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Pogzgres Pro

Postgres Professional

Poccumnckuin paspaboTumnK CUCTEMbI yripaBneHnsa 6a3aMmn aHHbIX
Postgres Pro Ha ocHoBe PostgreSQL.

AKTWBHO pasBuBaeM open-source CYb/] PostgreSQL.

* BTOpoe MecTto B MUPOBOM PENTUHIE KOHTPUOBbKOTOPOB PostgreSQL.

3a nocnefHue Tpu roga busHec KoMMnaHum BbIpoc B 8 pas.

YnTaem nekuymu, COTpyaHNHYaeM C By3aMU, BbllMyCKaeM KHNT .

[TpoBOANM CEPTUDUKALNIO crielnanncToB no PostgreSQL.



Nvidia CUDA

[1ntochbl: MUHYyCBbI:
* OTNUYHaa JOKYMEHTaumA. e PaboTtaeT Tonbko Ha Nvidia.
* MHOIro ONTUMM3NPOBAHHbLIX OUOINOTEK. * HeTt Nvidia? NepenucbliBan BCE 3aHOBO!

* HakonneH 60MbLLIOK ONbIT SKCRyaTaLum.
* BbicoKkasi n(ponM3BOANTENBHOCTD.



YcTpoucTtBa Ans BbIYUCIIEHUN

CPU GPU NPU



Kak noapy>XuTb MallMHHOE 06y4yeHue C xene3om?
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Open Neural Network Exchange
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[Mopaep>xuatoT akcnopT moaenen B ONNX
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Mo>xeT nu NPU nepeMHOXUTb MaTpuubl?

YMEET CUMTaTb CBEPTKM — 3HAYUT CYMEET N MaTpULibl.

EcTb bmonmnoteka AscendCL CBLAS ang NPU Huawei, HO...



[MepeMHoOXXeHne matpuy, ¢ AscendCL CBLAS

aclError aclblasGemmEx(
aclTransType transA, aclTransType transB, aclTransType transC,
int m, int n, int k,
const void *alpha,
const void *matrixA, int lda, aclDataType dataTypeA,
const void *matrixB, int ldb, aclDataType dataTypeB,
const vold *beta,
voild *matrixC, int ldc, aclDataType dataTypeC,
aclComputeType type,
aclrtStream stream)
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Ho 310 He Bce!

1) Co3paTb cneumanbHbll gemm.json ¢ ONMUCaAHNEM BCEX apryMEHTOB.
2) CKkoMMMnNnpoBaTb ero ¢ nomoulbro Ascend Tensor Compiler B gemm.om.

3) Mepen BbIdoBOM aclblasGemmeEx() Bbi3BaThb
aclopSetModelDir(<kaTtanor ¢ gemm.om>)
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Busyanusauua ONNX Mogenu ResNet18 12
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Hawa HenpoceTb 6yaeT BbIrMageTb Tak
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NPU Huawei Ascend 310, 8 BTt
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3anyck Ha Nvidia GeForce RTX 4090
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1024x1024, float 2048x2048, float 4096x4096, float

111-191 GFLOPS/W
[IpOM3BOANTENBHOCTbL HE XyXe MaTeMaTUYEeCKNX BUONNOTEK.

B cuBLAS
B ONNX + TensorRT
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Upscale ns FullHD B 5K

[input ]

3x1080=1920

sizes (3)

Ix2880=5120

‘ ouktput \

16



Y10 moxxeT ONNX?

e Bce, 4YTO MOryT HEMPOCETMN.

o [TogaepyKKa BELLECTBEHHbIX U LiENbIX
TUMOB.

* JInHeNHasa anrebpa — NepeMHOXXeHKne
TEH30POB.
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» KpunTtorpapus — nobutoBble onepaLnm.

» O6paboTKa N30O6paXkKeHn — AeKoaep,
DECOMMIINHT, CBEPTKMN.

« O6bpaboTKa CUrHaNoB — CBEPTKU, FFT.



A Kop, pns 3anycka Mogenu gnsi Kaxxaou niaatgopmbl CBON?

MOX>XHO NCnoNb3oBaTh «poaHble» APl p3anMBOPKOB:
* Huawei CANN

* Nvidia TensorRT

* oneDNN

A MOXKHO...
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OauH ONNX Runtime ansa Bcero

CPU
Default CPU
Intel DNNL
TVM (preview)
Intel OpenVINO

XNNPACK

GPU
NVIDIA CUDA
NVIDIA TensorRT
DirectML
AMD MIGraphX
Intel OpenVINO
AMD ROCm

TVM (preview)

IoT/Edge/Mobile
Intel OpenVINO
ARM Compute Library (preview)
Android Neural Networks API
ARM-NN (preview)
CoreML (preview)
TVM (preview)
Qualcomm QNN

XNNPACK

Other
Rockchip NPU (preview)
Xilinx Vitis-Al (preview)
Huawei CANN (preview)

AZURE (preview)
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3anyck ONNX yepe3 ONNX Runtime

 Co3naéM 06bekT Ort::Env env.
* CospaeM obbekT ceccuto n3 ONNX danna Ort::Session session.
» Co37aéM BXoaHble TeH30pbl ¢ nomMollbto Ort:Value::CreateTensor().

* 3anyckaemMm MHMEPEHC 1 Noy4YaeM BbIXOAHbIE TEH30PbI C MOMOLLBHD
session.Run().

[TonHbIM NpuMep 3anycka ONNX:

https://github.com/tmagomedov/onnx-misuse/blob/main/ort_runner/ort_runner.cpp
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https://github.com/tmagomedov/onnx-misuse/blob/main/ort_runner/ort_runner.cpp

ONNX Runtime — 3anpoc Execution Provider'os

// ONNX Runtime environment.
Ort::Env env;

std::cout << "Available execution providers:" << std::endl;
std::vector<std::string> providers = Ort::GetAvailableProviders();
bool has_cuda = false;

bool has_tensorrt = false;

for (size t 1 = 0; 1 < providers.size(); i1++)

{ std::cout << " " << 1 << ". " << providers[i] << std::endl;
i1f ("CUDAExecutionProvider" == providers[i])
{ has_cuda = true;
if ("TensorrtExecutionProvider" == providers[i])
i has_tensorrt = true;



ONNX Runtime — cneyuduyHble onuun ceccum

Ort::SessionOptions session_options;
if (has_tensorrt)

{
OrtTensorRTProviderOptions trt_options = {};
trt_options.device_id = 0;
// TensorRT builds own models from ONNX,
// caching them increases the performance of first session.Run().
trt_options.trt_engine_cache_enable = 1;
trt_options.trt_engine_cache path = "./";
session_options.AppendExecutionProvider TensorRT(trt_options);

}

else if (has_cuda)

{

OrtCUDAProviderOptions cuda options = {};
cuda_options.device id = 0;
session_options.AppendExecutionProvider CUDA(cuda options);
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ONNX Runtime — co3paHue ceccuu

// Enable built-in ONNX Runtime profiler information dump to json file.
// Json can be inspected using about:tracing tab in chrome

// based browsers.

session_options.EnableProfiling(argv[0]);

Ort::Session session{env, onnx_fname, session_options};
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ONNX Runtime — co3paHue BXOAHbIX TEH30POB 24

// Where to allocate the tensors.
auto memory_info = Ort::MemoryInfo::CreateCpu(OrtDeviceAllocator, OrtMemTypeCPU);

// Allocate input tensors.
std::vector<Ort::Value> input_tensors;
std::vector<std::vector<char>> input_data;
for (size t 1 = 0; 1 < inputs_count; i++)

{
ONNXTensorElementDataType t =

session.GetInputTypeInfo(i).GetTensorTypeAndShapeInfo().GetElementType();
size t input_size = get_type_size(t);
for (auto x : input_shapes[i])

{
}

input_data.emplace_back(input_size);

/] Creates tensor with supplied buffer, need to keep input_data in memory while it is alive.

input_tensors.push_back(Ort::Value::CreateTensor(memory info, input_data.back().data(),
input_data.back().size(), input_shapes[i].data(),
input_shapes[i].size(), t));

input_size *= x;



ONNX Runtime — 3anyck mogenu

// Run the inference.
std::cout << "Running inference ...

" << std::flush;

std::vector<Ort::Value> output tensors = session.Run(

Ort::RunOptions{nullptr},
input_names_c.data(),
input_tensors.data(),
input_tensors.size(),
output_names_c.data(),
output_names_c.size());
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3anyck ONNX Ha aaHHbIX U3 6a3bl AaHHbIX

PaclunpeHnune ana PostgreSQL — pg_onnx
MHTerpauna ONNX Runtime B Postgres.

https://github.com/kibae/pg_onnx

SELECT pg_onnx_import_model(
'sample_model', --------------- model name

'v20230101"', -----------mma- - model version
PG_READ _BINARY_FILE('/your _model path/model.onnx')::bytea, --
'"{"cuda": true}'::jsonb, ------ options
'sample model' ---------------- description
)
SELECT pg_onnx_execute session(
'sample_model', -- model name
'v20230101', ----- model version
{
"x": [[1], [2], [3]],
"y": [[3], [4], [5]],
"z": [[5], [6], [7]]
| inputs

)

model binary data
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https://github.com/kibae/pg_onnx

A kak co3paBatb ONNX daunnbi?

* C NOMOLLbIO BU3YasbHbIX PeAakTopoB (B paspadboTke).

* [akeTbl onnx.helper, ONNX GraphSurgeon (Python).

* Mogesnb «HenpoceTu» B Ntobnumom ML dpparmBopke + akcnopT B ONNX.

* Ha ntobom a3bike, nogaep>xmnBatoLem Protocol Buffers (B Tom umcne C++).

[Tprmep cozgaHmna ONNX:

https://github.com/tmagomedov/onnx-misuse/tree/main/matmul
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https://github.com/tmagomedov/onnx-misuse/tree/main/matmul

A MUHYyCbI eCTb?

* Hy>KHbIX onepaumnin MOXKeT He 6biTb B ONNX.

* HeT NoNHOTbI MO ThOPUHIY — peLllaeMo KogoM Ha C++.

» KoHKkpeTHble ONNX onepaumm MOryT Maoxo NoaaepXKmMBaTbCa 69KeH0M.
e Y Ka)xOoro 6akeHaa cBow Harm.

* [1PON3BOANTENBHOCTL ObIBAET HEMpeACKasyeMa.
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KpaTkuu utor

* ONNX — popMaT XpaHeHUsA 0OYyYeHHbIX HENPOCETEN.
o ALUMKNNYECKUIA rpad BbIYMUCNEHUI, CepManm3oBaHHbIn B Protobuf.
* ECTb aPeKTUBHbIE paHTanMbl 414 3anycka Ha CPU, GPU, NPU.

* Onepaumy ONNX MOXHO MCMOMb30BaTb Kak BUOINOTEKY ONTUMUIUPOBAHHbLIX
BbIYUCTNTENbHbIX MPUMUTVBOB.
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Crnucok ccblyioK

* Ntt
* Ntt
* Ntt
* Ntt

DS://onnx.ai/onnx/operators/
DS://onnxruntime.ai/
DS://github.com/tmagomedov/onnx-misuse

DS://1.me/gpgpu_ru_chat

30
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https://onnx.ai/onnx/operators/
https://onnxruntime.ai/
https://github.com/tmagomedov/onnx-misuse
https://t.me/gpgpu_ru_chat
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Kak aTo npodpunupoBaTtb?

thread_scheduling_stats {main_thread: {thread pool name: "session-1-

& c & Chromium chrome://tracing & w
l Record l Save | Load l 0|| Flow events H Processes H View Options ‘ — || »
|, . . |8310ms, . . . |8 312
v Process 194176 X
v 194176 model_ model_ur =
s Seq (2]
o
k Ten %)
)]
+ @
‘ =
o
g.
[+ ’
1 item selected. Slice (1)
Title TensorrtExecutionProvider TRTKernel graph Matrix
multiplication 16724705187987526269 0 0 kernel time Q,
Category Node
User Friendly Category other
Start 8 310,466 ms
Wall Duration 0,215 ms
Y Args

B onumax ONNX Runtime ceccrm MOXXHO BKIFOYUTL NPOMOUNMPOBAHMUE.
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