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{ Executive Summary »

There is no doubt that the speed of modern artificial intelligence (AD technology is
very fast. This, on the other hand, means that it is difficult to grasp the latest Al
technology. In addition, the application of Al came to various industries and became a
general purpose technology. For example, what is the difference between big data
analysis and AI? Is it a difference in methodology? Learning-based Al, the backbone
of modern artificial intelligence, inevitably requires big data. In order to buid a
successful artificial intelligence system, high-quality data is the more the better. From
this point of view, big data and Al are hard to distinguish from each other.

To understand the evolution of Al technology, a good classification of technology is
needed. However, it is difficult to propose a clear classification system from the
viewpoint that the major player of Al is a global IT company, and the range of
application of Al is continuously expanding. In addition, since the classification of
international market research institutes is also very different, there is also a limit to
the construction of classification based on references. In this report, we took a
hypothetical approach to suggest a classification of Al technology. This suggests the
viewpoint of Al based on the big trend of Al technology.

So where is Al now? In this report, we wil look at the major research
achievements published in the Al research community since Alpha Go Zero in 2017.
In particular, we analyzed the research that improved the performance of artificial
intelligence itself. Deep learning is currently performing very well, but it is still in
the narrow Al There is an emerging field of meta learning that learns how to learn
in an effort to improve it. In addition, we will explore neural architecture structure
search for optimal neural network structure, spiking neural network in neuromorphic
chip, and finally transfer learning to transfer knowledge between domains.

Al is still expanding rapidly. The report focuses on research that specifically
improves the performance of Al The success stories of Al in various industries are
still on-going. A timely analysis of the technological development of Al is very
important.
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1) The study is to proceed on the basis of the conjecture that every aspect of learning or any other
feature of intelligence can in principle be so precisely described that a machine can be made to
simulate it. An attempt will be made to find how to make machines use language, form abstractions
and concepts, solve kinds of problems now reserved for humans, and improve themselves.
(Dartmouth workshop, Wikipedia)
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1) wE S

el shss(Meta learning)2 x58toll A b2 wEl QX|(Meta cognition)e] 7}
omRE FAFPth WE AAE Wt ok BN B2E e FA4Ho= <
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HE S5 F 7P diFd o2 dHzl YA 8<5(One-shot Learning) EA]
Shote] 7Wd& AWHFETAT 3 79 HolHE S<Fdte WHolth o3 [OF
31> Ak Sk o] ti=RAql 25 AT

(27 3] B4 sael PEE

At& : Oriol Vinyals, Charles Blundell, Timothy Lillicrap, Koray Kavukcuoglu, and Daan Wierstra,
“Matching Networks for One Shot Learning,” https://arxiv.org/abs/1606.04080

(19 3]S EUZE ¢AF g5 AHRzL (19 3ldA Ak 859 3= U
Ao ME OE FolA oluAE &3}
Shote] AT o] ZFE GA357] 93l YAk gdS F 7HA
HA g,E olmANA EA(feature)S FEH3E= AT

(inference)st=t] &8 IRty o =z g,= o|v| A &

_Or]
&) ojm sh5HE <l-FA 7 W (pre-trained network)S 83t EANS F=3)
o] EAS AEFst= Aol f,o d&o|tt. uE oln| gHH AlA o] Way(E
FEE FojZ Shot(e]uAo] MZE FEE F U= EHE FE33, oA

TR (clustering)st= A o] f,eb= Aol

Ak gl e AdHo|A N ojmA] 14 FEofdAE £ AHE UE
Wi ok 28y AR A FHEstth oA AR g, olF] SEE AW
olgtE Holth E3F g, Sh<x(training)ol] &&H do]E ¢} shot2 o= AT &
AHg o] BAEojof k= A JA ®E shte] @olgta B 4 Qi

7 A7) EAL dulr o7 B = Z=(classifier) o] Ao 9+ full-connected &9 z+& &83
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T o0& ve ssoEs e HZ 3 shs(Meta optimizer learning)e] Slth.
7182 0 72 AQFAALE stE3thE= Mde 2212 A 3Kerror back-propagation)
st AFAALS At 7oA E HAs st Aotk A7 exles HE

ol@th A5 b 2 e 54 %% oA

il

of A= <
3} gtHo o] £ASFEE QFAAL O R FHEE Holth o|AL HE &4
(meta-loss)2t. A olE ™, o] WE &4 A7} FolA = Wgko = 3o
A& HolHERE o] & st5S & 5 Avke= Jidolth

HEt &5 Shgohe WS dEche WHELE B4t oy, dAA %
AT e AT AAE FE we AE] Jlopd Zo] Hoh AA vE S
o F8 A= g5y “BE&I o AFTE Ve I Adsol wig Holu
AR I Aee 248 fs B2 ol AHESltE A2 Ty A S
I A= ARt oo wRe| AMES A2 ¢Fo HlolHER IdWSIAY= Y
o] uj-g- Hojur] wiZol, WE Stge o3 A SgHe EWele F
o 23 T A+ Aotk A A& HolH=E st = U+ 7lsol A
dHTOHE, ASSES NER mHoE YD Aol IvtE HlolH Y 5 0°]
d&stA 2 Foprl weH, 7l AAd tg F87F Eoe A HSgn

A7 72 =A(Neural Architecture Search, NAS)S 7]|®z o2 wEl S
of Ada vtk w2 Sgste WHE Saste A, AAY T2 gAY
o] & L AFAATY F=xdd FHE Tt Zolth HAH AFAAH
T2 493 AgE wEo® . = AlphaGool AHAWE 1359 A
FAARE, HolxRe gHolaE 959 FAFAALE &Yk oMY &
H3o Aot 4 FHRBAT BE ol fE, B dATAEL AIH
2 =2

= gae euFe] & YAF A% B5 5 ATAs WA
Am shgalRs Ee Asdet Ao FHe £0h B8 A4% TE w4
= galA BE BSe £F d5ss goe ofyr] wEdl, o4 AgA
ol APl St Golshl BET & Atks FEol gl
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419} zro] £=3Al7HRecurrent Neural Network)<
= gFcte HAY AFAAT F2E FE 7 =0)
] Ca dFo o EA(variable-length
2124174 "Hchild network) A= £3417

AR Fx A2
ol FAEH= A%
o AA =AY
stringd 2 FASsY. AEE 299

1
(Y

d

>

ofN

We FxE ZE Controler2Re] po] HEZ AHAL AFUEY A% %
93 ¢ H F% HolHE AT RS AEFSL, RS WEOR FEF pE A
@t Ro| 945 HAAe) 4% T2 Foliths Adel AW Fx= G4

o At

pel O/& ZfIF R 24E Sl
Controller Z44!

(28 4] NEY TE Bl i

At& : Neural architecture search with reinforcement learningof|A] Aj-d

AR T g 2o UA Add THECRE 20169 A &2
Al el 34 GPUE &83 Addd. T JdE sl e 3
AN A or FEY AR & o AN O A RdPdS 22 @ 7
MEd WMarte dee 2430 722 2018d 284 AW 7= &4
(Efficient NAS) 7]1&& 2703t 145 GPU & AMo=zm F2 H5S 24
e (F Dok 2ol SHIAH

CIFAR-10 Penn Treebank
FIEIGTTEES e (o oi2tH e .
ek (w oy | SFE (%) | UHE (g | EEE
HY=EQl dhy 06 2 5 dE={ol dhy 55
(DenseNet 6. 56 (LSTM) 56.0
NAS 3.3 2.65 NAS 54 62.4
ENAS 4.6 2.89 ENAS 24 55.8

At= : Pham, Hieu, et al. "Efficient Neural Architecture Search via Parameter Sharing." arXiv
preprint arXiv:1802.03268 (2018).
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sshol 7 AAWeNA stolASpike)d] ofHE AESHQ Frelo] PuE W
g o) RS D713 BEL B 2stolq A o}
o2 AE WUt WA 2vte]d AAWE FAE FUS B
Wi shte] sveld AEE YW T oNA 7
§e gYol F4F F/5n FVEE gaUY ARCE 03 3
Z o

5]
FHoZ Ayo]lm AA ARE ZAASY. Aulo]lAE XHSH

of

b oox @ N
12 10 ox f o
o M o no

u t 5y
ta-ge gpolth ARl wheh HAshE 1EAHQ Avjelat 7
gtol Zof s Fets tE-dEel 5o Fow FHHL, o] T 2volm EF
Q(Spike traimeleta EHIT. o] ~vola EQlo] A P ZHo| =
. zgtoly AAWel S A B F AFUAAEE AAHE NEAE
245k Zolth oA Aeista steel A et Ay dAZE W
ol E 71<€3 Hebbel o]&°l 7]uteith A A F 7ol AZA=E7E A
2 REZHola AHHOoE HIfiringdohA Fsxtel JhEA|7F AsEdsE A
g oudith hEAS] WEFS T ATURMEL 2vtolm EdAR 2ol
3 E#9 ALGEHIE(Low-pass filtenE FAHCLE o] BAAL &3 715
A7k Wskely dAwel sterdh 2volq QW] TxE g (29 519
2.
Input Layer Cutput Layer
s Imjf_x:i Index; m,\l

\J

\J

Y

t;-Input Spikes
N
Y
tj-l}ut;h{rﬂpikus

Y

Hidden Laver Index:h

[2& 5] 2hio|d AT =

A= : Kulkarni, Santosh, Sishaj P. Simon, and Kinattingal Sundareswaran. "A spiking neural
network (SNN) forecast engine for short-term electrical load forecasting." Applied Soft
Computing 13.8 (2013): 3628-3635.

8) ESSER, S. K., et al. Convolutional networks for fast, energy-efficient neuromorphic computing. 2016.
Preprint on ArXiv.
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oAl zmolR A Aol s AHnA dnHow ofmE Az
Sterdtel ol =l ARG Sy vlelE el Srh BAEojor Ak 4
2 0]
= AR

%
E"E]_-
AR ARPAA A vAG} BAA ] BAGL B 5 Aok L 1w
Wol AFUAR Geol SolA W Byol Ferdh Ay HE 104 AwE
o] NH2(M A7} ZA3HY, AR AFREE e 10° /) Axolth & RE
o] shye ARAEE s AHEEH= FEH I old Aot o] Ao A
2go]7) AAYL xuolm EFR] FEHE HRE HFPSIY 53] "o
dAabe] H& FHolA AHol Ak oA AdYe] SAHFAE o]ofA = FHEo]
ot ol [2F8 6] MNISTY dlolg Ao tis] vt A-FAAG] A3to]
AR S vagk 18,

100 — p— [

{ ]

80 — :

1

£ 60 :

g 40 :

|

20 !

]

|

0 T - ]
0 05 1 15 2 25 ax10°

Total Operations
[2& 6] elaad2nt Autold MAe s vl

At® : Tavanaei, Amirhossein, et al. "Deep Learning in Spiking Neural Networks." arXiv
preprint arXiv:1804.08150 (2018).

[Z3 6]8 x5 A4t &, y=2 A3 Ag=E vkt A2 A=
AAE AF3AE RS &8sl 98%Y AJ=E @At AT dAidtgoln, gt
Ao ez e e Ae ~volq AARE B W gl 42 4%
WA vepd Zolth B34 e Te 98% A4S DAGA 2@ A9 9
Rlake], Ul A] WAl wghAl shehdle 98%E BT ~noln AAWL ofnd
o TFHoE E o JAFAALY A4 didle] 23ko)R AAHS A 14
Szo] Ausmlo 2T 98%0) RS DA S Ase] T8 Hr)
9) Modified National Institute of Standards and Technology database® =24 <} 1070(0~9)9 i3t 6

WAl stEolnA el 1%k o] AlFelrAz FAH, A JI4e 4 A4S st 7Rl

He= delHz &84
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sstol7 AAWe] FF AWe A T AAZ B 5 Utk WA 4% F9
NME A7 BT A4 5L ARl deldE ATAFR Aol o =
. 23ty AAWE J1Ee AFAAY] WETME AL o A= FHY
ou, AFUAFE) H5S 2YHAL T gepA Astoly AAFe] 54
2 43 $ERorE EASI YFAAE WEolol T etk T WA Ao
2 AAEe] 42 APt Aol BaE otk @4 AFANARL dEdtw
2237 s TS A4 Aol Wasth Adold AABL Ao
2 FEY & Yo B4R stge] Wad Ade FrHow 9uE & Yok
A2 HAHD Y AAEdge) AFHANA 1 FLAL BAY & 9L Aole

(4) Ho] g

o] st&(Transfer Learning)2 ©]v] St&® Al Al 228 o(transfer) A
A NMELE AFE HEs7] A S5 HHS grdt. oAl =W FHS$
(domain adaptation), YRFA Q1 AlYd E# ol(general game playing), % 95 &
&(multi-task learning) 5 &7 W&HA AdFTA TS ATt 7IATgE YHE
olt}. 1#y 2016 @ HE A= ]

2
= A=l
4714 hFEIA S Aol T thE 2e WA A

A ZshEo] Ho| sk oln] ShrE 327 W (pre-trained network)2- A AF
g3l Aotk 2017de oz e Yd omnx 4 Az ILSVRC

= =

(ImageNet Large Scale Visual Recognition Challenge)o| A= ojux] BRE A&
Aow P AFAAH F27F /NS 201239 53 AlexNet, 2015

%% ResNeto] ThEAQl otk wef @ WA AZE ou4E BFHE
Ae AFINHoE FAFTA FohY, ofnl F5E AleNetE TEIE 2ol
AEIGoIA Ho] Fgolth Fe ofn 5W UAYL 2T WA
"ol i WA 24 (ine-tuning)ol LT FAT oHF HTPL B FopolA
AP AHE AR AleNet2 ASEH dEstdn AAE 97 o4
Azke]l aEE W, Aol SHS BET A D AT <ol FFo] B
w} o] o}
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Input Layers of Modules Outputs
=] B ==
= Source
Game
al
f///CI A%
&
N\
- N
N
/X7
Vv
- Target
game
e
# Conv2D ReduceSum = Linear layer B Active
Modules modules modules modules

[23 7] ™ol=k&29 of : PathNete| =

At® : Fernando, Chrisantha, et al. "Pathnet: Evolution channels gradient descent in super
neural networks." arXiv preprint arXiv:1701.08734 (2017).
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PN

[E H] JA3A T 7l

1. IDC

=

H =
T

o

fu

1EZ XS OfC|7tX| KELt?
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Server, Storage
Service

Cognitive Application, Cognitive Platform

IT Service, Business Service
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At= : Worldwide Semiannual Cognitive/Artificial Intelligence Systems Spending Guide, IDC(2017)
2. GVR (Grand View Research)

Hardware

M5 Zok

Software

The hardware segment includes chipsets such as the
Central Processing Unit (CPU), Graphics Processing
Unit (GPU), Application—Specific Integrated Circuits

(ASIC), Field—Programmable Gate Array (FPGA)

Service

Al-based software solutions include libraries for

designing and deploying artificial intelligence
applications including those for, inference, primitives,
video analytics, sparse maitrices, linear algebra, and

multi—-hardware communication capabilities.

The service segment includes installation, integration,

and maintenance & support undertakings
AFR : Artificial Intelligence Market Analysis(By Solution By Technology By End-use, By Region,
and Segment Forecasts 2014 - 2025, Al Market, GVR(2017)



SPRi o2 ZE H2018-006% 2B X5 OfC|7tX| RAL}?

3. Gartner
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Machine Learning, Deep Learning and Neural Networks

Natural-Language Processing, Speech Recognition and

Core Al Technology | Text to Speech, Computer Vision, Machine Reasoning,

Decision Making and Algorithms, Business Analytics
and Data Science, Robots and Sensors

Lectig A Bots, Chatbots and Virtual Assistants, Conversational
Al Platforms, Analytics and Predictive Analytics Models,

Application Areas Smart Objects, Sensors and Environments

General Enterprise Al Strategies, Customer Service and
Support, Digital Business Initiatives, Digital Commerce
and Digital Commerce Personalization, Governance and
Information Management for Al, Human Capital
Management/Recruiting, Internet of Things, IT Service
Monitoring/Help Desk, Legal, Ethical and Social Issues,
Sales, Security and Fraud, Workplace and Digital
Workplace
Automotive, Banking, Asset and Wealth Management,
Capital Markets, Business Process Outsourcing,
Customer Management, Finance and Accounting
Procurement, and HR, Consumer Products With Al,
Al in Vertical Government, Healthcare, Life Science and Pharma
Industries Education (K-12 and Higher Education), Insurance
Services — Property, Casualty and Life, Invest/Venture
Capital and Al, Manufacturing Operations, Retail,
Supply Chain, Telecom, Topics Specific to Regional Al
Usage

Al in the Enterprise

At& : A Framework for Applying Al in the Enterprise, Gartner(2017)
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3. 71

Dartmouth workshop, https://en.wikipedia.org/wiki/Dartmouth_workshop
Google Cloud AutoML, https://cloud.google.com/automl/
Hebbian theory, https://en.wikipedia.org/wiki/Hebbian_theory
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