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A Case of Establishing Robo-advisor Strategy through
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B Abstract =

Facing the 4" Industrial Revolution era, researches on artificial intelligence have become active and attempts have
been made to apply machine learning in various fields. In the field of finance, Robo Advisor service, which analyze
the market, make investment decisions and allocate assets instead of people, are rapidly expanding. The stock price
prediction using the machine learning that has been carried out to date is mainly based on the prediction of the market
index such as KOSPI, and utilizes technical data that is fundamental index or price derivative index using financial
statement. However, most researches have proceeded without any explicit verification of the prediction rate of the
learning data. In this study, we conducted an experiment to determine the degree of market prediction ability of basic
indicators, technical indicators, and system risk indicators (AR) used in stock price prediction. First, we set the core
parameters for each financial indicator and define the objective function reflecting the return and volatility. Then, an
experiment was performed to extract the sample from the distribution of each parameter by the Markov chain Monte
Carlo (MCMC) method and to find the optimum value to maximize the objective function. Since Robo Advisor is a
commodity that trades financial instruments such as stocks and funds, it can not be utilized only by forecasting the
market index. The sample for this experiment is data of 17 years of 1,500 stocks that have been listed in Korea for
more than b5 years after listing. As a result of the experiment, it was possible to establish a meaningful trading strategy
that exceeds the market return. This study can be utilized as a basis for the development of Robo Advisor products
in that it includes a large proportion of listed stocks in Korea, rather than an experiment on a single index, and verifies
market predictability of various financial indicators.

Keyword : Robo Advisor, Markov Chain Monte Carlo (MCMC), Optimization, Financial Indicators,
Market Forecasts, Artificial Intelligence
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FAENT7FEE) o1, Market returne 43k 7|
g 717k Hit AFFAE(Z 2T, AR o) th
Optimal object stock ##3}l¥l &4 8<=(Sharp
ratio) 2] Ztjgkolt}. Trading frequen v A
Azl A Zolth. PBRO Ao A §713F Al
G gy AugS o SHl o]4e] FAES VE

W =2 AdE Btk

(E 4) PBR ER7[2t 2402 Z2tE

Stock [Market| Optimal Trading
return | return |object stock| frequency

0.223 | 1.650 | 2.763% | 0.526% |  0.710% 7.354

al | a2

<3 5>3i= PBR 23d 23l ofefjo] CAPM X
2 HAE A8 dafolth
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Sttt 25 9re] 2 t-statistic
TE Yehdo RSEx #AEZLAF
(Residual standard error)©]t}. Panel B+ Panel
Aol Azle] Holg B3 Aolth
<F 5>¢] CAPM HIZ=E A3} 2409 B3
o] Alpha 097448}, Beta 1.478¥]% Th2 H-3-7]710 H]
& 06592 7Hd =& A @244 E(Alpha/
Beta)S Bt
F7EE AR A AA AREST SN A
A

2ol W% 2 A5} 0
& As)

Altsi T
v AEEER
T AN S,
A A¥ PBR d2fe] o E2 61.6~63.7%
Xé_l;_i E = e

(% 5) PBR A& Zuo| CAPM HIAE XZ AL}

Panel : A
Holding period | 20days | 60days | 120days | 240days

. 0043 | 0171 | 0469 | 0974
D (G852) | (3782) | (367) | (3.497)

Bet 1.383 2.331 3.923 1478
4 (8540) | (4663) | (6:259) | (3.352)

RSE 0.023 0.186 0.511 0.901
Adjusted R*2 | 0818 0.565 0.705 0.406
F-Statistic 72.94 21.75 39.17 11.23
Panel : B

- . 20days | 60days | 120days | 240days
Holding period | “¢1y" | "0)" | "3) | (1)

Alpha/t 0.22% | 029% | 0.39% | 041%
AAlpha 0043 | 0128 | 0298 | 0504

At 20 40 60 120
AAlpha/ At 0.22% | 032% | 0.50% | 0.42%
Beta/t 0069 | 0039 | 0033 | 0006
ABeta 1383 | 0948 | 1592 | -2445

ABeta/At 0069 | 0024 | 0027 | -0.020
Alpha/Beta 0031 | 0073 | 0120 | 0659
AAlpha/ABeta | 0031 | 0135 | 0187 | -0.206
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4.1.2 F7H59E(PER) AA3}

A3 A7 PER®] HATE FHdjstehs HA7
718 120901t} <E 6>8 4714 BA7|7F Fo
A 2409 B BAES v s vER Ao
o} 910 F 7o A& Adol 4439w PERS]
Acta) ko] H#slE Axtgrolth. PERS) 44
7F (1.012, 7.115) Atelel & w 2] 714 0] A<
3t 7bsA ol Erhe A9yt B&F Uk o= PBR
I} vkl W), AR o =& o, 1

9% o He AoR vepdth PER HAst def

oW 2o

Z449)ES 2Ath PER deke] 452 (up hit
ratio)v 209, 604, 120, 2409 Z7t 67.1%,
54.6%, 63.9%, 63.6%E HolHA PBREU tha
=2 %S 23
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S &Y F Yt Ao Urhdrh vrebd ﬁoli}gql—% _Er7lo1%ﬁéﬁﬁﬂ 712, q2E
<E 7>¢ CAPM HZE A3} 1209 B A= FEUAbe] K, 3= %be] et
B el HAS 2o A Stod oo A
o] Alpha 0.304%), Beta 1,601 2 T B57]7k] ofe. A= Ao WSS ARgRRAS o, Al
EaXe) k= E 2~0lE20 97 2= ol
W3] Alpha/BetaZh 019002 714 & Aggy O R oAl FEES &8 5 g A
o= vpebgrh. PBRAZS] Astsh ol ), 5
(X 6y PER ER7|7} 1202 Z3t= o1& Ak Aol Hlsl, HAghre] H A shghol
1L} O X 2]
| | oy | Stock [Market| Optimal | Trading MRS A2 ey, FUAN=S We4°] PER
4 % | return | return |object stock | frequency AFRT o HEsAo] =& AS & 5 Atk A
1012 7.115 | 1.343% 0409% |  0.638% | 5843 HEs A9t 3632 7]24 245 F3 A
H3 tha =i A2 YT
(E 7y PER A& ZTl0fl CAPM HIAE M2 HI
ol T A (E 8) PER 2R]7|7+ 1202 ZIHE
Holding period | 20days | 60days | 120days | 240d ~
— ooggS oﬁ? osgj : 09?1*5* al | q2 | g3 | Dtock |Market %%tjleerl Trading
: : ) ’ T T bi
Alpha 1 3003) | (5527) | (5.068) | (3.497) et YEWM | gy | reauency
. 0793 | 1217 | 160l | 1478" 11.021] 3.121 | 0.252 [ 2:308% [0527% 0596% | 3612

(2.745) | (3.988) | (3134) | (3.352)

Adjusted R™2 | 0290 | 0482 | 0355 | 0.602

F-Statistic 7536 | 15910 | 9825 | 25490

Panel : B

. . 20days | 60days | 120days | 240days
Holding period | =)™ | “9) | T4 | @4

Alpha/t 018% | 020% | 025% | 0.18%

AAlpha 0036 | 008 | 018 | 0.133

At 20 40 60 120
AAlpha/At 018% | 021% | 031% | 0.11%
ABeta 0793 | 0424 | 0334 | 1176

ABeta/ At 0.039%65 | 0.0106 | 0.0064 | 0.0098

Alpha/Beta 0045 | 0097 | 019 | 0.157

AAlpha/ABeta | 0045 | 0193 | 0484 | 0113

<¥ 9> CAPM HAE A¥ 2409 H-Gxek
o] Alpha 0.419¥, Beta 1.551%1 %2 Alpha/Beta’}
027002 7V =2 A3z E5S Brh
ol thE HfVIZte] Axte} vugs wf A9
Wl disk HokdS vehdlE wE e o
o) A= 2o AHow 2400
=y SFES Uepdh EdAmE
2Fo] A58 (up hit ratio)= 209, 609, 1202
09 Z+7} 71%, 66.7%, 63.5%, 63.2%= H.o]
°oF 7|EA EAE F83 dEgH 3
o
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(E 9 S2IMEE As Zuof CAPM HIAE Mg Zut (E 10> MACD M2F E:7(7 602 Z20E
Panel = A Stock |Market| P Ty ging
Holding period | 20days | 60days | 120days | 240days al | a2 | a3 | | retum (;*t?g)i(; frequency

Alpha <(7) g% &% géé% (gjﬂg) 9.868 [48.626] 8,964 [0.593% [0.114% | 0.336% | 4.781
Bet 0978 | 1208 | 1693 | 1551
(8085) | (5252 | (4042) | (3.120)
Adjusted R2 | 0801 | 0624 | 0489 | 0.368 (E 11) MACD A& Zztofl CAPM HIZE XS Zu}
F-Statistic | 6536 | 2758 | 1634 | 9732 Parel © A

Panel : B Holding period | 20days | 60days | 120days | 240days

Hotdng period | 46” | *%a” |” 0” A | o | e | asm) | G
Alpha/t 021% | 018% | 018% | 0.17% ol | 1w | 203 | 276
AAlpha 0043 | 0063 | 0107 | 0207 Beta 4212) | (3214) | (3718) | (4625)

At 20 40 60 120 Adjusted R™2 | 05113 | 0368 | 0445 | 0576
AAlpha/at | 021% | 016% | 018% | 0.17% F-Statistic | 1774 | 1033 | 1383 | 2139
ABeta 0978 | 0320 | 031 | -0.142 Panel : B
ABeta/At 0.049 0.008 0.007 | -0.001 Holding period 20days | 60days | 120days | 240days
Alpha/Beta | 0044 | 0081 | 0125 | 0270 @ | @ | & | ¢
AAlpha/ABeta | 004 | 019 | 0271 | -1457 Alpha/t 0.10% | 0.20% | 0.28% | 0.18%
AAlpha 02 | 010 | 02 | o010
122 MACD %73} At 20 40 60 120
AAlpha/at | 010% | 025% | 037% | 0.08%

a9 23 MACD ##e] 5493 Huists ABeta 0681 | 0402 | 0990 | 0632

© BA7IRhe 240d019lou, g2 Soldel ABeta/at | 0034 | 0010 | 0017 | 0005

= A UREE el vt AUAA ot Alpha/Beta | 0029 | 0114 | 0166 | 0167

A A HAT) el HAs =2o] wEkel AAlpha/ABeta | 0029 | 0256 | 0224 | 0169

WS WA 609 LHAF] g S5 Ao

2 gGrlsldt <E 10>9 ql2 @A Fol s F <E 11> o), d<=3+ Alpha/Beta’} S

A q2E 7RGl EHTEA, 35 WAz o] E 2409 BfAo] 01678 248 =X o

FHEA 0o 717elTh o 1500 5 FHoR 714 1203} 24099) wehgle] 28 WA E A

AH5E & A% W oF 109, 371 o480 B 5 ATk ol alY A AR A A%

g oBYTHOR MACDE T4sHs o] &b o Mol 20 ole] WEAel AR AL

Holgl= AL & & Ark ole V&Y KA vtk ugbd v 2 234089 Ik 0123

MACDS] ©7], Z7]olsH Al FX|9= Al o2 F3F JLolA gk wEle] X7} 1.0832.2 H]

H& Aol ddd AY3leE 4732 BUA wH gl A& Hol= 60d Aol MACD

e Agnn Azt s e Bass A A FolA 7V Fag Aoz wekErh MACD

& FAF 5 gtk AFEAB We) o A W] H5FEwp hit ratio)= 209, 602, 120

Folgo] S AL =7 UrEHM Byeta, A 2, 240 747} 58.8%, 55.1%, 54.3%, 54.1% % 1.

o)go] o

2] gk Al

=
o]mA] okA] AalE BE e Fo| A FH A



w8 A&t Hetrly HASE T3 2rojEnpolA A= =F Al 121

43 ANAH 2|AT X|E AY Ao} o1t ANty 02 o] FH A B ZEX]H(mab-
ma20)e] B52 7)%0% 5= UPZ DOWN ek]

Axsh A SRl S29(KOSPD A% A#lg 71702 3= ENLARGES} DECREASE
o FEAAS SdsEs TR AT gepng o fas Aeron Fesigl A
< 12> 2ol MR U 5 F4e A (Sharp ratio)2 71302 252 7F0% o= A
of g ARE 37 FARCR A5 dol = 2o A0 3H} Hho] ZA o] DOWN ko] Abd

43457 Avstarks Aol 27 B2je) UP A vjs) o £& 29 nic,

(E 12> AR 2t T2t0[E] 2Hst 21t

=
ql | @ |Sigma| Kooling | K szlffie(fn
2 | 24| 105 455 3 | 1043548 A= oy A Aol #Ao] ozl 2Ho
Zupo] Ao ALEE = Q= FEAEES FI5H,
<3E 13> 33 Alzd g3 A dAA Ao sehE 43S e KOSPL MEFA 0 o
e Ak AxnE g2 AF2d Aotk WA W 3 A FFIES 28k FUES T e
o]7 2kl DOWN# DECREASE dgFe] 729 Ao A EAAME o), & Ao M = HRE
Alzdoe] BAEH S A9 FYES Y 95 v g (T 56 AxE 7ske gE W
(FAF Ah = A4 star Alzrdo] sk s 7 )5 EAS] ot EAE nlEaE A =
G )5S ANFAF(KOSPD) &2 91439 E7HEZ(MCMC) B4S &85t 88 53
o} vk $A# Hefo] UP# ENLARGE®S 7% = Ao st HAsh= 7] A &
Alrdo] BAIS A9- AIAGHKOSPD elE= Aol gt RAgFE A A4stal, I ghs Hdislkst
QA kAL, Alzrdoe] HAEHA] ¢FE FLHSTUER = g E ek WS 28a9l
(E 13) AMAH 2[A=(AR) M2 7+ H|I
KOSPI 60/40 DOWN DECREASE UP ENLARGE
2005 28.25622 16.64634 27.3378 28.25622 1961626 19.83271
2006 3993852 3597753 3993852 3993852 3597753 3597753
2007 32,2539 19.87517 27.95208 17.20071 27.30448 22.66158
2008 -40.7278 ~25.8652 -19.1945 ~28.4265 -27.88%6 -337915
2009 49.65006 28.28066 4592348 4567009 2046423 29.06677
2010 21.88237 13.42627 17.60889 17.82424 14.87907 14.71058
2011 -10.9829 -5.33083 -16.6263 -10.6039 ~4.80324 -4.11563
2012 9383045 6.463229 16.02705 1377313 5.246977 5053303
2013 0715555 1.161755 0715555 0715555 1.16175% 1.16175%
2014 ~4.76051 ~2.24017 -0.15321 ~1.37742 -2,61521 -2.61967
2015 2.386732 1.908635 2336732 1.642499 3.280609 3037872
2016 3.321759 2.38784 1.488579 ~150955 3338239 2106134
2017 1118206 0.677644 1118206 1.118206 0.677644 0677644
mean 7422344 4649163 835217 6.790549 5635332 4721521
Standard deviation |  22.34398 1337184 18.18477 1833276 1494123 1554022
Sharp Ratio 0332185 0.347683 0459295 0.370405 037717 0.303326
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