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1. Using C++ function overloading and templates 
with VEDA

2. Improving performance of memset operations
3. Improving performance of memcopy operations



Using C++ function overloading and templates 
with VEDA
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VEDAfunction func;
vedaModuleGetFunction(&func, mod, 
“func”);

Fetching C-style Functions

Host
extern “C” int func(int A) { ... }

Device
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VEDAfunction func;
vedaModuleGetFunction(&func, mod, 
“_Z4funci”);
vedaModuleGetFunction(&func, mod, 
“_Z4funcf”);

Fetching C++-style Functions

Host
int func(int A)   { ... }
float func(float A) { ... }

Device

Well! That 
escalated quickly!
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C++ is “only” an extension to C and needs to be C-ABI compatible
C-ABI only supports [A-Za-z0-9_] for names
C++ names:
 _[Type][Name][Template][Arguments]
 [Type] Z = Function
 [Name] my_namespace::func3a = N12my_namespace6func3aE
 [Template] template<void, float*, 5> = IvPfLi5EE
 [Arguments] float, float*, float* = fPfS0_

Can become very complex: 
_ZN2ns4veda13veda_templateIN3bla7complexIfEEEEvT_S5_

 Further Reading:
 https://github.com/gchatelet/gcc_cpp_mangling_documentation

[Small Detour] What is Name Mangling?
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VEDAfunction func;
vedaModuleGetFunction(&func, mod, 
“func_int”);
vedaModuleGetFunction(&func, mod, 
“func_float”);

[Solution 1] extern “C” function wrapper

Host
int func(int A)   { ... }
float func(float A) { ... }

#define WRAP(T)¥
extern “C” func_##T(T A) {¥

return func(A);¥
}
WRAP(int)
WRAP(float)

Device
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VEDAfunction func;
vedaModuleGetFunction(&func, mod, 
“gemm”);

[Solution 2] Dispatching function

Host
template<int A, int B, typename T>
void gemm(...) { ... }

extern “C” void gemm(int A, int B, 
int T, ...) {

if(A == 2) {
if(B == 3) {

if(T == 0)
gemm<2, 3, float>(...);

...
}

Device
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template<int A, int B, typename T>
static constexpr const char* 
gemm(void) {

if constexpr (A == 2) {
if constexpr (B == 3) {

if constexpr (std::is_same_v<T, 
float>)

return
“_Z4gemmILi2ELi3EfEvPT1_S1_S1_ll”;

...
}

VEDAfunction func;
vedaModuleGetFunction(&func, mod, 
gemm<2,3,float>());

[Solution 3] Mangled name lookup

Host
template<int A, int B, typename T>
void gemm(...) { ... }

// instantiate instances
template void gemm<2,3,float> (...);
template void gemm<2,3,double>(...);

Device
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using namespace veda;

auto A = CFunction::Return<int>(mod, 
“func”);
auto B = 
Function::Return<int>::Args<int>(mod, 
“func”);
auto C = Template<Literal<2>, 
Literal<3>, float>::Args<...>(mod, 
“gemm”);

[Preview] Upcoming experimental VEDA C++ API

extern “C” int func(int A) { ... }

int func(int A)   { ... }
float func(float A) { ... }

template<int A, int B, typename T>
void gemm(...) { ... }

// instantiate instances
template void gemm<2,3,float> (...);
template void gemm<2,3,double>(...);



© NEC Corporation 2022

More details in our SX-Aurora Article:
VEDA: Best practices to use hybrid programming 
on the NEC SX-Aurora TSUBASA



Improving performance of memset operations



© NEC Corporation 202213

Memset is a rather simple operation:

template<typename T>
void naïve_memset(T* dst, const T value, const size_t cnt) {

#pragma _NEC select_vector
for(size_t i= 0; i < cnt; i++)

dst[i] = value;
}

Naive implementation
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Performance of naïve memset
measured
on VE10B
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 16-bit data types are not vectorizable
 32-bit (packed vector) suffer from interleaving
 VE has vector registers with 256x 64-bit

 Simple Float vectorization places one 32-bit value into one 64-bit register

 Packed Float vectorization places two 32-bit values into one 64-bit register

Why is the performance so differently?

...

...

...

...

...

...
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Memset is a rather simple operation:

template<typename T>
void naïve_memset(T* dst, const T value, const size_t cnt) {

#pragma _NEC select_vector
for(size_t i= 0; i < cnt; i++)

dst[i] = value;
}

Naive implementation
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 Problem #1: How to convert 8, 16 or 32-bit values to 64-bit?
const T vx[] = {v, v, v, v, v, v, v};
const int64_t v64 = *(const int64_t*)&vx;

 Problem #2: misaligned memory access
N-Bit variables, need to be N-Bit memory aligned

[Solution] Use 64-bit for all data types

64-bit alignment

32-bit alignment
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Performance of vectorized memset
measured
on VE10B
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 Just do #pragma omp parallel for?
Unfortunately, the OpenMP launch overhead kills performance for small memsets

After lengthy and very thorough performance measurements we identified the 
extremely complex correlation for optimal memset performance using OpenMP:

[Solution] Use multiple cores!
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Performance of vectorized+parallelized memset
measured
on VE10B
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More details in our SX-Aurora Article:
VEDA: Best practices to use hybrid programming 
on the NEC SX-Aurora TSUBASA



Improving performance of memcopy operations
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Types of Memcopies

H2D and D2H

D2sD

D2dD
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Types of Memcopies

AVEO

VEDA

AVEO
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NEC MPI provides direct memcopy path
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Types of Memcopies

AVEO

VEDA

M
PI
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Performance PCIe-based memcopies
measured
on VE10B
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Performance of same device memcopies
measured
on VE10B
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VEDAdeviceptr
Optimized for asynchronous executions on a single device
Use whenever data only stays on a single device

VEDAhmemptr
Optimized for cross-device data sharing
Use whenever data needs to be shared with other devices

When to use VEDAdeviceptr or VEDAhmemptr?
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More details in our SX-Aurora Article:
VEDA: Best practices to use hybrid programming 
on the NEC SX-Aurora TSUBASA
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New VEDA C++ API
- C++ and templated function fetching
- Buffer based memory model with automatic garbage collection
- “Futures” to fetch return values of async function calls

VEDA Profiling API
- Allows to register a callback function to get informed when operations get executed or have been 
completed
- Events:

(H)MemAlloc
(H)MemFree
(H)Memcpy (H2D, D2H, D2D)
Device/Host Kernel calls

VEDA Roadmap
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VEDA: Best practices to use hybrid programming on the NEC SX-Aurora TSUBASA
Nicolas Weber, NEC Laboratories Europe

SOL: Reducing the Maintenance Overhead for Integrating Hardware Support into AI 
Frameworks
Nicolas Weber, NEC Laboratories Europe

AVEO-VEDA: Hybrid Programming for the NEC Vector Engine
Nicolas Weber, NEC Laboratories Europe
Erich Focht, NEC Deutschland HPCE

>> https://www.nec.com/en/global/solutions/hpc/articles/ <<

NEC Laboratories Europe, SX-Aurora Articles
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>> https://neclab.eu/jobs <<

NEC Laboratories Europe, Open Positions


