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19521 Markowitz7} 33 w458 (Mean-Variance Model, ©]sF MV =&)< A Al &
olef= o] RFL A7 o] Fet HA A wiE e o] &4 VEom ARRH ] Sttt
SHARE MV RY2 58, 504 5 FY Bl tigk 4040l vl wizkshAl v-g-sh
1 9] (out-of-sample) A ¥7F W2 & AF-AQ1 SH M= ol 7] FoFRo] A A=A,
ol & JNAd3sk7] f8l thkst A7 Fg s $ht(Jobsonb and Korkie, 1981; Michaud,
1989; Best and Grauer, 1991; Birtten—Jones, 1999; Drobetz, 2001; He and Litterman, 2002).

E3] 19900 wxd Ed-gevt 28 (Black-Litterman 23, ©]d} BL 2&)& 43
TE] HT AF, 1Y Bl digh WA, FAH At Soist 5o EAE S5k A1
AR S frAshe Qg A wjiE dge s de] A&Ea glvh

BL mdolA = o]t FAlo 7|wksto] Ao myE o HH et Fapate] HajE
Agtsle] N2 FEY Tt FAXE HEo] YAl o]F Tl MV B8] £ My
*}%’S}P—i Eﬂ% Axstar QHgAQ] XEEY U} AFEHTE 5 BL B3-S B8 AIRARE
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2 (equilibrium market portfolio)oll FAFA}e] A& S
“’ﬂOPOﬂ A vl A Her AT & Ak
2 FAAZE ARqbe] Jidfareo] diel zke Ty o) Ad S Eehe,
ol FAsh= Wl sl vk 7k W8 E o] ghtk(Beach and Orlov, 2007; Didenko
and Demicheva, 2013; Kara et al., 2019; Sokolov et al., 2021). 3}4] 5+ A}AF v ke
FHokE HAANA AP AR oL L T FaA Q) Al rF et A 23 B¢
FA} AAge AU A @A o] AL v #A o2 3hdshi= Il (overconfidence) Ei= 9]
H 3 (attribution bias)Z} 22 A7} @A 4= th(Daniel et al., 1998, Daniel et al.,
2002). webA] FAARE AAR] ARE Ggate] N ARt oigh A FAg sl ok ah
o] 2 93 AA3t vlHo] = Q3Er}
ojof whe} & Aol A= BL Rl M FAaRke] F34<
Wero A 72 Z|Abe AE2FHE AHo| g YA S
Aol o o ]43 9)\% A2 <l

vE e ARE E9sta

_Q
Jlm
oX
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&O -

) THMahajan et al., 2008; Li et al., 2014;
Shah et al., 2019; Sousa et al., 2019; Sokolov et al., 2021; Sonkiya et al., 2021). we}A
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ALl ARS F4T 5 Ak FANOR, B AFolA Abeks AR Aol 7]u



b 2AE uj e A= Ale 157

BERTZ

o B Tl O S - M - B N S v
B oo T W T OB T W R 5 I oo W T gy
N FERHERNE B eRT G
M_.‘wuoﬂuio_/umﬂﬁﬂﬂmﬂWoﬂrﬂonﬂ
HERT AR R g N om oy
CE LB ET TR o wE D TR
N o T oo o I+ P X o= ol
R B U RN MLM W o
23w BBy ®RYg el
o Q. —_— 0
— i — bx_ = . .
L R S A - i o
O < ke
m.mar,é%o_aﬂimm}ﬂgh% o8
L% o :OL o o % P T
N I
o = I N T ™ T ® o= Wy &
L S N
S e <o B BOAr ~ T o wm
B g Ak o a0 A 1M_| W mwﬁ 2 ut P =K
WOER T E N G R
LR T W agpzEcmpld® R
o W 2 =0 T A u B
T o £F ML PTNN LY FE
~ ) %
T e e X g LTy e E
P R = i .mu.BMmﬂﬂrzlo#]_a G
2EEsTizsieREIIE W @
— ~5 o N “_JII.
mﬂwbwMd..%_%%g.%ﬂ%jﬂgo_a °
A N T T % = = = s
ok o o o) — B .
T o T Ho A 4 T ) o < =
o o= T P oy oo TR N B =
i c o m — ,_.,orL T T W nt T n MI
B X w o i M% o o W o oz 0 K
~ 2o 2w T oo A4 W B xR _
o W T w Moy o ™ i = o o
_— — N _ED ,.:1_10.\.#
=k © ol o om o P B LT "
L xR X
%) i R S S S 1o
~ M m A= B 2o ) o T T M Mﬂl_l e
NG T ®E R X0 T o
Rodp BT R M dp W o) B W H = 9
Mo W R W W R A T " T o _

[eZ]
=

Aol A
=1

f

.

}‘

Feick ey

s %—6

E
2]

=
Faath. CAPMS] #d 7H4

Hl (corner solution)”}

A= A7)

i

k)
psl

73

i

9
psl

= 7Y

R

A

)

AL
AHE B vhIdzorek, 2005; Walters, 2014).

Black and Litterman(1990)2 =}

MV 28] o
g9 oy A

e Bt dEz MV

-
pud

.

kel

164
714

Markowitz(1952)= S2}ol] th
o

3]
m



A 2142 (confidence level) S ¥4

ato] LEbl o,

)

sto] A et A

9

7] BL

o

.

3N

A

o] Fo] Ht}. Idzorek(2005)&

158 [ #sa #iL it 5%
TAA THE 9
(0%6~100%) 2 =] 3}

Meucci(2010)

Hjj A

g op 2T XX LA T E M T AW
s S ® oA R B Y o 8 oo o W oo o
m,E M&Mﬂd‘_ﬂmﬂfﬂ&miﬂﬁqﬂo
S E 7§ %Admﬂﬂ%mﬂAﬂélﬁ
2 o = R e S o Q"o ooy XN
Lal.w ~ _ZT [ n;MO — _ Z_O \;ol he} X vze) ..AU ;OL A_I —
A T T Eop X o F X
= N A = 9 B2 R e X _—
e O_E ,.m_ B X T \Hl ‘m{ o ! - X B o ET
: —_ ~ = jns G 83
T o — T <] = U e
R ﬂ;ﬂﬂ%%ﬂ%@&%%%?ﬂ
iy —_ — = X ——
T mﬁ = L,Mo 0 o I o) i Q o AF o D) S
— ® 0 _iﬂ\/A)H,_U_U]ZO,ﬂ,DI
W&@WM%zT}m@wC@%moNﬂﬂ
xﬂ;mﬁﬁi.ﬂ7@@r@.ﬁ§4ﬂﬁ%%%
Pg Ty ag T 2aH Oy e g
E O N T B M- <= 1 S LAV
TR A= m o Ao WG %
) = o X o N~ o =) Y RO % WM T o R
o Z#%%JIPo]h].ﬂrm‘ﬁll_iﬂm‘_a —
e R R BRCT Y T = R
ol < B oy ® - nm T OBE o o wd WA 5k
o X E ox B Aom T E = B Lﬂ o
wEP o dee @ Ny o R
o = o o 3R g ok o R oo N o=
wroumommow.ﬂ;lﬂo_mmmﬂlMI_BEPLﬂﬁﬂ!Mﬂ
N B O S B AT = e R G
3 L o il o %O
X2 Ex sl e imihd, s
— f N © —
EHA; T Wk o o WL B gn = " ,M w m w_m <
T R A i R R
G Mo R oo o~ B o ®
L T O B S NOT o W
LoadzrxTmex P TH 58" &
=~ T S - ol S gl
D e N R ST U Sy - S
il Otm_u e < 4 B M7ﬂumoﬁ‘me
ok oo M B oo = o Kom o w N XX el
Frewd®el g% P E
Lo B o | R B Bl -
TR R R R ME S oM 2B W od o
T W H < X & @axd o BTN

+od

<)

9|

11

o =
o+

a}

=

=

g5l
A]

o]

2

77}

R

SRR



BERTS #8¢ ¥z 714 44243} Balelele nge 23 A0 ¥ A2k A 159

ol
N

1Q1 Aol Bol YEhu= 72 7|ARY 24 it o] AxlEe] ST FAiRbE ]
Pl tiall 849 H=gE 7Hd 7he Aol ARRR, 7HA o] ddHH ol &
S =2 Hol7] 93] Mahajan et al.(2008)> 20061 8€H-H 2008 78714 <] dlolH &
to] Eujo] @AY 2o SENSEXAF9} 72 714} 7] #A2 BA 815} s
T+ latent dirichlet allocation(LDA)S 7|RES.Z A7) m]X]= 9. oWl EE 23}
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&et atetoll tigk it oS Al=FloR o] &slglom, A A3 6006 Welo] oS Agw
BTk gk Li et al.(2014)2 37 SHAHLE P L= 2003 129 5-H 2008
3Y7HA 9 72 HolHE &gste] FA7FAR 572 7|ALe] BAE AT alY A
o] R 7]9ke] Bag of words W21 ARake] 72 7IAFe] AHAS HskSlTh 2007 FE
2008 3¥7HA1 €] HiolH & &-&sto] w72~ 7|AkeE F7ko] WS sk 4 23

o

AA
S AR ol gAMb dxe] ARuE G dol £8

il

AU

;

ANSAT HADT A3 2 7S FAPL felvd Bt 98-S nolFeln,

/‘Hfi?" Ao} B aur Transformers(Vaswani et al., 2017)¢F 22 Held 0}71@,%% 7}

d55 Holw @Wol &&¥ a1 glrk 53] Qlat-v 3t 7| Transformers®] ™ ¢l
ofolt]o} = A&l BERT(Devlin et al, 2018)9} 72 ¢olo] mdlo] sjutElow o]
Qo= H /M uAS RHEL Transformers oF7|E1xE 7jWto g 3la v}
FinBERT(Araci, 2019)= AF/56 #okllA AdelxgE &8317] flste] BERTE
7iako 2 JE Yl on, 38 23] (downstream task) 0.2 74341 83} FinBERT=
4 ZH ¢l TRC2-Financial dlo]EJAlS AFA8H53E & Finance PhraseBank(Malo et
al,, 2014) dlolEl M7 FiQA task 12] FiQA sentiment "o|EAlS o]-&3}o] 75 H Ut

g 2ES A= do]E Al EFA state-of-the-artE BA 3G oM, E3] 7 2F¢lolA
15%°] Aot s BTtk

F < oleh 2 Qo] BHlS o] &ete] fr2 VAt £3HE ARE FET F FHe
HAE T A77F @3] 1alEa lt) Sokolov et al.(2021)2 BERTE 7|RES.=

1998\1-7-H 20199714 S&P00 71948 72 7IAHS E48ke] ESG A58 FE36taL, ol &
BL 283 Agsigion, o Ax Wixuia LEZE|Q tiv] Aap} e ths AS 2
Sousa et al.(2019)+= A g5 BERTE 7wk 2 A 53 tolyAls F7hehsste
T2 714 A the-E s X]—’Fiﬂ AAE BEAegom o= Ay F-scoredll A 72.5%,
F7F B dSolA 69%2] A EE HoJFEY s Sonkiya et al.(2021)2 Apple Inc<
oz AbA 458 BERTE o] 43k 572 7|ALe] A EA Ae) 714 A8 2 EH
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FAs = 9 # 4 3Hreverse optimization) S A WA 8 422 & (implied equilibrium
return) S ARSI e AR Ao R BE 2Pt tiE H A TEZEQE pasly)=
E7bsste R ]7P5°“ of HlEg TEZZS F A TEZYLE HH YEZILE

M=\2w,,; (1

oI71A e WA #8 FolESs UEhlH, A= A 133 9] A5 (risk aversion)&
LERATE 2 Aol A= Walters (2014)5 Fratsto] Al LEZE QO] Hit FE5S
Ao 2 o] AlGe] A su AR Qostiith. ¥e 37 FEY K covaria-
nce)s WERH, w,,, = A7EEH 7Ex]el] vlEgh A LEZ 5 UERiTh i ATtellA=
wjufed 7] < 57 e FUF vlolE & ARt 3 o ES gEAE k=
BL Bgol| ARH= FARAF A2 ARrke] 7t gl tisf FARAE 2k 7oy oA
BE}, TR Age] e ol XVM] 3l oo R 2k A A vl
ARkl tigk Ao A Agow vs g o, ol gk FAkAF el i A2 vt 2.
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According to Gran, the company has no plans to move all production to Russia, although
that is where the company is growing.

Technopolis plans to develop in stages an area of no less than 100,000 square meters in order
to host companies working in computer technologies and telecommunications, the statement
said.

In Sweden, Gallerix accumulated SEK denominated sales were down 1 % and EUR denominated
sales were up 11 %.
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kg ahsit). 7|4 o2 Walters(2014)2] &34 Al (coefficient of uncertainty) o&
st TR A e xpge] BARS v A (6)3 2o FelstAth

=
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18] 7192 AASETkD B 7199 FRI=s A, AZFERS <E 33
2o rtsh zE ialo BB 712 20184 19 29 0974 %

e s VA 2Estel FEEYLE AT

FEF=9} 3)Abg el - CNBColl #lAlE A B (https//www.cnbe.com/dow-30/)E 8313 o Al7}Eo2 20231
9 304 7

6 |0l
FHac ERE A7t (4 $1B)
AAPL Apple Inc 297791
AXP American Express Co 127.15
BA Boeing Co 127.74
DIS Walt Disney Co 162.67
GS Goldman Sachs Group Inc 108.03
JNJ Johnson & Johnson 426.19
JPM JPMorgan Chase & Co 41841
MSFT Microsoft Corp 2484.35
NKE Nike Inc 173.82
TRV Travelers Companies Inc 39.52
WMT Walmart Inc 413.67

7198 2194 dlo]El+= Yahoo Finance’} Al &&= 50 AR /\1 H] 2 (yfinance
£ B3] FFskden, A 1 71 201335 20229714 F 10 o]tk £
Aol A ARESE A F7b o E vlolH e 7|9 SAFS <& 4> 2t
722 71 33871 98 New York Times7h Al 88k 71AF & HE A ¥ 2(NYT
APDE ol&stglon, w=yz AAdA <3E 3> A or HAH A
9 Kabstract) S R8I 4 717 20189 FH 2022@744) 5d o2 FRE 7)AbE

D) & dolAe 1 7]AF o Iﬂr% & FAlsky] 18 11709 719Rt A8t 2
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T 42547009 71 Hdf 931, HA 1350S w719 v 7
Jl:—l_ e}

Aas <& 59 2o, st 7o) 54l uhet
o)1=

ERE SRk 2ol gt Eps A e
AAPL 25.835 -12.865 11.981 28.961 2,517
AXP 14.492 -14.819 21.882 29.741 2,517
BA 17.950 -23.848 24.319 38.767 2,017
DIS 9.139 -13.163 14.412 26.389 2,517
GS 14.340 -12.705 17.580 27.866 2,517
JNJ 11.225 -10.038 7.998 17.666 2,517
JPM 15.588 -14.965 18.012 26.743 2,517
MSFT 28.524 -14.739 14.217 26.944 2,517
NKE 20.775 -12.808 15.531 28.060 2,517
TRV 12.744 -20.800 13.290 22,633 2,017
WMT 9.655 -11.376 11.709 20.493 2,517

<E 5> J|YYE w2 J|AL A

FEH3E= AAPL AXP BA DIS GS JNJ JPM MSFT NKE TRV WMT &4
A 931 368 182 175 484 86 370 135 141 135 447 4254

A7 At
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wg FhE Lgn WEA MDD ShR SoR
Market 174.614 25.465 22965  21.693 1.109 1.486
Equally Weighted — 99.577 17.403 21.587 22.974 0.806 1.056
Mean-Variance ~ 209.441 30.431 28.855 25.810 1.055 1.538
c=0.1
Model 1 184.549 26.467 23.349 21.59 1.134 1513
Model 2 179.360 25959  23.185 21.325 1.120 1.489
Model 3 198.483 27.745 23.588 21.969 1.176 1.586
Model 4 199.689 27777 23.353 22.131 1.189 1.599
c=0.2
Model 1 196.926 27.623 23.626 21.349 1.169 1.561
Model 2 186.098 26.593 23.305 21.432 1141 1516
Model 3 222.545 29.881 24.09 21.834 1.240 1.690
Model 4 220.913 29.617 23.653 22.49% 1.252 1.683
c=0.3
Model 1 212.3% 28.992 23.878 21.618 1.214 1.621
Model 2 194.499 27.352 23.401 20.860 1.169 1.555
Model 3 258.262 32.720 24.423 21.707 1.340 1.846
Model 4 243.278 31.421 23.840 22.405 1.318 1.781
c=04
Model 1 216.175 29.370 24.100 22.016 1.219 1.621
Model 2 198.824 27.757 23519 20.018 1.180 1.567
Model 3 291.429 35.165 24.700 21.478 1.424 1.976
Model 4 269.940 33.447 24.026 22.126 1.392 1.8%6
c=0.5
Model 1 223.598 30.055 24.373 22.738 1.233 1.634
Model 2 199.771 27.863 23.600 19.920 1.181 1.566
Model 3 314.494  36.808 24.992 21.031 1.473 2.059

Model 4 298.017 35.456 24.196 21.780 1.465 1.981
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2y FTTIE BAards  WsA MDD Sh.R So.R
Market 112.864 18.581 20.242 18.213 0.918 1.208
Equally Weighted 89.928 16.502 22.575 24.681 0.731 0.961
Mean-Variance 133.980 22.961 27612 24.493 0.832 1.211
Model 1 90.207 16.838 23.731 27,694 0.710 0.950
Model 2 105.287 18.142 21.940 23.214 0.827 1.121
Model 3 151.187 23.346 23.263 24.096 1.004 1.381
Model 4 161.954 24.106 22.292 20.807 1.081 1.470
<FE ¥ 2> 7|7HH(20204 o|™ vs. 20204 0|F) 2 =l
Model 1~4¢] 3% =055 A-&3 Ay}l

2020 o7l
2 TrgE d"9dsds WEd MDD Sh.R So.R
Market 52.035 24.845 16.554 21.693 1.501 1.900
Equally Weighted 35.418 17582 15.019 20.055 1171 1.471
Mean-Variance 52.135 26.500 23.068 25.810 1.149 1.549
Model 1 71.109 33.123 19.572 17.663 1.692 2.099
Model 2 65.809 30.555 17.509 19.355 1.745 2.282
Model 3 66.398 30.994 18.395 21.031 1.685 2.224
Model 4 66.961 31.141 18.086 21.780 1.722 2.212

20204 o] %
2 FrE d¥dsds WeEsd MDD Sh.R So.R
Market 77.756 25.247 26.394 18.679 0.957 1.342
Equally Weighted 45.449 16.795 25.035 22.974 0.671 0.912
Mean-Variance 99.605 32.330 32.152 23.351 1.006 1.543
Model 1 86.811 271.573 27.123 22.738 1.017 1.409
Model 2 77.863 25.455 26913 19.920 0.946 1.292
Model 3 144.455 40.000 28.561 20.636 1.401 2.045
Model 4 134.067 37.621 27.531 18.657 1.367 1.925
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Asset Allocation Strategy based
on News Article Sentiment
Analysis using BERT and

Black-Litterman Model
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Abstract

This study introduces an asset allocation strategy that utilize sentiment analysis from news
articles through a deep learning model. The derived sentiments are then integrated into the
Black-Litterman model, offering a systematic approach to mitigate the inherent subjectivity in investor
decisions. Empirical findings from this study reveal the superiority of this proposed approach compared
with conventional benchmark portfolios such as market, equal-weighted, and mean-variance portfolios.
In particular, the exclusion of articles generating neutral sentiment (neither positive nor negative)
further enhances the profitability of the portfolio. In addition, the study shows that constructing
portfolios based on the polarity of sentiment, rather than considering its positive or negative intensity
, improves profitability. The significance of this study lies in its introduction of a novel framework
for constructing asset allocation strategies. By utilizing objective information from publicly available
news articles, it effectively circumvents the limitations tied to subjective investor judgment in
predicting expected returns. The demonstrated feasibility and superiority of this data—driven approach
in asset allocation strategies underscore its potential to revolutionize current practices.

Keywords : Deep Learning, BERT, News Atrticle, Sentiment Analysis, Black-Litterman Model, Asset

Allocation Strategy
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