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TPU Pod - HPC-powered scalable all reduce distributed training

0 Cloud TPU - https://cloud.google.com/tpu/
000000 HW DO OO O BigQuery architecture 0 O O O O

O https://cloud.google.com/sol utiong/architecture/compl ex-event-processing

O https.//panoply.io/data-warehouse-guide/bigquery-architecture/
TPU v1, v2, v3 - 2018
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TPU v2, v3
O v2: 180TFLOPS, 64GB HBM - $4.5/h($1.35/h preembitble) @us
0 v3: 420TFLOPS, 120GB HBM
DAWNBenchO 00O 0O 00O https.//dawn.cs.stanford.edu/benchmark/
OGPUD 500000000000
TPU3.0 Pod : > 100PFLOPS (8x faster than v2)
All reduce with 2-D toroidal mesh network by Google's HPC hardware
Coud TPU v2(64 units) vs. NVIDIA V100(8 units)
O 27x faster training at 35% lower cost
ebay
O 55M training image
O accuracy boost +10%, training time speedup 100x
data parallel, model parallel
0 00000 mode parallel
0 00 https.//research.preferred.jp/2018/12/model-parallelism-in-dnn/
0 model parallel training with biggan
O

https://colab.research.gooqgl e.com/qithub/tensorflow/hub/bl ob/master/exampl es/col ab/biggan_generation wi
Cloud TPU APIs

0 estimator
O keras
Edge TPU
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O 000 Run
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O https.//github.com/ryuz/BinaryBrain
O https.//www.dlideshare.net/ryuz88/Iut-network-fpgx201902/1
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0 DeeplLearningd 0 O OO
0 nGraph Intel Nervana - https://github.com/NervanaSystems/ngraph
O TensorFlow XLA Google - https.//www.tensorflow.ora/xla/
O TVM Washington Univ. - https.//tvm.ai/

0 HalidelR - https://github.com/dmlic/Halidel R

PladML Vertex.a - https.//github.com/plaidml/plaidml

DLVM lllinoi Univ. - http://dlvm.org/

Tensor Comprehensions Facebook -

https://qithub.com/facebookresearch/TensorComprehensions
O TIRAMISU MIT - https://www.csail.mit.edu/research/tiramisu-compiler

0 GLOW Facebook - https://facebook.ai/devel opers/tools/glow
O ONNC Skymizer - https://github.com/ONNC/onnc
0 DeeplLearning0 0000 O0OODO
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O Operator fuson-0 0 000000000
0 Constantfolding-0 00O Q000
O Staticmemory planning- 0 0000000000 OOOO0O
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0 TVM Conference - https://sampl.cs.washington.edu/tvmconf/
OoTvMOoQooo

O AutoTVM -0 O000O0O0O00O0O0O0OOO0O00OO

0 GRU, XGBoost

0 HaideO O O Mullapudi et al. '16 0O O O - https.//dl.acm.org/citation.cfm?21d=2925952
O VTA(OOOO)-TvMOGOO AlOOO

O http://sampl.cs.washington.edu/tvmconf/dlides/Thierry-Moreau-V TA . pdf
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O - Differential programming language - https.//popl18.sigplan.org/event/popl-2018

-papers-keynote-some-princi ples-of-differential-programming-languages
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ORISC-VOOOO Esperanto Technologies O 0O 00000 OOO0ODO ODOOO0OOOOCOOOO

0 WesternDigital 0 RISC-V https://github.com/westerndigital corporation/omnixtend
O Nvidia+ RISC-V - https://riscv.org/2018/08

[sifive-announces-first-open-source-risc-v-based-soc-pl atf orm-with-nvidia-deep-l earning-accel erator-technol ogy/
O Esperant [0 David Ditze(RISC-V Tokyo O O ) ... David Ditze - Crusoe O [

O bulding the highest TeraFL OPS per Watt Machine Learning computing system
0O 00 RISC-V O Big.LitleO OO O OO
O (Big) Maxion: 64k L1, 4M L2, Deep Pipelines, OoO, Branch Prediciton
O (Little) Minion: 4096 O O O O O O In-Order, Vector extension of floating tensor
instruction(F16, F32, F64 F128)

O toolchanOO0OOOOO
O gec, gdb, Qemu O O 0O O
000000000000 http://www.imperas.com/imperas-riscv-solutions
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https://github.com/nineties
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https.//qithub.com/tensorflow/model /bl ob/master/research/slim/nets/mobilenet v1.md
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0 OO https.//www.slideshare.net/rendyu/deep-neural -network-79382352
00 10000000000000000O0O0O0000 4000000000
0 O 2: MobileNet/STM32H7
O Tightly Coupled Memory) D O OSIMDOOODOOOODOOODOOODO 90 ->3.10
O float32->float16 0 1.1 0
goooon
0 Conv. Batch -> Conv.
O Conv.ReLU->Conv.+Relu(Relu0 000000000 OOO)
Ooooooo
0 2D Conv.0000O0OO0O Direct, im2col, Winograd, FFT
OO0 :ConvolutionO O OOOOOQOGQOAQA -

https.//speakerdeck.com/nineties/convol utionfal seshu-li-toarugorizumu
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0 00 : Using Raspberry Pi GPU for DNN -
https.//www.dlideshare.net/notogawa/usi ng-raspberry-pi-gpu-for-dnn
Oo00ooooo(0DoooooooogDbDMA)OODOO
O py-videocore https://github.com/nineties/py-videocore

0 QMKL https://aithub.com/Idein/gmkI
O Actcest 00D OO0OOOODOO - https.//actcast.iof

O FPGAOUODO0OOODOOOOOODODOOOODODOOOOO
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O TensorFlow XLAOXLA OO OO OOODUODODUODUODODUODOD@venginesrD DO OO OO0 ODO
gooog

O 00 XLAjiODOOOOO - https://giita.com/antimon2/items/ccfb5c2353d99fcb1976
O00 JiaDOd CloudTPUDOOODOOODODOOOOOD - https://kiszk.qithub.io/2018/12/19
[TensorFlow-Juliaa TPU-XLA/

O OO0 Introducing PyTorch across Google Cloud
https://cloud.gooagl e.com/bl oa/products/ai-machine-I earning/introduci ng-pytorch-across-gooal e-cloud

0 How To Build And Run PyTorch For TPU - https://github.com/pytorch/xla
O OO0 JAX: Autograd and XLA - https.//github.com/google/jax
0O OO0 LeFlow: XLA - https://github.com/danielholanda/L eFlow
O LeFlow: Enabling Flexible FPGA High-Level Synthesis of Tensorflow Deep Neural Networks

https://arxiv.org/pdf/1807.05317.pdf
0 XLA->LLVM->(LegUp)->Verilog HDL
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O NAS(Netwrok Architecture Search)
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ONPSOOOOOOOOOOOOOOO GPUDODODO https.//www.theregister.co.uk/2017
[05/22/cloud_providers ai_researchers/7mt=1495474350040
OoHwOoOooooOo sw
0 ChainerX https.//docs.chainer.org/en/l atest/chainerx/index.html
O0000000000000000 backend
O00:ChanerXOOOOOOOOOOO
https.//qiita.com/Satoshi Terasaki/items/defbb1ea49b88c452118

0 Chainer-compiler https://github.com/pfnet-research/chainer-compiler
O PythonOOOO ONNXOOOOOOOO convert
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0 00O : Can FPGAs beat GPUsin Accelerating Next-Generation Deep Neural Networks? -

http://isfpga.ora/fpga?017/slidesD1 S1 InvitedTalk.pdf
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0O 00O : Optuna: A hyperparameter optimization framework - https://github.com/pfnet/optuna
0 Chainer + Optunad O -

https://qithub.com/pfnet/optuna/bl ob/master/exampl es/chainer_simple.py
O0o0oooooooon
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O OO0 : Anaysisand synthesis of weighted-sum functions
https://ieeexpl ore.ieee.ora/document/1624513

O OO : Logic synthesisfor asingle large look-up table https.//ieeexplore.ieee.ora/document/528842
m 00000

O RAPIDNN: In-Memory Deep Neural Network Acceleration Framework
https://arxiv.ora/pdf/1806.05794.pdf

O SDA: Software-Defined Accelerator for LargeScale DNN Systems

https:.//www.hotchips.org/wp-content/uploads/hc_archives/hc26/HC26-12-day2-epub/HC26.12-5
-FPGA s-epub/HC26.12.545- Soft-Def-A cc-Ouyang-bai du-v3--baidu-v4.pdf

0 3D rendering in fpga - http://www.cs.columbia.edu/~sedwards/classes/2014/4840
[reports/BallBalance-presentation.pdf, http://www.cs.columbia.edu/~sedwards/classes/2014/4340

[reports/BallBalance.pdf
O Learning Transferable Architectures for Scalable Image Recognition
https.//arxiv.org/abs/1707.07012
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