpy

for i i nbElement i
tabResult|i a tabX[i tabY 4

Catches Extra

C++ Algorithm : std::transform ‘igsladads)

tabX tabX
tabY abResult
xi yi){ returnMa‘xi + yi
C++ 17 /C++ 20 Execution Policy - seq
- unseq
- par
- par_unseq
tabyY tabResult
xi yi){ return a*xi + yi

Explicit order
not necessary

(NEEEEEEEEE)N

a X
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C-LUAPP  Saxpy : Performances
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saxpy cpp:
saxpy cpp20 unseq Ofast ——x—i
saxpy cpp20 unseq vectorize
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saxpy cpp:
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(LAPP Example : Reduction

Laboratoire &’Annecy de Physique des Particules.

C++
res(0.
for i i nbElement i
res tabValue|i X
return res
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(LAPP Example : Reduction

Explicit order
not necessary

every time

C++
res
for i i nbElement
res tabValue|i
return res
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(LAPP Example : Reduction

C++ Explicit order
not necessary
res ;
for i i nbElement i every time
res tabValue|i
return res

C++ 17 /C++ 20
return
vecX vecX
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- LAPP Reduction : Performances

Laboratoire &’Annecy de Physique des Particules

G++ 11 Clang++ 14

—— reduction 00 ——
reduction O3 +———i reduction O3 F—e—

reduction vectorize reduction vectorize

reduction intrinsics reduction intrinsics

reduction intrinsics interleaved8 reduction intrinsics interleaved8
reduction cpp20 unseq vectorize —s—i reduction cpp20 unseq vectorize —s—i
reduction cpp20 unseq vectorize align —es— reduction cpp20 unseq vectorize align +—s—i

]
c
H
&
£
5]
Gl
o]
o
o
£
@
a
@
©

Ay

0.01 L L L L i L L 0.01 L i L L L i L
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 1000 2000 3000 4000 5000 6000 7000 8000
b elemen b eleme

Pierre Aubert, GPU with C++420 CTA example



- LAPP std::transform : triadic
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- LAPP std::transform : triadic

Triadic:z=x+y
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- LAPP std::transform : triadic

Triadic:z=x+y

Quadriadic Computation
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(LAPP std::transform : triadic

Laboratoire &’Annecy de Physique des Particules.

Triadic:z=x+y

Quadriadic Computation
Classic C++

for i i nbElement i
tabRes |1 tabX|i tabY|i tabZ i

(AEEEEEEEEE) ©
|
(AEEEEEEEEE) X<
+
(AEEEEEEEEE) <
(AEEEEEEEEE) N

[y
(=]
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(LAPP std::transform : triadic

Triadic:z=x+y

Quadriadic Computation
Classic C++

for i i nbElement i i f>_(\ Y E
tabRes|1i tabX| i tabY |1 tabZ|i [ H H |
|| || | |
H | H |
= (=8 |,
| mtm [X|m
C++17/20/23 ] | ] |
|| | | ||
vecIndex vecIndex | u u u
vecX vecRes !/ !/ \!/ !/
i X
return (X vecY[1i vecZi

[y
(=]
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(LAPP std::transform : triadic

Triadic:z=x+y

Quadriadic Computation
Classic C++

for i i nbElement i i i Y E
tabRes |1 tabX|i tabY|i tabZ i H H | |
|| || | |
|| | | ||
|| | | |
N _ | + | X |
H | H |
C++ 17 /20/ 23 vecY, vecZ have to be std::vector ™ ™ ™ ™
|| | | ||
vecIndex H | | |
vecX U U U -
1 X
return (X
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(LAPP std::transform : triadic

Triadic:z=x+y

Quadriadic Computation
Classic C++

(MEEEEEEEEE) N

for i(0 i nbElement i i f>_(\ l
tabRes |1 tabX|i tabY|i tabZ i H H H
|| || ]
H | ]
| | ]
N _ | + ] X
H | ]
C++ 17 /20/ 23 vecY, vecZ have to be std::vector ™ ™ ™
|| | ]
vecIndex H [ | ]
vecX !/ !/ \!/
i X
return (X

Fully Vectorized
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(LAPP std::transform : triadic

Triadic:z=x+y

Quadriadic Computation
Classic C++

(MEEEEEEEEE) N

for 1(0Tu i nbElement i i (>_(\ 1
tabRes |1 tabX| i tabY |1 tabZ|i H H |
|| || ]
H | ]
| | ]
N _ | + ] X
H | ]
C++ 17 /20/ 23 vecY, vecZ have to be std::vector ™ ™ ]
std::transform(std: :execution: H | ]
d: :begin(vecIndex | u u
28( in(vecX ‘ !/ !/ g!/
i X
return (X

Fully Vectorized Needs extra index table
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(LAPP std::transform : triadic

Triadic:z=x+y

Quadriadic Computation

Classic C++

for i(01 i nbElement i i
tabRes |1 tabX|i tabY|[i tabZ/i =
H
|
. —
C++ 17 /20/23 vecY, vecZ have to be std::vector =
td: :transform(std: :executior |
vecIndex |
vecX !/
i X
return (Xx

Not vectorized

Fully Vectorized Needs extra index table with std::for_each
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(LAPP std::transform : triadic

Triadic:z=x+y

Quadriadic Computation
Classic C++

for i(01 i nbElement i i X 1 E
tabRes |1 tabX| i tabY |1 tabZ|i H H ] [ |

|| || ] ]

H | ] ]

| | ] ]

N _ | + ] X ]

H | ] ]

C++ 17 /20/ 23 vecY, vecZ have to be std::vector ] ] u u
:executio || | ] ]

vecIndex H | | | [ |

vecX !/ !/ g!/ !/

Not vectorized
Not vectorized with pointers vecX, vecY

Fully Vectorized Needs extra index table with std::for_each
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- LAPP std::transform : (X + Y) x Z

Laboratoirs ctAnnecy de Physiaue des Partcles
multi hadamard cpp20 unseq O3 +——+—i
multi hadamard cpp20 unseq Ofast +——x—i

multi hadamard cpp20 unseq vectorize

multi hadamard cpp20 unseq vectorize tmp

multi hadamard cpp20 unseq vectorize ptr
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- LAPP std::transform : (X + Y) x Z

Laboratoirs ctAnnecy de Physiaue des Partcles
multi hadamard cpp20 unseq O3 +——+—i
multi hadamard cpp20 unseq Ofast +——x—i

multi hadamard cpp20 unseq vectorize
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std::transform : (X + Y) x Z

multi hadamard cpp20 unseq O3 +——+—i
multi hadamard cpp20 unseq Ofast +——x—i
multi hadamard cpp20 unseq vectorize &
multi hadamard cpp20 unseq vectorize tmp
multi hadamard cpp20 unseq vectorize ptr

T T T T T
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std::transform : (X + Y) x Z

multi hadamard cpp20 unseq O3 +——+—i
multi hadamard cpp20 unseq Ofast +——x—i

multi hadamard cpp20 unseq vectorize &
multi hadamard cpp20 unseq vectorize tmp

multi hadamard cpp20 unseq vectorize ptr
' ' v ' ; But too much branching
and data copy
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std::transform : (X + Y) x Z

multi hadamard cpp20 unseq O3 +——+—i
multi hadamard cpp20 unseq Ofast +——x—i

multi hadamard cpp20 unseq vectorize &
multi hadamard cpp20 unseq vectorize tmp

multi hadamard cpp20 unseq vectorize ptr
' ' v ' ; But too much branching
and data copy
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std::transform : (X + Y) x Z

multi hadamard cpp20 unseq O3 +——+—i
multi hadamard cpp20 unseq Ofast +——x—i
multi hadamard cpp20 unseq vectorize &
multi hadamard cpp20 unseq vectorize tmp
multi hadamard cpp20 unseq vectorize ptr
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But too much branching
and data copy
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- LAPP std::transform : (X + Y) x Z

Laboratoirs ctAnnecy de Physiaue des Partcles
multi hadamard cpp20 unseq O3 +——+—i
multi hadamard cpp20 unseq Ofast +—»—

multi hadamard cpp20 unseq vectorize &
multi hadamard cpp20 unseq vectorize tmp

multi hadamard cpp20 unseq vectorize ptr
' ' v ' ; But too much branching
and data copy

Vectorised

Not Vectorized but

~  no data copy

™~ Vectorised
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- LAPP std::transform : (X + Y) x Z

Laboratoirs ctAnnecy de Physiaue des Partcles
multi hadamard cpp20 unseq O3 +——+—i
multi hadamard cpp20 unseq Ofast +—»—

multi hadamard cpp20 unseq vectorize &
multi hadamard cpp20 unseq vectorize tmp

multi hadamard cpp20 unseq vectorize ptr
' ' v ' ; But too much branching
and data copy

Vectorised

Not Vectorized but

~  no data copy

™~ Vectorised
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- LAPP std::transform : (X + Y) x Z

Laboratoire &’Annecy de Physique des Particules

multi hadamard cpp20 unseq O3 +——+—i
multi hadamard cpp20 unseq Ofast —s— MAAO
multi hadamard cpp20 unseq vectorize NP
multi hadamard cpp20 unseq vectorize tmp ~— Vectorised
multi hadamard cpp20 unseq vectorize ptr
' ' v ' ; But too much branching
and data copy

Not Vectorized but

~  no data copy

™~ Vectorised

But use temporary
vecXY
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- LAPP std::views::transform

Quadriadic Computation
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std::views::transform

auto tuple
auto X,y tuple
return x'y

VXY VXY
vecRes

Xy z

return xy 'z

vecX

vecZ

vecY

Quadriadic Computation

(AEEEEEEEEE) ©

(AEEEEEEEEE) X<

Pierre Aubert, GPU with C++420 CTA example

(EEEEEEEEER) <

(AEEEEEEEEE) N

[y
co



<-CAPP

Laboratoire &’Annecy de Physique des Particules

std::views::transform

auto vXY
auto tuple
auto X, VY, z
return x'y‘z

EXECUTION POLICY
244 VXY
vecRes
res
return res

tuple

vecX

vecY

vecZ

Quadriadic Computation

(AEEEEEEEEE) ©

(AEEEEEEEEE) X<
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< LAPP std::views::transform

Laboratoire &’Annecy de Physique des Particules

auto vXY
auto tuple
auto X, Yy, z
return x'y‘z

EXECUTION POLICY
VXY VXY
vecRes
res
return res

No extra table needed

vecX, vecY, vecZ

tuple Quadriadic Computation
R X Y Z
0 -
u | H u
u | H |
[ | | |
u | | X u
u | | |
u | H u
n | H |
| | | |
m @ = .
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< LAPP std::views::transform

Laboratoire &’Annecy de Physique des Particules

auto vXY vecX

auto tuple
auto X, Y, z tuple
return x'y‘z

EXECUTION POLICY
VXY VXY
vecRes
res
return res

Not vectorized yet

No extra table needed because of std::views::zip

vecZ

Quadriadic Computation

(AEEEEEEEEE) ©

(AEEEEEEEEE) X<
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< LAPP std::views::transform

Laboratoire &’Annecy de Physique des Particules

auto vXY vecX, vecY

auto tuple
auto X, Y, z tuple
return x'y‘z

EXECUTION POLICY
vXY vXY
vecRes
res Use std::tuple
return res Contiguous elements

Not vectorized yet
No extra table needed because of std::views::zip

vecZ

Quadriadic Computation

(AEEEEEEEEE) ©
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< LAPP std::views::transform

Laboratoire &’Annecy de Physique des Particules

auto vXY vecX, vecY

auto tuple
auto X, Y, z tuple
return x'y‘z

EXECUTION POLICY
vXY vXY
vecRes
res Use std::tuple
return res Contiguous elements

Not vectorized yet
No extra table needed because of std::views::zip

Not Vectorisable

A X X DA X X DX

vecZ

Quadriadic Computation
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< LAPP std::views::transform

Laboratoire &’Annecy de Physique des Particules

auto vXY vecX, vecY, vecZ
auto tuple L .
auto X, Yy, z tuple Quadriadic Computation
return x y z
R X Y Z
(o (o (o ()
EXECUTION POLICY = = = =
VXY VXY ] u ] ]
vecRes | | ] ]
res Use std::tuple H _ = ] 2 ]
return res Contiguous elements H ~ = X || |
u | H u
n | H |
Not vectorized yet H | H |
No extra table needed because of std::views::zip ) U - UJ
Not Vectorisable Vectorisable

PXIXDXDXDXIXIXIX

A X X DA X X DX
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- Steroscopic Reconstruction
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<-CAPP Next Development

- Steroscopic Reconstruction

Complete Refactoring
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- Steroscopic Reconstruction

Complete Refactoring

First with Offline Version
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(LAPP Next Development
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- Steroscopic Reconstruction

Complete Refactoring
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(LAPP Next Development

Laboratoire &’Annecy de Physique des Particules.

- Steroscopic Reconstruction

Complete Refactoring

RT A —>c+23/26

First with Offline Version

nVIDIA >
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(LAPP Next Development

Laboratoire &’Annecy de Physique des Particules.

- Steroscopic Reconstruction

Complete Refactoring

A —»‘ :+23/26

First with Offline Version

nVIDIA >

HiPeRTA offline version
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(LAPP Next Development

Laboratoire &’Annecy de Physique des Particules.

- Steroscopic Reconstruction

Complete Refactoring

A —»‘ :+23/26

First with Offline Version

nVIDIA >

HiPeRTA offline version
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(LAPP Next Development

Laboratoire &’Annecy de Physique des Particules.

- Steroscopic Reconstruction

Complete Refactoring

A —»‘ :+23/26

First with Offline Version

nVIDIA >

cuNumeric
Legate

HiPeRTA offline version /
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