UC Berkeley 2012 Short Course on Parallel Programming

Parallel Programming on
Windows and Porting CS267



Agenda

* Overview of parallel programming landscape
* C++ AMP
e CS267 port to Windows



PARALLEL COMPUTING LANDSCAPE



The free lunch

IS SO over

Welcome to
the jungle

1975-2005

Put a computer
on every desk, in
every home, in
every pocket.

8/12/2012

2005-2011

Put a parallel
supercomputer
on every desk, in
every home, in
every pocket.

2011-201x

Put a massively parallel
heterogeneous super-
computer on every
desk, in every home,
in every pocket.

Herb Sutter — “Welcome to the jungle”
David Callahan - AMP




Xbox360

commercially available
90nm, 2005 65nm, 2008 to millions

commercially affordable
for millions

commercially programmable
by millions

note: everything in “the mainstream” starts out in “the egotic”
GUIsv~ objectsv” parallelismv”
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Hardware Evolution

Ca/e in scale out
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Programming Models & Languages

Specialized

(Y)

Specialized

(X)

Simple

Processors

Complex

8/12/2012

= (GP)GPU

Unified

NUMA cache  NUMA RAM Incoherent /

weak

Memory

UCB Parallel Bootcamp 2012 - Matej Ciesko

Disjoint
(tight)

Disjoint
(loose)

10




Programming Models & Languages
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Specialized

(Y)

Specialized

(X)

Simple
InO

Processors

Complex
000

8/12/2012

Unified

NUMA cache  NUMA RAM Incoherent /

weak
Memory

UCB Parallel Bootcamp 2012 - Matej Ciesko

Disjoint
(tight)

Disjoint
(loose)

12




Programming Models & Languages
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C++ AMP

Accelerated
Massive Parallelism

Unified NUMA cache  NUMA RAM Incoherent / Disjoint

weak (tight)
Memory [
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Disjoint
(loose)
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Matrix Multiply

Convert this (serial loop nest)

void MatrixMult( float* C, const vector<float>& A, const vector<float>& B,
int M, intN, int W)
{

for (inty=0; y < M; y++)

for (int x=0; x < N; x++) {
float sum = 0;
for(inti=0; i<W, i++)

sum += A[y*W +i] * B[i*N + x];

C[y*N + x] = sum;

}

}

8/12/2012 UCB Parallel Bootcamp 2012 - Matej Ciesko
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Matrix Multiply

CICRNE ... to this (parallel loop, CPU or GPU)

{ void MatrixMult( float* C, const vector<float>& A, const vector<float>& B,
int M, int N, int W)

for (int
for (i { i
flo.  array_view<const float,2> a(M,W,A), b(W,N,B);
for(  array_view<writeonly<float>,2> c¢(M,N,C);

st parallel_for_each( c.grid, [=](index<2> idx) restrict(direct3d) {
Cly float sum = 0;

} for(inti=0; i< a.x; i++)
} sum += a(idx.y, i) * b(i, idx.x);
c[idx] = sum;
)

}



Why C++ AMP?

C++, not C
mainstream, programmable by millions
minimal, just one general language extension
portable, mix & match hardware from any vendor, one EXE

general and future-proof, designed to cover the full range of
hardware heterogeneity — hardware is still in motion

8/12/2012 UCB Parallel Bootcamp 2012 - Matej Ciesko 16



Language Design: Parallelism Phase 1

Single-core to multi-core

C++ PPL

® Parallel
Patterns
Library

(VS2010)
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Language Design: Parallelism Phase 1

Single-core to multi-core

forall( x, y) ~
forall( z; w; v ) C++ PPL
forall( k, I, m, n)

e ? Patterns
Library

(VS2010)

Parallel

8/12/2012 UCB Parallel Bootcamp 2012 - Matej Ciesko 18



Language Design: Parallelism Phase 1

Single-core to multi-core

@ )\ C++ PPL

Parallel
Patterns
parallel_for_each( Library
items.begin(), items.end(), (VS2010)
[=]( Item e)
{
... your code here ...
b

8/12/2012 UCB Parallel Bootcamp 2012 - Matej Ciesko 19



1

language feature for multicore

and STL, functors, callbacks, events, ...



Language Design: Parallelism Phase 2

Multi-core to hetero-core

Accelerated
Massive
Parallelism

? > C++ AMP
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Language Design: Parallelism Phase 2

Multi-core to hetero-core

restrict

C++ AMP

Accelerated
Massive

parallel_for_each( Parallelism

items.grid,
[=](index<2> i) restrict(direct3d)
{

... your code here ...

1);

8/12/2012 UCB Parallel Bootcamp 2012 - Matej Ciesko 22



1

language feature for
heterogeneous cores
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C++ AMP at a Glance

restrict()

————

array_view<T,N>

Unified NUMA cache = NUMA RAM Incoherent /

Memory

weak
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restrict()

Problem: Some cores don’t support the entire C++ language.

Solution: General restriction qualifiers enable expressing language
subsets within the language. Direct3d math functions in the box.

double sin( double ) restrict(cpu,direct3d); // 1: same code for either
double cos( double ); // 2a: general code
double cos( double ) restrict(direct3d); // 2b: specific code

parallel_for_each( c.grid, [=](index<2> idx) restrict(direct3d) {

sin( data.angle ); // ok
cos( data.angle ); // ok, chooses overload based on context

D



restrict()

* |nitially supported restriction qualifiers:
— restrict(cpu): The implicit default.

— restrict(direct3d): Can execute on any DX11 device via
DirectCompute.

* Restrictions follow limitations of DX11 device model
(e.g., no function pointers, virtual calls, goto).

 Potential future directions:

— restrict(pure): Declare and enforce a function has no side
effects. Great to be able to state declaratively for
parallelism.

— General facility for language subsets, not just about
compute targets.



Functionally Restricted Processors

int myFunction( int x, int y) restrict(amp) ‘

{
// only call similarly restricted functions | // overload resolution
// no partial word data types int myFunction(int x, int y) restrict(amp);
// no exceptions, try or catch int myFunction(int x, int y) restrict(cpu);
// no goto int myFunc(int x) restrict(cpu,amp);

// no indirect function calls |

// no varargs routines
// no new/delete // evolution over time

// very restricted pointer usage int myFunction(int x, int y) restrict(amp:2);
// no static variables ‘

8/12/2012 UCB Parallel Bootcamp 2012 - Matej Ciesko 27



array_view

* Problem: Memory may be flat, nonuniform, incoherent, and/or disjoint.

* Solution: Portable view that works like an N-dimensional “iterator range.”
— Future-proof: No explicit .copy()/.sync(). As needed by each actual device.

void MatrixMult( float* C, const vector<float>& A, const vector<float>& B,
int M, intN, int W)
{

array_view<const float,2> a(M,W,A), b(W,N,B); // 2D view over C++ std::vector
array_view<writeonly<float>,2> c(M,N,C); // 2D view over C array

parallel_for_each( c.grid, [=](index<2> idx) restrict(direct3d) {

b
}



Example Matrix Multiplication

void MatrixMultiplySerial( vector<float>& vC,
const vector<float>& VA,
const vector<float>& vB, int M, int N, int W)

{

for (int row = 0; row < M; row++) {
for (int col = 0; col < N; col++){
float sum = 0.0f;
for(inti=0;i< W, i++)
sum += vA[row * W +i] * vB[i * N + col];
vC[row * N + col] = sum;
}
}

void MatrixMultiplyAMP( vector<float>& vC,
const vector<float>& VA,
const vector<float>& vB, int M, int N, int W)
{
array_view<const float,2> a(M,W,vA),b(W,N,vB);
array_view<float,2> c(M,N,vC);
c.discard_data();
parallel_for_each(c.extent,
[=](index<2> idx) restrict(amp) {
int row = idx[0]; int col = idx[1];
float sum = 0.0f;
for(inti=0;i<W; i++)
sum += a(row, i) * b(i, col);
c[idx] = sum;
}
);
c.synchronize();

}

8/12/2012
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Disjoint Address Space, One Name Space

e array_view<> enables
copy-as-needed semantics

Build on C++ lambda
capture rules

Explicit allocation via
array<> & accelerators

- Future-proofing for

shared memory
architectures

8/12/2012

array_view<const float,2> a(M,W,vA), b(W,N,vB);

array_view<float,2> c(M,N,vC);

parallel_for_each(c.extent,
[=](index<2> idx) restrict(amp) {
int row = idx[0]; int col = idx[1];
float sum = 0.0f;
for(inti=0; i<W, i++)
sum += a(row, i) * b(i, col);
c[idx] = sum;

}
);
11 | I
[=] () mutable throwi() -= int
{
mmt m = x + y;
X = ¥,
6 —| DY
Freturn n;

!
UCB Parallel Bootcamp 201R - Matej Ciesko
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Explicit Caching

 Embrace a multi-core with private caches

* Extend data-parallel model with explicit

tiling

* Within tiles, barrier coordination + shared

storage

Key uses:

Capture cross-thread data reuse

Fast communication
Reductions, Scans Caches

Nearest-neighbor

Processors

Vector | J I

8/12/2012 UCB Parallel Bootcamp 2012 - Matej Ciesko
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Improve Matrix Multiply with tiling

In block form, each block-level multiply-accumulate can be done in cache

ENERNEEREEER

-
-
-
-
-
-
-
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Explicit Caching: Tiles

void MatrixMultSimple(vector<float>& vC, const void MatrixMultTiled(vector<float>& vC, const
vector<float>& VA, const vector<float>& vB, int M, int N, vector<float>& VA, const vector<float>& vB, int M, int N,
int W) int W)
{ {
static const int TS = 16;
array_view<const float,2> a(M, W, vA), b(W, N, vB); array_view<const float,2> a(M, W, vA), b(W, N, vB);
array_view<float,2> c(M,N,vC); c.discard_data(); array_view<float,2> ¢(M,N,vC); c.discard_data();
parallel_for_each(c.extent, parallel_for_each(c.extent.tile< TS, TS >(),
[=] (index<2> idx) restrict(amp) [=] (tiled_index< TS, TS> t_idx) restrict(amp)
{ {
int row = idx[0]; int row = t_idx.global[0];
int col = idx[1]; int col = t_idx.global[1];
float sum = 0.0f; float sum = 0.0f;
for(int k = 0; k < W; k++) for(int k =0; k < W; k++)
sum += a(row, k) * b(k, col); sum += a(row, k) * b(k, col);
c[idx] = sum; c[t_idx.global] = sum;
H); H);
} }
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Explicit Caching: Coordination

void MatrixMultTiled(vector<float>& vC, const vector<float>& VA, void MatrixMultTiled(vector<float>& vC, const vector<float>& VA,
const vector<float>& vB, int M, int N, int W) const vector<float>& vB, int M, int N, int W)
{ {
static const int TS = 16; static const int TS = 16;
array_view<const float,2> a(M, W, vA), b(W, N, vB); array_view<const float,2> a(M, W, vA), b(W, N, vB);
array_view<float,2> c(M,N,vC); c.discard_data(); array_view<float,2> c(M,N,vC); c.discard_data();
parallel_for_each(c.extent.tile< TS, TS >(), parallel_for_each(c.extent.tile< TS, TS >(),
[=] (tiled_index< TS, TS> t_idx) restrict(amp) { [=] (tiled_index< TS, TS> t_idx) restrict(amp
tile_static float locA[TS][TS], locB[TS][TS];
int row = t_idx.global[0]; int col = t_idx.global[1]; int row = t_idx.local[0]; int col = t_idx.local[1];
float sum = 0.0f; float sum = 0.0f;
for (inti=0;i<W;i+=TS){
locA[row][col] = a(t_idx.global[0], col + i); o
locB[row][col] = b(row + i, t_idx.global[1]); 2
t_idx.barrier.wait(); =
for(intk = 0; k < W, k++) for (intk=0; k < TS; k++) &};
sum += a(row, k) * b(k, col); sum += locA[row][k] * locB[k][col]; .
t_idx.barrier.wait();
}
c[t_idx.global] = sum; c[t_idx.global] = sum;
H; )
} }

8/12/2012 UCB Parallel Bootcamp 2012 - Matej Ciesko 34




C++ compilation & deployment

FXC
| Link-time —>
Code gen

C++ compilation units, separate until linking

hello_amp.exe |

veampii0.dl |

Directx | peL |

After launch, hardware-specific JIT, same as for graphics

Single “fat” binary with native CPU code and DX11 bytecode I

Driver | WARP |

8/12/2012 UCB Parallel Bootcamp 2012 - Matej Ciesko



GPU Debugging

o0 MatrixMultiplication (Debugging) - Microsoft Visual Studia

File Edit Wiew Project Build Debug Tearn Tools &rchitecture  Test Snalyze MWindow Help
- E- S B9 - | b Debug Win32 |
3 oh B ar 208G eEenddir e aale =% Q0

[ || 3 R e G BB - -
K

i Process: | [3636] Matrishlultiplication.exe | Thread: | [0, 0]

-] W 22 Stack Framer | wmaini_|

:<lambda_31BCEDSDAR462AR "

[E=S =8 =

Matricultiplication.cpp 4

{Global Scape) ~| % _tmain(int arge, TCHAR * argu{])

a9 random_init_vector(vB); =|
58 F
51 //Perform the matrix multiplication on the GPU

52 extent<2> eA(M, N), eB(N, W), eC(M, W);

array<int, 2> ma(eA, vA.begin());
array<int, 2> mB(eB, vB.begin());
array<int, 2> mC(eC);

= parallel_for_each(grid<2>(eC), [=, &, &6, &C] (index<2> idx) restrict(dire
int result = @;
for(int i = @; i < mA.grid.extent[1]; i++)

index<2> idxa(idx[@], i);
index<2> idxB(i, idx[1]); =
result += mA[idxA] * mB[idxB];

}

mC[idx] = result;

Kermel: | parallel_for_each<2, 77 = "\\Vl ol

Thread: 0, 0 0.L,0.1

Thread Count  Line Address Location Status
Y 252 threads 0x000001BC _kernel_stub() W Active
¥ 4 threads Line 62 0:00008E70 wrnaing; :<lambda_31BCGD5DIB46245F > [l Active

8/12/2012

Parallel Stacks
[Toreas ] 2158 0

[ 2 4 GPU Threads ]
| = <lambda 31BCGDSDIBA62AAF > zoperator() |

-~ 236 GPU Threads

“ _kernel_stub

W e | b Filter by Boolean expression o-
[Thread) @ idx @ idt @ i <dd Watch

v oo ma { M base={0,01] [ M.base= {0, 2] [M base={2,0}]

v oony {M_base={0,1}] [ Mbase={0,2}] [ M base={2,1}}

v {M_base={1, 0} [ Mbase={1,2}] LM base={2,0}}

v L1 [ Mbase={1,1}] [ Mbase=[12]] {M_base={21}}

UCB Parallel Bootcamp 2012 - Matej Ciesko

Bring CPU
debugging
experience
to the GPU
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GPU Debugging

[

parallel for_each(grid<2:({eC), [=, &ra, &rB, &nC] (index<2> idx) restrict(dire

(P ]

Bring CPU
debugging
experience

Parallel Stacks

_'Il‘ —
8 int result = 8;
9 for(int i = 8; i < mA.grid.extent[1]; i++)
B i
61 index<2» idxA(idx[@], 1i);
2 index<2» idxB(i, idx[1]);
3 result += mA[idxA] * mB[idxB];
4 ;
5 mC[idx] = result;
6 1)s
7
b | 62 | index<2> idxB(i, idx[1]); uI
o 63 result += mA[idxA] * mB[idxB];
: zm[idx] = result;
66 s
67
68 m

GPU Threads + X

Kermel: | parallel_for_each<2, 77 = \\e”l ol

Thread: 0, 0 0.L,0.1

Thread Count  Line Address Location Status
Y 252 threads 0x000001BC _kernel_stub() W Active
¥ 5 4threads Line 62 0:00008E70 wirnainz:_|5: <lambda_31BCE0SD9B46284F = [l Active

8/12/2012

|Threads -

W] J %R

to the GPU

&+ 4 GPU Threads

"]

<lambda_31BC6D5D9B462AAF >::operator()

f

= 256 GPU Threads

* _kernel_stub

UCB Parallel Bootcamp 2012 - Matej Ciesko
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GPU Debugging

.GPU Threads *OXx
Kemel: | parallel for_each<16,16, ~| "W | gia | 4} )
Tile 0, 0 0.7,0.15 | Thread: 0, 0 0.150.15
Thread Count Line Address Location Status Tile
~  Thread Group: [0, 0] (256 Threads) -
¥ 252 threads 000012708 | _S2CIBEEA_3BS8D _4BFC_S6DE_7D17D68D0242 M Active [0,0]
¥ 2 threads Line22  0x00012A88 ObtainAbsolutelndex Diverged [0, 0]
¥ 2 threads Lineld3  0x00012BAC  CalculateAbsolutelndex B Active [0, 01
~  Thread Groun: I0_11(256 Threads)
v 252t L;:'ﬁ" LSl A2 W Active [0, 1]
Y 2 thr 2 active threads at CalculateAbsolutelndex line 13 (address 0x00012BAC) Diverged [0,1]
v 7 tth 2 diverged threads at ObtainAbsolutelndex line 22 (address 000012 A88) B Active [0,1]
~  Thread Group: [0, 10] {256 Threads)
¥ 252 threads 0x000127D8  _52C1BEEA_3B3D_4BFC_86DE_7D17D68D02A2 M Active [0, 10]
Y 2 threads Line 22 00001 2288 ObtainAbsolutelndex Diverged (@, 107
Y 2 threads Linel3 O0012BAC CalculateAbsolutelndex B Active [, 107
#  Thread Group: [0, 11] (256 Threads)
¥ 252 threads 000012708  _52C1BEEA_3BSD_4BFC_B6DE_7D17068D0242. M Active [0, 11]
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GPU Profiling

ﬁ' GPU MatMult_2011-...06_131225.CvTrace &= >

CPU

Thread Id

(i) 5 of 9 channels hidden from view Show All Channels

Utilization Threads

Zoom]— Sortby:  Start Time * Markers= | 1 U ¢ U 2B £

7380 Main Thread
5300 Worker Thread

T ———— i (]

Cores Demystify

Seconds

Mame P . 1 % ' ' N N % ' N N 1 N N N N ? N ' L L ? i 1 1

GPU Adapter 0 (GPU Mathult,PID=6572) —

GPU Adapter 0 (other processes) GPU Access

Visible Timeline Profile
27% [ Execution
50% W Synchronization
23% [ Lo
0% W Slesp

0% Memery Management

0% Preemption
0% B UIProcessing

Process: GPU MatMult (PID=65672)
DMA Packet Type: ClientRenderBuffer
Duration = 3129.7234 ms

fﬂ Profile Report | &5 Current |L Unblocking Stack | @) Hints |

There are 1 overlapping GPU segments selected: Copy

Context Handle ProcessID DMA Packet Type  Submit Time(ms) Delay In Queue{ms) Start Time(ms) Processing Duration(ms) Total Time in Hardware Queue(ms)
0xAB5FAE20 GPU Mat  ClientRenderBuffer 3,131,249 0.000 3131.249 6.390 6.390

Per Thread Summary
Disk Operaticns
Markers

8/12/2012
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oD
Microsoft®

Visual Studio

PORTING CS 267
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Assignment 1
Serial Performance

e Assignment target: Single thread performance
* Learning goal:

— ldentify performance bottlenecks Using Visual Studio
— Use Iibra ries students can aChieve near
— Optimize kernel optimal performance by
+ Problem: C «AXB +C A B,C eR™™ __applying standard
) optimization techniques.
e Solution: Performance:
OptlmizatiOnS Intel i7 620M dgemm performance comparison /
_ Blocking —.—.ﬂd'e"l _ﬂ.ﬂ E| Kane ——Simple biocked dgere —#— Solution example
— Loop unrolling aangtyat et ne gyt '-'.--..-..--'--.---'-'-'Mf“ B,
— PrefetChing Ea_?i.."'ll-.‘Jll.‘r,1r"'1ft'_'-,-'LlJ rrrrrr "_""I.rr””'hllrrlx‘lﬁI_.-'\'H.,rl“'“"j"—'r'_'"_"' PR a—
— Vectorization =
— Repacking data §
[...] "
see 2 Rk A %@? s tz*"\_}{f }-x‘zxﬂ,_.ﬁ_lx-x'”x—xxmxﬁ_x X/m""‘xx-x*x,_‘ff' = f " _x"_"\,'_\x)<

g 4P & & PFEFELFIIF IR FTIELF 'ziaé\cea

8/12/2012 ' UCB ParaIIeI Bootcamp 2012 I\/IateJ gmemmmmemm



o

Function Code View
CAUsers\mate\Desktop'L

Assignment 1 (Cont.)

Current View: Processes

- | Y

% W %

kepp m X -

1 # Specify the profiling method
7 ﬁ Using Visual Studio
3 Cll Profiling your application can help diagnose performance problems and identify the amm. " 3 student can identify
A v most common expensive methods in your application. To begin, choose a profiling d'D *
method from the options below. 2 bhe-lﬁan?ance bOtt|eneCkS.
5 { What method of profiling would you like to use?
b (®) CPU sampling (recommended)
7 < 0.1 % Monitor CPU-bound applications with low overhead
a i () Instrumentation
Measure function call counts and timing
9 2.0 %_ () .NET memory allocation (sampling)
18 2.1 % Track managed memory allocation
11 87.6 %I () Resource contention data (concurrency)
. Detect threads waiting for other threads
12 < B8.1%
13 < P.1 % Read more about profiling methods
14 3
15 H
16
‘. [msver110.dl )] 0.00 | msver110.dll
----- dgemm_kernel _ — ? 1.52 | Matmul.exe
—_— < Previous Next = Finish Cancel
----- dgemm_otcopy ! 0.04 | Matmul.exe
----- dgemm_oncopy 3] o 3 (.03 | Matmul.exe
----- ldgemm_nn 1 1 0.00 0.00 | Matmul.exe
—8/12/2012 UC€BParattel Bootcamp 201 2= MatejCiesko 42



Assignment 2
Parallel Programming

Using Visual Studio

e Assignment target & learning goal: students can easily write
— Parallelize given problem parallel code in native

— Distributed & shared memory parallelism threads, OpenMP, MPI,

C++ AMP.

— Accelerators (CUDA)

* Problem: n-body
On Windows:

Native threads
OpenMP, PPL

#finclude <amp.h>

array view<particle t, 1> particles av(n, particles);
for( int step = 0; step < NSTEPS3; step++ )

{

parallel_for_each{parti:les_av.extent, [=] (index<l> i) restrict(amp) {
particles av[i].ax = 0;
particles av[il.ay = 0;
for (int j = 0; j < n; Jj++ ){

apply force( particles av[i], particles av[3j] );
}
bhs

. MPI paral;eizfo;:?irl:hl{faizi[i;—_a‘le:x‘;:r:nt [=] (index<l> i) restrict(amp) {
i
 Ctt AMP | particies av.spnensonize0
- Performance comparison: (initial/ trivial solution, n = 1000)
Threading OpenMP PPL MPI C++ AMP*
3.49 sec 2.21 sec 2.33 sec 2.70 sec 2.41 sec
8/12/2012 UCB Parallel Bootcamp 2012 - Matej Ciesko 43



Using Visual Studio
Assignment 2 (Cont.)  “[imiii

patterns and timing.

Particles 2012-07-13_121926.CvTrace ¥ X QEEeE= sadl
——

LTI Cores
i Zoom [ z
Millis
1,320 1,340 1,360 1,380 1,400
Name 1 | 1 1 1 1 | 1 1 1 1 ‘ 1 1 1 1 | 1 1 1 1 | 1 1
Logical Core 0 4 1 r 1 11 | Wl 1
Logical Core 1 . § [ ' ¥ /¥ [ ! ¥y [ [l 0 | Wl
Logical Core 2 e | (A | il | i | @ w @ | 1
Logical Core 3 NN NI P ... 4oy
< >
Thread ID Thread Name Cross-Core Context Switches Total Context Switches Percent of Context Switches that Cross Cores

I 7420 Worker Thread | 3 12 2500 %
| SR Worker Thread | 2 48 417 %
| EES Worker Thread | 2 44 455%

2

1

1

[ 7268 Worker Thread 41 488 %
B s Main Thread 57 175 %
B s Worker Thread 18 5.56 %
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Using Visual Studio

ASSignment 2 (CO nt.) students can deep dive

e QOversubscription

into synchronization
patterns and timing.

16% [ Execution
[ UL 0% M synchonization
] ] 0% W O
(R R I @i 0% W Sleep
| [T o% W emory Manager,
INNEE 84% Preemption
o% I ULPo
* Lock Convoys
24% N Execution
76% I Synchronization
I I I T ©
0% I Sleep
N N N N NN . o venscemen
I e Preemption
o% I UIProcessing

e Uneven Workload distribution

wsizstion
“ ‘
34

(1 (0L o o O AR 1M e I A TRV R




Lab

* Get hands-on experience using Visual Studio
profiling and parallel debugging functionality

* Experiment with C++ AMP

Sources

 AMP blog: http://blogs.msdn.com/b/nativeconcurrency/
* H. Sutter blog: http://herbsutter.com/
e NsfPPC: http://www.nsfppc.net



Thank you for your attention!



