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- HAUHEO U™ > GPU =2 B2t » GPU 22tRE MB|A % - ti2 GPU/ASIC Xte| 5%

» Al Accelerator: ASIC A|Zo| 2hd 5t
- Google TPU (2016~), Intel Nervana (2017) and Movidius (2017)

« GPUE &%t B0 =00 2310| IS8 X| =212
- RO 2 ™ oAl Ultra-large scale calculation resources 2| S%t
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2015

2015 Microsoft ResNet 2016 Baidu Deep Speech 2

Reference: NVIDIA 2017 “A NET COMPUTING ERA”
Hl Atk A GOPS * bandwidth

2016
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7003 ALtz 20007 AlLke -
2015 2016 2017 2018
2015 Microsoft ResNet 2016 Baidu Deep Speech 2 Google NMT Google BERT/
Facebook LoBERTa

Reference: NVIDIA 2017 "A NET COMPUTING ERA" / Google BERT
HlAr2F AFE: GOPS * bandwidth



steQlofel Wi galy RYe| #REo) Z245 57t

2015 2016 2017 2018 2019
2015 Microsoft ResNet 20716 Baidu Deep Speech 2 Google NMT Google BERT/ Google XLNet
Facebook LoBERTa

Reference: NVIDIA 2017 “A NET COMPUTING ERA”
HAr2F AN GOPS * bandwidth
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2015 2016 2017 2018 2019
2015 Microsoft ResNet 2016 Baidu Deep Speech 2 Google NMT Google BERT/ Google XLNet
Facebook LOBERTa Google T5
Reference: NVIDIA 2017 “A NET COMPUTING ERA” TPU 2|8t

HlAk2F APH: GOPS * bandwidth
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Reference: NVIDIA 2017 “A NET COMPUTING ERA”
AHlAt2k AN GOPS * bandwidth
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Facebook LoBERTa
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Google XLNet
Google T5

TPU 2|8t
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SIEQ0{ Q| Bt ™: Cloud TPU Pod

« TPU Pods (Google Cloud)
- RO A AL X D8 RERIO| Ot AlA
- XLNet 37l (20194 6¥)
v BERTE S7tot= g5l 20 RS
v Cloud TPU Pod& MA 2.5Q0H0| E
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SIEQ0{ Q| Bt ™: Cloud TPU Pod

* TPU Pods (Google Cloud)
- RO HE A XA 2|gt DEIZIO) Ot FHE A Sidlst
- Google T5 27l (201941 10¥)
v XLNet2 5215t= 42| 90 REHS
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 AlphaStar (2019)
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- TPUV3 327l / 4432t At

- OflO|ME 1274 AldH
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© AR A
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- 1 TPUv3 = 420 TFLOPS Shpvend B @

- = At22k 600 ZFLOPS (1 ZFLOPS = 1B TFLOPS = 102! FLOPS)
- H|: AlphaGo Zero = 200 ZFLOPS

- A HlW
- Nvidia V100 GPU (~$10,000) = 125 TFLOPS
- ERQ -> 150 1 0|4}
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- GPU, special-purpose ASIC, DSP (e.g., TPU)
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- DH}A: On-device H4l2{'d (SIX| C|HIO|A)
- ASIC + GPU + CPU SE}2| AP
- DY Y 52 @ :
v Apple NeuralEngine (2017~), Huawei NPU - 1 e: ":.#"l"'fﬁ""”\'
(2017~), Google Neural Core (2019) : Vea

. MH: GPU 22t2E 8 stEgof
- TPU (Tensor Processing Unit), Google (2016~)
Intel Nervana + Amazon AWS (2017~)
DGX-Family (DGX-1/2, DGX-station), Nvidia (2017~)
Loihi / Nahuku: Simulated NeuralNet, Intel (2018~)
Gaudi / Goya, Habana, Intel (2019~)
WSE, Cerebras (2019)
IPU, Graphcore (2019)
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Theano (MILA, 2011~2017)

Caffe (Berkeley, 2012~2017)
Chainer (Preferred Networks, 2015~)
TensorFlow (Google, 2015~)

PyTorch (Facebook, 2017~)

Gluon (Amazon, 2017~)

MXnet (Amazon, 2017~)

- 2}o|Y2{2]
- cuDNN / NCCL (Nvidia)
- MKL-dnn (Intel)
- MIOpen / RCCL (AMD)
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« AutoML (Google, 2017~)
- T2 QL XM S ALE S w4l &

- 2|2 UHIERIZE HIECZ ZAUGI0| MOUE HXIN X[HstE HX|= LY *HE

LS O HA =

- H|M™, X104, HA L AutoML 27l (2018. 7, Google CloudML)

o QIEAA AutoML 34

- Auto-sklearn : Xt=53}=l estimator X2 (2015)

- AutoKeras : 22 A|QF 2|BHO| X[X 3} (2018~)
Microsoft NNI : CtQFsH AutoML & 112|S X2 (2018~)
IDSIA Sacred: StO|HI2t0[E £ X[ Z2|2/3 (2018~)
- Amazon AutoGluon (2020~)
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Hidden Technical Debt in Machine Learning Systems 2| AA 12| O I[EFAO ;H a2z =
) = r — 1 — = [ o

D. Sculley, Gary Holt, Daniel Golovin, Eugene Davydoy, Todd Phillips
{dsculley,gholt,dgg,edavydov, toddphillips}@google.com

Google, Inc. -
: - 24 BREEH MEZ XS Y

- B2RC HICE2| M| A H|Z
Machine
Resource Monitoring
; Management
Configuration Data Collection Servi _
n‘ T Infrazgggz?ure AWS
na 1S 100IS
= v'Sagemaker Zero
Feature Pros
Extraction iishagement Tacis - Google
v ML Kit / Cloud Composer
“Only a fraction of real-world ML systems ~ Microsoft

is composed of ML code” - )
v"Azure Cognition Toolkit
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- 2 HAEHESO AMXY A0 0 EFY
- 2F HAEHESO| YHo| WE HHAO| HFLA CHY
- i DY oA A Pgo| Hedt
- BHIE CEAIDE ARS| et ST
- BHELA| HQ 2|AAD}F ChRFst

 DevOps ChiH| F2I2 QA &|= H
- mo|maiol A0}
- A5 UE2 9U AR AZO2 o
- Ol £ CHA MRS B OIH 2T0t R



Al/MLOps SEL| LHE: EeEiE

* MLOps S &
- AirFlow + TensorFlow Extended
v Apache AirFlow: AirBnB2t JH ot bt 80| Y I E2Q 2| ZHE
v TensorFlow Extended?| QHAEZ|O|E{Z Q1310 A2
v GCPY| A X|€! (Google Cloud Composer)
v ETL 20 2 52 HR|E HH

- KubeFlow
v Kubernetes ?[8t2| MLOps SEiE
v  TensorFlow Extended &! TensorFlow0i| E3t

- MLFlow
v DatabricksOl|A 2t= MLOps ZHF
v Tracking, Projects, Models& 28X 02 22|510{ X|¥
v TensorFlow, PyTorch S 2|30 =X ¢lo| X[




©
©
C
Q
X
(@)
(q0]
Q
s
S
=
~~
-
n
o
4=
)
c

Backend.Al: Al/MLOps S2HE

o __

oF Q
0 w 1o
& H| HO
HIn A K
jol < ™
wo 3l Ol
ofl or I
K Mo
< 10 ﬁ
3. o X
<| UMY
<« W
ol o] 2

LUNNG]

i

K

LRACKLRD.

t=0|

=)

HEZA, 21H 2 Al Of

PN

el



Backend. Al: 2{ef 2§

o~ AEE
o- [

7?7?
C
o

- PRRIXHALRAPE R GPU B

—

- SOILERES AR

- SwW exz2| of2ig

A

Backend.Al

[
ARAA

og

- SMOZ IO W PHICH AL
=
—_

= AHEO|L 2|8t 2 EZSHEI SW AHENH|

30/ 49



Backend.Al: A2 AlLI2|

)
)

GPU gl
. =

Bl

fLov
L

aws J\

Backend.Al Backend.Al Backend.Al

N T RRRRR
28 28 a8

GPU 22{AH 1% g5 GPU

OH

? Zetec2o| X g3 oty

]

31/ 49



Backend.Al: SSiE

A

CilOIE
LS,

A

ciolef
24Pt

HERE

DACKLE-D. =

BE @ m o

Backend.Al Manager

1F W O PyTorch 2|5 oH

SLEY-2HE 2fet

ZE0|H &

SRl 2 218k GUI

32 /49




% Kubernetes 2|4t S2MS CH] SY SIESI0IR D45 24
, ML, HPC, £X[814 S 017 ol £|x43t
- NS AT S CHUBH BK|, Xl T O HE XH 23

—-—
- RACKEHD.

*ML/HPC H@71S0| X7 BHE ZZ
-UPHEI BHE GUI (P L HIAIE o)/ B2l S Y A3YYS ATt CL

CA|AHEI 2|8 SIHE S35 AMMISH 22Xt H|O] 7|5

TN
Al, ML, HPCS
+2tX B M3HEl AP 8! SDK (Python, Node.js) H|l& R&D £
-CHASt GPU S alald 2k H/W |2 Business Service,
+On-Prem0i|A{ Public Cloud, Hybrid 22t EM}X| 4|2 =Hat Al Service &2 gl X|27IX|
— e SLto] ABE ZHZS s

RINO = 22|
«GPU &8 243 Fractional GPU™) £ E38t 17t GPUS| &2A ZCH 8! 1It2A ey
‘O H2EQ0z YUt d5, Yot StEA =z 0 =2 ds M3

+ 24243t Ol TS (21454 Fail Over, 412 FOH 2191 24/ Y 2I API/ 20 224 SB)

/ 49

1] Nvidia CUDA, Nvidia Jetson, AMD ROCm, Google TPU, Google Coral
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« PyTorch 2& =& X|&
- PyTorch Serve (TorchServe) 8! Backend.Al + Triton &2+X| & X|&
- A& g Triton inference server

« Nvidia Triton inference server 2|8t9| £2 AMH J|s
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- X @ o
v  TensorFlow GraphDef, TF SavedModel, ONNX, Pytorch, Caffe2 NetDef
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CPU

97/429 T 049,
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18.5/96 CUDA FGPUs
Fractional GPU 7143t AFR E.

WOE WARE By

BR mE A g} ol L

lablup - Lablup User :

Welcome to Backend.Al cloud open-
beta!

We updated Backend Al cloud to the
latest beta, We are inspecting areas
where problems may arise.

All systems normal.
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Make Al Accessible!
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Backend.Al https://www.backend.ai
Backend.Al GitHub https://github.com/lablup/backend.ai
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Appendix

Backend.Al: The most efficient way to build and train your machine learning models
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Specication Specication

Manager/agent 1core for each + RAM 1GiB Ubuntu 16.04 / RHEL CentOS 7.5 or later
- support manager multicore extension Docker 18.09 or later
- not support high availability configuration nvidia-docker v1 / v2 (optional)
e yet . .S/W 0S CUDA 8.0 or later (optional)
o Post.greSQL DB 2core + RAM 2GiB + SSD requirements Backend.Al Agent requires the root
Overall : 16GiB (w/o 0S) account or the following Linux capabilities:
Redis 1core + RAM 1GiB cap_sys_ptrace, cap_sys_admin,
etcd 1core + RAM 1GiB + SSD 16GiB (w/o cap_dac_override
0S) Max. manageable agent nodes : 2,000
Ins.tallation Bare metal, OpenStack, AWS, GCP, Azure Manager Max..multiple containers for a single
Environment C ity limit session : 20

Intel x86 / AMD64 architecture compatible apacity fimits Max. manageable containers : 100

CPU (compute kernel requirements) Agent Max. GPUs on a node : 16
Support SSE4.2, AVX2, FMA3 instruction set Max. GPUs in a single container : 16
(Intel Haswell architecture or above) < 10% CPU 1core usage for simultaneous
CUDA capability supported model by Manager sessions by 50 users (in case 2.3GHz Intel

GPU purpose Perf Sandybridge)
(5.2 or later recommended) errormance Depend on user code, H/W, computation
LAN 1Gbps or higher, 10Gbps recommended Computation  framework configuration

H/W Network (related to data I/O perform) . Overhead of Backend.Al and docker : <1%
- not support control / data plane separation
requirements -
Seperated NAS for virtual folder (data I/0)
Support solutions mountable to each
manager/agent node's file system
Storage (protocol-indepent e.g. NFS/SMB)

- recommend to use storage solutions with
built-in local cache for large-scale ML (e.g.
cachefilesd, GlusterFS, Alluxio)

- support self-caching based-on cachefilesd
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