Blazing-fast code using GPUs and
more, with Microsoft Visual C++

Daniel Moth, Parallel Computing Platform, Microsoft
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C++ Accelerated Massive Parallelism

Heterogeneous platform support in Visual Studio
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N-Body Simulation demo
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The Power of Heterogeneous Computing

100X

146X 36X 19X
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Interactive lonic placement for Transcoding HD Simulation in Astrophysics N-
visualization of molecular video stream to Matlab using .mex body simulation
volumetric white dynamics H.264 file CUDA function
matter connectivity simulation on GPU

24X 30X

149X || 47X

Financial GLAME@lab: An Ultrasound Highly optimized Cmatch exact string
simulation of M-script API for medical imaging object oriented matching to find
LIBOR model with linear Algebra for cancer molecular similar proteins and

swaptions operations on GPU diagnostics dynamics gene sequences




CPUs vs GPUs today

Low memory bandwidth
Higher power consumption
Medium level of parallelism
Deep execution pipelines
Random accesses
Supports general code
Mainstream programming
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High memory bandwidth
Lower power consumption
High level of parallelism
Shallow execution pipelines
Sequential accesses
Supports datgparallel code
Niche/exotic programming




Tomorrow...
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1 We have designed
a mainstream solution
not only for today,
but also for tomorrow




C++ AMP

1 Part of Visual C++
+ Visual Studio integration

+ STHike library formultidimensional data

1 Builds on DirectX

performance
productivity
portability

o9

Microsoft Visual C++
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Hello World: Array Addition

void AddArraygint n, int * pA, int* pB, int * pQ

{
for (inti=0; i<n; i++) How do we take the serial code on
{ | | | the left that runs on the CPU and
} pdi] =pAl] + pH]; convert it to run on the GPU?

}




Hello World: Array Addition

void AddArraygint n, int * pA, int * pB, int * pQ

{

for (int i1=0; i<n; i++)

pdi] =pAl] +pH];

#include amp.»
using namespace concurrency;

void AddArray¢int n, int * pA, int * pB, int * pQ
{
array_vievkint,1>a(n, pA);
array_viewint,1>b(n, pB);
array_viewint,1>sum(n pO;

parallel _for_each
sum.grid
[=](index<1>dx) restrict(direct3d)
{

sumiidx] = ajdx] + bjidx];

}

)i

}




Basic Elements of C++ AMP coding

SLICIERBIRCE I void AddArray@int n, int * pA, int * pB, int * pQ

ergléte theth { - restrict(direct3d): tells the compiler t¢
ambda on the UV L TN YR check that this code can execute on
accelerator once array_viewsint,1>b(n, pB);  Eelli=av EGEin Nz =

per thread array_viewkint,1>sum(n pO);

array_view Wraps the data

parallel_for _each
to operate on the accelerato

sum.grid

gﬁ:,i)tehce,frt]ﬁ :2232 ?S : [=](index<1>idX) restrict(direct3d
{

execute the lambda

sumlidx] = ajdx] + bfidx];

array_viewvariables captured and

index: the thread ID that is running the copied to device (on demand)
lambda, used to index into captured arrays




grid<N>, extent<N>, and index<N>

1 Index<N>
represents an Mlimensional point

1 extent<N>

number of elements In each dimension
of an Ndimensional array

b grid<N>
origin (index<N>) plus extent<N>
} N can be any number
conveniences for up to 3 dimensiorsyX




Examples: grid, extent, and index

iIndex<>i1(2); iIndex<2i2(0,2); iIndex<3>13(2,0,1);
\_L*_.L_I_l a [—
6 . T 2 <
extent<1> el(6); extent<2> e2(3,4); extent<3> e3(3,2,2);
grid<1> g1(el); grid<2> g2(e2); grid<3> g3(e3);

grid<3> g(index<3>(47,58,12), extent<3>(3,2,2fJ;

e
I/ cubic indices from-{ -1 -1) through ©8,98,98) e
grid<3> g(index<34(-1,1), extent<3>(100,100,100)); oren SR




array<T,N>

Multi-dimensional array of rank N with element T
Storage lives on accelerator

\ 4

vector<dnt> v(96);

extent<2> e(8,12);// e.y==8,e.x==12;

array<int,2 a(eyv.begin(), v.end));

// In my lambda

index<2>i(3,9); // iy==3;ix==09;

int o = a[i]; //=a(i[q], i[1]); // = a(.y, i.X)




array_view<T,N>

} View on existing data on the CPU or GPU

} Usage considerations vector<int> v(10)
array_vievsT,N> NN

I extent<2> e(2,5);

array_view<constT,N> o= _
— array_viewkint,2> a(e, v);

array_viewkwriteonly<T>,N>

[labove two lines can be written
/[ array viewkint,2> a(2,5,v);




Data Classes Comparison

-_

Rank at compile time== l.
Extent at runtime
Rectangular

Dense

Origin always at zero
Container for data

Explicit copy

Capture by reference [&]
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}
}
}
}
}
}
}
}

Rank at compiléme
Extent at runtime
Rectangular

Dense in one dimension
Orign can be nofzero
Wrapper for data

Future proof design
Capture byalue [=]




parallel_for_each

} Executes théambda foreach point in the grid
} Asif synchronous in terms of visibsede-effects

1. parallel for_each(

2. grid<N>
3. [ ](index<N>restrict(direct3d)
{
/I kernel code
}

1)




restrict(...)

1 Applies to functions (including lambdas)

} Why restrict
Targetspecific language restrictions
Optimizations or special coegen behavior

} Functions can have multiple restrictions
INBINBf SFaS S | NB AYLIcCBWS
&cpLE ¢ the implicit default




