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Industry Breakdown
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Healtheare CJAlibabaCloud AWS
O Baidu Cloud £Y Google Cloud

ORACLE @ L) 1BM Cloud

Tencent Cloud
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US $20B o
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Startups

Future Industries

Reference: TAM US $20B at 2016, Traderscommunity.com “NVIDIA Analyst day gaming A.l. trends growing”
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2018 IDG Cloud Computing Study
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Cloud Business Process Services (BPaaS)

42.6 46.4 50.1 54.1 58.4

Cloud Application Infrastructure Services (PaaS) 11.9 15.0 18.6 227 273

Cloud Application Services (SaaS) 60.2 736 872 101.9 117 1

Cloud Management and Security Services 8.7 105 123 141 16.1

Cloud Syst Infrastruct Servi laaS
oud System Infrastructure Services (1aaS) 30.0 40.8 529 67.4 835

Total Market 153.5 186.4 221.1 260.2 302.5

Worldwide Public Cloud Service Revenue Forecast (Billions of U.S. Dollars)

http://www.gartner.com/newsroom/id/3871416



415 O]

° IIE_ E”olE_I?II
- ClIO[H 2| Y= {0t H[O[E S ME| £ 8 Re= ofF
- J|E EHELZ = 2AIZ M0 =2Hs S HIO|E
- "ol YEE" 2| ¥
- 2oL} 2H|0[H
- Yol LEES ST
- SU= H MM 25 =3 (CRUDOIA R,U,D X|AH)
- =20 HESHA HIOIHE 2tsot e EAste

- Zeeco Xt

- 2CHRE + 2H[0|E
- HE 9O|0lE M2 &Y
- MH|A AIZE- K5 A2t et SEC 2 HIO[H =& /X2




-

\3 **;mgmn

. ,‘Qf.

e






19944




"-9lot 22 0|92 HO| & YL
2 TEFHFO| E0f ZBITE”

-20014

".--201219] 22 5120 M E|= GlO[EQ Y
o 7.5 AAJHIO|E -

-2012d






1000+ 1992 222%

EaHX| AE{Tt
H| S 2012 0.06%

=27/1000000




1GB
MESSA

H|

2
o

1985 80,000%
1995 086%
2005 0.75%
20175 0.02%

=25/100000000




i)
=)
)
ar




- geidol sma
- Geoffrey Hinton (2005)
- Andrew Ng (2012)

« Convolution Neural Network

- Pooling layer + weight
* Recurrent Neural Network

- Feedforward routine with (long/short) term memory
» Deep disbelief Network

- Multipartite neural network with generative model

* Reinforcement Learning
- Deep Q-Network: Using deep learning for reinforcement learning

fujn




Artificial Intelligence

Machine Learning
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- GPU, special-purpose ASIC (e.qg., TPU)

. GPU 22t2C
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Reference: NVIDIA ANALYSTIC DAY 2018
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Reference: NVIDIA 2017 “A NET COMPUTING ERA"

645,000

2012 2017

GPU Developers
CUDA PHEX} S5
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2015 2016 2017
2015 Microsoft ResNet 2016 Baidu Deep Speech 2 Google NMT

Reference: NVIDIA 2017 “A NET COMPUTING ERA”
H Lt A GOPS * bandwidth




Baseline Al Training Al Inference
(CPU-Only) (Amber,LAMPS) (TensorFlow) (Image, Speech)

Workload

Speed Up 1x 20x >100x 60X
Servers 5,000 250 <50 84
Capex $45M $11M $7.5M $7M

ShedrEIpex $19.5M $2.5M $1M $1.5M

(Power+Cooling)

TCO Saving N/A 79% 86% 86%

Note(s): CPU Baselined to 5000 Servers for each workload | Capex Costs: CPU node with 2x Skylake CPU's ~$9K; GPU node with 4x V100 GPU's ~$45K | Opex Costs: Power & cooling is $180/kW/month | Power: CPU serv
er + n/w = 0.6 KW; GPU server + n/w = 1.6 KW; DGX-1V/HGX-1 Server = 3.2KW | HPC: GPU node with 4xV100 compared to 2xCPU Server | DL Training: DGX-1V compared to a 2xCPU server | DL Inference: HGX-1 based s
erver (8xV100) Compared to 2x CPU Server [numbers rounded to nearest $0.5M
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« Al Accelerator: ASIC A|Eto| EtAd5}
- Google TPU (2016~), Intel Nervana (2017) and Movidius (2017)
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- Trial and error Al1Q| F 20| J1=8H &l

* Genetic Algorithm / Genetic Programming



4, ACHTLR QA J|5to] Al T




Al X} =Sz}

« AutoML (Google, 2017~)
- Ui ?ﬂﬂxfﬂ% Argeh w34l 24
- J|2 HEHIE HE 2= BAUGI0| MUE HAH £[H2E HX|= Y
- H|H, X0, He %A toML 571 (2018. 7, Google CloudML)

c QEAA AL
- Auto-sklearn : X}=2Hel estimator MH|l&2 (2015)
- AutoKeras : 712A|Qt 7|8tQ| X| Xz} (2018)
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- 2%, oY =8, 8%
Hidden Technical Debt in Machine Learning Systems 3| AA 2| OImAtAE

D. Sculley, Gary Holt, Daniel Golovin, Eugene Davydov, Todd Phillips

{dsculley, gholt, dgg, edavydov, toddphillips}@google.com

Google, Inc. o
- ZBEEHMEZ As2 e
- SEREHIEES| MH[A
Machine
s
Configuration Data Collection Management
Infrastructure - AWS
Analysis Tools
_ - Google
ealure Process :
Extraction Managernent Tools - Microsoft

“Only a fraction of real-world ML systems
is composed of ML code”
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Teacher Model
(large neural network)

- st B UE bfloat16 =Y &

- TensorFlow Lite (2016~)
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Student Model 2

Student Model 1

Google 1/0 2018, ML Kit for Firebase
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- LHFY: On-device ?|Alets (SIX] C{HIO|A)
- ASIC + GPU + CPU ¥EH{2| AP
- DHIYZ Yo 2 55 AlE (Apple NeuralEngine (2017), Huawei NPU (2017))
- HATE =Y (Intel+AMD i7-8809g (2018))

° AH: GPU 22t =& SHER0
- TPU (Tensor Processing Unit), Google (2016~)
- Intel Nervana + Amazon AWS (2017~)
- DGX-Family (DGX-1/2, DGX-station), Nvidia (2017~)
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Backend. Al J 8

import tensorflow as

import matplotlib
vl = tf.Variable(.., name="v1") mapm
v2 = tf.variable(.., name="v2") Backend.Al E'ﬂ':
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Backend. Al & Ex_"l E https://www.backend.ai

* https://qgithub.com/lablup/backend.ai
- 20154 88 & 3K
- 20164 11&€ v0.1 EHE|=X
- 20179 10&€ V1.0 EHE| X /17919 BRUHE HAEAZ 1M
VOHE =2 Ms
- 2018 1& v1.1 /2% v1.2/38v1.3/98 v1i4 HE|X
v A opc-l§|.(
v 2X =g U ’é; a
v 221 O | = ¢ (1 3
v GPU XY 13 %
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- 2 HPC 22{AH AHAER0|M J|5 2%t (1.5)
- VPN gl CHE 22t |2 Hybrid cloud & on-premise %% (1.4/ 1.5)
- QEANYR Il Ut
v ZA|IZ2E AL MM E 2IBh scale-in protection
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https://github.com/lablup/backend.ai

Backend . Al =42 A

» Backend.Al Ground
- QEAA (ZO] +2lo|EE 2| + Z2{19l)
- XY ATEQ0f / I UK
- 5 20|l A XHEH
v H|ARIR: GPLV3
v g ol XHHHE: HE commercial license & AFE A9

* Backend.Al Cloud
- Backend.Al Ground ?|EtC 2 LablupOilA 2T 2Yst= 2

r
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- Backend.Al Enterprise
- S o Bk Ao E ANEZ2f0|= &7
- 2O 0jA / MEE S
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AL !

XIES ontact@lablup.com 2!

Lablup Inc. https://www.lablup.com
Backend.Al https://www.backend.ai
Backend.Al GitHub ~ https://github.com/lablup/backend.ai

Backend.Al Cloud https://cloud.backend.ai
CodeOnWeb https://www.codeonweb.com
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Backend.Al AXHE 1/

B oo
Backend.Al Client

Backend.Al Agent

Backend.Al Agent

Backend.Al Agent

------------- Scaling Group @Ws ---------~

[l

DACKLE-ID.

Backend.Al Manager

Kernel Kernel
A

Kernel

Kernel Kernel

User DB
i VFolder
Session DB Storage
Config
Server

Scaling Group (% ----------

i Backend.Al Agent Kernel
] L
M Backend.Al Agent Kernel o



Backend.Al ZHzs Of|A|

MBI} oHe AL

il

import tensorflow as tf
hello =
sess = tf.Session()

print(sess.run(hello))

tf.constant('Hello, TensorFlow!")

Backend.Al CloudE E3l A

Aprle| HREOl= 2HEetE0] gls

(backend.ai-client-py)
Traceback

> python main.
(most recent call last):
File "main.py", line 1, in <module>
import tensorflow as tf
ImportError: No module named

Py

"tensorflow'

#6121 OK




Backend. Al AHA|

- DEOHYY 4 U AW MU

= 30 =, HI2E| S HHO|L XHa X[

= FE Ml QH routing Tensor
M = s I Flow @ R
HTTPS = Agent auto-scaling . :
WebSocket / = Hybrid cloud x| Backend.Al Jail Backend.Al Jail
SR AN [T  REST / GraphQL & Docker

for Javascript

Backend.Al Manager
https://api.backend.ai

Backend.Al Agent

Backend.Al Client SDK

for Python _
User data files

(private protocy

. o
Jupyter S
o~ - ©) PostgresaL. &8 Redis &3 etcd
= AAIZHE{OIE HE - AFRX} MM 01X Cloud Storage
= Query / batch / streaming mode = AAIZEMIME XHR AR £

= HE[O|C|0] &3 Y = 320X dataset &



Backend.Al: &t Stxt E

Backend.Al Server

HO| ZEHAEHES QEAAR DY
(backend. Al S2fRE AfH|A B AE| 20| =

Backend.Al Client SDK
Python

Backend.Al Client SDK
Javascript

Backend.Al Client SDK
PHP

Backend.Al Client SDK

Backend Al
CLI

Backend.Al
Jupyter Notebook Integration

Backend Al

ATOM editor Plugin

Backend Al
Visual Studio Code Extension

Backend.Al
IntelliJ Plugin




Backend.Al: s}0|If| 22}E

Backend.Al Agent
AWS

Backend.Al Agent

Azure
Backend.Al Server

Backend.Al Agent
GCP

Backend.Al Agent

S Backend.AI:

The only All-in-one framework for
Machine Learning Training PaaS



Backend. Al £8 ?|&

- BEFo T2 AN HEFY X|H
Python, R, Julia, Octave, PHP, Go, C/C++, Java, NodeJS, Lua, Haskell, Rust
- 3L 2Aleks 2to|Ea2(e] o2 T SA| X[
TensorFlow, Caffe, PyTorch, Keras
o R0k AKX F + XL HobA m|lel 3
| A OHURIS O] 2t STt Sof X[ (REHED, Eo|Ht AT E)
Jupyter Notebook, Visual Studio Code, Atom Editor, IntelliJ beta
- § backend.ai run @HZE 9l SCIRE QIHIZ2|E-HIAZ X[
- JHUXIZ QI8HHTTP 7|8t B8 API X 0 SDK K| 2
Python, Javascript (Node.js), JAVA beta PHP beta



Backend.Al

Crdet 21Aeks 2tol2={2] X|#

- TensorFlow, PyTorch, Caffe &
0] H{T 2l 2to|=ziz2| SA| X|H

- g - 2~1.102 3¢ MHENN SA 229G X[
A OIS Sl o) TensorFlow 1.2~1.102 ¥
PEE 228 =0ty ~ 0Of) PyTorch®t TensorFlowE 24 §10] S THoj| A J(l
AlSHsH= BE AIHS « Bt 2lo|2 22| XS A0S K|
« CPU/GPU/RAM &5 &t
S22 E = XpAle] AH{O|A e el ot s a1t 15
v 0f]) 4CPU + 2GPU + 64GB
AHLDH 1 MEM S2Fs g S sct
MNExl SE1E - GPU HRET0f 5! W THE|M'E X (Nvidia)

GPU X|¥
- Nvidia CUDA 2|8t 2t (TensorFlow / PyTorch+Caffe)
- AMD ROCm 7|8t It (TensorFlow)

HIEtE|IAE S



Backend.Al

o 22101 B AR (1.57)
- use.backend.Al 7|Hto| & AjHl
- SheXE Held DR ALE

PEts RS 2ot - Backend.Al SDKE S8t C}F3H 010{ X| 2
wgsie o 338 A i
ZE2IRE = XS] A0 A
. JHHISE oolo| MH] X< +
CHLDI T MEA BATE e ot ot i
N2iEl Zai= - J|= 2EO| H0|E| 7|t AR Exo|d X|Y

HIEtE|AE S
S (2018 o)



Backend.Al

J|HEE BRS EAGD
Maiots BE M2
S22 e KHAlo] AHofA
ALY 4T WEH| S5
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- 2o40]A Me 2X]|
- 22| MH 3 VM BX] 2= X|H
- OpenStack AX| x|

- Chet S2tRE X

- Amazon, Microsoft, Google 22L& X|&

. 07|E 22t9E 53 X/
- 0l) Amazon + Microsoft
- 0fl) On-premise + Amazon

- 22PC S32 I3 HO| X/
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AHLPY 217 w27 S2ixs

ALKt L OHEALE ?ISt IDE S

- IntelliJ IDEA (PyCharm &), Visual Studio
Code, ATOM editor, Jupyter Notebook E¢&t

- TensorBoard SQ| ZL|IEHZ E M
T2 EEO|E AH YR ALIZ| 2
- ZHYM HAE 2 AHY

- HERIFEEE MHOAM

2txh2 2|3t Backend.Al SDK

A 2 EZ X

- Python 3/ Node.js / JAVA / PHP SDK X| &

=



Backend.Al

ek BEE E26lD
ugols BE WY

2L £ X2 MHOA

HLPY HD WA 2

« AP| 2|8k
- TSt ZAM XA (Yo
- 2/2Iefel HEHE MHX|
v pip / npm / composer ?|2te] AX| X|¥

- QI AN MERH

o 21X

— -

(m

|=211/0 7|8he| 2=

-« RE A0 B HH|O|L 2tF 7|k
- Python 3.6 + aiodocker
- Docker ?|F2| HE|O|LA Jtefst
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- Python 3, R, PHP 5/7, node,js, JavaScript, Julia, Lua, Octave, Go, C/C++, Rust, Java, Haskell
- Ha{d =t4: TensorFlow, PyTorch, Keras, Caffe

° HHAES
- Swift, TypeScript, C# ((NET Core)

P R@no@de f)kb.
-GO qui%@@GesZ:%@
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 Backend.Al Cloud / Open Source
- APl S ¢
v API 7|8 2 SISO AH| Y SO MALEIHSOI B £R41 RASHA 2 2ts
- Chst m=2 T2fal oo X[
v CRUSH T2 3Rl Q10] Ol BHAS K|SO 2 Ho| BE AL Al X|2
- HA2'd& ZHO|H 2 V|52 U T YH2Z XM|55te L &F4
- A2 XAkt DB Eo| ZHE|0|H &7
v A YA KRR ZIEO|L AR
- HEHHE 2HF0|M2| GPU 2t X| 2
v" Faster native GPU performance compared to VM-based solutions
- =X MEgkAlr Iz Tafal gl XHER DSt syscall TIH
v Apparmor/seccomp S CHH| S 8ot T2 12U It M2 X[
- Docker 2[HFo| 2| HA| 4 2 H|ot

v Of) @1xH Docker2| F2 LIt Hild'd HEHESS| CPU 20 XehS JHME == 91Z (OpenBLAS

(matrix calculation library) 5).
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Backend.Al 2| E& H|1u (1/2)

* vs. Anaconda Cluster

- Anaconda Clusters 8E =8| MHZ I8l SHAE0Q| ssh 2|#IC = 21E H|O|E 248
Python/Java T2 IMES X}= AX|StD OFAE MBS E8) E3F ASHst= 7|5 X2

oHd 2o

* vs. Google Colaboratory / AWS SageMaker / Azure MLStudio / 2% MLaaS

- SERE SAUEF V(o] T VA s de I S

- Backend.Al= Rl O MELEHIL &2 GlO| X2} A/t 22tRE QX 0] 25 2X] 7Hsot, IS

—4T7 i = 14 =
SR E HIHS0| M5tz Haelds Zef0[8! S2tREHME XS



Backend.Al 2| E& H|1u (2/2)

* vs. Kubernetes (Google Borg) / Apache Mesos / Apache Aurora

Mesos®@t k8s &= S2{AH At T O 2|2 Qoh Lot QLEAA £2HM
Auroras MesosE 7|H2tO 2 service Y job pipeline 22| 7t X3

Backend. Al= @AHAER|0|A AH|F #2F OtL|2f, HAl2|d JHEXIE S flISH E2H=[0] 7HSEH, Al
ma[olo|3 HA Ita| EAHSIAS EBE MA D 57| 2 X[

[ il — [ -
QEANLE 5 SR 2P0 Kot 0lsof, AAHEY 5 288(0|A 2HFo|| Hetet 0|5 ot
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