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O yemM goknan

TexHonorus 3a4yemM 1crnonb3oBaThb
TextToSpeech ot GPU un kakon BbiurpblLL
SberDevices /" 3TO OaéT

Kak ncnonb3sosatb GPU. OT ncnonb3sosaHus
BbICOKOYpPOBHEBLIX ppenmBopkoB o CUDA C++



SaluteSpeech

— CepBuUC And CUHTE3a YENIoBEYECKON PeYn N3 TeKCTa
— [loTtokoBoe u acnHxpoHHoe API

— Pabotaet kak Ha CPU Ttak n Ha GPU

— bonee 50 ronocos
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[eHepaumnsa 3ByKa
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[eHepaumnsa 3ByKa

CniekTporpamma reHepupyeTcs B NOTOKOBOM
pexume, dpenmamm rno 10 mc

Mel Spectrogram

- W

YacTtoTa

Bpewms T 10 mc (1 cbpenm)



[eHepaumnsa 3ByKa

Pe3ynsTUpyoWmnm 3ByK reHepupyeTcs
BOKoAepom YaHkamu rno 10 mc

Mel Spectrogram

YacTtoTa

Bpewms \l/ Bokogep
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Bokoaep

Mbl ncnonb3yem Bokogep Ha ocHoBe anroputmMa LPCNet '

|
LPC prediction
conv 1x3 ‘

Frame rate network

excitation e,
1 ppenm
prediction p, output s, n I I I u I B 10 mc 3ByKa

TLPCNet: Improving Neural Speech Synthesis Through Linear Prediction



Bokoaep

Mbl ncnonb3yem Bokogep Ha ocHoBe anroputmMa LPCNet '

|
LPC
= =P ——

conv 1x3

Frame rate network

TLPCNet: Improving Neural Speech Synthesis Through Linear Prediction

prediction

. | concat

excitation e,

prediction p,

output s,

IIIIIIIII 10 mc 3BYKa
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Bokoaep

Mbl ncnonb3yem Bokogep Ha ocHoBe anroputmMa LPCNet '

| compute compute
LPC prediction

= = .

conv 1x3

Frame rate network

excitation e,
1 ppenm
prediction p, output s, n I I I u I B 10 mc 3ByKa

TLPCNet: Improving Neural Speech Synthesis Through Linear Prediction



Bokoaep

Mbl ncnonb3yem Bokogep Ha ocHoBe anroputmMa LPCNet '

| compute compute
LPC prediction

= = .

conv 1x3

Frame rate network

1 dpenm
T P prediction p, output s, n I I I u I B 10 mc 3ByKa

TLPCNet: Improving Neural Speech Synthesis Through Linear Prediction



Bokoaep

Vv
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Bokoaep

Mpu yactote guckpetusaunm 24 KHz ymkn
decoder-sampling BbinonHsieTcs 240 pas

Vv
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MeTpurkn Npon3BoaAnUTENBHOCTH

XoTum obcnyxuesaTb RTF gomxeH ObITb
HamnbornbLlee Yncro MeHbLUe 1, nHadve
KITMEHTOB Mpwu CUHTE3NPYEMBbIN 3BYK

HanmeHbluem RTF byoeTt «3amkaTtbCcay

RTF (real time factor) — ecnu cunTesnpyem 10 cekyHg 3Byka 3a 1 cekyHay, To RTF 0.1
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[TpounssoantenbHocTb Ha CPU

HanucaH Ha C XOpOoLUOo oNTUMU3UPOBAH,
NCNOJSIb3yEeT BEKTOPHbIE
NHCTPYKLUUWN MO KarnoTom

Bokoaep Ha Xeon Gold 5218 x2
(32c/64t) BblaepxuBaeTt o 64
Norib30BaTENEeNn
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3ayem ontummusnposaTb Bokoaep noa GPU

GPU nossonger CTouMOCTb
ncnosb3oBaTb borsiee obcnyxmBaHuUs
Ka4yeCTBEHHble Moaenu B NepecyeTe Ha

1 knnenta y GPU Huxe

BOKOLI,ep ctall y3KuMm MeCTOM MOcCrie TOoro, /
KaK apyrme KOMMNnoOHEHTDbI Oblnu NnepeHeceHbl

Ha GPU »%
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UTO XOTUM NoNyyYnTbL

Mpu yactote guckpetusaunm 24 KHz ymkn
decoder-sampling BbinonHsieTcs 240 pas

Kak M
NnoTo
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YTO XOTUM Nony4nTb

Mpu vactote guckpetnsaummn 24 KHz ymkn

Kak MOXXHO bosbLue o |- 240
RTF < 1 Encoder ecoder-sampling BbINOMHACTCA 241 pas
NOTOKOB C
|
L Decoder —>  Sampling

B cpeaHeM oavH LMK
decoder-sampling |
OOJTKEH yMmellaTbCA

10 Mc 3ByKa

B 10 mc /240 ~ 42 MKc



TensorRt

®penmeopk oT NVIDIA
ans onTuMmaaunm
NHJOepeHCca HeNnpoceTen

[locTaToO4yHO NpPOCT,

Trained Neural TensorRT Optimizer Optimized Inference

paboTaeT no npuHuuny etwerk | ’ snene
YepPHOro AwnKa (NoYTK
Bcerga)
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TensorRt

=B

v

IIIIIIIII 10 Mc 3ByKa

2
Ll
O
>
L
a)
o
11
m
V)]
)

21




Bpemsa pabotbl decoder ncnonbays TensorRt

= Timeline View 18 warnings,19 messages

-

v Processes (3)

v [3847054] python
» CUDA HW (0000:D8:00.0 -
v Threads (134)

OS runtime libraries

-xecutionContext::execute [209,189 ... ExecutionContext::execute [209,317 us] ExecutionContext::execute [219,514 us] ExecutionContext..
TensorRT

(Unnamed Layer* 29) [Constant],(U... | |...|{(Unnamed Layer* 29) [Constant],(Unnamed Layer* 52) [Constant],188, (...

... | {(Unnamed Layer* 29) [Constant],(Unnamed Layer* 52) [Constant],188,(Un... | |.../{(Unnamed La.
NVTX

myelin-exec
CUDA API

[3847239] python

[3847197] python

[3847192] python

TensorRt caenan xopowwun fuse crnoes”

"fuse crnoes — onTUMMU3aLms, 06beaMHAIOLWAs HECKONBbKO onepauunii B O4uH Crow 29



Bpemsa pabotbl decoder ncnonbays TensorRt

= Timeline View 18 warnings,19 messages

v Processes (3)
v [3847054] python

» CUDA HW (0000:D8:00.0 -
v Threads (134)

OS runtime libraries

-xecutionContext::execute [209,189 ... ExecutionContext::execute [209,317 us] ExecutionContext::execute [219,514 us] ExecutionContext..
TensorRT

(Unnamed Layer* 29) [Constant],(U... | |...|{(Unnamed Layer* 29) [Constant],(Unnamed Layer* 52) [Constant],188, (... ... | {(Unnamed Layer* 29) [Constant],(Unnamed Layer* 52) [Constant],188,(Un... | |.../{(Unnamed La.

NVTX
myelin-exec
CUDA API

[3847239] python

[3847197] python

[3847192] python

210 MKc Ha decoder B npoduUnnpoBLLnKe
120 MKc 6e3 npodpunnnpoBLLMKa

"fuse crnoes — onTUMMU3aLms, 06beaMHAIOLWAs HECKONBbKO onepauunii B O4uH Crow 23



Bpemsa pabotbl decoder ncnonbays TensorRt

Mpu vactote guckpetnsaummn 24 KHz ymkn

B Cpe'D'HeM OD'MH L"MKH Encoder decoder-sampling BeinonHsaetcs 240 pa3
decoder-sampling TensorRt
OOIMKEH yMellaTbCcs |
B 10 mc /240 ~ 42 mKc
Decoder > Sampling
TensorRt CUDA
V

10 mMc 3ByKa

24



Bpemsa pabotbl decoder ncnonbays TensorRt

Mpun yactote anckpetnsauymmn 24 KHz uunkn
B Cpeﬂ'HeM OD'MH L"MKH Encoder dgcodzcr;—soarigiincgpBilngﬁ:ﬂeTc;l 240 puaa
decoder-sampling TensorRt
OOJKEeH yMmellaTbCc4d |
B 10 mc /240 ~ 42 mkc
Decoder > Sampling

TensorRt CUDA

C decoder TensorRt
OOVH UMKN 3aHUMaeT

MUHUMYM 120 MKc, T.e.
RTF > 3 10 mc 3BYyKa




Decoder getanbHee

DeCO-Tb
1 BX-3opbl

[No np !

BbIHUC
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Decoder getanbHee

Decoder aTo HenpoceThb

Ha Bxon 1 BbIXO4 TEH30pbI

[1To npocTomy — rpad
BblYNCNEHUN

1x1x1

1x1x128

Gather

data (256x128)

Reshape

shape (3)

28

Transpose

W (1x1152x512)
R (1x1152x384)

B (1x2304)

Concat

1x1x16 Transpose

W (1x48x512)
R (1x48x16)
B (1x96)

Squeeze

Transpose

MatMul

B (16x256)

MatMul

B (16x256)

Add

Squeeze

Transpose

27



Decoder getanbHee

Gather

data (256x128)

Gather Reshape

1x1x128

Transpose

1x1x128

Gru

W (1x1152x512)
R (1x1152x384)
B (1x2304)

W Squeeze

Transpose
G rU Concat

1x1x16 Transpose

W (1x48x512)
R (1x48x16)

F C Squeeze

Transpose

W MatMul MatMul

B (16x256) B (16x256)

Add Add

Softmax » (250

Mul




Decoder-sampling yepes Cublas n CUDA

Sampling

Sampling

)]
L
)
>
L
a
o
L
o
V)]
O

N
(<]



Decoder-sampling yepes Cublas n CUDA

\1/ launch kernel

\1/ launch kernel

\1/ launch kernel

\l/ launch kernel

\1/ launch kernel

Sampling

SENATE kernel
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Bpemsa pabotbl decoder ncnonsdys Cublas n CUDA

B cpegHem oaunH UMK
decoder-sampling
OOJTKEH yMellaTbCcH

B 10 mc /240 ~ 42 mkc

OBepxen Ha YacTbin
BbI30B HEDOMNBLLUUX
kernel’oB ctaHoBUTCS
onpenensaowmnm

Onepauuga launch kernel
3aHnmaeT 5-10 Mmkc be3
NpPoOUNMPOBLLMKA

volta_sgemm_64x32_s|iced1x... splitkreduce_kernel myl_bb...

Call to volta_sgemm_64x32_sliced1x4_nn
® Kernel launcher
Begins: 10,6658s

Ends: 10,6658s (+40,103 ps)

Return value: 0

GPU: 0000:3B:00.0 - Tesla V100S-PCIE-32GB
Stream: 37

Latency: 39,393 us->

Correlation ID: 2201709

Vv

Gather
kernel

\4

Gru
kernel

\4

Gru
kernel

\4

Fc kernel

\4

Softmax
kernel

\4

Sampling
kernel

I
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Decoder-sampling yepes oauH kernel

. 240 vtepaunn

9

1 CUDA kernel Ha Bce ntepaumm

4 240 ntepauun A

I

v

llIIIllll 10 Mc 3BYyKa IIIIIIIII 10 mc 3ByKa
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Decoder-sampling 4yepes oauH kernel

Oboungemcsa ogHMM 3arnyckom kernel’a,
TEeM camMbiM CKpoeM latency koTopoe
TpaTUNOCh Ha YacTbln 3aryckK

[Tony4nm naeaneHbIN fuse, Tak Kak
Tenepb y Hac oguH kernel

Encoder
TensorRt

i

1 CUDA kernel Ha Bce ntepauyuu

240 vtepaunn

Decoder —>  Sampling

10 Mc 3ByKa
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Decoder-sampling 4yepes oauH kernel

Oboungemcsa ogHMM 3arnyckom kernel’a,
TEeM camMbiM CKpoeM latency koTopoe
TpaTUNOCh Ha YacTbln 3aryckK

[Tony4nm naeaneHbIN fuse, Tak Kak
Tenepb y Hac oguH kernel

HO: BHyTpu KacTtoMHbIX CUDA
kernel’oB He BbIMOET UCNOb30BaTb
CTOPOHHME OMBNMOTEKM NO TUNY
Cublas, Bce npuaeTtcs nucatb caMmum

Encoder
TensorRt

i

1 CUDA kernel Ha Bce ntepauyuu

240 vtepaunn

Decoder —>  Sampling

10 Mc 3ByKa
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V

__device__ void ComputeDecoder(State);
__device__ void ComputeSampling(State);

__global__ void Loop(State state) {

for (auto i = 0; i < 240; i++) {
ComputeDecoder(state);
ComputeSampling(state);

}

_, 2O oONOO O WN -
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Sampling

(& SBER DEVICES
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1
2
K]
4
5
6
7
8
]
1
1

__device__ void ComputeDecoder(BatchedState);

__device__ void ComputeSampling(BatchedState);

__global__ void Loop(BatchedState state) {

for (auto i = 0; i < 240; i++) {
ComputeDecoderBatch(state);
ComputeSamplingBatch(state);

}

V

Sampling

w
»
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KoHpuUrypaumsa cetku

CyLlecTBYET KOHLeNums
NOTOKOB 1 DIIOKOB

Bbibop konn4yecTtBa
NOTOKOB BHYTPW OAHOrO
OfioKa a Tak xe
KonnyecTtBa OroKoB
onpenensaeT pa3smep
BCEN CETKU

CUDA thread CUDA core

CUDA streaming
CUDA thread block Multiprocessor(SM)

= [N

CUDA-capable GPU

- U

CUDA kernel grid

37



Decoder-sampling yepes oauH kernel

Kaxabln oTAeNbHbIM MyNbTUMNPOLIECCOP
(bnok noTokoB) ObyaeT obpabaTtbiBaTh
HECKOJbKO 3JyIEMEHTOB baTt4a

HeobxognMmble gaHHble o obpaboTku
OOHOro 3anpoca MoryT bbiTb
KelwmnpoBaHbl B shared memory

Multiprocessor
_\

'I

Thread
Processors

HeT Heob6X0aANMOCTU CUHXPOHM3ALNN
BCEN CETKU, OOCTATOYHO JULLb BHYTPU Shared
MynbTUnpoLueccopa (brioka)
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CTpyKTypa Ansa xpaHeHust BECOB
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CTpyKkTypa Ans XpaHeHUs1 BECOB

template <typename T, typename VoiceWeightsConfig>
struct VoiceWeights {
static_assert(!std::is_const_v<T>);

using Config = VoiceWeightsConfig;
using Type = T;

O©CoONOO O WN -
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CTpyKkTypa Ans XpaHeHUs1 BECOB

template <typename T, typename VoiceWeightsConfig>
struct VoiceWeights {
static_assert(!std::is_const_v<T>);

using Config = VoiceWeightsConfig;
using Type = T;

weights::PrecomputedEmbed<Type, typename VoiceWeightsConfig::PrecomputedEmbed> precomputed_embed;

O©CoONOO O WN -
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CTpyKkTypa Ans XpaHeHUs1 BECOB

template <typename T, typename VoiceWeightsConfig>
struct VoiceWeights {
static_assert(!std::is_const_v<T>);

using Config = VoiceWeightsConfig;
using Type = T;

weights::PrecomputedEmbed<Type, typename VoiceWeightsConfig::PrecomputedEmbed> precomputed_embed;
weights::Gru<Type, typename VoiceWeightsConfig::GruA> gru_a;
10 weights::Gru<Type, typename VoiceWeightsConfig::GruB> gru_b;

O©CoONOO O WN -
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CTpyKkTypa Ans XpaHeHUs1 BECOB

1 template <typename T, typename VoiceWeightsConfig>

2 struct VoiceWeights {

3 static_assert(Istd::is_const_v<T>);

4

5 using Config = VoiceWeightsConfig;

6 using Type = T;

7

8 weights::PrecomputedEmbed<Type, typename VoiceWeightsConfig::PrecomputedEmbed> precomputed_embed;
9 weights::Gru<Type, typename VoiceWeightsConfig::GruA> gru_a;

10 weights::Gru<Type, typename VoiceWeightsConfig::GruB> gru_b;

11 weights::FullConnected<Type, typename VoiceWeightsConfig::FullConnected> fc_fst;
12 weights::FullConnected<Type, typename VoiceWeightsConfig::FullConnected> fc_snd;
13 )

14

15

16

17

18

19

20

21

22

23

24

25

26
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CTpyKkTypa Ans XpaHeHUs1 BECOB

O©CoONOO O WN -

template <typename T, typename VoiceWeightsConfig>
struct VoiceWeights {
static_assert(Istd::is_const_v<T>);

using Config = VoiceWeightsConfig;
using Type = T;

weights::PrecomputedEmbed<Type, typename VoiceWeightsConfig::PrecomputedEmbed> precomputed_embed;
weights::Gru<Type, typename VoiceWeightsConfig::GruA> gru_a;

weights::Gru<Type, typename VoiceWeightsConfig::GruB> gru_b;

weights::FullConnected<Type, typename VoiceWeightsConfig::FullConnected> fc_fst;
weights::FullConnected<Type, typename VoiceWeightsConfig::FullConnected> fc_snd;

|3

template <typename T, typename FullConnectedConfig>
struct FullConnected {
static_assert(Istd::is_const_v<T>);

using Type = T;
static constexpr index_t kinputSize = FullConnectedConfig::kInputSize;
static constexpr index_t kOutputSize = FullConnectedConfig::kOutputSize;

container::Matrix<Type, kOutputSize, kinputSize> matmul;
container::Vector<Type, kOutputSize> bias;
container::Vector<Type, kOutputSize> scale;

44



CTpyKTypa Ans XpaHEeHUsi COCTOSIHUSA HEMPOCETH

O©CoONOO O WN -
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CTpyKTypa Ans XpaHEeHUsi COCTOSIHUSA HEMPOCETH

1 template <typename T, index_t BatchSize, typename LPCNetConfig>
2 struct LPCNetBatched {

K} static_assert(!std::is_const_v<T>);

4

5 using Type =T,;

6 using StateConfig = typename LPCNetConfig::State;

7 using DecoderConfig = typename LPCNetConfig::Decoder;
8

9 static constexpr auto kBatchSize = BatchSize;

10

11

12



CTpyKTypa Ans XpaHEeHUsi COCTOSIHUSA HEMPOCETH

1 template <typename T, index_t BatchSize, typename LPCNetConfig>
2 struct LPCNetBatched {

K} static_assert(!std::is_const_v<T>);

4

5 using Type =T,;

6 using StateConfig = typename LPCNetConfig::State;

7 using DecoderConfig = typename LPCNetConfig::Decoder;
8

9 static constexpr auto kBatchSize = BatchSize;

10

11 StateBatched<Type, kBatchSize, StateConfig> state;

12



CTpyKTypa Ans XpaHEeHUsi COCTOSIHUSA HEMPOCETH

template <typename T, index_t BatchSize, typename LPCNetConfig>
struct LPCNetBatched {

static_assert(Istd::is_const_v<T>);

using Type = T;
using StateConfig = typename LPCNetConfig::State;
using DecoderConfig = typename LPCNetConfig::Decoder;

O©CoONOO O WN -

static constexpr auto kBatchSize = BatchSize;

11 StateBatched<Type, kBatchSize, StateConfig> state;
12 DecoderBatched<Type, kBatchSize, DecoderConfig> decoder;



CTpyKTypa Ans XpaHEeHUsi COCTOSIHUSA HEMPOCETH

©OoO~NO PR WN -

template <typename T, index_t BatchSize, typename StateConfig>
struct StateBatched {

static_assert(Istd::is_const_v<T>);
using Type = T;
static constexpr auto kBatchSize = BatchSize;

container::VectorBatched<Type, 1, kBatchSize> mem;
container::VectorBatched<index t, 1, kBatchSize> last_exc;
container::VectorBatched<Type, StateConfig::kOrder, kBatchSize> Ipc;
container::VectorBatched<Type, StateConfig::kOrder, kBatchSize> last_sig;
container::VectorBatched<int16_t, StateConfig::kFrameSize, kBatchSize> wav;

10 mc 3ByKa

T
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CTpyKTypa Ans XpaHEeHUsi COCTOSIHUSA HEMPOCETH

©OoO~NO PR WN -

template <typename T, index_t BatchSize, typename DecoderConfig>
struct DecoderBatched {

static_assert(Istd::is_const_v<T>);

using Type = T;

static constexpr auto kBatchSize = BatchSize;

container::VectorBatched<Type, DecoderConfig::klnputSize, kBatchSize> input;
container::VectorBatched<Type, DecoderConfig::kOutputSize, kBatchSize> output;
container::VectorBatched<Type, DecoderConfig::kGruAHiddenSize, kBatchSize> gru_a_state;

container::VectorBatched<Type, DecoderConfig::kGruBHiddenSize, kBatchSize> gru_b_state;

container::VectorBatched<Type, DecoderConfig::kGruAHiddenSize * 3, kBatchSize> precomputed_input_gru_a;
container::VectorBatched<Type, DecoderConfig::kGruBHiddenSize * 3, kBatchSize> precomputed_input_gru_b;

10 mc 3ByKa

T
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signal

KoHpurypauma Bo BpemMs KOMNmMniaumm

Gather

1 using DefaultVoiceConfig = VoiceWeightsConfig<

2 [*EmbedConfig=*/EmbedConfig</*InputSize=*/256, /*OutputSize="/128>,
K} I*PrecomputedEmbedConfig=*/PrecomputedEmbedConfig</*InputSize=*/256, /*OutputSize=*/1152>,

4 /*GruAConfig=*/GruConfig</*HiddenSize=*/384, /*InputSize=*/512>, i
B [*GruBConfig=*/GruConfig</*HiddenSize="/16, /*InputSize="/512>, rxsse (N
6 I*FullConnectedConfig=*/FullConnectedConfig</*InputSize=*/16, /*OutputSize=*/256>>;

7

8

9

10

11 using DefaultLPCNetConfig = LPCNetConfig<

12 [*StateConfig="*/StateConfig</*Order=*/22, [*FrameSize=*/240>,

13 /*DecoderConfig=*/DecoderConfig</*InputSize="*/128, /*OutputSize=*/256, /*GruAHiddenSize=*/384,

14 [*GruBHiddenSize=*/16>>;

15

MatMul MatMul

B (16x256) B (16x256)

Softmax




[naBHbIV LmKn. CurHartypa

1 template <index_t kBlockSize, index_t kBatchSize, index_t kSharedMemory, index_t klterations, typename T,
2 typename LPCNetConfig, typename VoiceWeightsConfig>
3 __global__ void __launch_bounds__ (kBlockSize) LoopDecoderSampling(

52



[ maBHbIV UKMKn. Launch bounds

—

template <index_t kBlockSize, index_t kBatchSize, index_t kSharedMemory, index_t klterations, typename T,

2 typename LPCNetConfig, typename VoiceWeightsConfig>

3 __global__ void __launch_bounds__ (kBlockSize) LoopDecoderSampling(
— B obwem cnyyae kernel moxeT 6bITb BbI3BaH C N060M pasaMepHOCTbIO CETKM
—  JTO0 onpeaensdeTcd B MOMEHT Bbl30Ba

1 inference::LoopDecoderSampling<<<16, 512>>>(...)

2 inference::LoopDecoderSampling<<<32, 1024>>>(...)

3 inference::LoopDecoderSampling<<<128, 768>>>(...)

— B 3aBucumocTu ot TOro, ckonbko 6yaeTt notokos B 6rioke,
3aBuUCUT NnoTpebneHne perncTpos

— Konn4yectBo AOOCTYMHbIX PETNCTPOB BNNAET Ha oNnTuMmn3aunm

53



[ maBHbIV UKMKn. Launch bounds

—

template <index_t kBlockSize, index_t kBatchSize, index_t kSharedMemory, index_t klterations, typename T,
typename LPCNetConfig, typename VoiceWeightsConfig>
__global__ void __launch_bounds__ (kBlockSize) LoopDecoderSampling(

W N

1 __launch_bounds__ (128)

ptxas info : Compiling entry function
' ZN8culpcnet9inference22LoopDecoderSampling' for 'sm_70"

ptxas info : Function properties for _ZN8culpcnetinference22L.oopDecoderSampling
0 bytes stack frame, 0 bytes spill stores, 0 bytes spill loads
ptxas info : Used 80 registers, 384 bytes cmem[0]

1 __launch_bounds__ (1024)

ptxas info : Compiling entry function
' ZN8culpcnet9inference22LoopDecoderSampling' for 'sm_70"

ptxas info : Function properties for _ZN8culpcnetinference22l.oopDecoderSampling
0 bytes stack frame, 0 bytes spill stores, 0 bytes spill loads
ptxas info : Used 64 registers, 384 bytes cmem[0]

54



S30IA3A ¥3AS L)

L]
To)

=
2
=
=
AN
0
T
o0
&
-




[MaBHbIN LUUKN. APryMmeHTbl

template <index_t kBlockSize, index_t kBatchSize, index_t kSharedMemory, index_t klterations, typename T,
typename LPCNetConfig, typename VoiceWeightsConfig>

__global__ void __launch_bounds__ (kBlockSize) LoopDecoderSampling(

const typename weights::VoiceWeights<T, VoiceWeightsConfig>::ConstView *voice_weights,

O©CoONOO O WN -

56



[MaBHbIN LUUKN. APryMmeHTbl

template <index_t kBlockSize, index_t kBatchSize, index_t kSharedMemory, index_t klterations, typename T,
typename LPCNetConfig, typename VoiceWeightsConfig>

__global__ void __launch_bounds__ (kBlockSize) LoopDecoderSampling(

const typename weights::VoiceWeights<T, VoiceWeightsConfig>::ConstView *voice_weights,

const index_t *active_voices,
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[MaBHbIN LUUKN. APryMmeHTbl

template <index_t kBlockSize, index_t kBatchSize, index_t kSharedMemory, index_t klterations, typename T,
typename LPCNetConfig, typename VoiceWeightsConfig>

__global__ void __launch_bounds__ (kBlockSize) LoopDecoderSampling(

const typename weights::VoiceWeights<T, VoiceWeightsConfig>::ConstView *voice_weights,

const index_t *active_voices,

const typename context::LPCNetBatched<T, kBatchSize, LPCNetConfig>::View *Ipcnets,
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[MaBHbIN LUUKN. APryMmeHTbl

template <index_t kBlockSize, index_t kBatchSize, index_t kSharedMemory, index_t klterations, typename T,
typename LPCNetConfig, typename VoiceWeightsConfig>

__global__ void __launch_bounds__ (kBlockSize) LoopDecoderSampling(

const typename weights::VoiceWeights<T, VoiceWeightsConfig>::ConstView *voice_weights,

const index_t *active_voices,

const typename context::LPCNetBatched<T, kBatchSize, LPCNetConfig>::View *Ipcnets,

unsigned long long seed) {

O©CoONOO O WN -
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[MaBHbIN UMKN. Shared memory

1 template <index_t kBlockSize, index_t kBatchSize, index_t kSharedMemory, index_t klterations, typename T,
2 typename LPCNetConfig, typename VoiceWeightsConfig>

3 __global__ void __launch_bounds__ (kBlockSize) LoopDecoderSampling(

4 const typename weights::VoiceWeights<T, VoiceWeightsConfig>::ConstView *voice_weights,
5 const index_t *active_voices,

6 const typename context::LPCNetBatched<T, kBatchSize, LPCNetConfig>::View *Ipcnets,

7 unsigned long long seed) {

8 extern _ shared__ char buffer[]; // annokauusa 6ydepa shared memory ans MCNonb30BaHUA B JarbHENLLEM
9 char *curr = buffer;

10 char *const end = curr + kSharedMemory;

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30
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[MaBHbIN UMK, 3arpy3ka BECOB U COCTOSIHUM

1 template <index_t kBlockSize, index_t kBatchSize, index_t kSharedMemory, index_t klterations, typename T,

2 typename LPCNetConfig, typename VoiceWeightsConfig>

3 __global__ void __launch_bounds__ (kBlockSize) LoopDecoderSampling(

4 const typename weights::VoiceWeights<T, VoiceWeightsConfig>::ConstView *voice_weights,

5 const index_t *active_voices,

6 const typename context::LPCNetBatched<T, kBatchSize, LPCNetConfig>::View *Ipcnets,

7 unsigned long long seed) {

8 extern _ shared__ char buffer[]; // annokauusa 6ydepa shared memory ans MCNonb30BaHUA B JarbHENLLEM
9 char *curr = buffer;

10 char *const end = curr + kSharedMemory;

11

12 const auto &this_Ipcnet = Ipcnets[blockldx.x]; // onpeaeneHne anemeHTta gns o6paboTkn B TekyLlem 6noke
13 const auto &this_voice = voice_weights[active_voices[blockldx.x]]; // onpeaeneHue BecoB ans o6paboTtku B TekyLuem 6rnoke
14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30
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[maBHbIN Umkn. KewmnpoBaHmne BECOB U COCTOAHUM

1 template <index_t kBlockSize, index_t kBatchSize, index_t kSharedMemory, index_t klterations, typename T,

2 typename LPCNetConfig, typename VoiceWeightsConfig>

3 __global__ void __launch_bounds__ (kBlockSize) LoopDecoderSampling(

4 const typename weights::VoiceWeights<T, VoiceWeightsConfig>::ConstView *voice_weights,

5 const index_t *active_voices,

6 const typename context::LPCNetBatched<T, kBatchSize, LPCNetConfig>::View *Ipcnets,

7 unsigned long long seed) {

8 extern _ shared__ char buffer[]; // annokauusa 6ydepa shared memory ans MCNonb30BaHUA B JarbHENLLEM

9 char *curr = buffer;

10 char *const end = curr + kSharedMemory;

11

12 const auto &this_Ipcnet = Ipcnets[blockldx.x]; // onpeaeneHne anemeHTta gns o6paboTkn B TekyLlem 6noke

13 const auto &this_voice = voice_weights[active_voices[blockldx.x]]; // onpeaeneHue BecoB ans o6paboTtku B TekyLuem 6rnoke
14

15 auto voice_cache = AllocVoiceCacheNew<T, VoiceWeightsConfig>(curr, end, this_voice); // nHmumanusauus kewen B shared memory
16 auto decoder_cache = AllocDecoderCacheBatched<T, kBatchSize, LPCNetConfig::Decoder, VoiceWeightsConfig>(curr, end, this_Ilpcnet.decoder);
17 auto state_cache = AllocStateCacheBatched<T, kBatchSize, LPCNetConfig::State>(curr, end, this_Ipcnet.state);

18

19

20

21

22

23

24

25

26

27

28

29

30
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[MaBHbIN UuKN. [lekogep n ceMmnnmpoBaHue

1 template <index_t kBlockSize, index_t kBatchSize, index_t kSharedMemory, index_t klterations, typename T,

2 typename LPCNetConfig, typename VoiceWeightsConfig>

3 __global__ void __launch_bounds__ (kBlockSize) LoopDecoderSampling(

4 const typename weights::VoiceWeights<T, VoiceWeightsConfig>::ConstView *voice_weights,

5 const index_t *active_voices,

6 const typename context::LPCNetBatched<T, kBatchSize, LPCNetConfig>::View *Ipcnets,

7 unsigned long long seed) {

8 extern _ shared__ char buffer[]; // annokauusa 6ydepa shared memory ans MCNonb30BaHUA B JarbHENLLEM

9 char *curr = buffer;

10 char *const end = curr + kSharedMemory;

11

12 const auto &this_Ipcnet = Ipcnets[blockldx.x]; // onpeaeneHne anemeHTta gns o6paboTkn B TekyLlem 6noke

13 const auto &this_voice = voice_weights[active_voices[blockldx.x]]; // onpeaeneHue BecoB ans o6paboTtku B TekyLuem 6rnoke
14

15 auto voice_cache = AllocVoiceCacheNew<T, VoiceWeightsConfig>(curr, end, this_voice); // nHmumanusauus kewen B shared memory
16 auto decoder_cache = AllocDecoderCacheBatched<T, kBatchSize, LPCNetConfig::Decoder, VoiceWeightsConfig>(curr, end, this_Ilpcnet.decoder);
17 auto state_cache = AllocStateCacheBatched<T, kBatchSize, LPCNetConfig::State>(curr, end, this_Ipcnet.state);

18

19 for (index_t iter = O; iter < klterations; iter++) {

20 /I decoder

21 ProcessDecoderlteration<kBlockSize, kBatchSize>(decoder_cache, voice_cache, this_voice);

22

23 /Il sampling

24 PostlterationWarpSync(state_cache, decoder_cache, iter, &curand_state);

25 }

26

27 // xonnpoBaHue pesynbTata obpaTHo B global memory

28 CopyResults(state_cache, this_lpcnet.state);

29 CopyResults(decoder_cache, this_Ipcnet.decoder);

30 }
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Nexopep

Gather

1 template <index_t kBlockSize, index_t kBatchSize, typename T, typename DecoderConfig, typename VoiceWeightsConfig>

2 __device__ void ProcessDecoderlteration( txi2e
3 const DecoderCacheBatched<T, kBatchSize, DecoderConfig, VoiceWeightsConfig> &decoder_cache, _

4 const VoiceCacheNew<T, VoiceWeightsConfig> &voice cache, —
5 const typename weights::VoiceWeights<T, VoiceWeightsConfig>::ConstView &voice) { CEEC Transpose
6 1x1x128

7 Gather(decoder_cache, voice)

8

9 GruA(decoder_cache, voice_cache, voice);

1 0 Squeeze
11 GruB(decoder_cache, voice_cache, voice); ———
12

13 FullyConnected(decoder_cache, voice_cache); =

1 4 1x1x16 Transpose

15 Softmax(decoder_cache);

16 }

Squeeze state_2_out

Transpose

MatMul MatMul

B (16x256) B (16x256)

Softmax




[Nekonep. CUHXpOHU3aUMS

1 template <index_t kBlockSize, index_t kBatchSize, typename T, typename DecoderConfig, typename VoiceWeightsConfig>
2 __device _ void ProcessDecoderlteration( CUDA thread block
3 const DecoderCacheBatched<T, kBatchSize, DecoderConfig, VoiceWeightsConfig> &decoder_cache,

4 const VoiceCacheNew<T, VoiceWeightsConfig> &voice_cache,

5 const typename weights::VoiceWeights<T, VoiceWeightsConfig>::ConstView &voice) {

6

7 Gather(decoder_cache, voice);

8

9 GruA(decoder_cache, voice_cache, voice);

10

11 GruB(decoder_cache, voice_cache, voice);

12

13 FullyConnected(decoder_cache, voice_cache);

14

15 Softmax(decoder_cache);

16 }
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[Nekonep. CUHXpOHU3aUMS

1 template <index_t kBlockSize, index_t kBatchSize, typename T, typename DecoderConfig, typename VoiceWeightsConfig>
2 __device__ void ProcessDecoderlteration( CUDA thread block
K} const DecoderCacheBatched<T, kBatchSize, DecoderConfig, VoiceWeightsConfig> &decoder_cache,

4 const VoiceCacheNew<T, VoiceWeightsConfig> &voice_cache,

5 const typename weights::VoiceWeights<T, VoiceWeightsConfig>::ConstView &voice) {

6

7 Gather(decoder_cache, voice);

8 cooperative_groups::thread_block::sync();

9 GruA(decoder_cache, voice_cache, voice);

10 cooperative_groups::thread_block::sync();

11 GruB(decoder_cache, voice_cache, voice);

12 cooperative_groups::thread_block::sync();

13 FullyConnected(decoder_cache, voice_cache);

14 cooperative_groups::thread_block::sync();

15 Softmax(decoder_cache);

16 }
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signal

[lekonep. Y3kne mecta

Gather

1 template <index_t kBlockSize, index_t kBatchSize, typename T, typename DecoderConfig, typename VoiceWeightsConfig>

2 __device__ void ProcessDecoderlteration(
3 const DecoderCacheBatched<T, kBatchSize, DecoderConfig, VoiceWeightsConfig> &decoder_cache,

4 const VoiceCacheNew<T, VoiceWeightsConfig> &voice cache, —
B const typename weights::VoiceWeights<T, VoiceWeightsConfig>::ConstView &voice) { WP < ancpose
6

7 Gather(decoder_cache, voice);

8 cooperative_groups::thread_block::sync();

9 GruA(decoder_cache, voice_cache, voice);

10 cooperative_groups::thread_block::sync();

11 GruB(decoder_cache, voice_cache, voice);

12 cooperative_groups::thread_block::sync();

13 FullyConnected(decoder_cache, voice_cache);

14 cooperative_groups::thread_block::sync();

15 Softmax(decoder_cache);

16 }

Bonee 90% BECOB

Softmax




[lekonep. Y3kne mecta

— [1pounsseneHne concat_out Ha maTtpuuy
W: (1x1152x512)x(1x1x512)

— [lpounsseneHune state 1 _in Ha maTpuuy
R: (1x1152x384)x(1x1x384)

OWNCKPETHbIN OMEH

He n3MeHsieTcs
ans 240 wtepauui

GRU

W (1x1152x512)
R (1x1152x384)
B (1x2304)

Gather

data (256x128)
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[lekonep. Y3kne mecta

— lNponseseneHune concat_out Ha matpuuy
W: (1x1152x512)x(1x1x512) — Moxem
npeanogcymTaTth

— [lpounsseneHune state 1 _in Ha maTpuuy
R: (1x1152x384)x(1x1x384) — Ha camom
nene R paspexeHHas maTtpuua.

OWNCKPETHbIN OMEH

He n3MeHsieTcs
ans 240 wtepauui

GRU

W (1x1152x512)
R (1x1152x384)
B (1x2304)

Gather

data (256x128)
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[lekonep. Y3kne mecta

— lNponseseneHune concat_out Ha matpuuy
W: (1x1152x512)x(1x1x512) — Moxem
npeanogcymTaTth

— [lpounsseneHune state 1 _in Ha maTpuuy
R: (1x1152x384)x(1x1x384) — Ha camom
nene R paspexeHHaa matpuua. boHyc:
OoHa briovHas, 6riokm pasmepom (16x1)

HEe U3MeHAeTCA

OWNCKPETHbIN OMEH

ans 240 wtepauui

GRU

W (1x1152x512)
R (1x1152x384)
B (1x2304)

Gather

data (256x128)
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[ekonep. Tptok ¢ npegnogcyeTom

X
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[ekonep. Tptok ¢ npeanoacyeTom

X

[



+
+
+

X

[ekonep. Tptok ¢ npeanoacyeTom
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[ekonep. Tptok ¢ npegnogcyeTom

O©CoONOO O WN -

74



[ekonep. Tptok ¢ npegnogcyeTom

template <index_t kBlockSize, index_t kBatchSize, typename T, typename DecoderConfig, typename VoiceWeightsConfig>
__device__ void Gather(

const DecoderCacheBatched<T, kBatchSize, DecoderConfig, VoiceWeightsConfig> &decoder_cache,

const typename weights::VoiceWeights<T, VoiceWeightsConfig>::ConstView &voice) {

O©CoONOO O WN -
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[ekonep. Tptok ¢ npegnogcyeTom

template <index_t kBlockSize, index_t kBatchSize, typename T, typename DecoderConfig, typename VoiceWeightsConfig>
__device__ void Gather(
const DecoderCacheBatched<T, kBatchSize, DecoderConfig, VoiceWeightsConfig> &decoder_cache,
const typename weights::VoiceWeights<T, VoiceWeightsConfig>::ConstView &voice) {
constexpr auto kThredsPerBatch = kBlockSize / kBatchSize;
static_assert(kBlockSize % kBatchSize == 0);

const auto batchltem = threadldx.x / kThredsPerBatch;
const auto threadldInsideElement = threadldx.x % kThredsPerBatch;
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[ekonep. Tptok ¢ npegnogcyeTom

1 template <index_t kBlockSize, index_t kBatchSize, typename T, typename DecoderConfig, typename VoiceWeightsConfig>
2 __device__ void Gather(

K} const DecoderCacheBatched<T, kBatchSize, DecoderConfig, VoiceWeightsConfig> &decoder_cache,
4 const typename weights::VoiceWeights<T, VoiceWeightsConfig>::ConstView &voice) {

5 constexpr auto kThredsPerBatch = kBlockSize / kBatchSize;

6 static_assert(kBlockSize % kBatchSize == 0);

7

8 const auto batchltem = threadldx.x / kThredsPerBatch;

9 const auto threadldInsideElement = threadldx.x % kThredsPerBatch;

10

11 const auto signal = decoder_cache.signal.Batchltem(batchltem);

12 const auto precomputed_input_gru_a = decoder_cache.precomputed_input_gru_a.Batchltem(batchltem).Vectorize2();
13 const auto gru_a_x_term = decoder_cache.gru_a_x_term.Batchltem(batchltem).Vectorize2();
14

15

16

17

18

19

20

21

22

23

24

25

26
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[ekonep. Tptok ¢ npegnogcyeTom

O©CoONOO O WN -

template <index_t kBlockSize, index_t kBatchSize, typename T, typename DecoderConfig, typename VoiceWeightsConfig>
__device__ void Gather(
const DecoderCacheBatched<T, kBatchSize, DecoderConfig, VoiceWeightsConfig> &decoder_cache,
const typename weights::VoiceWeights<T, VoiceWeightsConfig>::ConstView &voice) {
constexpr auto kThredsPerBatch = kBlockSize / kBatchSize;
static_assert(kBlockSize % kBatchSize == 0);

const auto batchltem = threadldx.x / kThredsPerBatch;
const auto threadldInsideElement = threadldx.x % kThredsPerBatch;

const auto signal = decoder_cache.signal.Batchltem(batchltem);
const auto precomputed_input_gru_a = decoder_cache.precomputed_input_gru_a.Batchltem(batchltem).Vectorize2();
const auto gru_a_x_term = decoder_cache.gru_a_x_term.Batchltem(batchltem).Vectorize2();

for (auto tid = threadldInsideElement; tid < gru_a_x_term.Size; tid += kThredsPerBatch) {
auto [s_0, s_1, s_2] = signal.data[0];

auto a = precomputed_input_gru_a.datal[tid];

auto b = voice.precomputed_embed.precomputed_signal_0.Col(s_0).Vectorize2().data[tid];

auto ¢ = voice.precomputed_embed.precomputed_signal_1.Col(s_1).Vectorize2().data[tid]; .....
auto d = voice.precomputed_embed.precomputed_signal_2.Col(s_2).Vectorize2().data[tid]; .....

gru_a_x term.dataftid]=a+b +c +d;
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[lekonep. Y3kne mecta

— [lpounsseneHune state 1 _in Ha maTpuuy
R: (1x1152x384)x(1x1x384) — Ha camom
nene R paspexeHHas maTtpuua. boHyc:
oHa briovHas, 6rokm pasmepom (16x1)

OWNCKPETHbIN OMEH

He n3MeHsieTcs
ans 240 wtepauui

GRU

W (1x1152x512)
R (1x1152x384)
B (1x2304)

Gather

data (256x128)
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Oekogep. Dense GRU

000000000000
111111111111111111111
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Oekogep. Dense GRU

1 template <index_t kThreadPerTile, typename T1, typename T2, typename T3, index_t Rows, index_t Cols>
2 __device__ void MatrixTransByVector(

3 container::MatrixView<T1, Rows, Cols> a,
4 container::VectorView<T2, Rows> X,

5 container::VectorView<T3, Cols>y) {

6 const auto this_tile = cooperative_groups::tiled_partition<kThreadPerTile>(cooperative_groups::this_thread_block());
7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

Col major
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Oekogep. Dense GRU

1 template <index_t kThreadPerTile, typename T1, typename T2, typename T3, index_t Rows, index_t Cols>
2 __device__ void MatrixTransByVector(

3 container::MatrixView<T1, Rows, Cols> a,

4 container::VectorView<T2, Rows> X,

5 container::VectorView<T3, Cols>y) {

6 const auto this_tile = cooperative_groups::tiled_partition<kThreadPerTile>(cooperative_groups::this_thread_block());
7 for (index_t col = this_tile.meta_group_rank(); col < Cols; col += this_tile.meta_group_size()) {
8

9

10

11

12

13

14

15

16

17

18

19

20

21

Col major
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Oekogep. Dense GRU

1 template <index_t kThreadPerTile, typename T1, typename T2, typename T3, index_t Rows, index_t Cols>
2 __device__ void MatrixTransByVector(

3 container::MatrixView<T1, Rows, Cols> a,

4 container::VectorView<T2, Rows> X,

5 container::VectorView<T3, Cols>y) {

6 const auto this_tile = cooperative_groups::tiled_partition<kThreadPerTile>(cooperative_groups::this_thread_block());
7 for (index_t col = this_tile.meta_group_rank(); col < Cols; col += this_tile.meta_group_size()) {
8 T3 sum{};

9 const auto a_col = a.data + col * Rows;

10

11 for (index_t row = this_tile.thread_rank(); row < Rows; row += this_tile.size()) {

12 auto a_value = a_col[row];

13 auto x_value = x.data[row];

14 sum += a_value * x_value;

15 }

16

17

18

19

20

21

Col major
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Oekogep. Dense GRU

1 template <index_t kThreadPerTile, typename T1, typename T2, typename T3, index_t Rows, index_t Cols>
2 __device__ void MatrixTransByVector(

3 container::MatrixView<T1, Rows, Cols> a,

4 container::VectorView<T2, Rows> X,

5 container::VectorView<T3, Cols>y) {

6 const auto this_tile = cooperative_groups::tiled_partition<kThreadPerTile>(cooperative_groups::this_thread_block());
7 for (index_t col = this_tile.meta_group_rank(); col < Cols; col += this_tile.meta_group_size()) {
8 T3 sum{};

9 const auto a_col = a.data + col * Rows;

10

11 for (index_t row = this_tile.thread_rank(); row < Rows; row += this_tile.size()) {

12 auto a_value = a_col[row];

13 auto x_value = x.data[row];

14 sum += a_value * x_value;

15 }

16 sum = GroupReduceSum(this_tile, sum);

17 if (this_tile.thread_rank() == 0) {

18 y.data[col] = sum;

19 }

20 }

21 }

Col major
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Lekopgep. Sparse GRU

1 template <index_t kThreadPerTile, typename T1, typename T2, typename T3, index_t Rows, index_t Cols>
2 __device__ void SparseMatrixTransByVector(

3 container::SparseMatrixView<T1, Rows, Cols> a,

4 container::VectorView<T2, Rows> X,

5 container::VectorView<T3, Cols> y) {

6 const auto this_tile = cooperative_groups::tiled_partition<kThreadPerTile>(cooperative_groups::this_thread_block());
7 for (index_t col = this_tile.meta_group_rank(); col < Cols; col += this_tile.meta_group_size()) {

8 T3 sum{};

9 const auto col_begin = a.col_index[col];

10 const auto col_end = a.col_index[col + 1];

11 for (uint32_t row = this_tile.thread_rank() + col_begin; row < col_end; row += this_tile.size()) {
12 auto [a_data, row_idx] = a.data_row_index[row];

13 T2 x_data = x.data[row_idx];

14 sum += a_data * x_data;

15 }

16 sum = GroupReduceSum(this_tile, sum);

17 if (this_tile.thread_rank() == 0) {

18 y.data[col] = sum;

19 }

20 }

21 }

Compressed
sparse column
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Oekopnep. Sparse GRU blocked

Compressed
sparse column
blocked

Compressed
sparse column
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Oekopnep. Sparse GRU blocked

Compressed
sparse column
blocked

Compressed
sparse column
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data



Oekopnep. Sparse GRU blocked

mpr
Compressed sggrsg c?(fli?:n
sparse column
p blocked
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Oekopnep. Sparse GRU blocked

mpr
Compressed sggrsg ci?li?:n
sparse column
p blocked
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Lekopnep. Sparse GRU blocked

Compressed
sparse column
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28] | |9]7
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data
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data

Compressed
sparse column
blocked
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Lekopnep. Sparse GRU blocked

Compressed
sparse column

13 | |2]6
EEOEIEE

28] | |9]7
| 202 |

i lzalelrlels]z]zlolel

data

ro AEIENEENEIED
s I CIEIEIEIEI NI

Compressed
sparse column
blocked

data

91



Lekopnep. Sparse GRU blocked

Compressed
sparse column
blocked
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Bpemsa paboTbl dense vs sparse vs sparse blocked

Batch size: 1

Dense: 7.2 Mc
Sparse: 5 mc #
Sparse blocked: 2.8 mc ¥

10 mc 3ByKa

T
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[lekonep. Y3kne mecta

signal

Gather

data (256x128)

Reshape

1x1x128

1x1x384 Transpose

1x1x128

W (1x1152x512)
R (1x1152x384)
B (1x2304)

Squeeze

Transpose
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IToroBasi pon3BOoaANTEIIBHOCTb

— Wcnonbaya TensorRt
nonydvanm donee 30 Mmc
anst batya 1, Tenepb
nony4ymnun meHee 3 Mc

— GPU Bokogep crocobeH
obpaboTtaTtb 640
nonb3oBaTternen ¢ RTF < 1

7000

6000
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4000

K10/0[0

2000

1000

0

Bpems cnHtesza 10 mc B MUKpOCeKyHaax

1 4 8 16 32 64 128 192

® pa3mep b6artya

256

512
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[logBenem utor

CyLwleCTBEHHO yny4Lmnnm
MPOMYCKHYIO
CNOCOBHOCTb OO4HOW U3
KOMMOHEHT

CTouMOCTb
obcnyxnsaHus
yMeHbLunnach ot 2 oo 3
pas

Mcnonb3osaHne CUDA C++ no3sonuno / ,
nonyuutb 10 KpaTHOE ycKkopeHue /
oTHocuTenbHo TensorRt ‘%J/
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