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l. Summary

AHEFY 5 AL Lol 24, B A4 5 AR Lepeldiz AV} o
o Hold g weln gginh ok 0] ol A953 gl 34 el
SIMe) Al §E ATRIL Al 18S = -

ADL I = = ASh

20104 ol Al BFE HokA) A% ol WYl 24T AzAY Holo
A 7V FEuE Je] Sl 20179 REE FEIANAE Al BE AT}
FsHOv, FHAUE 83 Awsta gk

o

155 ETF A% Al 71 o2 &85% ETFEC] A glov, o}
& wopllAe] Al A& He7t H-535te] &8 AHE AT Fe fle :
Joll 2 B Aleh AldolHE &8 KOSPI o5 2dS Fate] 3=
AA o] Al A8 7hsAS s ekt

o

AIQt THMIGIOIEIE 283t KOSPI 0= 22

KOSPI €5 RHe] dh5ol= @%ﬂl/‘q;{ @AY WE A F} A bolE ol QA
A®7F AHEHQIY ARpH o g 24 KOSPIZ £§Hste] ZAAE 197, Acig
A% 87, HAEAAE 107 & 7H4 Qe 2 AR,

G015 =Ho| A KOSPI o= 249e KOSPI ] A+ 6%pe] 239 ES 7)
3tk AL A4== KOSPI div] 0.37p A= en, Hdy%S 11.8%p 7N
A=At
a, mHlel N PAARS AT Ay, Fo)Eel & oz oasglon], A
GZ T ST 1A% KOSPI oS 2dlo] o1& 7|9yt 85 89l
@ 5 g
#1. KOSPI 0|5 22 Mi} Ji
ANRUH KOsPI 05 2 2SR R N9 KOSPI
NS £UE(%) 12.10 -3.16 6.09
AR K| 4 (x)* 0.74 -0.19 0.37
AE|L K4 (x)* 1.21 -0.25 0.46
Z|CHE (%) 2742 65.72 -39.17
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g AL g oo} A #4229 Tensorflowe} #lo]~%E-2] PyTorch7t
3 9tk o] F Tensorflowol A A= Kerasths 7| o= ARgxt
S 718 g2 o= gt} KerasE AR WAE7EE &84 Haled Al

hee 4 gk
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J211. Al 7fe 210 A|&2 Tensorflow?} PyTorch7} %&£

100%.

@ Other languages and frameworks
@ PyTorch
® TensorFlow
3 @ X
7% @ MxNet
@ PddlePaddie

torch

@ Caffe?

50%

Share of Implementations

Jun17 Sep17 Dec17 Mar 18 Jun18 Sep18 Dec 8 Mar19 Jun19 Sep19 Dec1? Mar 20 Juinz0 Sep 20 Dec20 Mar 21 Jun21

Repository Creation Date

7 Github 0| SFE il 2 I2ME AY4 J|1E
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MAl8d(Machine Learning, ML) ©]9} 22 AlE THs7] 9l¢ W& & sl
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d o] 222 TFE 5 e TS 7|ANA Fo3 RAo|tHAppendix A
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A(Regression) Y1e]Z, wAo Al&=Fol} vhrd
S 7ol = H-F(Classification) ¥ie]E5S AFE-s = Utk

aAe F1E ASASY AEEF 5 QAR+ odE Al flE A9 uAE
8149 #4](Clustering) YTHES ALge] 0] BER e pro] A
5532 st 4 gr,

524 dlelE o] 57t YR wol BEle] Aol Askd 7Fedel dAY dE kel
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=
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Xt3: Ullah, Zaib, et al.(2020), “Applications of Artificial Intelligence and Machine Learning in Smart Cities.”, NH EXIS 3 2|MA[=E
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1. 28 202 Hjdlgs A+

Microsoft Academic 7|50 2 &8 ool Al @& =Fo] T4 7] AZet A
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1) YE7|H 2 2|(LSTM: Long Short-Term Memory): RNNS| 3F &
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o 22 ¥X| HSKIE HHARICE Y 27 GOHE HZoHoF
’?:,'So HQICY,
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XFZ: Microsoft Academic, NH EAHSH 2|MA|=5
J36. 288 HAlzY 22 =20M LSTM 2 Keywordl} &2 HIES &l
€3 Top MeSH Descriptors @
Investments
Humans
MNeural Networks, Computer
Databases, Factual
Forecasting
=___'——'M;I:[;_;;T;n____________:
1 Memory, Short-Term :
-
__QEEEJJ___----------
Industry
L]
Risk Assessment
C——
XFZ: Microsoft Academic, NH EAHSH 2|MA|=5
Y NHEXSA 10



AV!lHlOlE'l HE www.nhgv.com

T2 Jul=rh duparo A AREe Fatslky dargls GAl 3889
7] A1 ZHEFAT} Deng, Y., Bao, F., Kong, Y., Ren, Z., &

Qo 8142 Agatel AU v Boly 19 9L F 9

i@
AC
>
fu
N
Jr
oX,
Ao
z
ks
o
>
N
N
1:1_).,44.,
Sd
2
—,lll'
2
k
=
TN
[m o,
K-}
o
ofl
B
i
A
o
Ho

$) FoRIA F2 AT/} o] Fo A3 glon, 28 AFHRNN), F87]vwe)
Je e BE oA g $& %S wolt PAT AARCNN T 2
& FueFe 48w Aws JTHIHT, § FH).

oY

A
i
oF

F1) 2eE 2IBY(CNN: Convolution Neural Network): S57F S22t HO[EULS Ople|y PRI2 M U2 H|F
%S SEOH0PICE BreE LIBY2 HO[EE SiH0f| B CHAO 043 71| BV |2 URES AsM HE TN
oz s :

C0f SHE0H0RE HISZUS LA IE SAOICL SHE0H0r HISHE &/IMCE M A &5 ARS T
HE SA0 HOJER] ST giMoE FE6H0{ 0[0[K] A2| 20[M 2 SRE HE L2 IF0[Ct

J87. MH 370N S8 AAE M2 22| 718 =2 HISS K

The histogram of Publication Count in Model Type

B All-years count
B Last-3-years count

Xt&: Ozbayoglu, A. M et al.(2020). Deep Leaming for Financial Applications: A Survey., NH EXtE3 2|MA|2S

J8i8. 7k Bo| CHIEE FHE 28 HAE EM gh2|E Edold

The histogram of Publication Count in Topics

W All-years count
M Last-3-years count

Xt&: Ozbayoglu, A. M et al.(2020). Deep Learning for Financial Applications: A Survey., NH £AtS 2 2|MX|28
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2. 28 2012 Hilds &8

1) 24 oj=n}o| & (Robo Advisor)
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I} F7bel| A eFe] gl o]9f Ze 54
=, CNBColl wh=® 2020 10¥

488 74
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Fidelity Go - 19k O R&, 52 0]of &7 32y, 5Tt 0]4 Q17 0.35%
Morgan Stanley - 47t 0.35%

Wells Fargo - 917t 0.35%

Vanguard 212,000 A7t 0.3%. 500 2R O|RE ZA

Schwab 57,900 ok FE, D2|0|Y: XA 30022 + 7 30 2
Betterment 18,065 Digital: 0.25%, Premium: 0.4%

Personal Capital 16,000 %17t 0.89%

Wealthfront 15,847 017t 0.25%

Wealthsimple 8,400 47t 0.5%, 10 e O|YSE ZA

United Income 1,199 247+ 0.99%, 100 2] O|&fSE] 24
FutureAdvisor 1,135 917+ 0.5%

SigFig 835 12 0[oF &, 1 ek 0] A17F 0.25%
Ellevest 634 MH|AH @47F 1, 5,9 2y

SoFi 203 Fr

T Ut aRE %E AME BEAR JIE

Kt=: Bankend Benchmark, NH SAF
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HE FaA7lE HA defolthAppendix D 33). Abghe] B Al dis) o]}
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25 ojrnto]A] MH|AE AlFstal 9 gplumel wEH F AEgh dA| ke
2014 3% E1 2017374 AlE AES 6.08%A 7.72%%E 1.64%p =t
(189 #Hx).

o,
v

P S 7INMe R W= 2E o] Enbe] A A 2018 FH 2020 7HA]
|Ake] 80% 7V 5 7HE AAAIE BHoFar Q) Statista® &
H oj=njo]A| ’\}‘ﬁ-J FEAFALo] 20240l = 2,722 A SU1E Ao
i1 10 22).

KU U of
r>4 Hﬁ Mo

JR9. 60/40 EEZZ|20] BHHYS A-E Z22 Y7 FHYIHuEMM)

Kt&: gplum(2018), Tax Optimization in Portfolio Management using A.l

J8i10. 22 2 0{=H0[x MY 7= HY

AloiChp.
(&) mZ2Y 25 o{SHjo|X A 72
3000 [ 2,748
2500 2,337
2,000 1,930
' 1520
1500 |
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1000 |
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500 | 254 I
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2017 2018 2019 2020 2021 2022 2023 2024
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S gostdlar, AAlZ JC Penney 20154 89, 287] o Axglo] =&
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Jg12. ¥SH ofEiet CHACIOIES] 75 X &R

Alternative data Traditional data

Social media
and
e-commerce
platforms

Search
engines

Prass
releases and

_\_ news

Geo-
location

Employement

\ ‘ Financial
reports
Transactions L.

Sensor data

Surveys and
interviews

il .
daxueconsulting

X3 daxue Consulting, NH XIS 3 2IMA|=E
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A dele Aol i AAl 7FgE A Sjs il Qth Grand View Researcholl
mEW 2020 223 giAdely A RS 17.2999#%len, 2021d4E
202874 At 58.5%2 AFAE 715 Aow AWHATHIHI3 #X).

A Algs= tAEolE = 4 dolE, $14 dlolE, =2 HolH, A delH
sol Atk 74 HolE= anlAy A, 248 vYo, 14§ HAES 24
sto] SR/ e AWE/FRY & WK Aotk i 9B 719719
AE E4eh= Ak 7hestth A, =2 HolH e oA B =] 299
AR 249 avfgdel FAkE s AsAE i, WA Ak, Bfra 7hs
A% 55 Foto] 719 T A A5k Aol rhesith AlA HolH =
A WA e AME Fol FHE HolHE ontt dE W, 94 o]z
Uiitell AxE A7) XS Fall gebet A 5% d3 Solth(E#4, #5 Fx)

J813. 0|= CHACIOIE] Al 43 MY

U.S. Alternative Data Market

size, by data type, 2018 - 2028 (USD Million}

E=EviE

GRAND VIEW RESEARCH

57.4%

s C

$695.7M
2M .

@ Credit & Debit Card Transactions @ Emall Recsipts Gecorlocation (Foot Traffic) Records
@ Mobile Application Usage @ Satellite & Weather Data @ Social & Sentiment Data
® Web Scraped Data Web Traffic Other Data Types

K& grandviewresearch.com
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Panjiva Supply Chain Inteligence 10271 012l &0t 7 1=S S0H 1300 2t 7He 71247 2| 24

Machine Readable Transcripts A, OfdE S HIERR 7 | EE2 7 2450| 715t SEliE Mis

Pregin Altemative AssetFund Performance | AIPHE, SRFHE S| Ri5 7Y, SRR, AR SO L Mis

Real Estate Foot Traffic RETs 7t R £3M0| AR OIZPRAS 4 015 §)

Trucost Environmental EHMIIE, [ o Q% AMEHALE S HOE MiS

S&P Global ESG Scores 20007H 7142| ESG T4 Mis(+ [242] DE010{A{2] ESG 0130]| CHSt FS 249)
BuildFax Pemit Data 2|HR, BRI MR, AR, 712 TS LI S Al

Ipqwery Patent & Trademark Data 0], 501 272 B8, 501 AR 7 [PAEIEY §) BH NS

FiscalNote US Legisiation & Regulation SIRUHR O JHIE 2API01 LY = HEE Q9| 2|A 2

Weather Source FURAE 7 [ZOR 2 7|8 89t 7 |ef Ol L0 E Mis

Global Machine Readable Fiings =52 MUETIM 2MOOK|, B 52 MR

Yewno Judicial Analytics HH AN 22 7 [0 2R Y =
AtE: S&P, NH FAEH 2|MA|=R
HES5. RefinitivZt M3 2 HAG0[E &7

HI0[EE MSLIE

News Analytics FAGE YR)ERH 7Y, YR o A-EL FE

Social Media Monitor E9Q|E{, Stock Twits Meta Data 22F{ 7|9 ZHM4 £x

FAQL AMOICINZRE FETH ZYMSE A0 7|9 ot 2

MarketPsych Analytics =} AKS THSA R

Starbine Text Minng CreditRisk — on 2IRIAZ, MYRDM, ZMRIZIMERE 8N4 55
LinkUp LinkUP Of]Af AlZ0k= 12151 HIOlE XS

SUE, T, ING, =5, 717, M 0|5, HRA 7150, ¥R

Satellites, Sensors & Models KD #1% 2lo MO|IE[el 52, A2 sist O Mot £

At&: Refinitiv, NH £AISH 2[MA|2E

17



A/EIHI0IE M

www.nhqv.com
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CFA Instituteo] W2 20199 =29 AHE89S gio= g Af
230" = 10%7F #1271 &<t AUHAIEY V& ARS AIESE Ao
Hakgith AZE Al 2Ee 2R AoJsi, IA B

QUi vz o] 4, @rHES Frse #AY ¥ 24, @44
T 724 Holg #4o® vw & A"l 2.

Iy of

J814. 22E 280N F2 Het E0lE Al €u2E

FIGURE 4. Al/ML TECHNIQUES USED FOR CREATING TRADING ALGORITHMS

Portfolio Manager: Which of the following artificial intelligence/machine learning
technigues have you performed in the past 12 months for creating trading algorithms?

Arriving at buy or sell decisions based
on macro, fundamentals,or market
input variables using classification

Building signals (e.g., carry signals, value signals,
technical signals, microstructure signals)

Examining the entire set of asset returns to identify
relationships (e.g., using unsupervised machine learning)

Determining sentiment via natural language processing
of news, Twitter, transcripts, etc. (e.g., by counting
positive or negative words)

Determining market trend or regime (e.g., using a Hidden
Markov Model supervised classification)

Predicting short-term asset price direction (e.g., using
lasso, k-nearest neighbor, or ridge regresssion)

Predicting short-term asset price direction based
on macro data (e.g., using gradient boosting)

Finding the most profitable trading strategies
(e.g., using reinforcement unsupervised, deep learning)

Identifying prevailing factors driving the market (e.q.,
using unsupervised machine learning, such as
principal component analysis, to determine the best
representation of the data)

Predicting asset price direction or finding signals
from noisy data (e.g., using support vector
machines to do supervised classification)

None

15%

14%

. 12

I 10%

i o

i ox

i o

Il 5%

I s

0 10 20 30 40 50 60 70 80 S0 100

Kt&: CFA Institute(2019)., Al Pioneers in Investment Management
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8RRl A/ Y S A

4gste] Aslolu 714
B thal oAl AR RALA, 2

nge] 5 tiAE o]

BAG 5ol AEA Hol
B8 ASHIIY 15 38,

JB15. 2BA0ME &Y 2 7Y EAol F2 SAE CiFColE &

A. Analyst: Which of the following artificial intelligence/machine learning use cases
have you performed in the past 12 months for industry and company analysis?

Scraping third-party websites (e.g., regulators)

Using natural language processing to read
large tracts of text, transcripts, and/or filings

Using deep learning (e.g.. long short-term memory)
10 gauge sentiment in soclal media and news

j Extracting alpha from unstructured or alternative data
L-----------------------

Using robotic process automation

: Using unstructured deep leaming (e.g.. convolutional
neural nets) to count cars in parking lots

None

0 10 20 30 40 50 60 70 80 90 100

Kt&: CFA Institute(2019)., Al Pionners in Investment Management, NH £AIS &

26. S2H 2812 Al = Al

ENK|=E

e EPT AR 2= HOJE]

Man AHL EQo|yet F& M=t PA S Limit Order Book

EX} Signal X| B 447

New York Life Economic Indicators, Credit Quality, Leverage,
Investments (Siﬁ:z;%'“e* Momentum, i Liquidity, Issuance Trend, Delinquencies S5

VIX, MOVE, S&P 500, Hang Seng,
State Street 72 & AutoEncoder + CNN Historical Trading Volume,

Regional Market Correlations, Specific Calendar Effect
Goldman Sachs X9 AE dre 78 NLP, Clustering, Sentiment Analysis | Analytics, Social Media, Satellite Imagery, Newspaper

NLP(Document Classification,
Part of Speech Tagging,
Entity Recognition, Topic Detection

American Century | 0{'d)

1]
N

o2
HI
1z

7|48 Credit Rate,

Conference Call
(Omission, Spin, Obfuscation, Blame 24 FZ)

China Life Asset NLP(BILSTM+CNN) Credit Risk Data + 10,000 Web sites

Credit Report At}

AI&: CFA Institute(2019), Al Pionners in Investment Management, NH £A5 3 2|MA|2 8
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W Y/ A5 AR AEY A58 71F0R XEAe 74
® £RE: 71908 AQnad, A8 B4 Sol HiES BAte] Agigel #

E7. HAlZlY 7]8 AIS §838 ETF 25

T.

= B ETF 8 E|7 238
: A7t B, M, w2 S H0[EE 240t Ol 7|YE Mg
I Al Powered Equity ETF AIEQ ALE, MA 7|Z02 HEEI|Q St
Al Powered Intemational Equity ETE AlQ A7t BH, [T, w4 S HOEE 2406101 0|= 2 Mil=
o AR = 71908 Ha ME M4 7IFOR HEZ2|Q B
Qraft Al-Enhanced FAAIS HIOEOIM HAIFY DHE ME ==
raft Al-Enhance x sres <
AMOM  AFZOI0{ D|= CHE 7|YE &= F7t &5 7tsd G710t
U.S. Large Cap Momentum ETF
e FEZ2Q 2
Al 2EH T A e FAAY HIOE{OIM HHE, E|E| ME] =&, ME0f It
U’ High Do 1F HDIV | MEE 7| 5 AIS S0l 2RAYS 2o 37 45
QRAFT o JtsH8 7|FO2 ZEEZ|Q =Y
QRAFT ALEnhanced Al S AIZ0I0{ FFAME 7HK|E Aot BR ME = HEH
US N t\; In aE.CI.?: NVQ  ARBOL] O] 7|8 &% F7t &5 7tsd E710104
ext Value TE=A|0 Sy
QRAFT Ai-Enhanced I3, FAAY GIO[E{0IM ME| F=. ME AL 0|5
QRFT
US. Large Cap ETF S 712 B2 371 4% Jhss W10 ZEZ2|Q by
AMIICI0], A S 22[0I0M 7P 2H™MOZ WJIE 757
VanEckVectors | VanEck VectorsSocial Sentiment ETF BUZZ ;lf [lﬁl“LO}-lr EXT Ho 7r8 =5 el I
= oTVIl T
CHA ) ) 7148 049 FI/HAE O|C|0, MEHY, AMZL)
Cio|eyey | AdvisorShares Advisorstares Apha SNABQUY | SeNT | 44 71202 719 M8, OfRIAE &7t 71Z
B entiment = : - =
EEECQ =Y
DOHXAL JHA| B0 BHE WHE| ETF. H2HT QIMARRl X|Al
. . . T O [ Lo 2T 71 — =1 = =
SparkLine Sparkline Intangible Value ETF ITAN AL ETET S KI0K2|S S60{ DHAHAL 55
iShares Evolved US Consumer Staples | |c.o BlackRock =F T2 7|F LLAHIK MEZ ZHE 7|0
ETF EX}
iShares Evolved US Discretionary EDI BlackRock =F T 7|& Z7I2HIM MEHE 2HE 7|80
Spending ETF EXt
iShares Evolved US Financials ETF IEFN  BlackRock =7 T 7|& =8 ME{z =T 7|Y0 FAt
soy iShares iShares Evolved US Healthcare Staples |-y, BlackRock #&F I 7|F L4 BAH MEHE ZHE
e ETF 71400 £t
iShares Evolved US IEIH BlackRock =F T 7|Z &Ml AAFA0Z =HE 7|H0|
Innovative Healthcare ETF EXt
iShares Evolved US Media and EME BlackRock =& Z& 7|& O|C|0/ME MEZ ZHE 7%
Entertainment ETF EXt
iShares Evolved US Technology ETF | IETC  BlackRock =7 2@ 7|& IT MHZE =TE 7|€0| FX}

At NHEASHE 2IMA|2 R, ETFE SAEEM
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HAEY 79k Al ETFE 2018 ETFMG7F AIEQ, AlIQ 23S %2 EAI5181
oh EA olF 67197 1olgel R 2 RS wetort 43t BleE 9

sto] FAAES] Bl A oA Ago] FEHATHIHLE Fx). A F-E
Q7L A T Aol frYE A 9l ETFMGS AIEQ7F Al 2919 ETF
= 7P Be AFS £835a k. QRAFTS Al 298 ETFE AMOMS +4
o7 w27 FRE grfstal JJriaE17 FX).

A HolH s ETFZ+ SENTZF 2021 29 A5 SA1HATE o] % 2021 3¢
373k BUZZ+= Reddit¥} GameStop AHES ©]EUE Dave Portnoy?] vHAIE
A9 diftE Awo] FYENeY 1% s 7S Amo] FEHE FA
ojt1H18 ).

o)

g ETF& 20194 iShares®] ETE7} =2 sty g0l F457] A2
ot} wAE S E3 7199 AHduE HES WA gotate] By A EstA
£ 3T 5 3o A ol F AFo] HEE] AU JTHaH19 Fx).

e
O

JE17. Al 2YS ETF SFEIQURM 2|

(1742 = 100P)

(44 2hekad) mETFMGETF +5 A=/

"o - = ETFMG I x| 0} 3 T 1] £ A 1} 200 ¢
QRAFT & A1 27 ¢l
180 |
160 |-
05 | 140 |
120
100
80
100 60
40
20
95 L 0
17.12 18.12 184 810 '194 940 '204 2010 214 2110
KB FactSet, NHEAIS R 2|MA|=E A& FactSet, NHEAISH 2|MX|[25
2218, OIS0l 2120l CHAICIO|EY ETFOl A2 o 92 2819, ERY ETFOlE XI4X X2 K2 24
CEL=E) mSENT & X2 Re (Hareay) B ESHETF 8 A2
600 [ ===mmy BUZZ X A3 2 00 o
1 1
180
L 1 mTAN £ 5 A1 2R
500 ! ! 160
1 1
40 + 1 1 140
I ' 120
300 : : i 100
o B i
200 F | i 60
1 1
100 1 1 40

212 213 214 215

[ 0

216

217 218 219 2110 184

'18.10

194 1910 204 2010 214 2110

XI3: FactSet, NHEAISH 2|MA|2E

7 FactSet, NHEAISH 2|MA|=25
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5 714H NSLig

TT score £ HIS010{ E0|H2| 7 2|[AIE #2|

2|A3 #2| | TRADING TECHNOLOGIES | TT score: Ef|0]H{2| 7{2ff HL((YU2|E0 2501 A|2|Z=HE =H=A010 72 AR
2ATANY W 7HsY) Be B

IMPERATIVE EXECUTION | EEIOITE HiS: A0 A 27t A0|2E SEAIA, T/t 01X B2 2A0H, Be

H#8.

HI

EYl0|C!
=Hols INC. OHORZ |7 MEE 2710 2CHE 2HOIE S B8
AUQUAN Apeh 2AUE HE(HS, PCAS, HEV|HZ2| 2 AME, 2484 Mean-Variance Optimization) ->
At 2AUE q 2'd7F HIX|OP3CHH] Mgst 8% Xt £AUE JI=
Ul G T, 7H, 720, TR S9| YEE M2y ZRS Soff CHEE FA0| OIRIES =&
At

1. ALBAPY #ots SX0| Sl w2 HI0JE, ZA| HIOJE], O]HE HI0JE, AISZTE HI0IE SS

ooo
FIgot] 2y e St AN 22 MY

Al B2 KR

AH|A EQUBOT 2. Al Powered Equity Index M2 S(AIEQ, AIQETF 2| ZZ X|%)
- -EquBot 0] MEHTr ZAOZ J1AMot X[ 1999 HRE{Q| LO|EE 7|ZFCE Held BY &&.
RS 1Y $O 7S 050t 20| SN
ACCERN i'f%fm -Er’l*'OFZI #ot= il?:*. #H ZME Y=CotH, EMUM 71 HE, OHIE 82 S
Al Zen= =A0t01 E1I0IE19Et EEE =9 R _ o
DATA ROBOT MEXIZH HIOHE XS0 UHotd, |ots Ml d TS ME6I o5 Jis. 840t

AFEA MRPMOZ MEH T, AtE S)ot0] =3
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o] 9lth= Ao|t}. Allianz Global Investors(2019)& 2004 5-H 2018d7H4] 72~
E 53 B4 S&P 500 719 74 H5E vwte s TA% LEZE Q9] A
g A8t 1 23 201197H4 = £ s BYlou ]—? = 2R=E
A2 a8tk Allianze 2007 ©]% Reuters€t Dow Jones7} 72 H|o|E|E
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J8i21. 201195E w2 O0[E2] Lyt &

Exhibit 3: Hypothetical Analysis: Media sentiment provided a strong short-term alpha signal

Cumuiative monthiy returns for portfoiios of companies with positive media sentiment over prior 1-month, Z-month, 3-month, &-month
and full dota-set periods

60% 7 = 1-month !
50% — 2-month
* | = 3-month = ey .
N/
oz 4 == 6-month s el
40% 1
= Full data 1
c 30%
2
o 20%
9 1
5 10% - 1
£ 1
g
S 0% A

5/2005 8/2006 11,2007  2/2009 5/2010 8/2011 112012 2/2014 5/2015 8/2016 11/2017
Backtest standardized with extended coverage

Xt&: Michael Heldmann et al., “Artificial Intelligence in portfolio management: a tool, not a destination” Allianz Global Investors, 2019

822, Al Model™ ETFES| 1P}t RAIE FME 2

(2019-05-22 = 100P)

200 [ e AIEQ ETF

180 T AMOM ETF
------- QRFTETF
160
140
120
100
80 L L L L L L L L
9.5 9.8 "19.11 '20.2 '20.5 '20.8 '20.11 21.2 215

KFE: FactSet, NHEAISH 2[MA|RE
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o

=
5 Al &8 A g2 P23t 7}1—_/\4
g3 KOSPI o5 29 438

4

ol gt &
3 &3 FAAFNA AL A2 789 BRI Bt
1. 20| S % KOSPI HA2]

2do] g KOSPIY] wi5/ml% Al 19 (Market Timing) %02 HA4a}3it).

£

o] wf, dSsjorst A== YAIAE KOSPIZL obd 7] A8
A KOSPI (Adjusted Detrended KOSPD)E AA 35131t}

FA AA AE

AAA9 KOSPIE GDP 4%, A58 Sol wet 471502 S4gate
(e oA 1823 B2)E wel] Wl vk
Ee AR o AL A (Stationarity) ) & AR
EEEREE R B ol 0gte 1EoE AFse 24
KOSPI(ths #o]#] 71§24 2

A3k ez e
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REEEEY

2 7F54o]

Appendix D

F1) IS (Stationarity): AIAL0] LEL LS 7N,
AITICH E7IIC) AIZIOY Lf2 A|AIZ0] B7H0t74LE, 20| Hot= § S

Al AIAZOler FELH M3 0|20 LIEH, S8AAZY D22 T IuE 7122 EIQI’S*'EE %

20|22 SEUCR 27ot= YRS AL 42 HIZEYE AIAZOICE
72) HH 3 (Random Walk): SSAIAZE 2742 LE EI/t TS0 ZTECL LEtM D22 =8AIA
G2 Q2X| D2 HEH| QoHMTr ZFECE D2He| YEE= YAMOCE ZYEDZ O[22 S8AIAE2

UARLOR B 4 Ut 012
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ZHAIR NRHE

USTsprd 0|=ET |52 At

KRTsprd =TT IZE (AL

RealRate [ =a

InvCirc NGRS

EconSent BN K|
ProducersMachineryShipment 7 AZLNSEOIK](HERIR) %y-y
ConstructionOrders NYELFH(AE) %y-y
TermsOfTrade TEUS/HIZ

IndProd HSUULKIE %y-y

Service MH|AABAMK| (T AHRHIL]) %y-y
ConstructionCompleted AHT S HB(AE) %y-y

RetailSale AOHTHIHMX| 4 %y-y

Shipment LiSZ0HK | %y-y

Imports TUNBRE) %y-y

ServiceEmployed HI S UFILAS %y-y
Producersinven MARIRIZA DX %y-y
ImportConsumerGoods AT (AR %y-y

Employed TR %y-y

MVperM2 A71BHM2 Sot2
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K200C
R_Vol
ROE
Payout
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KOSPI 200 2&M IZ2|0|

KOSPI APt EY
K71XE20| 2 E(12m fwd)
HHZHAISE(12m fwd)

BE7120|2(12m fwd)/A|7 5

5 MR TH7|20]|2 (12m fwd)/A| 715
S+ E(12m fwd)

A (12m fwd)/A|7HS 4

Z=: Indicator %42 Miguel A. Ferreira, Pedro Santa-Clarara, NBER Working Paper(2008) 211
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E11. Z4X|E 1074
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Negative
Fear
Sadness
Anger
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Trust
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7F) A8 O|CI0{2| HICHHY: Garimella et al. (2018).0f] =M A4 DIC|0f= LY THEQ| 7iS TIFIC} &
4 QICH E3H EF ME0 XRPMMUS 7Hs80] =Lt EQIHE HREE 70HE 717 T
0 URE|0] Q70| £Z, IASHE|= Echo Chamber Z140| Z={BICY.
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The Process: BUZZ NextGen Al US Sentiment Leaders Index

Starting Universe: US Large Cap Stocks
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Translate
to English
+ Attribute() Process
Tokenizer for each token in tri-gram:
if token = grader:
+ attribute(tokens in tri-gram)=G
WordNet for each token in tri-gram:
Lemmatizer if token = negation:
attribute(tokens in tri-gram)=N

delete negation, grader

J

Attribute(Token)
Process

Token with
Attribute

SentiWordNet EMOLEX
Sentiment Score Sentiment Score
Negative Score Yes Fear
Attribute=N Positive Score Trust
Positive Score Trust
Negative Score Fear
Joy
Sadness
Yes Joy
Anger Attribute=N
Shock
Surprise
No Trust
Disgust
No Anger
Joy
Fear
Anticipation
- \

Score*1.5

NH Preview
Sentiment Score

2= https:/fgithub.com/kyoujinkim/NH_KOSPI_Model/blob/main/SentimentExtractorpy & &2
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F23% 74 -A5E 24 KOSPI 2 FAAAE i/iEP 53], Positive, Joy,
Disgust, Anger H47} 24 KOSPI®} %2 JHAGTE 7|58t v}, g 2.919]
KOSPI H#eF o|Zo) fojn|a Aoz 45}%5}(1%27~30, ¥13 #x).
18127, =3 KOSPI %[5t Positive Ex J2128. =3 KOSPI |52} Joy He
P) e 7= & KoSpi(EH) (P) (P) = = Kospi(=) )
200 positive(52w rolling mean)(<%) 0.095 200 joy(52w rolling mean)(-%) 012
150 150
0.090 0.10
100 100
50 0.085 50 0.08
0 0
0.080 0.06
50 -50
-100 0.075 -100 0.04
-150 -150
0.070 0.02
200 200
250 - - 0.065 -250 - 0.00
"11.3 13.3 '15.3 7.3 19.3 213 113 133 '15.3 "17.3 19.3 21.3
AE: NHERISE 2IMRIZS 2 NHEAIS A 2 ARl
18129, =X KOSPI X|x=2} Disgust H J8130. =X KOSPI X|x=Q} Anger E
(P) e 7= Kospi(Z) (P) (P) em— 7= Kospi(E) (P)
200 disgust(52w rolling mean)(%) 0.08 200 anger(52w rolling mean)(%) 0.12
150 0.07 150
0.10
100 0.05 100
50 0.05 50 0.08
0 0
0.04 0.06
50 -50
-100 003 -100 0.04
-150 0.02 -150 052
-200 0.01 -200 '
=250 - - 0.00 =250 t - 0.00
"11.3 13.3 '15.3 "17.3 19.3 213 "11.3 133 '15.3 "17.3 '"19.3 213
X2 NHEAS Z|MK|=E FNHEASH 2IMR|E
E13. ZME2(52w rolling mean)2t KOSPI X|E 2+ AZAITE
az Negative Anger Disgust | Surprise | Positive Anticipation  Trust | Positive-
- () () (+) *) (+) Negative
Kospi -0.09 0.11 0.1 0.03 0.02
2’8 Kospi
0.02 -0.01 -0.1 0.19 -0.03 0.14
G )
KHE: NHEAISH 2AMR|2s
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4. N2t THHIHIOIEIE & EC KOSPI 0= =

D 24 44

I
4O,

re

3k ne} o l 37}X1 T3 F 3870 4 WSS ALt KOSPI A</
|1g

1 X
>~

H <
-L_'-
rir
o

717k Wt QEajorsls W] A7t ol 7] wiEe] T i) ‘ﬂﬁ"‘(DeeD
Learning) 22& AH83] 55 A} =9 A28 F/7= [FsBull), &
H(Neutral), &1eH(Bear)] 0.2 AT}

A
_‘

i
:|>~
=
S
X,
(o
X

pe = =4 KOSPI,
Reward, = p;15 — p;
Reward,
STD(Series of Rewards(0 to T))

Gain; =

« t: AAIR], T S o5 7IRE

1) U=HLTE Z0|7H 12UQ1 BR0E= 1(# of days) * 15(# of variables) = 150|Lt, B7HQ! ZR0I= 21%6(# of

days) * 15(# of variables) = 1890702 Zt2 YU=OHOFRICY.

7F2) MY OiH] Y& ALH=tE Soff 7[CHotE gats Ch3at 2L

1. W59 YRTHCHE TEE2|QQ £AUEE 7|FOZ WES MEMoIDZ MEH0| =2 AZ|7t TH| 7|
7F CHH| 2T SIMEX| 42 R(SHE Gradient 7|F)

=
2§ K129 M5, OIS WEE XS JIFOE WSY [ 2UBS AU 22, 059 YYES
NBAPIE 2T B2 2B A, KOSPI 71Z02 H5B0] 50% U, 05B0] 100% OhCt B

FUALZ} 1.5

3. HESE i 4‘—‘4%2 F|th=toteE B4

g
0] S0FR| 1, KOSPI2| HE40| B710k= Al7|0fl= OHOHEIH &
oMOZ [
== [=)

AHE0IEE KOSPIZt A|EMOE ¢50t= AI7|01|E OHOH=I 8
0] 0Ky, HSE0l =2 A7I0f 20t A

(==}
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JEI31. Al CHHICIO[EIE &8t KOSPI 01F 2 212|F &M

H>

AtAO, X E2|(NLP)

=S e ZH 2y
T 0| K 0| Ef tf 0|

ZHolE

rf>

0N
0 It
ne 1ot

= \

(Neutral: xx%) (Bear: xx%)]—/
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+ N
Dense(Size*Var, 252) chisrige
(learning rate =0.001) Activation = Relu
Vi Dense(252 63)
Activation = RelLu
Memory
Gradient +
.\. s
Y - Dense(63, 3)
Activation = Softmax
\ | P
Sparse Categorical Action
Cross Entropy [Bear, Neutral, Bull]
Action Reward
\___ | Gain=Reward(t)/ [ Bear - change
d] Reward
STD[Rewar /‘ Neutral - change [ 100
Bull change
* gain = P(t+1week) - P(t), P=Detrended Kospi
.
\ J
T ZRE DY AN} Y2 Appendix E HE
252 https:/fgithub.com/kyoujinkim/NH_KOSPI_Model/blob/main/REINFORCE.py ZE &2
AtE: NHEAISE 2IMA|=8

A/EIHI0IE M
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she Y12|1E9 ME
Based on REINFORCE Algorithm
Input Data
Early Stop Conditions

if iterations > 200 And
STD[-100:] > STD[-200:-100] And
Mean(Gain[-100:]) <

Mean(Gain[-200:-100]):
Break Loop

Random Score Condition
if (Mean(Gain[-50:]) =

Mean(Gain[-100:-50])):

(Gain(t) = - Gain(t) by 10%)

[0:T]

Max Iterations = 10000

Loop Condition

Partial Data
[2011-03-16,Sequence]

for Sequence in range(2014-03-14 to 2021-04-30).
Frequency = 1 month

Loop Condition

for tin range(rand(0,63) to Period):
Frequency = 1 week

Partial Data(t)
[Size = 126]

per 50 iterations:
Update Gradient
Optimizer = Adam

Normalization

Partial Data
(t+1week)

[size = 126]
[0.1]

I
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Ja33. YN JlES N DU HE 53 U

(P)

3,700
3,300 “ ’37;:}‘:;:: Bear Neural  Bull Q?;:;:(:‘:’ Bear Neural  Bull
BT Bear Neutral  Bull ] 318l 285 00 765 FEET %3 137 00 20
- | EIat iy @7)100 00 00 s od 79 00 221
Mg 30 780 01 220 neam 186 1000 00 00 i od @9 00 st
2900 r ZHzY| 2l 02 79 279 as od 100 00 00 - s I
e 02l 00 00 1000 s wel 202 00 598 s 2| 28 00 75
LY 141 01 00 w9 b a8 63 00 w7 = 57 134 00 866
28 35 503 00 407 28 g g2 00 12
2,500 ]
2,100
307 Hit Ratio
1,700 agow| B Newd s
A=as %4] ®5 00 15
e 194 02 00 998
A 200 00 00 1000 7
1,300 ne 03 00 00 1000
an 90| 90 00 10
2y 34| 00 0ol 1000
900 L L L L L L L L L L L L L L L L L 1
1413 "146.3 14113 1543 "1593 '16.23 "6.7.3 '16.12.3 '17.5.3 '17.10.3 18.3.3 '18.8.3 "9.1.3 '19.6.3 "19.11.3 2043 '20.9.3 21.23 '21.7.
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5. A2t LHHMIHIOIEIE Z88t KOSPI 0lI= 2& it

D 24 459

el 7 A olg/E EAM Aee SEe o8 Adsne Avge 2
Al Aol thee, olol b4 SHpe] e EAR] Pk WA 0 el
5 Qe

Hit 55%9] I o SEAFHZ KOSPIY] Wk
T H1)S HolFdlon 525 H HY 5%
71 &3,

FAFES 20149 39 149 20219 10¥ 159704 139.2%(52=9] ¥
82.2% o}¥HE)E 7|=5t) dhH AAE TAAL HgARoF oF 7~8F FX4

Ja30. AIgE 2 ZIUT BR(YSH) 1835, 2Y AN HE

Model with Sentiment Score Histogram of Model Total Returns

2015 2016

2017

2018 2019 2020 2001 2=

1.0 15

At NHEASE 2|MR|I2R
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JBI36. 2E £ X+ B2 0|

(2014-03-14 = 100P) DT S0l x| 4 (E) %)
250 KOSPI(ZH 17
220 65
60

190
55

160
50

130
45
100 40
70 L L L L I I I 35

14.3.14 '15.3.14 '16.3.14 17.3.14 '18.3.14 '19.3.14 '20.3.14 '21.3.14

A& NHEAISE 2|MR|2 8

837, 2HEO| A|Iad F0|

(-1: i, 0: B &, 1: O =) mAlaY

1

-1
143.14 141014 '15514 151214 '16.714 17214 17914 18414 '18.11.14 '196.14 20114 20814 21314 '21.10.14

A& NHEAISE 2|MR|2 R
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<0
ol 1

=1

Z 1 o] A] KOSPI thH] 9+ 6%pY 2H5ES 715331t AF
S X]4(Sharpe Ratio)= KOSPI th®] 0.37p WA= on, A2 Z (MDD, Max

[e)
2de

Drawdown)< 11.8%p 7HA=ch A WEAS KOSPI tiH] 2.5%p %2 yhi,
) HEAL 3 1%p HUATHELL FHF),

A= 201593 IE2UH9 A o]3¢] 2020, 20210 E3] FolFo] &
ot} thgk 20199 o= 80] 40%2 ksl KOSPI tiv] A3t A zsk3it)
(71938, 41 #=x)

KOSPI 7+ 95 WEZo] & FihoA= WEsZo] & 417 tH] o 5E9]
Zofown WiEZo] F9¢l oMY d=FL gsatgh wmE AsAolA &
2 Y] & A SES 7|5 HE L4, 156 FXD)

Ao KOSPI 0% 2= KOSPI
HES +UE(%) 12.10 6.09
AFE K| 4 (x) 0.74 0.37
AE|E |4 (x) 1.21 0.46
iIEH”%(%) -27.42 -39.17
ZHAK%, 52w) 16.32 16.44
FHRHAY, %, 52w) 12.89 10.42
EE K| (BH, %, 52w) 9.99 13.13
I5(S5)E(%) 55.67 56.93
Z1:2014'3 038 14LU2E{ 202119 10 15UMA| BHEAE ZALt
7. AP K|4 = QI7H4QIZ/O17HHEN
52 2E|l K4 = B4 USRI OIHS Y
K2 NHEAISH 2|MA|2E
J12138. KOSPI LHH| Model HiZt-olE J12139. KOSPI CHH| Model Sharpe Ratio
k) (%)
60 - mKOSPIQiZtF2 & MODEL ¢1Z+=2 & 30 . ™KOSPISharpe Ratio MODEL Sharpe Ratio
50 25 |
40 - 20
30 - 15
20 | 10 -
10 05
0.0
0
05
10 40 L
20 - 15 L
4o oMe e 9 0 M4 M5 M6 M7 M8 M9 20 2
A& NHERISE 2MRIZS TINHERISE 2MRlES
42
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J12140. KOSPI CHH| Model SZHASN

J2l41. KOSPI CHH| Model Win Ratio

(%)

mKOSP| BS54 MODEL 1 5A 70 m KOSPI Win Ratio MODEL Win Ratio
28
2 60
18 50 B
13 40
8 30
14 15 16 "7 18 19 '20 21 14 15 '16 "7 18 19 '20 21
T NHERESH 2IMK|=E T NHEXEH 2IMR| 28
E15. 2 fUE A7HH HEE
FUEFL FES2@) B53) IZE(%)
421 10% 27 39 69.2
2] 10~20% 21 36 58.3
A1 20~30% 20 38 526
=9 30~70% 87 151 576
5+2] 30~20% 17 38 447
5+2] 20~10% 15 36 4.7
5121 10% 19 36 52.8
AIE: NHEAISH 2IMA|28
£16. 2 Y SE
ES
HEYA ~ = .
45 (J =
AR :8% 140.0 86.0 AT 61.9
= 90.0 81.0
UL 609 Her 557

F1-Score : 61.4

T SHIEXNE2 S50 Eefoted ALt
AtE: NHEASE 2|MAIE R
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201949 20193 A7 FAL ZAAARY AjAEA g9} 22 AF volg #FoA g
ME HI0IE9 7} §43] ZAsi B @Fos FA 7] WrE A dEoR Sk
an 43 A7 REES] A 20199 B A0 20199 o] Foll= HE dolE el A

AR Ee ARz Jrt &Aoo 2 ot Uyt AEe BG5S K

AL, dAldlelE ]l A el ol ZEe) dubrh BAskiT.

qg42. 7 wg

D=0 gAYl ROl MN, 20194 NS HolEle] 2nf 2

—— Sentiment Data Only
1.4 4 —— Economic Data Cnly
—— Fundamental Data Only
1.2 4
1.0 1
) An ..
0.8
0.6 1
2014 2015 2016 2017 2018 2019 2020 2021

AtE: NHEAISE 2|MA|I2R
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2) AR B 43 7|9 =

LAXEE 501 20189 vheow AR wde Aol vA: GEe dote) 1] gk £ 6714
olzE gu AMsy I B2 oA 4 volEE dpet BY 37 E AlQls AnuE+ AA, Avidd,
o AAZRE PFE 7IHES AL 1k

ANRAo 2= 2017TAMA = Yast e Hlon 2018 oF o= o] 50%
ola}% setaigirt. KOSPL tie] shiwlsA® wobx Aekael »de] Aol A
a3 AL IS 5 AATHIHAS %), AeHow YR wde] 23} 5
oo 7)ef3t Aoz Felert
17, 7| 22 CfH] ZMXIE M2l 22 HL
AnQorE ZINX|E NI DR KOSPI 0|5 2=
A%t LUE(%) -3.16 6.09
AFE K| 4 (x) -0.19 0.37
AE|LE X|4(x) -0.25 0.46
Z|CH=E= (%) -65.72 -39.17
ZHAK%, 52w) 16.38 16.44
HEHAHA %, 52w) 10.99 10.42
HEHX| (01, %, 52w) 12.48 13.13
NI AE)E %) 51.13 56.93
71: 20147 038 14USE 20219 109 15U7IK| HEAE ZD}
720 MR R[4 = 7RIS /I7IHEN
73 AE|L MT = UI7I40IE/I7 IS EA
XHE: NHEAIS Y MR |28

J243. ZMXIE M2 2Eo] fof K|+ HF F0|
P (%)
180 70
160
140 60
120

50
100
8 40
60
40 I I I I I I I I I I I I I I I 30
14314 '149.14 '153.14 '159.14 '16.3.14 '16.9.14 '17.3.14 '17.9.14 '183.14 '189.14 '19.3.14 '9.9.14 '20.3.14 '20.9.14 '21.3.14 '219.14
A& NHEAISE MR8
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V. Appendix

Appendix A. H&l259] gks el

darg]Fel ofste] g5ek 7lEo] AsAW, A= 7)ol w5eo] g<5(Learning)
&b 22 3KOptimization) & {635@ HA s Agent7t AAT Ve
&k A AY 7IEX7E Hd7F HEE s orES A4Sk ol dE =
of A&FAS HERE of= Alepd Hojgh w2 HA Ao =28k Ao H17}
g Zlo)al, =R Tro] AAE A Abazt WAste] Eatel] Aufjed 5o €10
He des HFEE HA sk slojrh

A&ggolA 34 darglFe] HAs $4& 3l HalEd s deE oot
w2t 39 dargFolA dEA o2 AREEE 7158l MSE(Mean Squared Error:
S the] A5A Ak AR W) AL v 2o

SAd] mEY dZgie Arke] AAHSE MSEE Holth maha WS
MSE7} A3k AAwS A45E Q8T Aol

it

MSEE 238 HZ3} 34 dAS 57] Y8 712717k 19 Aol 249 27}
HetAu Wl AAd S Aesiginh e ALY 42 v 2t

ye= 1xt+e, (e F29P

JBAL 712717 12 SMof| RS XALS CISPALE M AAE

v)
120

100
80 |
60
40 |

20 r

0

20 -
1 1 21 31 41 51 61 4l 81 9 (t)
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ARae T Srte 24sa, MSES F6A4 7

e} o] MSEE HA8te% oS¢k Aol o
s7b 91 AAIE S 7P & Awske 718719 Alelth

MSEE #Ha&3lsh= s& 37] 9lste] soF MSETH] #A1&
1S mek W7 s7b 1ol 7

o AHBAZ B2), H
Aol AAAAE A

J8A2. HIEZ s7t x50|2, MSEV} y&21 M. s7} 12 I MSE7} 71 =}

1™, ol& #lste] MSES

7] s& FATY. A Dk
AEEE, MSEE #43lahe

EE LRI R
MSEE #HA

(MSE)
1000 [ ===—MSE

800

600

400

200

0

0.6 0.7 0.8 0.9 1 11
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a2 VAE o9 TP v ARew vk sE 24T 4 927k MSE
thalell MSE =+419] 7]&718 AFgshd e 2-AS E2).

JBIA3. MSE2| 7|27(0fl mpzt Wes =Fslof EHst ZIA

(MSES| 7| 271)
0.08

e Slope

006 r
0.04 r
002 r

0.00

002
004
006

008 -
05 0.6 0.7 0.8 0.9 1.0 11 1.2 13 14

At NHEASE 2|MAIE R

71€717F ()Y wole s& S7MA71a, 718717 ()Y dddle s& A"
MSEZHS HA2sahe sptom Fdaks AL o & Ak o9h o] 2AS wet
Vg AAsE vFGe 2 o] HAsloln], MAYYA A} AAE A
o Foprbe Edelolty, %A 2/ 2AL B ke PHELS e
®(Gradient Descent)ol2hi FE@aH, WAl ol A 714 @o] AHLEE A4 5
W = sfjolt),

S NHEXISH %



www.nhqv.com

Appendix B. 1Z2MA M Artificial Neural Network) MIS2Z
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J2IB1. 21Zte] AMZA|(Neural Network)E FAM5H= AMZAME(Neuron Cell)

Dendrite

Cell body
Myelin sheath

Schwann cell Axon Terminal

Node of Ranvie '

Axon

Mucleus

XI2E: CUSABIO, NHEAISH 2|MA|2E
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Appendix C. &=A1A2Deep Neural Network)

ANFAALES 583 AIZF dAol= Holt s B
Fa 9oy, 7)o AFE AAE =53} 1969 Marvin Minsky 9 Seymour
Papert7} @78 ZAH o] op7|eh= sHAIH SR Qs AAE AT

o>
=]
il
(@]
=
2
o
os)
=2
>
B
=
o

AL e dol XOR 729} o] wedf wol= TAIS AgshA] 33t
= Aolth XOR 7x& HFH 2ol ARH = =4 o, A% Bl M2 t&
gkol Eolzke wellwt ko] e ot dCl #x)

JEIC1. XORAI0|EQ] E&iAD} of/SE AR

T8 y=00 x

ol (xy, x2)o] w2 Z2ZH( V)

X1 X2 y
0 0 0
0 1 - 1
1 0 1
11 0

At NHEAISE 2|MAIE R

#FxAo| 3% XOR =g Ao|Ex th&y ) #e 0, A3
HEC2 #F2). AAE AMEaA s ojd W o2 3} 73S sl 7
g 2= Qb (23C3 Z2)

JElC2. XOR =2| H0|EQ| Z}j&#4 #S JEC3. 1 oftd MME 0%} XE M5 F2oliLix| =sict
X9 xz
1 @ X 1 & X
\\
\\
\\
-——————:~\— —————————————————
\\
\\\
\\
o . .
! X
1 1 1
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’“Zﬂi XOR<EA] ] ‘5]13}04 459 AT BHE Abgs)
o}_Uﬂ U]—O g] g

A WA e gol % ERE WA o wAdl 24 992w A
VA Aol Bio] 05t 2 ALAE AgoR ERU, s X7}
0500 24 44 7FoR BHIU Akt ¥R s o)g 2
A SRR SHole BTHaYC B2, SRR E BF 0
ApHo AT 5 G MY F5w WA olgs Aol etk e
AY BRvi @ le MRS g W] Wevt we A9 mdo] )
B g 2A7H e Hk
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;
i

T
Jo it o o

JEIC4. SJArAHLIR sk&B(Decision Tree)

X3

|
|
1@ |1 X
|
|
Lo
x
1 1
X2
1 X
0] X 0]
x
1 1
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(Deep Neural Network, B+ Multi Layer Perceptron)©]t}.

J8C5. 5 JHel MBS e Ly DUy

A1 AR ANN:

Y11 Wi11 Wir2 [b11]
Y12 Wizt Wiz | o |b12|
Yiz|l=o0 Wi31 Wi32 [ ]+|b13| ,

x
[}’14 J \ Wigr Wigp| 2 bis
Y1is Wis1 Wis2 bis
Sigmoid Function: o(x) =
g ) 1+e™

\

11 Y12 Y13 Y1a Yisl + by )
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JBICE. 5 4o MAYS HZSt El2{d 2 Diagram

-1.936

wix1
[-5.219]
[-4.441] y11
[-5.181]
[-5.431] w2
[4.805] [4.952]
[-5.070]
x1 [-4.562]
[5.237]
[3.184]
y2
X2
AtE: NHEAISH 2IMA|=2E
EC1. 3 HAjEio] ANNS 3 255 533
(x1,x2) (0,0) (0,1) (1,0) (1,1)
AL 4 — 0.12614 0.885734 0.00078 0.040251
HEA 2 — 0.878973 0.999535 0.078865 0.962031
Bt 3 — 0.922493 0.999811 0.062724 0.967394
EEA] 4) — 0.099405 0.901193 0.000483 0.038404
BAEHAL 5 — 0.263442 0.974111 0.977625 0.999782
AtE: NHEAISH 2IMA|=2E
EC2. 5 HU{Ee| ANNZ R[N =2 HEZo| BFU0| S2ECt
ENEST S A XEEHU
(0,0 0.007 % 0
0,) 0.087 & 1
(1,0) 0.985 & 1
(11 0.018 & 0
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Appendix D. TLH 245} OIIAI™
TLH A2 A1

HE A mjAdEEA 130,000
¢ A= B

A
<44 100,000

F\-) r H

=
)\E]
A B Ado]o) 200,000€2

B Ado]e): 150,000

TLH HeF v 28 Al
A = 200,000%20% + 150,000%37% = 95,500<2]

4*8HHarvesting)o|2} #3)
FA e = (200,000-1 OOO)* 20% + (150,000-100,000)%37% = 32,500 ]

ZA A ol 63,000%31.

TLH A A2

Azo] 2] Aol FAFsHs ETFell 100,000 F41 Ak} Ax F=oll deste]
10% &4o] LA(-10,000d). 1eu} o] % whsate] Aol 8% o] o= njzt
(+8,00022)]). a5 o]9e mAF, 19 TEZF oA BAs vy ool
15,0002

TLH H&f w28 Al
A 15,000437% = 5,550€2]

TLH A=f 48 Al

109 €4 84 A 24 £ $8 49 AB FEeHE 15T ASU BTRS
Aol A, o A% 3 £2(-1000092)E AHgalo] 7 Ee] AA A5

A4 (15,000-10,000)%37% = 1,850
A9 3,700
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Appendix E. KOSPI AIHIZ S0H 2
KOSPIZ 47|34 + ZAAA KOSPIZ A A 38tqit) o] u Al-AdLe 1

kA ekt AAE #3fjol= STL(Seasonal and Trend decomposition using
Loess) 7]H-S AL&-3loit)

STLS A7) A¥ FAE =4 A¥3)H¥4(Locally Estimated Scatterplot
Smoothing, Loess)< }%3}04 AR 7Mool s 7 HI} dgiv]ske]
717ve] gete Hesld 7] A3y Ed=E FE5h ol 2l

ojef 2 W ow Ealgk KOSPI AlAIE wlolE|= 2H2t Z19E]L, E29F

JEIE1. KOSPIQF &7|EM

(P)
3500 - ——KOSP| e KOSPI ZH7|FA|

3,000 r
2500 r
2,000 r
1,500

1,000 r

500

0

‘90 '95 '00 '05 10 15 '20
At NHEASE 2|MAI2 R

J=IE2. KOSPIQt Detrended KOSPI

)

3500 [ KOSPI(E) e 2 A 7 KOSPI() 800
3,000 600
400

2,500
200

2,000 1o

1,500 1 -200
1 -400

1,000
-4 -600
500 4 -800
0 L L L L L L _1’000

‘90 '95 '00 ‘05 10 15 20
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WE
PN
T

%7 KOSPI, = #MA7 KOSPI,

A7) FAl )

ol wl KOSPI®| el wigt i) flo] AALS Zaid7] wiEel FAAA
KOSPH ZEL A = <

ol AR G AT PYE 0L, T} ol

=

13e] 7] A

JEIE3. KOSPI Uzt £0159| HZHISNR A2 S

(e1z+
60 r

ESubS))

EH

50

40 -

30 r

20 r

10 -

0 1 1 1 1 1 1
'89 ‘94 '99 ‘04 ‘09 14 19
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Appendix F. Zelets B XI1X9t 0ky

Bel ufF mix)ut of o] the-F KOSPI A4S ZAA3} Out of Sample &
FE Jslr] fske] =4 KOSPI dlojele} AR AlF &2 Ed 85 AJH,
KOSPI XA A&l Al dwjc} A4

Zb = kel tiske] o) vk M) AlEH oS zldeh, AlEE ol 50wt} b
B 71oE AE A AT Bl spAlZth RS dsh] flste] 7
71 10089] Aol A 101HFE 200704 2] AR} Hoj $=2)Eo] 523}
= B kgl 17}5@:3_ &S TR g5 ol AAH A whA
FUZ Argro] WHEEE A9t MAsHs S WAE] 98k 1A 500 A
o Mo Azl Hstol Jﬂrﬂ 509014 10087149} FdT A, dAHo=
10%2]

WA o2 AlEeoldo] 1,6003] 7 AFHANE W ShFo] TREHIOH, B
A5 4,40038)71A) Al ALE AlEH IS 1, AT, Al dlolE e 23
+ A, A+ AA, AT+ BA, A, A, BA F 67FDER 47 Al E
AR o7 HAE 7)7te] A4S, Y] Aol &5 A= o
Q#: A 3 A7F AL EH dlolHERE AN - AN+ AA - A - 7
A+ AA - 3+ AT - 4 dioly B 02 k5o o B ARkl A8

w9k

f

JEIF1. TR+ ZA COIE B 20| st Y A JEF2. T COIE Bt 29| 3t Y A
P) P) P =T 2R ERES) (P)
2,500 5140 2500  —— EEHINZEH) 4 200
130
2,000 4120 2,000
1110 1 150
1,500 4100 1,500 H
190
1,000 4 80 1,000 H
70 4 100
500 60 500 |
1 50
stas A EIESEAES
0 L L L L L \("F':'%‘IT) 40 0 1 1 1 L L L \(_”d\%\—r) 50
0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500 4000
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Compliance Notice

o YAME & KRS 7IUFADE EE HBROA AR RIS AM0] QELICE
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