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https://www.similarweb.com/top-websites/category/vehicles/vehicles
https://www.similarweb.com/top-websites/category/vehicles/vehicles

3akoH Mypa Ginblue He npautoe

[xeHceH XyaHnr « CEO NVIDIA
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(4 nextbigfuture.com/2019/02/the...
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https://www.similarweb.com/top-websites/category/vehicles/vehicles
https://www.nextbigfuture.com/2019/02/the-end-of-moores-law-in-detail-and-starting-a-new-golden-age.html

CKnagHicTb Mepex pocTte
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https://towardsdatascience.com/neural-network-architectures-156e5bad51ba
https://towardsdatascience.com/neural-network-architectures-156e5bad51ba

Bumorun oo obuncneHb Ta naM’ATi pocTyTb

Object Detection Architectures

Model Input size Param memory
rfcn-res50-pascal 600 x 850 122 MB
rfcn-res101-pascal 600 x 850 194 MB
ssd-pascal-vggvd-300 300 x 300 100 MB
ssd-pascal-vggvd-512 512 x 512 104 MB
ssd-pascal-mobilenet-ft 300 x 300 22 MB
faster-rcnn-vggvd-pascal 600 x 850 523 MB

(%4 github.com/albanie/convnet-bur...

Feature memory

1GB
2GB
116 MB
337 MB
37 MB

600 MB

.com

Flops

79 GFLOPS
117 GFLOPS
31 GFLOPS
91 GFLOPS

1 GFLOPs

172 GFLOPS


https://github.com/albanie/convnet-burden#object-detection-architectures
https://github.com/albanie/convnet-burden#object-detection-architectures
https://github.com/albanie/convnet-burden/blob/master/reports/rfcn-res50-pascal.md
https://github.com/albanie/convnet-burden/blob/master/reports/rfcn-res101-pascal.md
https://github.com/albanie/convnet-burden/blob/master/reports/ssd-pascal-vggvd-300.md
https://github.com/albanie/convnet-burden/blob/master/reports/ssd-pascal-vggvd-512.md
https://github.com/albanie/convnet-burden/blob/master/reports/ssd-pascal-mobilenet-ft.md
https://github.com/albanie/convnet-burden/blob/master/reports/faster-rcnn-vggvd-pascal.md

CPU, NVIDIA i AMD, Intel Xeon Phi

Theoretical Peak Floating Point operations per Clock Cycle, Single Precision

FLOPs per Clock Cycle
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https://www.karlrupp.net/2013/06/cpu-gpu-and-mic-hardware-characteristics-over-time/
http://www.karlrupp.net/2013/06/cpu-...

CPU vs GPU

Memory Memory

Network Weights Network Weights

Input Data Input Data

GPU
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Result Result

(4 habr.com/ru/post/455353/

ALU

ALU

ALU

Latency in Clocks-Lower is Better

120

100

80

60

40

20

Memory Latency vs. Access Range (Sandra 2014 SP2a)
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(4 anandtech.com/show/842...

Core i7-990X
(DDR3-1333)

Core i7-3960X
(DDR3-1600)

Core i7-4960X

(DDR3-1866)

Core i7-5960X
(DDR4-2133)


https://habr.com/ru/post/455353/
https://www.anandtech.com/show/8426/the-intel-haswell-e-cpu-review-core-i7-5960x-i7-5930k-i7-5820k-tested/2

GPU NVIDIA - nigep
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Up to 3x Faster RNN Training on
cuDNN 7.6 (V100) VS cuDNN 6 (P100)

cuDNN 6.0 cuDNN 7.0 cuDNN 7.6
Tesla P100 Tesla V100 Tesla V100

TensorFlow performance tokens/sec), Tesla P100+ cuDNN 6 (FP32) on 17 12 NGC
container, Tesla V100+ CUDNN 70 (Mixed) on 18.02 NGC container, Tesla V100 +
cuDNN 7.6 (Mixed) on 19.05 NGC container, OpenSeq2Seq (GNMT), Batch Size: 64

(4 developer.nvidia.com/cudnn
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Up to 3x Faster CNN Training on
CUDNN 7.6 (V100) VS cuDNN 6 (P100)

cuDNN 6.0 cuDNN 7.0 cuDNN 7.6
Tesla P100 Tesla V100 Tesla V100

TensorFlow performance (images/sec), Tesla P100+ cuDNN 6 (FP32) on 17.12 NGC
container, Tesla V100+ cuDNN 7.0 (Mixed) on 18.02 NGC container, Telsa V100 +
cuDNN 7.6 (Mixed) on 19.05 NGC container, ResNet-50, Batch Size: 128


https://developer.nvidia.com/cudnn

GPU AMD - noTyxHa, npoTe HeaoCcTaTHA NiATPUMKA

Benchmark CIFAR10 on TensorFlow

GeForce GTX TITAN X + TF1.6
GeForce GTX 1070 + TF1.6
GeForce GTX 1080Ti + TF1.6
NVIDIATITAN X + TF1.6

Tesla GRID K520(Unit1) + TF1.6
Tesla K80(Unit1) + TF1.6

Tesla M60(Unit1) + TF1.6

Tesla V100-SXM2 + TF1.6
Radeon RX 560 + TF1.0.1
Radeon RX 560 + TF1.3
Radeon RX 580 + TF1.0.1
Radeon RX 580 + TF1.3
Radeon RX Vega 56 + TF1.0.1
Radeon RX Vega 56 + TF1.3
Radeon RX Vega 64 + TF1.0.1
Radeon RX Vega 64 + TF1.3
Radeon Vega Frontier + TF1.0.1

Radeon Vega Frontier + TF1.3
Radeon Pro WX 9100 + TF1.0.1

o

2500 5000 7 500 10 000 12 500

(4 http://blog.gpueater.com/en/201...



http://blog.gpueater.com/en/2018/04/23/00011_tech_cifar10_bench_on_tf13/

AMD INSTINCT - manbyTHE nopsg gIA

AMD Radeon Instinct™ MI60

Lithography TSMC 7nm FinFET
Kon-BO NOTOKOBbLIX NMPOLIECCOPOB 4096
Peak Single Precision (FP32) Performance 14.7 TFLOPs

Memory Size HBM2 32 GB

(4 amd.com/ru/graphics/servers-...



https://www.amd.com/ru/graphics/servers-radeon-instinct-mi
https://www.amd.com/ru/graphics/servers-radeon-instinct-mi

CPU INTEL - poraHsie noTtsar

Intel® Xeon Phi™ Processor 7290F

Intel® Xeon® E5-2699A v4

Intel® Nervana® ?

(%4 venturebeat.com/2019/01/07/int...



https://venturebeat.com/2019/01/07/intel-announces-nervana-a-neural-network-chip-for-inference-based-workloads/

TPU Huawei - kutam He BigcTae!

Ascend 910

Greatest computing density in a single chip

Ascend 910

Ascend-Max
Architecture: Da Vinci

Half-precision (FP16):256 TeraFLOOPS
Ingeter-Precision (INT8): 512 TeraOPS
128 Channel FHD Video Decoder - H.264/265

Max Power: 350W

nm
2019 Q2

(4 habr.com/ru/post/455353/
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* Normalized to 16 bit


https://venturebeat.com/2019/01/07/intel-announces-nervana-a-neural-network-chip-for-inference-based-workloads/
https://habr.com/ru/post/455353/

TPUv2 Chip

16 GB of HBM
600 GB/s mem BW
Scalar/vector units: 32b float

MXU: 32b float accumulation but reduced
precision for multipliers

45 TFLOPS

TPU Version On-demand price
Cloud TPU v2 $4.95 / TPU hour
Cloud TPU v3 $8.80 / TPU hour

(%4 cloud.google.com/tpu/pricing?h...

Google TPU - 3pinuu i noTyXHuUun

HBM core

8 GB

scalar / vector
units

MXU
128x128

Preemptible price

$1.485 / TPU hour

$2.64 / TPU hour

core

scalar / vector
units

MXU
128x128

.com

HBM
8 GB


https://habr.com/ru/post/455353/
https://cloud.google.com/tpu/pricing?hl=uk

Amazon AWS i Microsoft Azure: HagiuHi, ane gopori

Amazon SageMaker Amazon Elastic Inference

MHcTaHChI ¢ rpadomyeckum npoLeccopom —
TeKylliee nokoneHue

ml.p2.xlarge 1361 USD
ml.p2.8xlarge 10 886 USD
ml.p2.16xlarge 21773 USD
ml.p3.2xlarge 4 627 USD
ml.p3.8xlarge 18 508 USD
ml.p3.16xlarge 37 016 USD

Camuin "pewesnin” (piyHuia Grogxet): ml.p2.xlarge (1 x K80 12G) 1.361*24*30*12 = 11 759
[ns V100 (piunuin GropkeT): ml.p3.2xlarge (1 x V100 16G) 4.627*24*30*12 = 39 977

(4 aws.amazon.com/ru/sagemake... (4 LetanbHuit onuc (4 aws.amazon.com/ru/machine-le...



https://aws.amazon.com/ru/sagemaker/pricing/
https://aws.amazon.com/ru/sagemaker/pricing/
http://aws.amazon.com/ru/sagemaker/pricing/instance-types/
https://aws.amazon.com/ru/machine-learning/elastic-inference/
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[Nomeroff Netl

nomeroff.net.ua

HAC 4921CB
Instance segmentation
BuaHaueHHs obnacTten 3 HoMepom

FAA 880571

Classification
Akoro Tnny Homep, Y 3amarnbOBaHUN,
CKiNbKM CTPIYOK Y TEKCTI

OCR, lNoctobpobka




ApxiTeKkTypa Knacudglikatopa

3amictb VGG16 cTBOpMNM KAaCTOMHY apXiTEKTYpY:

def create_simple_conv(self, inp):
conv_base = layers.Conv2D(32, (3, 3), activation="relu’)(inp)
conv_base = layers.MaxPooling2D((2, 2))(conv_base)

conv_base = layers.Conv2D(64, (3, 3), activation="relu')(conv_base)
conv_base = layers.MaxPooling2D((2, 2))(conv_base)

conv_base = layers.Conv2D(128, (3, 3), activation="relu')(conv_base)
conv_base = layers.MaxPooling2D((2, 2))(conv_base)

conv_base = layers.Conv2D(128, (3, 3), activation="relu')(conv_base)
conv_base = layers.MaxPooling2D((2, 2))(conv_base)

return conv_base

(%4 github.com/ria-com/nomeroff-ne...
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https://github.com/ria-com/nomeroff-net/blob/master/NomeroffNet/OptionsDetector.py

Apxitektypa OCR
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(4 hackernoon.com/latest-deep-le...
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https://hackernoon.com/latest-deep-learning-ocr-with-keras-and-supervisely-in-15-minutes-34aecd630ed8

OnTtumisyemo 3aniso: Server vs Desktop

Y 6inbLUOCTi 3a4a4 HEMAaE CEeHCY CYTTEBO nepennadyBaTt 3a cepBepHe obnaaHaHHs

(4 neurohive.io/ru/osnovy-data-sci...


https://neurohive.io/ru/osnovy-data-science/graficheskij-processor/

OnTumisyemo 3aniso: Bubip GPU s

Performance per Dollar*

RTX 2060
RTX 2070

GTX 1060 (6GB)
RTX 2080

GTX 1070 Ti
GTX 1070

=== CNN
Word RNN

RTX 2080 Ti
GTX 1080

GTX 1660 Ti
Titan X (Pascal)
GTX 1080 Ti
Titan Xp

Titan V

=== Transformer / Char RNN

== AVG (CNN + Transformer)

Titan RTX
V100

o
o
N

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Normalized performance per dollar (higher is better) * mean (Amazon, eBay)

(4 timdettmers.com/2019/04/03/w...



https://timdettmers.com/2019/04/03/which-gpu-for-deep-learning/

Ontumiszyemo OS w12
Linux 3i cBixxum agpom (kernel >= 5.1), Hanp. Ubuntu, Fedora
Csixi gpamneepa (nvidia >= 430.26, cuda >= 10.1, cuda-cudnn >= 7.6)
MoniTnku gnsa agep:
cat /sys/devices/system/cpu/cpufreq/policy*/scaling_available governors
[Mepemukaemo B perfomance:
echo "performance" | tee
/sys/devices/system/cpu/cpufreq/policy*/scaling_governor

Ao nnatgopma gBocokeTHa ctaBuMmo nvidia-persistenced

MoHitopum ctaH GPU:
pip3 install gpustat




OnTumisyemo codt
Csixun python >= 3.7

36upanTte caMocTiHO oCcTaHHIo Bepcito tensorflow >= 1.15.0rc0 3 onTumisauismu
ansa CPU i GPU

bazel build --config=opt --config=cuda --config=mkl
--copt=-march=native
//tensorflow/tools/pip_package:build_pip_package

Ansa poctyny oo GPU y docker-koHTenHepi ctaBum nvidia-docker

XLA: Optimizing Compiler for TensorFlow
S TF_XLA_FLAGS=--tf_xla_auto_jit=2
path/to/your/tf/program



https://github.com/NVIDIA/nvidia-docker
https://www.tensorflow.org/xla

OnTumisyemo codr I

.com

AnapaTHo-3anexHa onTumisauisi iHdoepeHcy:

NVIDIA TensorRT

(%4 youtube.com/watch?v=NYUoew...

Intel OpenVINO

(6th-8th Generation Intel® Core™, Intel® Xeon® v5, v6 family, Intel®
Movidius™ Neural Compute Stick, Intel® Neural Compute Stick 2, Intel® Vision
Accelerator Design with Intel® Movidius™ VPUSs)

(%4 dlology.com/blog/how-to-run-ke...



https://developer.nvidia.com/tensorrt
https://www.youtube.com/watch?v=NYUoewtMLqo
https://software.intel.com/en-us/openvino-toolkit
https://www.dlology.com/blog/how-to-run-keras-model-inference-x3-times-faster-with-cpu-and-intel-openvino-1/

OnTumizyemo mopgenb
Pecans poto nepen nepenayvoro Ha iHpEpPEHC Npautoe WBUOKO Yepes cv2.resize
CnipowyemMo apxiTekTypy, Le 3aBxXan npuBoanTb 40 BTPATU SKOCTI
BukopuctoByemo ontumizoaHi cnoi Ha TF (ans NVIDIA GRU -> CuDNNGRU, ...)

Kepyemo poanpanentoBaHHsM
CUDA _VISIBLE_DEVICES=0 taskset -c 0-7 python3 ./test

3amMOopOoXyeMO iHOeKeu | kKoHBepTyeMo B pb (model size)



OnTumizyemo HaBaHTaxeHHA Ha GPU

PosnapanentoBaHHAa B pamkax 1 GPU. 3anyckanTe gekinbka iHCTaHCIB Ans iHgeHcy.

Mo moxxnmnBoCTi He pobiThb iHEepPeHC y pexumi online, HabaraTo gelleBLUe CTaBUTH
3ajadi y Yepry Ta 3aBaHTaxyBaTu CUCTEMY PiIBHOMIPHO (OpraHi3oBymTe 4epry 3a
aonomoroto Rabbit MQ abo Apache Kafka).

Messaae Queves

welo Age CEEI (I I TTTTTT] Ko
Peodetc AAAZA T TTTTT1T171] i
Web Age

A2 LI L[ TTTT11]

IRabbitVO

awmag:// govt %71l

& kafka.


https://www.rabbitmq.com/
https://kafka.apache.org/

Nomeroff Net oo i nicnsa onTumisauil

Ontumisauia TpeHyBaHHAa OCR

(%4 aithub.com/ApelSYN/aiukraine...

BeHumapk iHdoepeHcy Nomeroff Net gna CPU ta GPU

(%4 github.com/ria-com/nomeroff-n...



https://github.com/ApelSYN/aiukraine_examples
https://github.com/ria-com/nomeroff-net/blob/master/banchmarks/runtime.ipynb

KopucHI nocunaHHA

Nomeroff Net Online doopma posnisHaBaHHA HOMeEPIB

(%4 nomeroff.net.ua/onlinedemo.html

AnnapaTte npuckopeHHs rmmboknx Henpomepex: GPU, FPGA,
ASIC, TPU, VPU, IPU, DPU, NPU, RPU, NNP Ta iHwWi nitepwu

(4 habr.com/ru/post/455353/



https://nomeroff.net.ua/onlinedemo.html
https://habr.com/ru/post/455353/

Hac ans
3anuTaHb



