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void memcpy( int * dest , int * src , int N) {

for ( int i =threadId.x ; i < N; i +=threadDim.x ) {

dest [ i ] = src [ i ];

}

}

Function Call Re-Vectorization

SIMDimplementation of memory copy.
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}
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Warp-synchronouswrapper for SIMD memory copy.

void memcpy_wrapper ( int ** dest , int ** src , int * N, int mask) {
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dest [ i ] = src [ i ];

}

}
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void memcpy_wrapper ( int ** dest , int ** src , int * N, int mask) {

EVERYWHERE{

for ( int i =0; i < threadDim.x ; ++i ) {

if ( not (mask & (1 << i ))) continue ; // skip thread ñi ò

dest_i = shuffle ( dest , i );           // if it is divergent

src_i = shuffle ( src , i );

N_i = shuffle (N, i );

memcpy( dest_i , src_i , N_i );

}

}

}

Warp-synchronouswrapper for SIMD memory copy.

void memcpy_wrapper ( int ** dest , int ** src , int * N, int mask) {

memcpy<<<1, 4>>> ( dest [ tid ], src [ tid ], N[ tid ]);

}

/¦5!Ωǎ nested kernel call: Dynamic parallelism

SIMDimplementation of memory copy.

Too much 
overhead

Too many
lines of code

void memcpy_wrapper ( int ** dest , int ** src , int * N, int mask) {

crev memcpy( dest [ tid ], src [ tid ], N[ tid ]);

}
Simplicity + Performance, a.k.a.

CREV



Function Call Re-Vectorization

Our goal is to increase the programmabilityof languages that 
target SIMD-like machines, without sacrificing efficiency.

Programmabilityof algorithms 
involving function calls:
ω Quicksort
ω Depth-First Search
ω Leader election
ω String matching
ω etc

SIMD-like hardware
ω GPUs
ω SSE vector units
ω AVX vector units
ω etc

SIMD function calls 
within divergent regions



DEPARTMENTOFCOMPUTERSCIENCE

UNIVERSIDADEFEDERALDEMINASGERAIS

FEDERALUNIVERSITYOFMINASGERAIS, BRAZIL

CONCEPTS



/ƻƴŎŜǇǘǎΥ CƭȅƴƴΩǎ ¢ŀȄƻƴƻƳȅ



/ƻƴŎŜǇǘǎΥ CƭȅƴƴΩǎ ¢ŀȄƻƴƻƳȅ

SIMD (Single InstructionMultiple Data):
Å Oneinstructionfetcher
Å Multiple processingunits

Å Global memorybench
Å Private memorybench

Å Lockstepexecution



/ƻƴŎŜǇǘǎΥ CƭȅƴƴΩǎ ¢ŀȄƻƴƻƳȅ

SIMD (Single InstructionMultiple Data):
Å Oneinstructionfetcher
Å Multiple processingunits

Å Global memorybench
Å Private memorybench

Å Lockstepexecution All processing unitsexecute 
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Kernel for parallel execution (CUDA).
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__global__ void dec2zero( int * data, int N) {

int xIndex = blockIdx.x * blockDim.x + threadIdx.x ; 

if ( xIndex < N) {

while (data[ xIndex ] > 0) {

data[ xIndex ] -- ;
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}
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Source: http:// homepages.dcc.ufmg.br/~fernando/classes/dcc888/ementa/slides/DivergenceAnalysis.pdf

__global__ void dec2zero( int * data, int N) {

int xIndex = blockIdx.x * blockDim.x + threadIdx.x ; 

if ( xIndex < N) {

while (data[ xIndex ] > 0) {

data[ xIndex ] -- ;

} 

}

}

Seeking for the lowest execution time, 
what is the best initialization of data[]?
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void kernel( int ** A, int ** B, int * N) {

int tid ( threadId.x );
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Kernel for parallel execution (CUDA).
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Suboptimal behavior: 
thread T3 is inactive. 

Right?
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Not really! We are using 
Dynamic Parallelism
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void kernel( int ** A, int ** B, int * N) {
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if ( tid < 3) {
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} else {

;
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Dynamic Parallelism

void kernel( int ** A, int ** B, int * N) {

int tid ( threadId.x );

if ( tid < 3) {

memcpy<<<1, 4 >>>(A[ tid ], B[ tid ], N[ tid ]);

} else {

;

}

}

Kernel for parallel execution (CUDA).

/¦5!Ωǎ nested kernel call:
kernel<<<#warps, #threads>>>(argsΧ)

Launches a new kernel, with all threads active, 
to process the target function
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Dynamic Parallelism

void kernel( int ** A, int ** B, int * N) {

int tid ( threadId.x );

if ( tid < 3) {

memcpy<<<1, 4 >>>(A[ tid ], B[ tid ], N[ tid ]);

} else {

;

}

}

Kernel for parallel execution (CUDA).

memcpyruns once 
per active thread at 
memcpy<<<1,4>>> 

call site!
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void kernel( int ** A, int ** B, int * N) {

int tid ( threadId.x );

if ( tid < 3) {

memcpy<<<1, 4 >>>(A[ tid ], B[ tid ], N[ tid ]);

} else {

;

}

}

Dynamic Parallelism

Kernel for parallel execution (CUDA).

SIMD 
kernels!




