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GURZUL D6 D, FOESUIIBIRIZL X T 25780
RYY a3 v OMEHE || S]] AL P T %5, KV a vy
(S <0) DBA, Pra & PP EOKRELRD, BWEXD
FEDEX S E L85, HWEIZIEIRAZ LT <D, 580
FESCREEI NI LS5 0, BV a v ot ||S|| 1%
DU LR5. D0, PMM I SMM (2R, Kyva v
EBIR, RVVavPREL LD I LIZLBMIRETHDY 2
VEBIRDIELNTES,
FEREDTHIZIZBENTE, Y—7 v b A—7—WIE% & 54
BERIIMEEF DV A7 2B X 257010, AERRYYay
Pl o 1 O, Pp <Pl BOoBE1OFVET S, &

o

ny Pt :Pf tj—é




EEoSRVWEIICTRLTWS. Kz, 1 HOREEIRMAH T
U Ch o BEEH OIS RSB T % £ TORME (A —/N—
FAMIETRYYavhbdy, A—N"—FA MIKERHEk
HIRD 5 12 GE R VK ERMIEEE) ) A BHET 5720
F=N—F A MERY Y a2 ¥Rl d B3I eBNIEFLAETH
5. ZOOARMETIE, [#H 15a, FH 15b] TIFHEI N T
WMoz, A—=N=F 1 bDKRY Y arz¥aizds PMM
& 2 FFHFER U7z,

SIXIHDEZERYYavzEaizd sz R 7.
IHOEXIX AT &L, ZOHMD S 5HED AT,.q HAR
IZ, PMM IZERY Y avz2¥nizd b0 TkE2{75. F0D
1 2DIEPMM3 THY, M4 DEIRTEIIZ, FY¥ay
MIE (S >0) DEEFEWEXZ IR, RYYarvha
(S<0)DEEFHRVEXEHIRVENIELDTHS. 5
VEDFEPMMA TH Y, M4A4DEIZRT LT, KYVay
MIE (S >0) DL EFHWVEXEZ LI RVDOALST, 580
X DA% Prair — Popreaa(BWEXTHAT 2 FEZ -7
fifiks) IZZEL, RIS arha (S<0) D& XFFEOIEXE
HERWDAR ST, BWEXOMIE % Prai + Ppreaa(78 D
HESCCHMAT 2 T - i) ITEFET 5.

PMM4 1 PMM3 & b &, Kb EBIDKIL L X3 WIIifg T
HX BT Zeickd, KOBEBIZRYYarvz201l952
LERHEHET. LALAEMNS, NA ML 2T HDEX
ERLEEL, ThhbbRENEERES FEXEHRT 2D, [|S]| A
REDS TG, — Atz ZBEETLE VRS |5
BRSO TR, MBE#Y A7 BELB-oTLES. £
D7z, HoHHENZETIVIE PMMS3 THEH, RET
WBARB X512, 5t BREWVWEEIZPMM3 Tl 1 HO#Kb Dz
RV arvz 0z TcERW\WzH, PMM4 2HELT

3. YIal—YaviER

AW TlE [KH 13] B X O [HH 15a, HH 15b] & [H U
THDIUTDNT A =X EZH Wz, BARKIZIE, n = 1,000
, Wi,mae = 1, W2,maz = 10, Umae = 1,Tmas = 10,000,0 =
0.06, P, = 30, t. = 20,000,6P = 0.02, Py = 10,000, k =
0.00000005,AT = 20,000,AT.png = 2,000 & U7z, £/
T alb—¥a VIEEA ¢ = t. = 10,000,000 % TIT- 7= *8.

7z, 4TEHD MM, Pspreaa/Pr =0.03%, 0.1%, 0.3%, 1%
B IOV 6t =1, 2, 5, 10, 20, 50, 100, 200, 500, 1000 (ZXf L
T, TOMOEEZIABRLAEDOELALIZLT, &K
AHMEZELT 5. TN EELBRERELEL T 100 FfFW», 0
SEYafEE BV 5.

3.1 EMRTL YR Pyreqq EMBINKIIE

F 11k, WEEHE 6t, MM OHEXXA TV Y R Papread/ Py
T2 D MM OEEIENLEER U7z, BEEALRIE, HUE] AL
R IRIEURE L L7z, MM 1% PMMA4 % 7.

St WREL 5L, MM OSSN EPHAD L TND DY
D, MM ETESR BIZHR LT NA ICHG B2 (FEhE)
ZRAELTWBH DT, MM OHE| AL O A FR B DI
DERELTNS. £oT, §tITNSWHEHR MM 12 & D FRE
MR S, I NHRD D MM 12 & S REM A%
WHREMEAZ R LTV,

*8 IS DINT A —RZDIEMMMEEIZ DV TIEARIOf% “E TV
DIYVERGE” THALZ. 542536k [KE 14] icELnT
w5,

x0 DOFD, 4 FHEHD MM, 489D Pypeqar 10 80 O 5t OFF,
160(=4 x 4 x 10) Y D7 — A% L 7=,
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Pipread/Pr WRE {705 & 248K, MM OHUSAZRIZN S
{783, Pspread/Pr = 0.1% DL, 6t = 17256 £ ZBIFEW
BREGIENLETH D T ATRETH 503, 5t > 50 THRIANE L
ALY, UTTHARSZ MM ORI Y 3 v RGO
NEIRE R XL 0D, TOROUKIE, 6t > 50 THEKD
HEDWTED X DIZ, Pipread/Pr = 0.03% 2N 5.

3.2 MMOEBEIEDRYYaYy

#2101, WEHERHE o, MM OFMEI 0, &2
1 HO#b h DA TFHMIL7ZAEY > 3 > OMfikHE ||S|| OFH
%ﬁﬂf\‘bfl Pspread/Pf = 0.03% <‘: bf:

EEOHBIZBNWTIE, =7 v b A—H—MIg% L 28
BRIIMEEF D) A7 2 BE X 572012, AERRYYay
BELOHRWESIZTRLTWS. Kz, 1 HOREREAHE T
LT 0B EEA OISR E AT 2 £ TORMH (A —3—
FAMNIERYYavhRdbdl, £A—N—F1 MIRKERHE
HDD o 12 G E R LI R EBRMEET) ) A7 DFET 5720
F=N—=F A MNIRYYarvzEalldsIeEFLAET
H5.

ZDld, B s 1 HOKD D DA TEHHE L ||S|| DF
D REWE, VAIZPETETHENTRVWEWR S, 1H
DD VIT |G| ZINELTEHZ L EETIMEL TV SMM
& PMM IEG4R, ZNSDMHEA0 &7a->THES THEM TR,

PMM3 iZB\W\WTIE, 5t BN SWHEIX, TS5 DEN0 &
HoTBY, A—N—F A DV AZZESTIZTATVS.
—H, §t>20 DEE, [|S]|=01ICHRTEST, A——
FAIDIVAZIZESINTHY, BEMTRN., X512, §f
BT R7z & 51T 6t BIREWIE EH AL Dz d D
b5, RHIETO ||S|| AKE L 2> TH D MKEE Y 225
HELTWD., Thbb, st hKEVGHE, A—1"—F41 D
[S] =0 #EBFT 2 &AWLV EIZKRY Y a v b RE i
AT AT DBKELKRY, VAZEBIZATY—T Y M A—
71— HEHE & kit 45 2 & DSREEIZ 7 2 A REME 2 R L TV B

PMM4 @ & S 2RI 7241k T ||S|| 23k S 3z LT
BT, 5t > 20 DHBATE ||S|| 2 0L ITKS T Z LA TE
TWa. PMM4 TliE, NA G U 72T 3 E O & Xt
WIS, THOLRIMEEES EEHT D, |5 HWAE
Mo Ga, — ARl 2 ZBEETLEVARNS ||S] &
WoTZ ez, MEEEY A7 BFELL->TLES. TO
& O BHAEIZ Lz g 5t > 20 DAL, ||S|| & 03F < 2
S5FTZENTERN. ZOZEMnSE 6t WREWHE, A—
N=F A+ D |5 =0 ZEBTRITEELINOY A2 %L D
REDRH O, VA EZBIZTY =7 v b A= —HilE %k
T2 ZEeDVHEIZR B AEENEZ R LT WS, 6t BDREVGES
i, VAIZDBHBLIFWZ, PMM4 DMfE—, A —/N—F1 k
D S| 2 0ELIZTESZDT, LM%, PMM4 2H\\5.

3.3 &g

F31%, WHECRR ot T D, MM ORIIEL /Py, RY
> a v O || S|| D, MM & NA OHGBEILEZ 5 L
7. MM 1& PMM4 A\, Popreaa/ P = 0.03% & U7z,

5t =2,5,10 DEE, MM OEKIFALZ->TEVEZL
TWa. Rf%ETIE, THPFEICLZELTWD L E, b
H MM IZE > TIREEIEEDEH TR TVERBEDO A ZELD -
TWa., ThZHrhrboTidsEzdIFohTnRnE NS
ZriE, HEOHELTIRISIZNAEZ LIF20IEMLWEE
Z56N3. §t = 20,50,100,200 DHETHIEH 5 & I1Twv
Z, 0t =1 DEBAHITHANS L, JifiE TIZIRRAZ & 51T 6t
WREWVIZEMBER ) A2 BVRENI L E2ER LY, 6t=1
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£ 1: WHEERNE 5t, MM OIEXAT LY R Papreaa/Pyr 2% ® MM ORI HL% (PMM4)

S Pspread/ Py

MM OIBIBOLH | 0200 010%  0.30%  1.00%
LTS HR) | 8.06% 1.53% 0.00% 0.00%
2 6.30% 0.88% 0.00% 0.00%

5 3.93% 0.37% 0.00% 0.00%

10 2.47% 0.14% 0.00%  0.00%

5 20 1.49% 0.02% 0.00% 0.00%
50 0.77% 0.00% 0.00% 0.00%

100 0.48% 0.00% 0.00% 0.00%

200 0.32% 0.00% 0.00% 0.00%

500 0.21% 0.00% 0.00% 0.00%

1000 0.22% 0.00% 0.00% 0.00%

% 2: WA 6t, MM OFEI e, 2 E/1E 1 HOKD O OATHE LAY > a v OHMSHE ||S|| DY (Pspreaa/Pr =

0.03%)
SMM PMM PMM3 PMM4
15| DT I HD IH®D I1H®D 1H®D
LM K&bh | MR &by | RHIE Kby | LI &b
D H D A D A D H
l(ﬂ:\?/“ﬁiﬁ) 12,357 12,371 3.18 3.08 2.90 0.00 2.89 0.00
2 17,42 17,441 3.10 3.25 2.79 0.00 2.79 0.00
5 4,409 4,414 3.87 3.95 3.48 0.00 3.48 0.00
10 1,744 1,744 4.44 4.34 4.01 0.02 3.96 0.00
5t 20 548 548 4.84 4.71 4.52 0.78 4.35 0.00
50 384 385 5.27 5.14 5.02 2.63 4.63 0.00
100 369 370 5.57 5.51 5.56 4.26 4.80 0.00
200 174 174 5.91 6.11 5.92 5.69 4.38 0.00
500 72 71 5.75 6.06 5.70 5.81 2.32 0.03
1000 290 290 5.94 6.11 5.61 5.80 1.76 0.06
DBAIZIART =7y b A — ) — W% Mg S 5 = & AR Liw—2ry b A—H—WIETIE, U A2 I HA - 7005 % B

BoTWBEWAD, Dlaltd, 6t =1DEAITHN, )
AT E 572N %E BT D5 K BB WREMENRI N TN S,

4. FELHESERDRE

ARWFSE T [ 15a, ¥ H 15b] DA THBEF V& RX—A
12, BEFEREE 0t EWINRTRA =R =2 H-ITEAT LI LI
&0, INFR (St =1) N FA—=2 Y a ViR (6t > 1)
ZHAEICEE CE BMMGIREA N = A L2 FEEL, v =7 v
N A —H —WIEDELRD ) A7 BT 5 2 12L& Y 2 DIFk
aREME R L, ~—7 v b A —h WSS % (5D U
JBZEMTELENE SRR

T OREE, 6t WREL DL, MM O] AL R AHA U
MM (2 & 2 RGN T 2 e R S Nz, & 50T,
St WRELRDE, A—N—F A ORIV avELOITT
BIEDHLUN RIZEY Y a v KE MR EE) 27 PNk
{720, VAZRBIZTIY =Ty b A —7—Wlg %2 kT %
ZEPNEEIZ R B ATREME SR E N, X5, ft=10DL &,
TROLLYFINGFRDEEDH, VAZIZRE>NEEED
AREMEDS D B HREMEN R E N, St > 1 DL E, §2bbNy
FA—=2varv RO L &R, Dl YT ANHATIIEEE

T2 L < bW REMEARE N,

INSOREE, FINLFRTRFIHMEZMEHRL T WY —
Ty N A= =WRIED, Ny F A= arFRIIRBEED
G2 MFTERL< LY, TNOMHET A Z 2I2L D, HiE
MR TS 2 MREMZ IR L TWA L EEZ B ENTES.
I, [KI 14] R BANTH 5.

SBOBEL, Ny FA—r a v ARTELEY—T Y b
A—H—WHER D DT H 2 e TH S, AIERTIE, ¥5
NHRTHBEL 2w =7y b A =B —HIED Ny F A —2 ¥ 3
VR TIHBEREL WA REME A R U2, L L, Ny FA—72
VavhARTOARBEETEY—Y v M A —H — I GFELET
LZLIEETET, SBROBETHD. £z, AR TIISF
KU TV BIEXDIERIZZ W (RBEWV) RO AZILD -
7o WONEWSIRTIX, Ny FA—2o v a v FROAIEXE
HURTHEUERESEE 2 E2 00, SHOHBETH
5. 51T, THLXTLREBMEAMIGTE~Y—7 v b A= —Hk
W3 £ D SBIMU TOWRWEEIETIX, AWFEOEMRIZE D 772
SBORBTH D,

X517, BROdRR~ZE 51, ATHGYIalb—ravidz
DBEADFRINRAE B ENTESL S Z, WEIZEAZIN
e VEDENHNTEIENTES. EEZTORRIT



# 3. WA RN 6t T D, MM OFfédELE, R 3 v Ot ||S]| OF, MM & NA OEEIEALE (PMM4, Pspread/Pr =

0.03%)

IS|| >F#4

MM @ 1 H®D MM @ NA @
AHERS /Py | 2 o0 | BEIRIER | BRI R
D H

1(?’7/“7:73?) 51.98 2.89 0.00 8.06% 39.1%
2 -29.42 2.79 0.00 6.30% 39.1%
5 -14.90 3.48 0.00 3.93% 37.6%
10 -4.08 3.96 0.00 2.47% 36.3%
5t 20 1.51 4.35 0.00 1.49% 34.9%
50 3.68 4.63 0.00 0.77% 33.4%
100 2.53 4.80 0.00 0.48% 32.5%
200 0.93 4.38 0.00 0.32% 31.8%
500 -0.06 2.32 0.03 0.21% 31.0%
1000 -0.10 1.76 0.06 0.22% 30.5%
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WEZFPRTIERW. IEIERy—ATOYIalb—vay
2TV, INEFTIFRINTWEL -7, “DEDE AHh=
ZANTOHEA RO TELZEMN, ATHEYIal—Vs
VOREREEHTHY, ANTHGYIal—aryDR7RATH
5. DD, X555 TI, KSR S tho T
HEOFER L et 3 2 BB H 5.

8%

ETIVEBEROEARER

ATHHY I ab—yaryzluiiE, TNETICEASINEZZ ERR20WE
RIS OB - BIESHMT AN TEE SR, TOMBaEERITE
. ZNHPATHEY I ab—Ya VIFROMBATHSD. TLT, Z<OAT
iy 3 a b= a VISR HIE OZEEY, H LR T Ol % ik
LT &7 [LeBaron 06,Chen 12, fllif 12, Cristelli 14, Mizuta 16b].

722 ORBIIEE R TFRTIE R, EIERTF—ATOYIalb—Ya
VEITVY, INETTHINTOEN-T, “BVEE” ANZZALTOEHER
BoFTHL e, ALHHYIalb—vavORESAa&E L m5. i
TINDOFERIIB I B[22 EEMCHEEBICHE TS Z e BRHKMTIERL,
BHXBEDLEED, YDOLSRA N RXACHBERICHEL25 2, YOX
SRI NI VEFDZONE VS HHMEAPHNTH D, I 0IEH 2 XI5
M MDFETIITERNWI L THS.

ANLHISGET VI EIZFEET SV 7 0HL 2 HEITRETHLEEZS
N5, ALHiHY Ialb—ya vy Tk, Y27 aBLKTH5H5{MEORERP
FEHBEEZETFIUELARV. HLET, BEREHRLEZ «T—Yx v b7 LG
AUz YIiEIRERA = XL” E\WolzI 7B A=A LZETVLL, %
DIZOAN=ZLDOMEFEHORA LT LT~ uBgnthidns, %
DzH, I7AANZXLDETMEITBEOHGIZHI Lz D& L, FEEE
LTithand <z 7 uBigid, HEOTHS THENICFELET 5~ 7 gtz
HEHEND XS I RERH L.

LU, HEN TR REEDORHHPERE, Mg chBs 2 v 7 ailEs
RTERHET 2 Z L 3AMEDOHB TR, BEI FIZE L O~ 2 aifEE
EF—DODEFINTHELEI I TAL, BREIZEMEET VEE LS L, Bl
FTREENLL RV TECT, BEANALOMEEIGFTLES.

FEER, EMERATHESETVIZNUT, EFAPEMICTARZ LR X =2
WZE TNV Ol EHEI 5 WS A H S [Chen 12]. €TV HHEHES
ED BT REENL LR TECT, READZALOHMELGITTLES.
F, NTRA =R ZBIFEXFIERBAINERD LR, EFLE
PEo 72 AV E 72 WIS R AN L 720D DN T A= REENfTb b BN
MHD. VTN THNIA—=EARDIRVETIIEY, NTIRA—XFBIZE>T
FEEDFERICEL Z BN TH 2 7= HIH AR L 72 5.

M EiZ& D, REIZETIE, SFEHNEZ RS 5HEANTRER Y Y TR
ETNVOWEEIT>TWD. EROTLGE2%E2ICHEETIL2HNE LTS
53, WEN TR < RPE ORI EE, HscBHT 2~ 7 nlEd Tz
HET IR, EBIZIIFAET I TH A IBEREZTRTHET 22 LiddH
TH > TWRL.

ETINDZLMREE
ANLHEE TN OZLFEILI T THSNT WS fat-tail X volatility-
clustering &\ - 72fAEKMN 7% stylized fact RHETE 20 5 D THHII X

%4 FIHR (5t = 1), MM % L 05 &0 &HEE &

FIE H 32.3%
el Xy kg 26.1%
X /18 6467
e 1 I 0.0512%
fRi 72 1 H (AT =20000) 0.562%
RE 1.42

5
1 0.225
ZHRYVRX—VD 2 0.138
H cHHB R % 3 0.106
4 0.087
5 0.075

% [LeBaron 06,Chen 12, fll5# 12, Cristelli 14, Mizuta 16b]. 7 7Y k -
T —IVi%, HGIEOEERD A IEBD A TIE R SHELIFEY, Thbb, &R
ERETHBHIETHS. RIT4 VT4 25X v Il OME% L
D2 FH, RELTI/TLHCHBBREDPERIZETHDLZLTHD.

[Sewell 11] 2 E% K DIFETHRRSNT NS & DT, GEMHHIIALZET
HY, WEMZ, OSBRI ARICBHIINDAXA FAXR - T 7
MEZ7 79 b - F=LVERITFAVT A ZFAR)TD 2 DUNR.

ULab, IO BROAEICETHS Z L FINEE L TEIEh, H2
DEDIE, FHIZK>THRBRS., 77y b - T2V TIE, FiEOH Tk <HE
HENDWERODADOREIX 1 ~ 100 FRETHY, RITF1 VT 17 TAR
VY ZIZoWTE, FEEEAHTT & SEHlE 1B %R O | AABIIE 0.01 ~ 0.2
BEE, »0IESDEDH 5 [Sewell 11].

AWED & 512, @t @ 2 EE & G e 35 N Liiga i
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F 41, ¥INLX (6t =1), MM 2 LOGEDHGHEEZ R U7, figHE
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ZRBELTWS *10 1 H (AT) Z & Of%ROEER% *11 &, iR
TR WEDE SN, ZOMENRSEETIVOZYEERBLTNS.

* 413, 10 PRI L *12 OEERE AV TEHT LR LIEERD 2 D

*10  WER = REME/ B, F v v vR==% v > U8 (Fse
B4 v o).

*11 AWEDOY I 2L —Y 3 v TlEA—N—F 1 b OIEEEHIEEL 2V D
T, 2IZTO 1 HI L OEEROEHER X, EROTHOA Y I T1D
RIF4 VT 1IHYT 5.

*12 AT FINORELNIEICE U272 THEI AL U 72 W& £ DS 72
B, Wgl 1 T DR TOMEEZHNIZARA T4 XK - 772 bdZ% < Offi
WEFPIENT —XIZE DN T ARPR->TLUES 2, 10 AT v 7T
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Abstract: Financial markets occasionally become highly volatile, as a result of a financial crisis
or other factors. Previously, index futures trading and program trading have been singled out as
direct causes of market destabilization, but more recently it has been suggested that leveraged
ETFs (funds aimed at amplifying several-fold the movement of a price index such as the Nikkei
Stock Average or underlying assets) rebalancing trades may also be a factor. This study uses a
financial market simulation (artificial market) constructed virtually on a computer to assess the
impact of leveraged ETF rebalancing trades on the underlying assets market. Analysis results
showed that a larger amount of the managed assets of leveraged ETFs corresponds to a higher
volatility of the underlying securities market. They also demonstrated that leveraged ETF trading
can destroy the underlying assets market, if the leveraged ETF trading impact on the market is

greater than that of ordinary volatility of the underlying assets.
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The Investment Decision Making Model

Considering Psychological Factor
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Abstract: In recent years, many researchers pay attention to behavioral finance. Behavioral finance focuses

on investor’s irrationality. In the field of behavioral finance, researchers are trying to elucidate cause of

investor’s decision making by observation. Some researchers constructed mathematical model of investor’s

decision making considering investor’s psychological factor using an artificial market. However, these

researches didn’t fully express the psychological factors and real investor’s decision making. Therefore, we
construct investor’s decision making model depending on investor’s loss and profit using an artificial

market. And we tested efficiency of our model.
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Analysis of group behavior bias in financial markets using
artificial market

Wang Yating', Toriumi Fujio'
'School of Engineering, The University of Tokyo

Abstract: In the past few decades, researchers have realized that human psychology can affect traders in
decision-marking process and finally affect the financial market based on behavior finance theory and
cognitive psychology. Group behavior bias is one of them. Group. Some studies have been done on
group behavior bias from behavior finance viewpoint to tell the differences of group behavior bias.
However they only qualitatively analyzed macro phenomenon without quantitatively measure the detail
micro thinking process in individuals. In this paper, we proposed and validated three types of group
behavior bias models including majority following, winner following and hub following models based on
different nationalities. We also compared these models and figured out that the majority following bias is
the easiest to form in the market, however the market impact is the least. On the other hand, hub
following bias is the hardest to emerge but the market impact is the most. Besides, we introduced short
selling regulation as well as multi rate regulation and find both of them can lead heavier market impact in

the market with group behavior biases.

1, Introduction

1.1 Research Background

In the past 20 years, researchers have realized that
human psychology can affect traders in decision-marking
process and finally affect the financial market based on
behavior finance theory and cognitive psychology.
Group behavior bias is a kind of human psychologies. It
refers to the psychology phenomenons that humans have
a strong tendency to belong to a group and groups have
influence on decision-making processes of individuals in
a variety of ways, such as groupthink, deindividuation
etc.

Recently, some researchers start to pay attention to
group behavior bias because they think traders in the
same group or the same market will share the same chart
and the same channel even in the same dealer room
should have more communication and affect each other
in their decision-making process. They may be more
likely to follow the groupthinking instead of their own
thinking[1]. It is believed that group behavior bias varies
in different groups, basing on different culture and
different thinking mode in various countries.

However all previous analysis on group behavior
biases are from behavior finance point of view. They are
conducted from empirical literature and qualitative
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aspect, which can’t measure the detail micro thinking
process in individuals and reveal the mechanism about
how individual thinking accumulate to affect the market.
Besides there is no detail model for group behavior bias.

1.2 Research Objectives

Based on the problems on group behavior bias related
researches, we conduct this research with three
objectives:

1) To propose the models of group behavior bias which
is never discussed in previous studies.

2) To figure out the differences in these group behavior
biases.

3) To reveal the mechanism about how group behavior
biases influent the market and how the asset price
changes when the group behavior bias is engaged by
using artificial market.

2, Artificial Market Model

To quantitatively measure the group behavior bias and
the market impact of financial market based on each
individual and their interaction, we use artificial market,
which is one kind of multi-agent based models to
simulate financial market. We also apply the CNN



network model to describe the underlying structure of
communication and relationship among traders in our
artificial market model and then combined it with the
mechanics behind the spread of interaction.

The whole artificial market model includes base model,
which is created on the basic artificial market model, as
well as group behavior bias models, which is based on
agents' different decision-making processes, including
the group behavior of majority following, winner
following and hub following models.

2.1 Base model

The base model for usual agent of our simple artificial
market is built on the basis of the model from Mizuta[2],
in which agents follow the combination of fundamental
strategy and technical strategy to decide whether to buy
or sell.

1 Ps t t
=— W, log—+W, I, ;| +W, ;&

ej Zwi,j , pt

The first term stands for fundamental strategy, the
second term stands for technical strategy and the last
term is the noise item.

Learning process is also engaged in this model by
comparing the evaluation term with each strategy term
separately. If the fundamental term or the technical term
is the same signs with evaluation term, the weight of this
term will increase, otherwise will decrease.

2.2 Group behavior bias models

For group behavior bias models, we propose three
different types on different decision-making processes in
different groups. These three kinds of models are:
majority following, winner following and hub following
policy based group behavior bias. Majority following
bias represents the bias to follow the decision made by
majority people in the group.This stands for thinking
process in Japan. Winner following bias represents the
bias to follow the decision made by the most profitable
trader in the group.This kind of thinking mode matches
the way of some result-driving countries such as America.
Hub following bias represents the bias to follow the
decision made by the authority trader in the group which
is an important trading rule for traders in China.

Agents which employ majority following policy is to
follow the most adopted decision by surroundings, like
herding behavior. Traditional herding is defined as a
switch in traders' decision into the direction of the crowd,
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however in our majority following model, agents make
the decision based on both self-signal and others’ signal.
Agent will set a threshold and compares it to the result
percentage of majority, then decide whether to follow the
majority or insist his own decision. The agent observes
the trading decision of neighbors within one step in the
network, then calculate the buy ratio and sell
ratio(Details in [4]).

For winner following model, we consider the agent
with the most net assets within one step distance as
“winner". In winner following model, the agents will
copy the decision made by winner agent. The agent
observes the net assets of neighbors(including himself)
within one step in the network and find the most profit
agent, which we call it ““winner agent" here. If he earns
the most, he will follow previous step to make the

decision. The equation to calculate net asset is
k
V=) P xS +C!
j=1

where P} is the market price of the asset. S;j' is the
number of share for each asset, C;'means the amount of
cash.

Hub following policy is a policy to follow the decision
made by the agent who has the most resources or the
most ways to gather information. We call this kind of
agent the “hub" agent. In the network, such kind of agent
can be marked as the node with most links. The decision
made by hub agent will be imitated by other agents.

3, Market Settings

In this part, we divide market settings into three parts:
regulation settings, evaluation values and parameter
settings. We also extend single risky asset market to
multi-assets markets.

3.1 Regulation settings

We import short selling regulation and multi rate
regulation to see how these regulation work when group
behavior bias agents exist.

Short selling regulation stipulates the holding number
of the asset that should not be less than one share when
making a sell order, and the rest cash should not be less
than the price of the asset when making a buy order.

The multi rate regulation means that each asset has a
maximum threshold in the net asset of the agent who
owns it. The equation to calculate threshold is



|P ><St |
\YA
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P;'is market price at time t of asset j, S;;' is the number of
share hold by each agent. V; means the total net asset.
Agent will check whether the holding asset ratio
exceeds the maximum ratio before making order. When
the rate of assets larger than maximum ratio, the order
will be cancelled. Otherwise the order will be proceeded.
If one asset ratio already exceeds the threshold 6 due to
abrupt price change, the following order will try to adjust
the ratio to a reasonable range by selling the exceeding
asset or buying the other asset until the ratio rebalances.

3.2 Evaluation Values

We introduce three features to explain how the
markets are effected by group behavior biases. These
features are group behavior bias coefficient, market
impact and critical point.

3.2.1 Group Behavior Bias Coefficient

To measure group behavior bias phenomenon level in
the market, we introduce group behavior bias coefficient.
The Group behavior coefficient is an average measure of
group behavior in the market during the whole
simulation period T, it represents the synchronized level
of decisions made by group agents in the artificial market.
We calculate the group behavior bias phenomenon on the
base of the coefficient described in [3]

Z(

Here N means the total number of agents, and Ny, is the

2

—) ),o €(0,1)

number of agents who decide to buy one unit at time t. T
is the total simulation period. The bigger the value of o is,
the larger group behavior bias .If it becomes close to 1, it
means that the action of the agents are synchronized to
one direction. If it becomes close to 0, it means there is
no group behavior bias phenomenon and the market is in
a balance status.
3.2.2 Market Impact

we follow [2] and use the value of market impact to
measure market efficiency. Market impact is defined to
analyze how much the current price deviates the
fundamental price of the risk asset. By calculating the
value of it, we can check the efﬁciency of the market.

Z

aJl

Ml =—
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Here n, means the number of group behavior bias agents
in a simulation period. P, is traded price for each group
behavior bias agent. The larger value of M1 is, the
heavier the market impact caused by group behavior bias
agents.

3.2.3 Critical Point

Critical point is the maximum ratio of group behavior
bias agents exist in the market to ensure the market
efficiency. We only compare previous two evaluation
values with the ratio of group behavior bias agents ranges
from 5%

experiments.

to the critical point in the following
To figure out the limit action to keep efficient market,
we carry on experiments and see how market impact
changes. We define the maximum value of group
behavior bias ratio which keeps the market efficient as
the critical point ry,x. When group behavior bias ratio is
lower than it, the market is still efficient. We follow
below steps to calculate the critical point:
1) To find the convergent time of each simulation run by
locating the time where the price variations afterward are
all lower than a threshold according to empirically set.
2) Mark the maximum value of group behavior bias ratio
where 70% of simulation runs can finally get convergent
as critical point.
3) For multi-assets market, the smallest critical point
value among all the assets is considered as the critical
point.

3.3 Parameter Settings

Values
Agent Number = 1000
Maximum Size of Time Tmax = 2000
Fundamental Price of Single Market Py =102
Fundamental Price of Multi Market
Asset 1 P, =102
Asset 2 P, =102
Fundamentall Price after Jump P; =80
Jump Time Tj= 600
Tick Size d,=0.1
Threshold of Most Trading Policy 0=0.7
Maximum Ratio of Ownership Rate 6=0.5
Regulation
Initial Share 100
Initial Cash 4000
Cancel Time T.= 10000
Probability in CNN model P=0.75




4, Simulation Results

4.1 Verification of the artificial market

In this part, we conduct experiment to confirm whether
the models we built are valid or not. We calculate
kurtosis, volatility and autocorrelation coefficients of
squared return of the artificial market. As a result, the
values of kurtosis and autocorrelation coefficients of
squared return in all the markets are positive and are
similar with actual markets. Meanwhile, autocorrelation
coefficients of squared return decays as the lag interval
goes by which is also like the actual market. Hence we
reproduce the stylized facts including fat-tail and
volatility clustering with different models. Therefore, the
artificial markets we built with group behavior bias
the
short term micro structure in real

models are valid and the models replicate
characteristics of

financial markets.

4.2 Experiment Results

We took 30 times simulation runs for each situation. The
following result is the average of 30 simulation which
runs for different markets on different random seeds.
4.2.1 Group Behavior Bias and Market Efficiency

We observe the price flow changes of the market,
when with and without group behavior biases. We
assume there is an abruptly jump on fundamental price of
risky asset in the market. This experiment helps us to
figure out whether group behavior biases can make the
market inefficient or not.
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Fig.1(a) Price change figure of multi-assets market without

group behavior bias agents
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Fig.1(b) Price change figure of multi-assets market with group
behavior bias agents

Fig.1 (a) and (b) show the price changes of assets without
and with group behavior biases during a simulation run.
X-axis is simulation time period. Y-axis is the market
price of the asset. According to figures, we can see the
price changes of asset will change more when group
behavior bias exists.
4.2.2 Differences of group behavior bias models

We adjust the group behavior bias ratio in the market
and compare the group behavior bias coefficient, market
impact of different group behavior bias models to figure
out the how each group behavior bias influents the
market.
®  Results of Group Behavior Bias Coefficient
We compare the group behavior bias coefficient of
different group behavior bias models in the same market
to figure out which kind of group behavior bias is more
easy to form in the market.
Fig.2 shows group behavior bias coefficient of three
kinds of group behavior bias models in the market basing
on the CNN network. X-axis is bias agent ratio and
y-axis is group behavior bias coefficient



0.045
0.04
0.035 —

003
==Majority
==Winner

Hub

005 008 007 008 009 01 011 012 013 014 015 016 017

Fig.2 Group behavior bias coefficient of three kinds of group
behavior bias model in single asset market without regulation.
®  Group Behavior Bias and Market Efficiency

Fig.3 expresses the market impact with different group
behavior bias models in the market. X-axis is the bias
agent ratio in the market.Y-axis is the value of market
impact. We only take the results within critical point to
the validation of the results.
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Fig.3 Market Impact by three group behavior bias models in
single market without regulation

we can see that the group behavior bias coefficient
with majority following model is the highest and lowest
with hub following model. On the other hand, the market
impact of hub following model is largest and majority is
the smallest. We conclude that the majority following
bias is the easiest to form in the market, however the
market impact is the least. On the other hand, hub
following bias is the hardest to emerge but the market
impact is the most.
4.2.3 Regulation results

We compare the market impact of group behavior bias
models when the market with or without different
I and Table II ).
Fundamental price jumps abruptly during the simulation

regulations respectively (Table

run. In this way, we make clear how different regulations
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work with group behavior bias models.
TABLE 1
Market impact in different single assset markets with 10% hub

following bias agent

With short selling Without any
regualtion regualtions
Single Market 0.066 0.043
TABLE II

Market impact in different multi-assets markets with 10% hub

following bias agent

With With short | With Without
regulations | selling multi rate | any
regulation | regulation | regulations
Asset 1 | 0.049 0.065 0.039 0.034
Asset2 | 0.068 0.024 0.063 0.023

The group behavior biases show heavier market
impact with short selling regulation exists and the market
in which short selling is allowed is more stable. Hence
we suggest that it will be better not to introduce short
selling limitation in the market when group behavior
biases exist to ensure the stability of financial market.

The multi rate regulation is the main factor to increase
impact for non-risk asset. This is because agents will not
take any action on non-risk asset to make sure the
limitation number of risk asset within the threshold. In all
the situations, the market impact will increase when
multi rate regulation is engaged. Therefore, it is better
not to employ multi-rate regulation to keep market
efficiency. At last, no matter when the regulations exist
or not, the market impact for hub following model is the
largest and least for majority following model.

4.2 Conclusion

In this paper, we propose three different types of group
behavior bias models based on different decision-making
processes in various groups. We integrate these group
behavior bias models to artificial markets and conduct
experiments to figure out the differences among them.
Besides, we reveal how the decision made by individuals
get accumulated with group behavior biases and get
reflect on the different markets.

We use KPI of group behavior bias coefficient, market
impact to compare the differences of these group
behavior bias models. We notice that it is the majority
following bias is the easiest to form in the market,
however the market impact is the least. On the other hand,
hub following bias is the hardest to emerge but the




market impact is the most. This matches the results of
empirical analysis about financial markets which state
financial market in China is more dramatic[5] and
Japanese financial market is comparatively stable[6].
Therefore our models can reproduce the characteristics of
group behavior biases in different countries.

we also figure out that group behavior biases show

heavier market impact with short selling regulation exists.

Hence we suggest that it will be better not to introduce
short selling limitation in the market when group
behavior biases exist to ensure the stability of financial
market. The multi rate regulation is the main factor to
increase impact for non-risk asset. This is because agents
will not take any action on non-risk asset to make sure
the limitation number of risk asset within the threshold.
In all the situations, the market impact will increase
when multi rate regulation is engaged. Therefore, we do
not suggest market with multi rate regulation for market
efficiency. At last, no matter when the regulations exist
or not, the market impact for hub following model is the
largest and least for majority following
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Abstract:

In this paper, we propose a method of assigning polarity to causal information ex-

tracted from summary of financial statements of companies. Our method assigns polarity (positive

or negative) to causal information in accordance with business performance, e.g. “Orders of semi-

conductor manufacturing equipments were strong”. First, we assigns polarity to extended clue

expressions to be used to extract causal information. Using them, our method automatically gen-

erates training data and assigns polarity to causal information by deep learning. We evaluated

our method and confirmed that it attained 86.7% precision and 95.4% recall of assigning polarity

positive, and 90.0% precision and 73.9% recall of assigning polarity negative, respectively.

1 EL®IC
A, FER TS B 1 B (AR RO HEAIA U

THEY, HARERICH U THREHBORELE 2R
SHEMOBEENEEZ > TS, TDRD, ATHIAE
DEDOFEPEA &, @RITIHIZE 1T Dbk BI5IH I
ST 2 Z eI NTEY, flzIE, BRRER
TH % 30 U CHEE I O X 88 % 17 5 Bl H S h
TWb. TO—fle LT, HABITVEHREITL T
5 TR AR PREFHEGLFEEZTF AT A=
v T DA & TR L, BETS % T D
BREDVBEAITDNATNS (1.

BERIZE T, REOERMIIHETIHREZINET
2L BHEETHLN, EEEOERIIET S HRZ T
TRL, TOEBMERNEEETHD [4]b]. BERDS,
HAEEEDOERD, TOREDENHENIFFHTH D
2 THo B OIERMANDREIIREI VD, A
HE DG LR EORERFREDOG EAERNTH D8 51E
FRANDEE IR THENOTHD. LNLANS,
AR 3 D B35 3 BUS R GGEZR I D LR 72

ARG ¢ BRIRRSE BT SR R R
T 180-8633 HUs#P BT 1 5 #F<FALHT 3-3-1
E-mail: h-sakai@st.seikei.ac.jp
PARONEREEDNTRT e RET I EOTERL, ¢
NTEAANNRRRETHD. £z, UROZILBNL, AFIZBIT2
HMORBETELZDOFIIR/TIEDNDTH .

38

T 20174E2 H 17 HBIUE, 3,5374L& 205 2121,
IAETIXAEIZ 4 0], REHERNH D, I 51T, KIER
EMOEBIEZITOHEIC EREERREIT O LB
BB, ANFITE>TE < DEIEDEMERZ G
GTEIDIIEKREFNEET D, TOROIZHEHL I,
RN IRE AT > 2 ERIZAZED Web Yo NET
NI N PEEE PDFIZERL, TOhh 5 ¥k
WzEL (B2 TEEREESEOSZED T
UZol) i d 2 FiEE2EL 7 [6).

PESEE & V) M I N - R EIN E S, Bl
&, BEHRT VA RMADOZEMEE UTRIHATES. (ML
B, EMERNZEOXE THEEERX] LEHTD.)
SERE R ST OGAE & U T, M X s R R
BREMREL L, HlZIE TKBZEM TRETDZ LT,
[KBmEEt) % &R (f - TREEmIE. BN
DEBHRTANY —F =R EFEEMDIRGEIMHE L
2 emb, st EEIERTEREE 85, 8 %D
2, 768 fEHrARVEULKL.)) 2RBTDHI M
TE, TO&D BREFERNCIHBEICHB T 0¥
Mg ZEMTED. Alo TREEM] Tk, TH
PR, T2 VT L, oy =71, Thxhl &
Wo ZBRENMRBEINS. LML, LDENRERE
UTCTHAET 2720120, it U2 MR U LT

Lhttp://www.jpx.co.jp/listing/stocks/co/index.html



EECET N (TRY T 7)), (2 H T4 7)) %24t
5320855, HlAIE, EEERSC REEAREE
EEEOZENFHTU /2, | IR LUTE TRY 5+ 7],
[ LA 72 K B FE it i P DRI & W KB B th 8 5 2%
BRGNS LU E U2 ] (I UTE T2 AT+ 7
ORVEZ G4 5. ZERFER U U THYEZ 59
20T, BEENZMHEHLZRLKEBATH, BXO
ERERICE DO THIY 5[ E 2753 Ea—& K
V=T VW IEHT 2 e NMETE 5. Mz,
[KPmEEM) TSR X N7 R B R SUT R D 53
TWadZ & T, KFEMOTHZ ERERUIN 5
NEWEDOBTHES Z N TE, /-, TORERGE
PDF O¥EH L #HAGHLED Z LT, KGEmOHN
DRSS 2152 N TES. TDRD, AT
I, PREKEE PDF &0 i X 7z SEEER U LT
Wk (TRY 51 71, (2 AT+« 7)) %= HENIMNS
TRFIEREZRET D, BARMICIE, EEERCE M
G572ODFNNY L2 BRE (L, T30 KRB
LER) (LWL OO XHiZEMNT S Z & T, “HRF
MM KRB LEHKT D CHIF (A T35
TUK]) 281595, 2UT, “HEFRNY KRB
ZHHT S 28 TR SEDZODEE T — R % HE)
AR L, ERINZ2E T — X2 HH L CHEEY
BRIV, EEER UL F 5T 5.

REFEED O LKRERX
DB 5

FEIEHH U T2 ) REL2 1IThiilE (RY 5+ 7,
I HT4T7) EAFTHNEGL, TOFLNY REDM
M2 U CREERIADIBMEMN S5 2175 2 & 2R
AL, ULLUEMRG, HIZIE THBLELZ L5524
F30 D) RENIIMMEZ 5 TE R0, 2ERs T8
FNHRBLUE U2 BRI T 78220, THUWIR
MTHBLUEUZ BT T RE2NETHD. Z
DE DI, TR RIS CHS (Lo TIE
FEXFIZ ) THEUWARILT ) IC &> THMENRZE D S F
M) REDFEET D, £/, THh TR 2 TR
EEOLTNNYREIE, TOTENY)REIZFE->TH
2 XHFN & > T KT 25605 5. HlZIE,
FRNY)RED THEMUE U2 3RV T TRk
#AET DM, TEHAD] X TTARD] MME-oT0D
GEFEAN T TOMME 592 BERNH D, Wi,
FWPDERBD AL XU 1Z3 T 0 7ok
EAET DM, TEHAD] X TTARD] MME-oT0D
GEERY 74 Tol 25920 ERH LS. Z0D
12, BIEZMNSTIROENRNY) KB 2 &0 %

2172,951 O PFEKEE PDF 2545 DOFIE [6] & 163
B OFN D RE &AL 7.

39

SIG-FIN-018

# 1 AT S I N F Y RELDH]

Fhvin ) £B Rl
EXFHTC U 72 positive
RO A 72 negative
5L positive
KFATUL 7= negative
Rk U negative
o L positive

TR MM 2 5 TET, X512, W25 L
T2 DY) RELD A TITEEE N O = HRET S
ZEMTIRWVIGENDHD. TD-D, H5MU DM
MG U B ER R RBIER L, Thedy
TFT=REUREEFEIZEY, EEER Mm% A
59%. ULMULANS, HoNUOMMYEEZMEL -3
EEKNE AFTREIDHETDIZLIX, £R89H
T L, TITAHETIE, ERERADMWN%Z
N5 T 2200%8ET—2 % HEIMIZERT 5.

F9, B LAZTR») REOZLNS, G (R
Vi T, 2 HT+4T7) BAETEIDZFENNYREI
S UTATFTHMEZMNET S, TOME, 163FEOT
MM REDS B, 108 O T, D REITIHM: %
5 UK. £112, AFTHYEMGL TR KRB
D—HERT. UL, BMENESLUZFENRN) KELZ
EU¥EBERN L E2FE T2 LTETHES Z I3
Ycikzaw., ¥R 56, EEERXOMEREE D 83%
BETHY, o HERXEL<EENT VLN
5THb. TIT, WENIFETEDTNY KRB
WL OWDXHI#EMT B Z LT, “HLIEFEIMYD K
Bl7 L EHRT DS (BIZIE T3 Uz])
LT D, kY, BIZIEFER»Y R T
TUZI 2 IZERFHTUAZ] % O THFATL
721 OES%, DBEOEWENDD REANILRX
Nd. ZUT, BIZIZIEERFL0 D KRB THiD THr
TUZ] 280EEERXERY T+« 7, HLEFHH
DRI TMEORIRT) 260 EEERNCE AT+«
T TEET R HEMIZAERT 5.

U EDHHESFE X, RPEOMELZITIIRT.

Step 1: FERAE PDF 2 S 4l U 72 68 HR XH 6,
WRME % (75T X 2 F0 D RELD “HLEF 1N
I =G T D

Step 2: KRV T« TOHIEFNY) KRB % ST HEHE
NXERY T4 7, 2 AT+ TOHERFD MY &
BEEUERBERNXE X AT 7LLT, #H

TR EEBERTD.

Step 3: HLERFI0 Y RILZ & F 20 FE BRI
LT, Step 2 CHEEINAZFEHT—X%2MHL,



FEFEIC B2 M5 5.

2.1 ERFAHNYRIBEDES

Bl % F5- U 2= 05 ) REL iz 28U <, ik
REVNY RFEEHEBT D FIEIIOVTHERS, BiR
BIHZIE, PR KRB ¢ 12685 SCHB p (IS UTULF
DR1TAIAT KD, TOAIAT7WNH5MHMEZE LFE
2 3 HiG & T 5.

Score(p,c) = —f(p,c)\/ fp(p)logy P(p,c)H(p(l)
P = LB ©)

772U, WS PDF 2 S HUS U 7= B K X DS
IZHWT,

P(p,c): F23MY KRB ¢ 5 HF I N D XHiF p D
BififE R

f(p,c)s FMIINY KRB ¢ 2 S HE I N5 SCHiS p DHEL
(SIEE-

N(c): FADY EH ¢ 7 HEUE X N5 IS DMK
Fop): SCHIFI p 12 & F 0B IO,

H(p): XHig p 23dp % REEDERMEI U BT S fi
KIZEO< Ty b — () .

Bl Z0E, PERME AT THESMEDKIFICHEL £ U2
EWV D EMBER XM FEL T e T L, Fany
KB BB L) ISR B & LT DRI, TIXEEME
MWRIFIZ] WD 2 ODOXHF MG T 5. F/z, I~
BIEE B2 TEEPREICRELZE L) 20N
FAELTOWEZETHE, Z0XhD TRIFIZ] TEEEN
KIEIZ) &5 2 DDOXHiF 2 Fd5. TLT, R
FRME A LRERUE B o1& TRIEIZ] A3 2 (8], T[X2E
PESKIEIZ ), TEEEPYRIEIC) 22T |, BfEL
2l el D. DO, HIZIE TRIEIZ]T D f(p,c)
DIEIE 2 THY, ¢ SLHIFT S CHIFIDFE N () &
ATHB720, P(p,c) DIflE2/4 L7485,

H (p) \33CHi5 p 53 % R3O FEAFER U BT S
MERIZED<ZY O E—Th Y, H(p) »iE\XHisl
13% < DREDEFBER B LU TV B XHiFTH
BIENDMB. 2, 1 2OR¥EIIOALZ BT
2 XHiFD H(p) 1201222720, D& D 5 His
#RETES. H(p) FUATFOXR3 TRDS.

H(p)=— Y_ P(p,s)log, P(p,s)
s€eS(p)
ZZT, S(p) \FCHiF p 2 EOEMERN T E £ DB
DULr, Plp, s) 1S p Hse 5 OSBRI Hy
BRI oMEz£T.

(3)

40

SIG-FIN-018

FIMNY KRB ¢ 12851 D Score(p, c) DY % KD,
SEHE LY RE WA DT B I NS p & T2
MR cIEMU, TNEIBEFENNYEKBLE LT
#1395, K212 172,950 OIAKIAE PDF 2 S fih &
N7 FEFE BN E RIS, FRNY KRB T8EL] »
5 IS I N2 XHiIFIDHT Score(p, ¢) Him\ iy %
WL DHRT. R2IRTLDIL, TN REUE

#* 2 [GEL] 5 HF S 7 XS
X i Score(p,c) | HLERF2I0 1) KB
Kigiz 18,543 Kz dE L
K%< 10,157 Kx Ll
EAE N 5,438 2SR UGE L
2SS 5,278 RS AN L
BN 3,066 BB UEL

W32 Cfigld 1 XHTHD Z ENE0DS, ILETFH
MY R RO FMEDWET D | LD %
EE-T) B EEOBINCEBRL 2] DX DT, EE
D SCHITHER I WD XHiFAEIMI NG5 HD.

2.2 ILERFHAHY RIBOIEM

PRERTF S ) RELORGNEIL, HEIRETOF A0 D KB
DOREMEIZHEL B, Bl ZIFHERT 2300 ) KB TRIEIZH
BT OBE, IRITOFNNY KRB [HEEL ] A
HEINEWENRRY T4 TTHDD, RIT47L
BA. U, T8, TR, NEd ] 280 F0870
DRBUE, HLRTFAD Y REUC & > TREMED KRS
SHENHD. BFIZIEFNNDRE TINS5 1ER
VT4 TOMMEN G INTEY, TOHRFENRNY
KEL (R LEPEINT 2] ZRY T4 TTHDH, TA
BT 21 BAHT 4 TOMMEZ N5 2 B2
MHd. TORO, BN, A, ) 280F
A3 D REUZBAFICR 9852 &4 XHiZIAEMN X T
WBGE, FUM) RBEUINEINTOLSBIEDHD
it %, HRER T30 REUIN G 5.

&, S, AR, FilE, RibE, 605, A 8
&, AAbN, BH&

WME % A5 U 72 108 FEEED FAS D) KBNS, 4,318 i
DRI T+ TOHERFN MY RKEL, 1,898 fHD 4T
TOILIRTFA ) KRB E S 7.

2.3 FEBET—YDOEBEK

IEERF ) KRB TOMMEEFH LT, 87—
AEHBERT D, 2T, EEERSIZIEFE LT
UTFICRT & ICEBOBE X THERI N EIE £
NTWVWB L35,



MINVINEREBLOZTLOENDOKEN R EIZ&

B HBERAIT & U%Eﬁ%%?@Uibtﬁ it
BgI3 A - e mlE I F AR NG
ALBYEU

ZD & D BEEEN LD E, BhiBiE [H] THdEl
U, T INVIPESEZDFEOEVDNKEIZ LIZL

5 TEEPRANZ ‘)ﬁﬁﬁlﬂﬁﬁéﬂiﬂ)ibm & THE
FBIAEPE - EARE I I1EIC FIZFERDEA L 2 Y
T/ ODFENTHIZ ﬂbfﬁﬁ[ﬁ%ﬁ@?ézxﬁb%
5. F72, FERT—ALZTNICHEIL TAEKT D HE
Nhd. TDI, FEREER ORI ERGGE (23],
B&LU, Ehithi T WHEELAZL, £ T
RN E X5, AR, Rz > TRy LN
2B EDTEMBERNCL TS,

R SUHEE T ) REDEG TN, Z
DILFRTH30 ) RELDMM: % EE N A5 LT
Br—2e95d. LRICHBERINAZZEZHT—2D
—WERT. +1BEH (KYT+ 7)), -1 BWal (x
Hr+47) THDI e RT. /2, FTRIZEENT
WEHEEEFEN ) K2 RT
-

1 IR BHL L 351 75 & D8 B Ay RIE L2 B 0 L A
FL~Z

+1 A —T7AFVAREEDE LGOI
KELEHBU U~

-1 BB AR M ARORE ST AE R B 0 58 BT &

RESFHESZ ZEFICIVEIRERY F UK
o /
BB DFHATIL, 340 4% EAER IERL, T DM
BRSNS 47,953 XD¥ET— 2 &2 HEEK U 7.

3 ZFEEZITILLDZIEBERIADIE

e NE=?
3.1 FHMER

HEER SN2 T — RO X, HEEEEIZX
DEBER A2 M55, £9, ANEOESE
LR BEE (BN =@ERT L. BRI, HEERK
XINZFEH T =R WTIEPIDOEBER IZEEN
S>NEGE (%, #E, BEH) LT, MFOR

4IZCHAREHETS.

Wp(tasp) = TF(tasp)H(tvsp) (4)

=L,
FET—RIIBWTIEHNET 2 EEE R XDES

41

SIG-FIN-018

TF(t,S,): 48 S, 7 ¢ DSBS 2 M

H(t,S,): XA S, 1251 2K EHER TG END
FEr OHBERICHE S oY —

H(t,S,) WEVGEIRY, EflOXEEITY—

IZHWNT,

WA L

TWBETH D ZENHS. H(L,S,) IRROX 5 T
kDb,
- Z P(ta 5) 10g2 P(tv S) (5)
s€S,
tf(t,s)
P(t,s) = =————— 6
( 8) ZSESP tf(ta 3) ( )
ZIT, P(t,s) 3EMER s 2B 575 t OB
RERU, tf(t,s) I3 s (THBWTEE L WHIBLT 2 5E
ERT. U, APIDFEER UG ENENAERE (H4

i, B, A ISHLTE, ARRICEAZFRETS.

Wia(t, Sn) = TF(t, Sp)H(t, Sy) (7)

U, S, 3FEET—ZIIBWTABIZET 2 ¥EEE
KNXDEATHS.

ZIT, 5t DEGNIBITLEAW,(L,S,) A
BHZB I DEA W, (t,S,) D2fHFL) KETE, *
Dift ZFEML UTERTS. £ UL, it Oayl
IBIFBEA W, (L, S,) BIEFIZBIT B TEA W, (L, Sp)
D2fEEV RSN, ZTDfEt 2F ML UTERT
5. 805, UFORMEDEL LN LDt %
FEE UGERT 5.

W,(t,S,) > 2W,(t, Sp) (8)

Wa(t, Sp) > 2W, (¢, S,) (9)
FRIOKMERT LT, EH, BB 2 RE
REBOIEFEL UTEIRL, EH, @l Lotk

SHBET D & BN aRGE2 RN ORET S, B
ICEIRINRZMEDO—H 2 HIRT 5.

shn, WA, W, HER, HRK, R, UE, K
W, SEAX, M, MEEE, JEIAX
BRI 51F S 47,953 XOFET =4 Tl 5,920
FENEME UCERI N,
3.2 EFIL
AT, 47, 953 XDFHET— R HHH Xz 5,920
FhE IR, FELIZEBITD log(W,(t,Sy)), &L LIX
log(W,(t, S D@k*wiaé%%@&thﬁbw

ETB5. ETINDANIED ) — REE NIRRT NLD
WL E U 5,920 & U, BatvElx, 7 — R 1,000
MN3E, J— RE500 5 3E, — RE200 » 3 H,
J—REC100 3 EDFH 12§45, HEIX1 B35
Ths.



F 3. LR XA DA 5 OFEMiFE R (RFIR)

positive
86.7 (210/242)
95.4 (210/220)

negative
90.0 (91/101)
73.9 (91/123)

WE (%)
FEBLE (%)

Sl

AFEOTMZITD 72D, KFHELEFEEL -,
WZHh7-Y, HEEMTERYL LT MeCab?, 21 ZIH#
Mg & LT CaboCha[3] Z2fifHL7z. 22T, 340 #L%
TR 251 EIR L, %@%%%li#b47%3iw%“
TR HEER L., TAMT—XI, FET—X
WZIEEENZY (TROLHBIGETNNY RFE 25 F R
V) SEREEE N SN S AR BT 343 SCODFERE TN & il
HWUTERLZ., TANT—=RIZBWTATEICEY
RYT 1 TORMEPA G X N7z EE R SR LRI
< DMRT.

4
58t

SN OSBRI FEN IR L, ML — RE
HCIEFH - AW S S E S | R OV S Y 5 | € R
FZHERE L E L
- MBI BB WTIER, AV— M7 AU
HO7e EVKE ST, 72 EASATAERPU LT
BimUELA

\ J
¥/, TARNT—=RIIBWTAFEICEY 2 HTF 17
DRGYEDS G- X N 72 ERT R SR LR IS0 DAVRT.

\
- RIERNEDOE R L2 &Y, KRB o7 b
FEL W E EHEB 2 LE L

ﬁkﬁ@@ﬁ%ﬁ@%&ﬂn%%ﬁﬁ%ﬁw it
FENHEMU 22 e EICED, EHEMLE5 83

4 7THAM (RHERE2 6. 3 %K), RER

26 09M@2 2H /M (Fi4ERME2 5. 8 %)

LRYELA
N %
TANT—ZD 343 XOZEMER UK U TAFIZT
WMt 2 A5 U CIEMT — R 2ER L, ATHEOKE, H
HEE RO, HEREAEIITRT. MBEFELLT, A
FIZE > TN G INZ TN REDAZMH L,
BRI EENTOV D FEND Y RHOMMEIZHE-
T, ¥EEERCOMMEE 59 2 FIEORE, HER
EERAIRT. BB, LU HBTD) Okt
ENETERONFERINY REDANEENT W GE
I, RBMEE S LR,

SIG-FIN-018

* 4 FHERIANOMPEA 5 O FHlifE R (PE#F k)

positive

negative

K (%) | 93.0 (120/129) | 89.8 (62/69)
FBIR (%) | 54.5 (120/220) | 50.4 (62/123)

250

200

negative
150
100
) l
0

2008 2009 2010 2011 2012 2013 2014

EEERXH

X 1:

B

ARFVEN & B ZEREE R A DOMME G- FIE DR E 1T
NI T4 7T86.7%, 2 HT177T90.0% THY, E
WEERER LU~ /2, BHEIIRY T+ 7T 954%,
2HTA4TTI3.9% THY, HRHBIFEEREE
ZYMWTE. —HT, ANFIZko TN Xz
FDINY) RELD A% AT 2 LLETIE TIEHEH RN
ITF o4 T T54.5%, 2HT 1 7 T504% TH2 I L
5, APEIFHBETIELEART, TR EHEEZEL
FTLERLEHREPRELS M LELTHWD ZEBo0 5
B ZIE, AFIETIEA T OEBEER U U THRY T+
TOREZ 545 2 W TELED, HIRFEETIIM
Mo 5T ENTERM .

IREGEM ] 2 &0EMENBOHER

5

YIIVIRAFHER TIYTEFLELEATTA
I/Y*?U/ﬁﬁ%&lﬁ@%%liw¥ o
YWCEENERTH- /2720, QBT HSE L
FU~

AFEIE, EROISR THBULEUZ] DX R
ME MG TEROFENND KRB GO BT R U
ULCHIME2NETE I8N TED0, HEBETFIEL
FEERTHERZH ET5 2N TE .
PREGEICIERREAIPLERINT VD 2D, H
52F—U— RE2GUEBMER DGR INT WD IRE
HIEDHKEHEBLD LT, TOF—TU—RE2H50LK
VT TRIEEBER S, 2 H T 1 T REEER D
RiRFIHEB 252 28 TES. Hle LT, M1 TK
Brmith) % &40 EMERSCBMORSRIIHR 219, X1
b, 2011 FITBWT [KBFEM 250K 7107

3http://mecab.googlecode.com/svn/trunk/mecab/doc/index.html

42



BEBBERBUIRE 20D, 2012 127485 & KIRIZ
WAL, WIZRHT 1 778 R SO KIE I3 2
TV ZENnn5. 201240 [KEGE] 268 %
T4 TREBER L, UTFOLS BRI H 5.

Lt ) VI KEGEM SOV OHERGERE & /8
VAV OWRGEAIRSE % 55T U 72 B8k TN —
DFEJEFFRIAES . RGO IR A B O R Fe i
D REIZ LY KRIFZRPRDEAE & 2D EU 72

PAED &S, MG U 72 2 ERE, RIS
LDEEPHEDBROEEN S, AP HEDH D
RERFIHERS & T DERZ L, b2 EANTRETH 5.

6 PFEERE

WS, RFEHELFEOCEDEBARLENS
i U 72 R st U Tt 2 B8t 593
FHEERELTWD [5]. HHODOFIEIE, AR
FHIIR LT SVM TERBE THMEA 5T X 5 2 & NI
LR-STEY, WHODOFEEFDF FPERMEITEH
T2DTHhIUE, REEE I U T rEksE otk %
5357200, KeEOFPEHAT—42% AFTHETS
BEMNH D, EBRHIE2 DDOHIEN SRS EBIZL
TRNERETIVE AV, HTE %2 O TRERGED
BMEE 75 AR NS THIE U CHERE T % HEE
U, BBGERBOBNEMMEEZ DT D FEERELT
W3 [7]. TR U T, RFETIEEGERSCE
TR72OIENBRTRN)RE ((RHHTLZ] %)
WM& S L, TOTAM Y KRB ZILEL 2 “HRT
DN RB” 2HHTZZETHEET— 4 %2 HEEK
U, #EFEIC& Y ERERXANOMYEN 52175 7.

Kaji 51, #FHlisCIZE N5 3R (%4 + 1)
F ARG ot U T 2 e AR, AT TR
B U 72 B ) REL) A R/8Z Y, HATEMEH LT
FEAMG S % fh U ChiitE 2 A 5 U T B &, FHMBiRBLAT
P HBLT B, AU BT 28 & (T
% Z L CTiMliRBL O 2 ET 25 FEEREL T
% [2]. ZOFETIE, FH—OFHMBRBIARTEL, 7
ST 3B E, HBT 2RI H D HS, BRI
% < DA4FREFATHERIND 728, [F—DEEER
MMHITE LT ETRN. TDD, KFETIRE
BERXIZEEND TR REDAIZEHLUT, #
TR SCAN DR 5% 475 7=

T FED

ARTIE, BWEREE &V it S 7 SRR ST
LT E e Tt (TRY 71 71, A7+

43

SIG-FIN-018

71) ARG T FEERREL 2. BRI,
EREN X EZHET220D0F0N0Y) L R RB I
KONDXHEIZEMT S LT, “HEEFNRMN ) KH”
CEBT DX EEEL., TUT, “HRETAMY
KB AT 2 2L TR SDZODEET—4
EFHEIERL, ERINLZEE T2 2L T
W AT, “HERFENNY KB & & F RO EM
PR ST MRME % 35U 7z, FEMOFE R, EEERAND
FVEN 5 FHEOREIIRY T4 7T 86.7%, *HT 4
7C 90.0%, BHERBIIRY T 7T 954%, +HT+
TTT3.9% THY, BIFRKE, HEREZERL/.

S 3Rk

1] FIRER, B, MRS RFETF A MERE
W7 B 2T G 8 E, L #2500 0GE,
Vol. 52, No. 12, pp. 3309-3315 (2011).

Kaji, N. and Kitsuregawa, M.: Building Lexicon
for Sentiment Analysis from Massive Collection of
HTML Documents, Proceedings of the EMNLP-
CoNLL 2007, pp. 1075-1083 (2007).

TREH, AR Ty RV T OBRBEHIZES
HIAGERR D 32 b, R 2w G, Vol. 43,
No. 6, pp. 1834-1842 (2002).

Sakai, H. and Masuyama, S.: Cause Informa-
tion Extraction from Financial Articles Concern-
ing Business Performance, IEICE Trans. Informa-
tion and Systems, Vol. E91-D, No. 4, pp. 959-968

(2008).

Sakai, H. and Masuyama, S.: Assigning Polar-
ity to Causal Information in Financial Articles
on Business Performance of Companies, IEICE
Trans. Information and Systems, Vol. E92-D,
No. 12, pp. 2341-2350 (2009).

W2, PEIRAR T, MGRES:, S ZRHd: 3Dk
FRAE PDF 26 OEMER O A, AN THIBET 2=
A CEE, Vol. J98-D, No. 5, pp. 172-182 (2015).

ER R, 2, BT BNWERETVICED
BRGERBLO BN 2 581, TR 5 2 5 SCGGE,
Vol. 47, No. 11, pp. 3021-3031 (2006).



SIG-FIN-018

Jobobooobugbuobouobouoooobobn

oo ot

Kiyoshi Izumi

o0 og *2

Tatsuo Yamashita

OO0 00g =

Tatsuo Yamashita

oo oo+

Tomoki Ito

20000000
Yahoo! JAPAN Research

“000000o0o0cooooo
School of Engineering, The University of Tokyo

0000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
000000000000 000000000000000000000000000000000000000000
000000000000 100000000000000000000000000000000000000000
00000000000000000000000000000000000000000000

1. 0000 000000D0000000000000000000000

00o0o0ooooo0oooooooooooooooon
00000ooooooooooooooooooooooon
000 o00000obo00o00oo0oooooooDoo
OgSNSOOOoooooooooooooooooooon
J000000o0oooooooooooooogoooooon
000000000000 2o0oo0oooUoooooooU
00o0ooooooooooooooOoooooooooon
00oooooooo0o0oooooooooooooooon
OOo0d0oooooooboooooooooboooooooon
goooooooooo
00o00o0o0o000o00go0oooodoooooooooog
0000oooooooooooooooooooooooon
00000ooooooo0ooooooooooooooooon
gOoooOoooooooood [3,4}DDDDDDDDDDD
00000000000dooooooooogogoooooon
Jdo0ooooooooooo0oO0oooooogoooooon
00ooooooooooooooooooooooooon
00000o0o0ooooooooooooooooooon
0000oooooooooooo0oOogoooooooooon
DOodoooobobooooodooooooooooon
J0000d00000oodoooooooooooooog
00o00o0oooo0oooooooooooooooo
00o0oooooooooooooooooooOooooon
00000oooooooooooooooooooooooon
gOoooooooooooood
J00o0000o00oo0oooodoooooooogoo
Jdoooooooooo0o0oooooooooooooon
Jooooooooooo0o0oooooooooooooon
0000oooooooooooooooooooooooon
DOooboOoooooooooao
O0DOword2vec [5] 00D O0D0OO0OOOOOOOOOOO
00o0o0ooooooooooooooooogooooooon
00do0o0ooooooooooooooooooooon
00ooooooooooooooooooooooooon
00oooopoooo0o0oooooooooooooooon
00000 Yahoo!Finance 000000000 OOOOONO
J00000o0ooooo00oooooooggoooooon
J0oooooooooooooooOooooooooooon
0000ooooooooooooooooooooooon

000:00000M2015titoh@socsim.org

gooooooooooobooooooobooooooo
goooooooooooooooooboboboooooooo
gooooooooooooboooooooooooooboooo
gobooobooooboooooboooooooboooooboo

2. 00

goboobooboobbooboboooboobooobo
0000 II (importance infiltration) algorithm 0 000 00O

2.1 Word classification and document repre-
sentation 0 (CDRO)

O0Oword2vec OO0 OO0ODOOOOOOOOOODODODOO
000000000000OCDRO [6)D00000OCDRO
00000 Malgorithm OO0 O000000O0OO0O0OOCDR
gooooboooboobooooboobooboboobo
gboooobooboobooboobooboobooboooo
000000000000 0O0word2vec [5|000,0000
goboobobooobooboooboobbooboooboo
000 KOODOOOOK-means O [7]0000000000
goobooboK Obooboooboo,ooboobo
Vioeument (€ R¥) 00 0000000000000 0OOO0O
gbobooooooooooo

2.2 Importance Infiltration propagation algo-
rithm

word2vec 00000000000 0OO0DOOODOOOO
000000D0D00D000o0DOooOonogd word2vec O
goboobooooboobobooobooboboobooobo
goboobboooboobooooooobobboobo
goboobooobooboooooobobboobo
goboobooobobooobooobooobooobo
0000 (I (importance infiltration) algorithm) [8] O O
goobooboooboboooboobooobooboboobo
gbooboobobooooobobob,b0boboboooo
gobooboobooobooboobobooobboobo
O0ITalgorithm 00 O 100 2000000000000
goboboooobooboooooboboobboobo
0000000000000 Q1ooooooo)oUoooo
00o0o0o0oUoo0ooUOo (2000000)00DOOO
gobooboboobooboooooboooboooo
000 Wyotarity € RF*™ (0 (5) 0000, K0OOOO),
W3 € R>*E Wy e RE>XE wyr c RZ*E20Q0000, K2



SIG-FIN-018

00000400000000300000000 b € R?0
00000000 ,yas €{0 (0000D0),1 (00000)}
0000000000y, 0000000000000000
000000000 j00000000000000000
00000 Veow; 00 (1) 000000000

T

T T
VBOW]' = ZJ<1):[Z(1) 7ZJ(,12) 77Z;}1)(' ]T

J,1

(1)

z® oiooooooooooozy e R®, Z0 [k =
1,2,--,K)0 00 wey (we; 00000000 k0000
000IDO+0000000)00000 ;0000000
000 n(k) 0000 A0D0D0000D000000000I
algorithm 000000000000000000 (01,0
2)00000 300000 (2),400000 (3)0 y; 00
0,4)0000y,, 000000000000

Y = f3 (Wg(tanh(wpolarityVBOWj) + bo) (2)
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Abstract:

Calculating similarity score for monolingual text is a popular task since it could be

used for various text mining system. However seldom research is focusing on multilingual text

resources. On the other hand, machine learning based algorithms such as CBOW word embedding

and clustering are widely used in extracting features of text. In this research, we develop and train

a model that could calculate the similarity of the two finance news reports, by utilizing CBOW,

spherical clustering, bi-graph extraction as well as the Siamese-LSTM deep learning model. In the

end, we train the model by feeding news data that is closely related in the financial domain to help

us to analyze the relationship among news reports written in different languages.

1 Introduction

Financial text mining has been widely used for fi-
nancial analysis and one popular example is build-
ing financial prediction model with public database
by means of machine learning algorithm and natural
language processing [9].

However, there is only few studies about cross-lingual
text mining and sometimes foreign news reports will
also give impacts on local markets. Although there
are some popular solutions for multilingual transla-
tion, they are neither designed nor specialized for fi-
nancial domain. Hence, it becomes a needful work
to construct a system that can establish relationships
among multilingual financial text so that both devel-
opers and users are able to handle the foreign infor-
mation promptly and accurately.

On the other hand, Vector representation of words
such as skip-gram and CBOW[g] is efficient meth-
ods used in text mining. In this paper we present
the cross-lingual study on English and Japanese text
data respectively, investigating possible relationships
between the two language models.

Finally, we also develop an piratical application bas-
ing on our research, which could calculate the simi-
larity of the two cross-lingual finance news reports.
Although calculating similarity score for monolingual

* &S : Dep. of Systems Innovation, School of Engineering,
the University of Tokyo
7-3-1 Hongo, Bunkyo, Tokyo 113-8656, Japan
E-mail: izumi@sys.t.u-tokyo.ac.jp
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text is a popular task since it could be used for var-
ious text mining system, seldom research is focusing
on multilingual text. Our application is basing on
the results of the extraction of bi-graph structures as
well as the Siamese-LSTM deep learning model[5]. It
performs well, proving the efficiency even though the
training news data are closely related in the financial
domain and also helps us to analyze the relationship

among news reports written in different languages.

2 Framework of bi-graph struc-
ture extraction

The overview framework of the bi-graph structure
extraction is shown in Figure 1. Generally, our frame-
work includes five main blocks: data retrieving and
preprocessing, word2vec modeling, dictionary extrac-
tion(vector assignment), and then clustering with spher-
ical k-means and finally mapping for cross-lingual clus-
ters in order to extract the bi-graph structures.

2.1 Data preparation and preprocess-
ing

There are mainly three steps for data prepraration
and preprocessing:

1. We first retrieve both the Japanese and English
news reports related to finance and economics
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tering and structure extraction

from the database of Thomson Reuters ! of year
2010.

2. Tokenization, Tagging and lemmatization are
then conducted on both text data in order to
acquire more precise word2vec model by only

For English

text, we implement Stanford NLP[6] as tagger as

using small scale training datal[8].

well as NLTK[7] as lemmatizer and for Japanese,
we employ the MeCab|[3] with the neologism dic-
tionary?.

3. Finally, we remove unnecessary and meaningless
semantic elements including determiners, such
as the word the, punctuations, conjunctions, and
foreign words. Further more, we also remove

unsolvable elements such as special characters,

http and email address, typo and facial expres-
sion in order for better word2vec models through

regular expression.

2.2 Word embedding

Google ’ s word2vec is a prevalent tool basing on

skip-gram or continuous bag-of-words architecture which

provides an efficient way for word embedding[8]. In
this research we perform two training for the Japanese
news and the English news respectively in 200 dimen-

sion.

LOfficial websites of Thomson Reuter:
http://www.reuters.com/

?Neologism dictionary implementation on Mecab-ipadic:
https://github.com/neologd /mecab-ipadic-neologd
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2.3 Dictionary Extraction

In this research, we manually choose 103 typical
Japanese words frequently appeared in the finance
domain. We first translate those words into English,
then assign vector representation basing on the word2vec
model trained for both English and Japanese words.

In case of phrases that are not detected by the
phrase detector, a trick applied here that we first
retrieve the vector representation for each word ap-
peared in the phrase and then conduct a summation
on these vectors, considering the result as the vector
representation for the whole phrase. This is proposed
basing on the recent report[4] that word2vec could
represent many linguistic regularities, suggesting that
the vector addition and subtraction could still be able
to represent the relative meaning of the phrase.

2.4 Spherical k-means clustering

We conduct spherical k-means clustering for both
Japanese and English financial word list with cen-
troids k to be 10. Concerning word and document
vector clustering, it is reported the spherical k-means,
which combine the k-means algorithm with cosine sim-
ilarity as the distance function, could produce a satis-
fied clustering results[2]. We initialize with k-means++
seeding and overwrite the algorithm[1] with the help
of Scikit learn platform?.

A sample of clustering results for cross-lingual fi-
nancial news reports of Thomson Reuters in both En-
glish and Japanese is shown in the Table 1 with the
number of cluster centroid k=10. Here, we define the
notation ENJ* and JP}, i,jmn € (1,2,3,... k) referring
to English cluster names and Japanese cluster names
respectively where m and n indicate number of cen-
troids we choose during clustering while i and j shows
the cluster name in terms of number. Normally, as
the the default size of cluster centroids of 10, the su-
perscript m=10 and n=10 would be omitted.

This results indicate that for each cluster, the spher-
ical kmeans approach indeed clusters words with sim-
ilar meanings into the same cluster.

2.5 Mapping for cross-lingual clusters

The clustering results in Table 1 also shows that
some Japanese words whose English translation are

3Scikit learn, official website:
http://scikit-learn.org/stable/index.html



#% 1: Example of English words clustering basing on
Thomson Reuters news
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#* 2: Extended Japanese clusters with maximum
cross-lingual similarity respecting to English clusters

EN EN Word JP Word JP
Cluster Cluster
EN; Improvement | ti# JPs
ENj Jump =i JPy
ENj Fall KT JPq
EN; Decline WA JPg
ENgy Decrease of rEa JPs
profit
ENgy Increase of Al JP,
income
EN; Concern b JPy
EN- Risk Y2z JP1o
EN; Aggravation | Hfk JP1o

clustered into the same cluster, for instance, EN7, are
also categorized into the cluster JP1g, indicating that
there might be potential relationships between En-
glish clusters and Japanese clusters.

Here, we define the concept common words for clus-
ter N; and JP; as any translation pair where its
English translation belongs to E'N; while its Japanese
translation belongs to JP;, denoted as C(; jy. Accord-
ing to the Table 1, for example, the Japanese-English
pair Decline and Genshou is common words for clus-
ter EN5 and JPy.

In order to identify the cross-lingual cluster sim-
ilarity as the similarity among multilingual clusters
quantitatively, we here define the similarity between
any two clusters as:

2 x size[C(; ;] 1)
size[EN;| + size[J P;]

where C; ;) as mentioned previously denotes the the

sim(ENi, JP]) =

common words of KN; and JP;, while the notation
size[A] refers to the size of a set A. In this equa-
tion, the similarity among clusters could reach 1 when
size[C(; jy] = size[EN;] = size[JP;] whereas it be-
comes 0 when there is no common words, that is
size[C; 5] = 0.

In reality, there might not be a one-to-one mapping
for cross-lingual clustsers, instead it is also possible to
1-to-N mapping among them. Hence, we adjust the
definition of the cluster similarity as:

2 x size[C(; p)]
size[EN;| + size[JPF,)

sim(EN;, JPF,) = (2)

In this equation, considering full combinations of
clusters from set JP; j where j € (1,2, .., k) and k=10,
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English  clus- | Most  similar | Similarity
ters cluster scores
EN; JPg 0.4
ENy (JP1+JP3) 0.5
ENj JPs 0.4
ENy JP1o 0.32
ENj; JPq 0.64
ENg (JPo+JP7+JP3) 0.49
EN7 (JP1o+JP3) 0.30
ENg JPy 0.38
ENy JP3 0.4
ENjg JPy 0.43

we then could obtain a set, denoted as JPF), where
p € (1,2,...,Q). Here, Q is the number of the full
combinations, normally calculated as:

b !
ngm (3)

To be more specific, the new sets after full combina-
tion for Japanese clusters, the JPF,, typically include:

L] JPl, JPQ, ey JPlo

° (JP1+JP2) s (JP1+JP2) ey (JP9+ JP10)

° (JP1+JP2+JP3) 5 (JP1—|—JP2+JP4) goeee gy (JP8+JP9+

JP10)

° (JP1+JP2+ .. +JP10)

Basing on the equation 2, we could derive the most
similar combination of Japanese clusters in the re-
garding to each English cluster, as shown in the table
2.

An application:
Cross-lingual Article Compar-
ison
By utilizing the cross-lingual mapping results, we
also develop an piratical application that could, when

given a English news article, return the most similar
Japanese news articles inside the database.



3.1 Framework of cross-lingual article
comparison

There are mainly two part of this framework as
shown in the Figure 2, three input layers and a Siamese
LSTM module.
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2: Framework of cross-lingual article comparison
using two-LSTM modules with different embedding
layer for the Japanese input and English input re-
spectively.

3.1.1 Siamese LSTM

Siamese Long short-term Memory is a deep learn-
ing based machine learning model that could not only
memorize the order information of input but also cal-
culate the similarity between the given two text in-
put [5].
monolingual text similarity task and has been proved

This structure is normally applied for the

efficiency, whereas it has not been applied in the cross-
lingual situation so far. In our application, we adopts
the same configuration which are claimed to be opti-

mal.

3.1.2 Input layers

Differing from the monolingual case used in the
Siamese LSTM module, there are either two or three
layers appended for the text input in order to adapt

for cross-lingual case, depending on whether it is Japanese

text or English text.

1. Layer-1. The tokenized and normalized words
are fed in term of fixed-length word2vec repre-
sentation in the layer-1.
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2. From layer-1 to layer-2, the cosine distance be-
tween each of the fed word and the centroid of
each Japanese clusters will be calculated, and
the the cluster with the closest distance is con-
sidered to be the representation of this word in
the layer-2.

3. Layer-3 is only deployed in case of English in-
put. It will map the cluster number in layer-2
from English domain to Japanese domain basing
on the mapping results obtained in the bi-graph
extraction section, so that the LSTM module
could compare them equally.

3.2 The Data sets

Similar to the process conducted during the ex-
traction of bi-graph structure extraction, we excavate
data from Thomson Reuter News. With the help of
existed news tags in the database, we extract the En-
glish and Japanese news pairs which are both relating
to the same news events, which could be considered
as similarity of 1. In contrast, any two cross-lingual
news reports are defined to be dissimilar with a sim-
ilar score of 0. In this experiment, we prepare 1000
cross-lingual pairs with similarity of 1 and 1000 pairs
with similarity of 0 as training data.

3.3 Model training and evaluations

We perform the training 100 epochs times. In addi-
tion, instead of using mean-square-error as evaluation
benchmark, we define a practical criteria, the @TOP-
N indicator. Given a Japanese article, the comparison
model would offer a list that lists all articles ordered
from most the similar article to the least similar ar-
ticle. However there is only 1 correct answer with
similarity score of 1, and therefore the @QTOP-N in-
dicator indicates whether the real similar article is
identified among the top N similar articles suggested
by the comparison system.

The results are shown in the table 3. As expected,
the @QTOP-N indicator for the training data is always
slightly higher than testing. If we only focus on the
testing data, there are about 33 articles are correctly
paired within the TOP 10 range, which is not as good
as our expectation. We consider this could be due
to the high correlation among our test and training
financial text.



# 3: The TOP-N score of the cross-lingual LSTM
model

Training Data | Testing Data
@TOP-10 58/1000) 33/1000
QTOP-5 32/1000 20/1000
QTOP-1 4/1000 6/1000

In the previous step for calculating the top-N score,
we have obtained the ranking positions of the cor-
rect counterpart within the whole database for each
of documents. Figure 3 shows this ranking results for
training documents and test documents in red and in
blue respectively. The more dots close to the top line
are (rank = 1), the better the training results are.
Though there are large amounts documents still ou-
side the top-10 range, most of them are approaching
to the top-1 line compared with the case of the ran-
dom distribution indicating the effectiveness of our

model.
= TOP Rankmg for training documents (1 1000)
o
©
I
[
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G
o
<
A
C
e
() )
S 200 400 600 800 1000

ument Numb

TOP Rankmg fo? test docurr‘;ents (1 1000)

200 400 600 800 1000

Document Number

The ranking of the real pair

3: TOP ranking for training documents (red,
above) and test documents (blue, below) respectively

Furthermore, when investigating the learning pro-
cess of our model, we obtain the learning curve as
shown in Figure 4, where the TOP-N (N=1,5,10) ac-
curacy are increasing along with training epoches and
become largest TOP accuracy at the 100 times train-
ing.

4 Conclusion

This paper give a cross-lingual solution for articles
similarity comparison by using extraction of bi-graph
structures basing on word2vec, spherical clustering
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TOP Accuracy Vs Epoches

— TOP-1: Trlanlng
|| — TOP-5: Trianing
—— TOP-10: Trianing

TOP-1: Test
TOP-5: Test
TOP10 Test Al

V4 n /\:
\ /"Vv‘“‘l “ v\l
]

l

TOP Accuracy

Epoches

4: Learning curve in terms of TOP-1,5,10 accurary
regarding to learning epoches

and Siamese LSTM with multilingual news reports
from Thomson Reuters. We evaluate our model with
finance news data and prove the effectiveness of our
model, though the accuracy still needs to be improved
in the future work. As the final goal, this kind of
model is expected to assist the financial analyst in
their prediction model.
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Abstract: This paper reports on our ongoing work to construct sentiment lexicons in the financial

domain. Our approach takes advantages of news headlines and a given financial variable, such as

stock prices, so as to generate initial sentiment lexicons. The initial lexicons are then filtered based

on their co-occurrences with financial seed words and are subsequently expanded by analogical

reasoning by using distributed representation of words.

Evaluative experiments on around 12

years’ worth of news data show that the resulting lexicons are mostly reasonable. As a possible

application of the lexicons, trading simulation is also carried out, showing promising results.
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Abstract:

In this research, we aim to predict start pages of proposals stated in notice of the

meeting of shareholders and classify which proposal the page is. We propose two methods that

classification method of proposals.

The first method heuristically predicts the page on which

the proposal is described. Moreover our method extracts specialized terms of each proposal and

assigns weights to them. After that, our method classifies proposals by specialized terms. The

second method classifies proposals using deep learning. Each methods were evaluated, and the

effectiveness of each methods was verified.
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Abstract:
policy to improve the accuracy of lexicon-based sentiment analysis in evaluating texts written on

It is necessary to build a comprehensive polarity dictionary specialized for financial

financial policy. In this research, we acquire distributed representation of words using feature
learning of dependency network of words and create the polarity dictionary by bootstrap method

using the distributed representation of words.
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artificial intelligence and economists’ forecast distribution
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Abstract:

Central bank’s monetary policy is one of the major interests for market participants.

In this paper, we clarified Reserve Bank of Australia’s monetary policy reaction function, pre-

dicted its policy change,and applied them to investment strategy. First of all, assuming perfect

foresight by the central bank, we estimated an extended Taylor rule using bidirectional Recurrent

Neural Network. Next, we combined it with distributed representation of Monetary Policy Com-

mittee minutes to develop a classifier of interest rate decision. Both the extended Taylor rule and

the classifier showed improved performance. Finally, we formulated profitable Foreign Exchange

strategy based on the classifier’s prediction and market economists’ forecasts.
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Abstract:

For algorithmic trading, it is important to reduce market impact and opportunity

costs that closely related to market liquidity. In this work, we propose a tick-based approach to

prediction of the liquidity. Our method utilizes order data encoded according to its flexibility and a

Long Short-Term Memory(LSTM) that predict a next order. Accuracy of the model outperforms by

a large margin maximum occurrence ratio of order labels. Furthermore, we examine the embedding

layer of the trained model and find out that it obtains difference and similarity between each order.

1 ([EL®IC

EFEDORRETS T, HFT (High Frequency Trad-
ing) 7TV XL - b L— R\ o 2 EERKIELE] A
BEHLTWVWA., WIENE 2V ¥a—X2FHLTHS)
IR L e EH 21T D M CHuld 2%, HFT 3% A 2
O A — & — T @ H D A T/NC e E TR & R
S—F, TITV XL - b — RIZHARAERE 12
D& HEREIEEFAVTHITTS. x—FT Yy - A
VRN, BAaZA MV EIBIANEERLD
D, 1Y NI TATOKROMNG Z2/NIZHE Ui
BZrhkbons.

TINTY) XL b L— ROELI TG U TIE VWAP

(volume-weighted average price) #ili& [1] D% F 51 5.
VWAP & & 1%, G Tilikg % k& o iESE S %
& o iz o< k51T, KEEXZ/NTIZHE L
FETHHMETH D, X512, EREFHI X LMY
Wz VWAP LHEHTE 222k, NT7x—< V2%
MELZED, SEERESOMERH 5. B5[ 3 A
N EWHIHAINT 2000, TIVTY AL - L —RIZ
BWCTHEALHEETH Y, BERTIVIV XLFFKD
T\, ZRRIR D E D EMZE X Sedm i AN & 1
TW3 [2][3).

oIz unfETE, MITEENG X 2THMD
MEIZXVEGIDRAFNZRDAANTHEY—T Y b -
A28 bR, WOFEHES L o TFEL Afifg TOH
IMTERVWY AT THAIERIA MR EIZET 0
WHWTONT WD, ZThHD IR MK, HEOFEHR
ERIWROAT Ly RPEX, [RIEEE L N5 72 5iH)
MK EHET S,

A R KRB LR R > AT ARl &
WHIURAFGE S, T 113-8654 H A # A XA 7-3-1, E-mail:
m2016dtashiro@socsim.org
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—F, @i 0E A EEbic X BEXEDR
mze b, FERINGEXEREERELTED,
RKEDFET = RDBBERT 4 —T T ==V T D
HOLEIFES>TWAS, J. Sirignano 1%, HIFHRITKT T
L5F—=RRKN)Tvry7a—-—Fe LT, AvI734 2T
FUTELM, KEDT—XERZ 5N, HERE2HN
TEbHmzEAY Yy NUTHERLEZET, T4 —75—
=V T BRBOERETH D L BRRT WS [4].

2 FEEMREAHEOEN

Bl FE & DTGPl 217 - 72 BIEmR 5L 2 f8 r
5.

N. Du & i&~¥ — 7 & FUBFE DR ERI% % RNN %
W IEREREs 95 Z 2T, MED I Z DR
DFREITV, BEH D RNN & 0 BRWEEREZE7- [5]. J.
Sirignano 1%, IZHLTT7 7y M7 —ILIZiEV= 2 —
TNFY NI =T BBEL, RANTATZERZA MY
F D% FRIL—E DR EZRF72 [4]. R0 ATHRD
WY, ZRGCONERE RS I CEMEICIER T 514
WEETIVVIIEGHICT =TI ==V 7368
ThHhHLEZRS.

BRI ERIIAT S DR E L7 ETHRIET 5. #dis
WCEFZEXDNR =T DEBIZD HIEHRSK
MxhdeEZON, BEFEHEHNSILTZEDL
DWEXNR— VB EFTELHREMEDLD 5.

T ZTARWIZETIE, WDOZEA &g D2 D Tl
ETFAVIR—ATHIZLIZE-T, v =7 v A
VNI N AA NPT MIHEE SR DNROK
DEIXRORIEE % FHITE 2 ETIVORBEL S
275, WHE LT, &5 UDREMEDREA % T H
U, BICHIT 2T L Woa e Z e REVEZ SNS.



3 LSTM Z=RW/ESRR TR

ZIZTE, ETNAADASORINIETH R A — X —
DRFFAIZ DO WTHIAT 3. &IZ, LSTM 2 HWTH
BOA—Z—%FHTEETNOHEEEZITS

3.1 #—4—0OfF51k

FIRINIED [FIECODVWTHRARS, =X —DHH
JEAZAFFRAETE S AT F v v RIVEX E Wo Tz
EXD R A TOM, it EXRREVRHL. ZIT
XA TEMIEDAIZIRES . F 3 EHRMET U
LT, EXDA-ZIRLOBRDERERTE Y Sl e EE
WK D% i & LTk, fafEffisg & il & o
72 DAl % RS 5.

RIZ Figure 1 1Z/R 3 7 0 —IZ3R > T, HIESUTHA]
NE2525. £9, EXORA T UTREIT/H
AT/ setRfE, HigE, ¥ v vV HE vy L
WA, AT REIZBEI LT, 0 F F AT
FEMNEL, BEEE Ry eEscE LT, fif
D & DAfik& 212 & - TH¥E, FEx2fE5T5. 7
B, A—K - L@ EsHOLI—ETHY, FE
MoA—R—, DFED XA Tk NIETATRE
RoTW5B.

order
I |
EX MO LO - Cancel
HAT | |
| | | | | I
Ask Bid AskLO BidLO Ask Bid
Cancel Cancel
T2 & s
f \ i
1 S
ID 1 223 rah 1

Figure 1: =X =05l 70—, FX XA 7 MO/LO/Cancel
3% 4 /Market Order/Limit Order/Cancel i3 %, Ask/Bid
FEnThiy /Hnefd.

3.2 MIERTE

AT, A— X —TFROMEREETS. TFLOD
)\7‘3(‘2@5%%@%@’2(]:{517827”'} rEY &
RA STFHEOR [ &0 581 HT £ TORE &
BOWTNPOF I NTHIET 5. FINLREET
DEXDAD /i TIRIERNRIR D 720, FF /DT 1
77‘,__‘&71':‘?;2]:&14\, E_]Elg)ﬁ-ﬁi%tfﬁt%ciiﬁ\té%ﬁu
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EUTHDS. 22T, t/BEHOA—X—% 2, 2B L,
ERII SIS = (2,2, TREND. HA—L—
i, FTLEIZ CHBEI NGBS OEEGTRES
I DHEBT DEEATH 5.

HiE, #@EDOA =KX =25 (v1,19,...,24_1) D5
ZoNTEEDRDA—K— 2, DFRTHD. =a—
TN T =T TRESINDZEBDNAITA—-&% 0
U, MNERB5MMNEWEL p(vay, ..., 11;0)
THRT. #Hlid O FHIZL ST, ZOZRMAESHERD
BRI DEMEIRNTA—R ) B RETS.

AL D E TV ik RNN Encoder-Decoder[6][7] % &
UCGEH L7z, Z8%, ROA—X—DFHl %D B
LyIalb—b322¢TthoTHhECOTFTI—-NK
TG E DR SR MIZLATD LS I248 5.

p(fcn cee 7It+T|x17 cee 7It—1;9)

c (1)
= [[ plavla, ... 20 1;0)
t'=t

A — X —DFHDEEIL, E—LY—F2H»
iF kv, FARERZRERE T 54— X — DRI % 5
KU, Thrmliatd—X—RFe L, ToITHITE
LEaDHLEDZ LIZ XD IRDELEXAiEZ Tl 5 Z
ENTE 5.

3.3 EFIL

E7 )LD RNN (21, LSTM (Long Short-Term Mem-
ory) [8] ZFH\W5. LSTM &, H&EMRAHIEITS
J — FOIEEALBEI R E UTHERBZEATSHZ LT,
WE D RNN TRWRHT — 2 2% 8§ 5BICHAET
LAEHEMEZFRET S, 512, AEY/—FK&
3ODHMW ) — R oINS EAKRE —~DDAE
Ve UTHRD Z &Itk D RBETJOETFEFG L.

order; order,; order(,s

|

i som!'\ax J ‘ snﬂr_n_ax | softmax |
fully uly | Thally
_connected connecled ) connacted |
ESTM — LSTM —= L T LSTM | +  LSTM
Sy ‘ N it
embedding i embedding \ embedding embedding |

embedding

order; order, order,_; order; ordery,,

Figure 2: &7V OKRIEHHM.

AWIFETHN 2 E TV % IRSITRERM U 7281 % Fig-
ure 2 2”9, onehot X2 ML THRINS t KFELTD
F— X —¥ embedding 175 We,npeq PFEE & D A4 —
X—=DMDAARRT ML e, 2135, e, &t — 1T



D LSTM VDT hy_y ¥t K TD LSTM IV D

ANe%msd. ZITLRETOAEY RILONRY bV

;i’ Ct, %J}% WLS’TM KB< }:, LSTM @mﬁ‘i?ﬁ(@
SIZHHT 5.

it sigm
sigm hy—
Tt _ 'g Wi sra [ t 1] 2)
04 sigm €t
n tanh
=ftOa-1+itOg (3)
hi = oy ® tanh(cy) (4)

T 517, LSTM D IE2fEEE (W), softmax
BB THEODOLMMANESHERE2ES.

3.4 FH

(5) ROEDHHEEDTNCTE E> 85 A =X
0 = (Wembed, Wrsrar, Wrun) 28R U, BT A —
RO =P %2135,

ZZlogp L L

=1 t=1

EEL, C=|C| oS =S| TH3.

(5)

xt 17)

4 ZEER
4.1 F—¥%tv hk

F—2&% Y MZIZFLEX-FULL E A b U AL F—&
ZHWz., 207 — ZIIHGE LS B O KO
TFAV I T—REEMUZEDTH L. HHT 2
EHANE RN D A T2 ($60 2 — K 1925) D 2013 4
TH1IHM»”S 201446 H30HETE, VY vk—
FA4 VT A (BT — R 2503) D 2013 4E7 H 1 H» S
0143 A3 HETE L. EHHOT —XDHK
822 EIL, ARFOEH WO T —4 2585 —
2 HLUWHHOT 2257 AT =229 5.

4.2 FILIE

3.1 THRREFHET, A—X—OFEZFTS. KE
BRclk, A—X—0OHHEERTEXX A T LAk D AT
RET 5. liEDOESOHBEEIX20 2 LT, TH
EOMMIZ ATz A—K—1220 & LTHEL . Bl
g, A—X—0OHMEE2RTHBNTSOY 1 X1 IE
I=82%7k%. NMEHEDO XA —K—OHHEEZ
Table 1 IZ/RT.
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Table 1: $4#f 1925 2B 1F 2 5 FHE (HLERIZ X 5 [F)EH).
Wag | EXRA T itk X
BidLO 1 0.076
AskLLO 1 0.074
BidCancel 1 0.058
AskCancel 1 0.057
BidLO 2 0.056
82 73 4H
N . AskLO 2 0.056
(FST R A 7 Aliks) °
AskMO — 0.019
BidLO 5 0.018
BidMO — 0.018
BidLO — 0.259
AskLO — 0.251
6 7356 BidCancel — 0.231
(XA D) AskCancel — 0.223
AskMO — 0.019
BidMO — 0.017
4.3 R

(5) ADBUNE B E 51T, Ny FHA RE5 LUk
=N F R AW HEROARRE NETREETTD.
FRFANTIELSTM DA E ) L ILOREEIZGEEEL DD,
FLWRAIE Y b Z2AWSEIREZ LT 5. %
BZIE, 100 A — X —EIZAEEREMWEL . N
A NR=RTF A =XKL epoch £ 50, BHED =y MK
X£T40, Fay 777 bOE 0.5, LSTM DOJF 1
U7, BEFH 7L —L7—2 & UT chainer % {f
AUFEEL .

5 HREER
5.1 EFILOFM

TANTF—=XEHWT, ZEBEAETIMIZLE T
LA EITS. £, LSTM DX E Y )L DIREE G
5728, FlETOTRENS 100 A=K =% ANT
L. T, BODRIERANT LA =X =L DT
& B & R IRIIZAT 5. ETFIVIRERD 1 A=K —D
AZRHDE DL L, Encoder-Decoder €7D T &
SHHEHOLDANELTHERASZLIXZ Z Tk Th
720N

FEROIAM L, AT TONHIZ L S 2 0T D F
¥ COFMiiE, 6 P TOFMIEZITS. 82 2T,



NTHRSNDEMA EHEDORNE D52 EAL
EffZ )L & iR 5. 6 5EFHIE T, 0 82 M
TPHUEZREXDRA TEMifED S biIEXD R A T2
JENRE U6 DETOFMEZTS. HlxiE, &5
NP Z 4 7 AskLO THlitg 7% 2 TIEfE S XL A
R4 7 AskLO THilitg 2 3 DGA, 82 A TIIF & ¥
BT 20T L, 6 9 CIXIE & 3 5. 6 5%
TR, REZHELSTAZILIZEST, EFNE
XD AFAMEIZ LT EDRENIITE 20 %FliT 5.
FEE % Table 2 12T, 82 408HE 6 VI NE,
Table 1 1 Z/R 9 HBIRIEERADLLERE ER2. ZDOZ &
Mo, ETVETSICEBLTED, A—X2—DFHl
SRR THhBELE SR 5.

Table 2: §FAfi fiik & K.

E2(iipsRER B2 i
1925 0.201

N
82 1 2503 0.240
1925 0.460

N
6 7% 2503 0.439

BhEDI SR8V

KIZ embedding 8 DEA % 47879 5. embedding J&
DI — X — 1T 6T EAIL, embedding & TD%
F—=R—=%RKTEHEDRT FIVIZHIET 5. ZD 40K
Tt 82 DR MIVIZERD AN 2T, o7z —
TP SE+TERD T TEHVWT k-means 7 7 A X
VY7 a7, MREHE -FERDEE _FRD BT
ow bUL72H D% Figure 3 1Z/R7.

FTHEXDRA TORKNRDIGIE T E2ADE, o=
—0.3fhEzESte UTa b il Wil CKRE 28T
ETVWBHLERD. FRTFy vk, Bl v~
YN EED SHWTWI NI E e ahnd. X
512 PC1, PC2 ETIHEOBRIZH S LS5 I1I2RZ 5.

I AR AL TIE, FyreLIEEY EHn
U TRAMEDO RN E>TERPNTWS. —7,
FRAEAE IR D JHWZAEHTE TR, 2205,
ETUNRMEIICET BRIV BF ¥ VTS
HHRERZATVWDLINTE S, /272, TOIVIFAXA
Y ¥ 7% embedding JEDEAD PC1 & PC2 DAIZ &
2H5DTHY, HHTHMERET VDS =2—7F
NExy b7 =2 T, 512 LB THRMEOERZ
BT HEELD LR H D, DSIORMDIES.

5.2
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Figure 3: embedding D FA /ML 7 T AR v 7 DFER.
PCL: B—FERI. PC2: H_F. #70y MIXINY 58071
BRI F ¥ VRV EXDMEN S Dfif 7 TH 5. AT IE-1
EUTRET S, 7y bORIEIEXDRA TERL, lds T A
2D VI ORERELRT. KA FORIE, RO IRE DR H
% < B HIPHOHLKIX.

6 F&oH

AIFFETIE, A=K —DFHEITV, THIZ=a—
TNy NT =T DEAPS I —X—DHELMZ RS
ZeMNTEL. BRI, BIUEE LTA—X—D
FELZIT\W, LSTM 2 HWTIRD A — X —% Tl 4
ZETNVDOFEE - THIOFERZITo72. S HITFEB
& embedding JEDEAZ T 5 Z & T, KFEAIN
BT AF—R—DRI MDD I FARY) VT %17,
SEOF =X =D FRLUNDOIETEH, A=K —R—
ATZa—I)xy NI—20%FETHILIZEHT,
F— X — DRI HEUEI R S N B AT RElED B 5. [
BRREIZL - T, TOBEBUENED LS ITE DD 2L
BRENT —< e lbh 3.

AFGEDE T IAD ANIL, WOIREIZEE T 5
EEDIN, F— K —R— 2 TH DS 1A H
5 OAfikg £ % Wiz, UL UROREBIZE > TA =K —
DEKRIIZEDLLEEZEZON, WEORMMLEH S, HlX
W, AUCMitgEDA—X—TH->TH, ATL Y KH
RKEWVRTIEAT LY ROHIZADR, HTIEAT LY
RDOIMZABZ LIZH5, /2100 HIZNTE1MHE
1000 FHZXE 5 1 & TIHERA RS X 512, ik
DRE I U TOMIE DR DERE R 5.

INEBEEZTHSHBOBEEL LTI, WHOREDA—
X—D&, K%L Vo2 ANEROILFE, ik
FERIZ & - TR DO AT R ED TR 5
nb.

S5 3Rk
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Predicting stock fluctuations using Two-level Mapping and SCW

fEH L7 &L 1+
Muhtar Fukudal!

L B RE ¥ KBRS C Y 2 A
! Faculty of Environmental and Information Studies, Nagoya Sangyo University

Abstract:
fluctuations of stock prices even if we use the state-of-the-art techniques of machine learning,

Due to high uncertainty in the stock market, it is difficult to predict the future

such as Deep Learning. However, in some cases with choosing an appropriate machine learning
algorithm, feature values and outputs for the prediction, we can have desirable predicted results,
especially on short-term stock fluctuations about some market indices. Some initial reliable results
have been achieved in our related work, by using Soft Confidence-Weighted (SCW) Leaning, which
is one of online learning. In this paper, we propose a predicting method using two-level mapping
and SCW. We will focus on feature transformations using the two-level mapping. The first one
is based on the mathematical concept of the Singular Value Decomposition (SVD), to get strong
convergence and higher accuracy. The second one is to make the predicted Fluctuation Strength

(FS) more precisely, in which we use pre-learned outputs and do relearning.

1 ([ELC®IC

HAHGZIE, HICFEELEREH D, TDONT VA
12 & o THIHBMIRE ALK X 4, F 7213 Offiks THLS] X
NBEEESETIEFEZIONTE., ZLUTHRERZLBIX
FINFENOHIWESE I Z DN TR E 21T > T E 7.
U U, ICT Hiffiz g & U - kNI BB D F5 R 1T
e, HARE R % GO TGS NE DR, ~—7 v
rDZ v —s)Ufk, SNS & FR L U7z — ¥ ¥ L A
FAT 3y NI =2 DERIZE D, HKAE R ICHEE 5
A DEFENEHILL, AT AL, 250 oz
NP YRGB ] [ R U i RN & 3 e e oY W e AR L
I TIRBATERNT — AWM R, — 2L L&
T F =<V ADHERDS— R AR5 72, RRGZB)IX
TURN A =T THDIEELNIGENDD. *
5 THNE—EDHENHIZ/KS 1T TTH Y, 51D
MGGl TE 5. L L, BoEOE#IE T VX L
& ZAD fTEIZEEELIZE W, AROERMHZATE X
W3 EbHEx 5.

ETHlR7ZZ L5112, G UIZK K o =&itiGic s
WT, REROBWMEABERZ T TR, Tookg
BRERIZE > THUMTIZ L CRIZEDORAILE ) 22
DOERMEEERTE 0N INE T LIZEE IR 5
T&E7z. —F, NTHIEEDO D TIXAnR ORI & AifT L

FEARSE A R B I Y R A

T 488-8711  EHNERIRM A EAI LD H 3255-5)
E-mail: fukuda@nagoya-su.ac.jp
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T, RROEVREREINTIZRZ WA, KEICERES
N EDT — X0 SIBERN R MHBERBERE RE L, Z
NI U TEAEE 217\, BR& 70 T 0 12 F
FTEBHMAEFENERI N, FHLUWVEED B 5
TW5. ZOHTRIZFEHZBUOTVWDEDONT 1 —7
5—=>Z (DL)[1] TH 5 >.

TA4—=7 7=V 7 IEAMOMOBE %2 ETIVLL
ZHEDD—DTHOH, RFITVOEET TV A MPH
BRIV EEDOTTGEAP RIEORERRN 5% <
EHAEOLABICFEIE, HEHBIGHATE S
TN TVWE. ZOIEABIE LT Deep Belief
Network(DBN)[2] % 7= A% L — M Z& D FHl [3]
P LS EERED TR (4] EOMEIERE SN, H DR
EoEENRENTVWS., LU, ZEEDLRY b
U — 27 & TdH D DL & HW TR RS T — R D%
BT 258, RIEFEEDEWSRTI A=A BEHH Y, *
D % EARE S 2 721 TR & FRIKE A WE T 5
U, 7 b OFEM S BT 5. BElReRs] 7 — X2
R ERERLEH 0, FEHM e FH DD D AT
T — X T DBV (feature) DHERE S % H 1T I D
LEDOICHEF L CTHFAEEZBROKETHELDH D, HHO
T2 ONTIRME E FREERICKERIESDENEL B &,
FHFEROEFMELES S Z it b,

FROREMNZPR E L OFHRERDFTESH S
—D DN EE TV & LT Support Vector Machine
(SVM)[5] 23 0, SVM 12 &k 2 @D b LY K3l



EEBLEME6, 7 dHB. LrL, SVM 2T
BERRY T — R OEE e Pl E TS BE, T DIEMR
WEET =2 DY A XL @HEOEIUMET 5L 2
AIMKEN[7]. £z, REIGRYT — XIFRETH
D, SVM €TV FRIEMEE LI 25720121, R
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PEIZEE U T, Jef7afss [9) TO—EDFERRIT & > TH
AEEATH B, AMFZED 72 HIN D — D I3 RKAMiE L =
ELOEEIRMTES &S REEmE2#EETLZ
ETH5. DL, d 2\ IFm/N ik x W7 [\ e a5
LI > THINEERZDEDEHE TSI B E X
5D N, AL DO FERFIFHN TIZRF T E 28R E
SN o Tz,

91

SIG-FIN-018

3 WWFEBRT Ity NO%ERE

B E 217556, FETNVITY XL LA THEY
DIODF =Ry vINFDHEE L FHHERIZKE R
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Improvement of Support Vector Machine Applied to Limit Order Book
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Abstract: Market participants place their limit/market orders by taking into account both the trajectory and current
status of the limit order book. This behavior is based on the policy that the shape of the limit order book is quite
informative for predicting future direction of a traded asset. In this paper, we employ Support Vector Machine
combined with conformally transformed Gaussian RBF kernel to forecast the mid price dynamics. Our empirical studies
show that the conformal transform methods improved the precision more than 3% in average compared to the standard

Gaussian RBF kernel.
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Revenue Prediction based on Multi-task Max-margin Topic Models

HIl R L¥ REH' Lo T

U KRS 2 T SRR R

Abstract:
interest in discovering new ideas by making full use of large-scale data, such as in the form of

Researchers and practitioners in the economic and financial field recently have a keen

document data of company valuation in online news and the form of numerical data of company
financial indices. One promising approach to analyzing such large-scale data is topic modeling,
typically by Maximum Entropy Discrimination LDA (MedLDA). MedLDA is a supervised topic
model that can improve accuracy of latent topic estimation by making use of the side information
associated with each document. In this paper, we generalize Multi-task MedLDA (MultiMedLDA)
that simultaneously addresses classification and regression tasks in an extension of MedLDA. In
this paper, we evaluate the effectiveness of MultiMedLDA through experiments with enterprise
evaluation documents associated with continuous labels of change rate of operating incomes and

discrete labels of categories of business, and discuss it compared with single-task MedLDA.

IELLC®HIC

AR, THREMOFREIZ L > T, HRORKELEIZS
RIELTHY, MMOFIZHFEHETE2TFANT—XDR
I URIT T WA, ZAUT E S TRES T — & % ik
THEEMELEL T, REWNZRETLDO1DEL
THEAE T 1 V) 2 VHds3% (Latent Dirhlet Allocation:
LDA)[1] k& & T3 by ZEFTARETSNE, b
Yy Z7ETFNLNTIE, XEHFAETETFXFANT—X%
bag-of-words JE X TREBRIL L TW 5. bag-of-words
S CEFITHIN 2 BEEDFEIE % M U CTHEED B
HEIZEHLUEREBROZTH B, £/, XEH
AT B OBENRIBIE Ny I DBFEL TV 5D LK
FELTHEY, ZOBREN Yy ZIEEESTICHET
BRERIN SR DM TRELI NS, HIZ, LDA TIEX
HILIIEENEY 7 OMPFHEL TVD EREL T
W3, IS 2D0DHMAIZE > TXEESIZEEINS
HEEZRBIL TV,

E7z, RIEXERBEE % POMTREE - SRS O
IR A~DELREE > TWVW5E. RFT—RIIHEE2D
HoYLELEKML, H—K 2T 2EHOHT
HABINTED, ZOT—E0oH-RAAZ2E5
O AN ZINED T WS, BRI - OB TOX
BEF—RIFETHRME LT, B¥ETF—X08E%

1

FHEAR S A KRR Y AT AN AR
T 657-8501 LA i < /N H A BT 1-1
E-mail: nakagawa@cs25.scitec.kobe-u.ac.jp
DM REEREERE Y A T DB SR
T 657-8501 eI i< /S H A HT 1-1
E-mail: eguchi@port.kobe-u.ac.jp
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BLT—RD & D BRLREELHRANINIERPFET 2 Z
EREFONDG. ZoMNIEREEE L, LOEHE
BRI FIEREENT WS,

D&z, FMFUAFET 2 3XET — X EH
& UTHEIE (722 21K, Vv VILREZEDOMER]) X0
il (=& Z21F, ZFEHDOERPFMR) 2RO &%
WTh5. (EHRZZHIEPTIETEEN Y Y
HEDKEEZMEIETWEETLE LT, BHIEAD b
¥y 7€ 7 )b (Supervised topic models)[2] X H Ak~ —
VY by 2ZETI (Maximum Entropy Discrimina-
tion LDA : MedLDA) [3] 2745 % 5. MedLDA (14,
BRI % P S CE T — ZIZRE U 72 MedLDA regres-
sion &, #HfgH % M S XFET — XK IG U7z MedLDA
classification MFAET 5. XEDOIIEHRZIBIE MY
I OWRIZTEPRT Z 212k oT, FHKEDHN EZX->
TWa., £7z, Y R—IRZ7 X =< (Support Vec-
tor Machine : SVM) [4, 5] (&1 5~ — v K{bik
ZIMO AN, HELUZBEN Y 7 2R HEE U TH
FHLUTWw5. 727U, MedLDA I& ¥ — DA IE#R % £f
DONHET—RENRE L TH Y, HEEZ ~)L &k
67 VDS %2FED T — 223 U CGEA T E 200,

ARESLTIE, Sl - RIFTFANT—Z Lo REDN
WHEIZEET 242 PHIT2ETVEEBITAZ L %2
HiNE 3§25, ZOHMNDE &, MedLDA ZHEiEL TH
HRA 7 L EIGER AT ZFEARIZERT 2 IVF R ALY
BAY—=YY by ZEFIL (MultiMedLDA) (Z—#%
{9 5. MultiMedLDA TIXEHFEIHD T NIV D3} 5.
INET—RENRE LT Y, EHEEEOM NG



W FRHZHEE LU RRSEE N Y 7 OHEE % TEEIC
LTW5b. F7z, MU 72 Bod bE % i < 22 30
IR [T) EIHEN D FEEEA LTS, RO RSN
RIS 2N TERWVWHNBERIZNT 27 7o —
FDO12THY, HMEB» WL DO ST
&, TN ENOEEOTEMR RIS Z L AT
XRGHITEMAT 5 Z A HETH S, MultiMedLDA

TIRE DL DNIER»SEBIE Ny 7 2HE LT
By, THUKEOWNEN HRFING. KX TlE, *
FEDEERR Z <V, HENRRERDOE T L&D
M T F A b &2 W T MultiMedLDA DA R %
T L, MedLDA DDA A2 B L OHEIFZ A2 L[
BUCHmd 5.

2 FEEffR

BEFEOHEMBMEL LT, IRV EZELT
BIE Ny 7 DHEEZEITS MedLDA, B X O R4 fF
IDOWTiRBd 2

2.1 BAY—YVINEYIETIL

Maximum Entropy Discriminated LDA(MedLDA)|3]
&, AT Y ha il (6] & FHEN D B &
DPAAAIZENT, BIE Sy 7 2R e UTHOWD
D, TOWEN Y 7 Z2HEET 5 THETH S, MedLDA
DITITT74HNVETNER LIRS, B1HODyld&
NEIMGINBMT NV THD. £z, niET L
AR D& My ZITHT 5 EAMRETH 0 MY

WX B BMREZ £ Y. MedLDA D4 lid#fe 2 LI R
IR

1. XFddel,...,
% B

2. XEAND Ny HDHEE wy,(nel,...,
LT,

D) I/ U T, 6~ Dirichlet(«)

Nd) Iz

(a) PEY 2 24, ~ Multinomial(f,) % ZER.
(b) Hi5E wq,, ~ Multinomial(3;) % .

3. DIEOZXEZH LTI N yy ~ F(n, 2q)(ya €
R) %3#IRT 5.

wE, BT Ly HNEGRETH D & ED MedLDA X
mFET IV, MEETHD L& S IIDEETIVIAED
Fonsd., FAFNIZDONWT 2.2.1 i 2.22 #ilzTH
g 5.
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D

1: MedLDA © 25 7 4 HIVET IV

2.1.1 [OFEEEZEE

T

LEERY—Y U hEY I E

e 7 NV EFFOXET — X &S MedLDA Re-
gression (MedLDA-Reg) {Z2WCHiHHT 5. MedLDA-
Reg TlAY—Y VR AKbEZFETHZ LickD, BT
D& S mRECHTEFERESINS.

P1(MedLDA-Reg) :

D
L(q(Z,0,1)+C> (ba+E))
d=1

min
9(Z,9,1n),a,8,6%,6,6*

ya— Eln'z4) < e+ &a [pd]
g, d v ETE S et € L

€ >0 [vg)

£ >0 [v7]

Py g, Ve, V5 W& T T T T af i Th B, RO |
&7 75 vy a2z RO DBOHNRE F 75
VaERONIEERLTWS., £, KEABITXZ =
{z1,...,2p},2a = {741, -, zan,}, O ={b1, ...,0pD
b Y =A{yiypt, W= A{wy,..,wp}, wy =
{Wdla-- Wde} 5—{61,...75[(} éi“%j— %U%J‘
o & IFFIT — X DRREZR RIS 2REEZE2RT A
TVIEBTHY, e FFABRETHL. ZIno ik

MedLDA-Reg @E%ﬁiﬁ@i@;ﬂj’%ﬁ 5. HWBEHD L 1%

ﬁ(q(Z, 97 n)):—EUng(ea Z,1, Y7 W|a> 67 62)]
- H((I(Z)7 97 77)

THd. HIFENR®NHq(Z,0,n) DT hBEE—T
HY, H(g) =—-> qlog(q) TH5. HELREPL I
— RN RE L Z e DNEETH B 720, BMELIE T

(1)



qIZDOVWTOMNMEE G Z 5.

N
=1

D
9(2,0,nly,)=q(n) [ [ a0alra) [ ] a(zanldan) (2)
d=1 n

ZIT, g BEV bgn RENNATA—ZTHY, 4 Ik
FAVIUBATA—RD K FGEDRY MV, dan
EK N2 OSENGTHS. T LTENEM 7
LT ZREFTFO, &8T5 A—RERELT B, Z5
EM7NVIYXALATIHRD2AT Y TH2EDELITS.

1. E-Step : BHELBOHEHZ N A% HEE
2. M-Step : RAEE & #HEE

EHARDBEHTRLN FRZHRALT HE1T A —X
2RO L. X7z, BoELHE P1 OfilfyZz H BB
MAAAR, T 70V aBL 2EHT 5.

D D
L'=L(q)+C) (ki) =) _pale+éa—yat+Eln' Z4))
d=1 d=1
D

= (wile+&i+ya—En" Za))+valatvpél)

(3)

DL #RNTA—RIZEALU CRE(THI LIk
DEHREES.

E-Step :
o YIZBALT L™ Z&ift : vl a & ¢ PO
T5.
N
Yo =+ Y Gan (4)
n=1
o ¢IHILT L™ &BHEAL : L /0¢gn =0 & L,
RADBFESNS.
¢a,i xexp(Eflogh | 7] + Ellogp(wa,n | B)]
Yd
+ Nd52E[n]
~ 2E[n" ¢a,—in] + E[non (5)
2N2§2
E *
+ B, i)

BB, Pd,—i = Dy Pan THY, Bk ¢q; S
D ¢ DM AERT. nonlE T XY—LFETH Y,
nALOREREDORN S0 ERT NLTHB.

o q(n) \ZBALT L™ &haiifl : A%, BIINRZ ML
Zy 5% DK ATHI L 28T 5. L7 /dg(n) =
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0&LT, kAZ/[(2

D
a0 =" esp(y7S (1o it L) BIZ4]
= ©
E[ATA
AT

¥72, EATA =P E[Z,Z,), E[Z/Z,] =
/N (N S i Gyt D oney diag{dan}),
SIFEBTHD. FoNnTzq(n) % L" ITRAT S
ZXItEoT, UTFOMEENESNS.

D

1
matx ——a"Ya—e
wpttar
d=1

D
(a )+ ya(pa— )
d=1
. o
BB, a =24 (pa — Wi+ ya/6*)E[Za) TH
D, ZOBRMEE SVM-light! 72 & DY L N—
IZX o TS Z ETyqln),p,pu* 2155.

M-Step : 3 & 52 DFEFRIILATOHED TH 5.
e SIZEAL T L" % &l

D Ng

5k,w X Z Z I(wd,n = w)¢d,n,t

d=1n=1

(8)

Iwg, = w) ¥k, HiEn OFEEN w THI5E
IZDH B IZINET S Z &2 HEKT 5.

o 02 IZELT L" % Eudfl

1
0% S(y"y =2y  BIAIED] + E[y " BIAT Aln))
9)
5, Bl EAT Aly] = (B[ATAJE[py]) T
0, tr XTI O XA O E EKT.

2.1.2 DEIRIVERELIZERAY—IV YV NEYIE
FI

B Z NV 2RO T — & &4 5 MedLDA Classi-
fication (MedLDA-Cla) IZ D2 \WTC#HIH T 5. MedLDA-
Cla TIEBAND & 5 il bMENER I N D.

P2(MedLDA-Cla):
D

q(zg)ig,&&ﬁ(q(z@))<q>+KL<q<n>Hpo<n>>+cd§j:1<fd>
Yy 7é Yd
st.vd: ¢ ElnT Afy(y)] >1— &
£4>0

Lhttp://svmlight.joachims.org/



BEBIL L = {z1,...
©=1{0,...

2D}y Zd = {Zd1,- - Zd,N, )
HD}, Y:{y1,...,y[)}, VVZ{Wl,...7
wpt, Wa={wd,....,win,}» B={B1,....0x} %
9. HIRIRF O FFIET — & Oz 2 RIS 2 58S
ERTATYIERTHY, XETLITHRETS. KL
2 DDMERNADERERT ANV Y - 4T F—
HHETHY, XRATHRINS.
qa(n)

KL(g(n) || po(n) = / atmlog 2 (10

Z 25 1E MedLDA-Cla D EHOEH 2175, HHY
BRIz B W,

[’(Q(Z7 @)) = E[logp(avszvw | aaBa52)]

(11)
—H(q(Z,0))
Aq(y) =f(ya. Za) — £(y, Zq) (12)
TH%. MedLDA-Reg & [AkRIZ o L P2 (2B L

THEMEEZFTW,
Z5.

q (2D W T DEMAAIINEZ 5

D Ng
90,2 7.6) = [[a0al M) ] a(zan | dan) (13)
d=1 n=1

Z U CHMBIBICHNR 2 8D727 75 v a B Le
ERDEIITEHRL, LC2{NRNTA—RIZBELU T
T2 eTHERNZMGES. 2B, v, ICHALTIE
MedLDA-Reg & EHHAM[E U TH L 72DEMIKT 5.

L= L(q(Z,0)) + KL(q(n) || po(n))
D D
+C Zfd - Z vaéa
14
—ZZM Bl Afd(y)] + €1 — 1) )
d=1y#yq
D Ny
- Z Z Cd,n Z (bd,n,t - 1)
d=1n=1 t=1
E-Step :
o ¢ ICBILT L¢ REEAL : OL/0¢a, &L, KR
NESNS.
¢d,n O<eXp( [1Og0 ‘ 7] + E[logp(wd,n | 6)]
+ = Z 1a(y)Eny, —nyl) (15)
y#yd
A D 2 JEHIX MedLDA-Reg L [ARETH 5.
o q(n) T LT L° % &f
1
a(n) = Zpo(mexp(n’ i) (16)
7—‘- 7“‘ b /‘L'r] Zd 1 Zy;éyd ﬂ’d( ) [Afd (y)]'
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2.2 W

RO 437 (dual decomposition) 1&, #HE7R HAIBIEK
ZWIRINIRDDFETH D, EHEMITRDDZ h
W72 HBEE 2 WL D 0BBucAElTtE, zhE
N OB D B ERED SRR E 556 @A EET

%, WIS 2P TERVIROBEEE 5 &
LT, B EOf %R,

arg max f(y) + h(y)

Y

arg maxf( ), arg maxh( VBRI R E B L RE

(17)

Té DL E, ﬁ@ﬁiik@ﬁitnb (k2 5D,
arg max f(z)+ h(y) (18)
Y,z
st.y =z (19)
ZOMEDRE L 95, LT, ZOMBEIZHLT
077V akEMEEAT 5.

Liwy,2) = f() +h(y) tuly—2) (20
wld 777 vV ag e ThH D, RIT Llu,y,z) ITBILT
KRR DHEDEEZS.

L(u) = max L(u, y, 2)
o (21)

= max(f(z) — uz) + max(h(y) + uy)
oML y = 2z DFINZ R0 720, I DORE
FOIRVRZERMZ RS, L* < L(u) KD LD, 248
k0, TomEEO ERE5EX TV, £oT,
B ERLIZ £ D AR AR 0 2D,

L* = min L(u) (22)
min,, L(u) &MBEBTHZ DT, u 2T A0 %K
DB enTENL, ARE TRV RELTES.
EoT, BWAD1DOTH2 d, IFIRDEDITRKDBZ
EMWTES.

dy =y* — 2" (23)
2* = arg max f(z) — uz (24)
y" = arg max f(y) — uy (25)
y
ZUT, GERICEDEUTOE I u Z2HHT 5.
uu—ply" = 2" (26)

pIEATY THTHD. ZOFFEEVELT L(u) %
INEL U, y* = 2% & BN E R & BN HTRE o fl
M= U7z ERDT, RERERDD ZENTES.



3 WHDBEFABALEITILFYIRY
BAY—YVNEYIETIL

3.1 EFILDOER

2.2 fi TR AT & 51z, HGE F 72 IXEEE O g
WEFOXET — RO 2175 72121E MedLDA %
FATIEEI V. LA L, MedLDA Tl HffE & Mk
EDM GO MERZ RO XX ET — X O 2175 Z
EDTERN. ZOMEE RIS 5 82, B2 IEAT 0
REFFALUEINVFRAZBERI—I Y MY 2ET
)V (Multi-task MedLDA: MultiMedLDA) % 259 5.
MultiMedLDA TIXEBFEIED 7 XV D35 Xz X
Iz U CHEAABERETILTH D, MedLDA % BUG
DREZFHALUTHELTWS. PUTFIZ MultiMedLDA
DERGEREZ RT.

1. XFEd(del,...,D)IZx LT, 0~ Dirichlet(a)
% R

2. XEAHND Ny {6l D BAGE wdm(n S 1,...,Nd) e
FUT,

(a) PEY 2 24, ~ Multinomial(f,) % ZER.
(b) HEE wq, ~ Multinomial(8y,) % .

3. DMEDOCEIZHUT, #ifgi 7 Ny ~ F(n", zq),
BER 7 0V yG ~ F(n°, 2a) &38R

B, "¢ IFEMRETH 5.
MultiMedLDA 275 7 4 ANVET IV ZX 2 I1ZRT.

(a)

~—

N
")

\_*/ \\“,.— D
— ¥ =g
=

2: MultiMedLDA ® 25 7 « 1 )VE T )V

106

SIG-FIN-018

3.2 EFIOHE

Hifgt 7 Ny e R EBER T NV yc e {1,... M} W
BEXEIMNIMESNTWS, T—XLY MZDOWTHERS.
ZD & E, MedLDA-Reg D iu#E /L@ & MedLDA-Cla
D E LI ZRET A EI2&-T, UMFDO LS %
B LM EZ ERT A ENTE S, b, HWBEEK
%1, 2HMPERZ A2 0K, HMBEKE 3, 4
HRDER A7 OHWBEBTH 5. FRIZHIFIAE 1,
2, 31rAEIRE &R A 27 DRI, HIRIREE 4, 517235
HRATDHIATH D, B 6 1TIEATRRDT=HD
HifITH 5.
P3(MultiMedLDA) : min
q(Z7,07,n"),q(Z°,0°n°),a,3,62,67,£7* £

D
L7(q(Z7,07,0") +C" > (Eh+€5Y)

d=1

D
+ [:c(q<Zc, @c7nc>) el Zgg
d=1

vi — Bl Zd) < e+ &
~yi T El" Zd < e+ &5
> 0,64 >0
subject toVd b0 20,642 -

ye# g Eln® Aa(y©)] = 1-&5

£=20

¢7' — ¢C
BEBUE Z7 = {2],...,2p}, 2" = {2h, - 2N, b
Ze = {z5,...,25}, 2°={25,--,2in,}» Elzj,] =
hynr El2G,] =05, ©={01,....,0p} THB. TL

T, £ IFENENIIHT — X OFGEZRINT 5
BEEZRTAT Y IER, ¢ 3FRHETHD. £z
MedLDA-Cla & [FAIBRIZ Afy(y©) = £(y5,Z2a) — £(y,Za)
Thb. f(y°,24) & (y°—1DK + 155 y° K OEHEN
RZMVZTHY, MOEREIN?0 TH S & D 2EHAN
IRNTHY, Z4 (1/N) X 200 TH 5.
DIFCREFR A2 124 5 HIBEHEE 1, 2 1HE
L(R), DR AZIZHT 2 HBEEE 3, 43H% L(C)
T4 ZoREMEIRLTI S VY aENE
v, ROEEMMEEZRS. od, HEROZOHFY
RIFEBLTWS.

L(U,¢", ¢%) = L(R) + L(C) + U(¢° — ¢")

UWS 750 YaBBchsd. Wz LU, ¢, ¢°) % &
IMET B ¢, ¢ BEZB.

L{U) = min L(U,¢", ¢°)

(27)
— n;irn(z(R) —U¢") + n;icn(E(C') + U¢°)



Z OB 1T B LRIRE P3 ORI 6 /7125 5 o7
GCDBERSINTVWARVDT, &KW FELEMZRED
Tz kb, L* > LU) KO SLo0T, midfki
BEP3IDOTEEEZTWS. £/, @ LD L
maxL(U) BV LD. £-T, LU) DEWHD 1D
ThHddy, BLO @™, ¢, 7770 VafTHU I
UTFDESITh5.

dU _ ¢c* _ (br* (28)

¢ = arg min L(R) —U¢" (29)
¢7‘

¢ = arg min L(C) — Ug° (30)
¢

U U — p(¢ — ¢™) (31)

mE, plATFTY FETHY, AL TIEKER S D
W AERANTWS, [HFX A7 L8R A2 TEIE b
Yy ¢r, ¢of DR EITo7214, ZOEHEZMEYIKT
ZETFRLU) ORKILEITD. LT @™ = ¢
7o 7D R & RO FTEDOEA —F L 72 & E D
THREIZEREL -2 AR I N 5.

ZHUZE D EFSNTz ¢, ¢ BENTND AR
FIZEZRPTILIZEST, 5 —HOMELEZR
UL7ZIBENEy 70D AEE L 72 5. 70dB, Multi-
MedLDA D #5E LREIX, MedLDA & 1Z# 72 0 §l#)
Rl " =@ ABEMEI NG, ZhTk b, —U¢", Ug®
DIEDMRMD %2 LT-BIZB KRS, KoT o, ¢f DEH
RIFUTFTD LSz 5.

03, <exp(Ellogd | 7] + Ellogp(wa.p. | )
2E[n" ¢a,—in] + E[non)

- 2N252 (32)

B s — i) + 2 0 - 0)

9%, cexp((Ellog0 | 7] + Ellogp(wa.p | 5)]
(3

s 5 ) Eln, =) +0)

4 B
4.1 FT—%tvhk

AR TIE, T—X& v b& U THRERFH AL
FATT D RALUFEREMH L. Zhid, WEHIE
WCHKRIND EGRE 3675 (2017 FEHAEIMR) O
REAZIILOE U BGa— N, 26, H¥ER2E, K
fifi, MR E2BETVDHETHS. 2014 FEHH
K7 & 2017 EEHAME TO 13 WEHIOT — X %
U7z, T — ZTISREEE, e & U CemE,
fifE & U CHIEE D S DEENSOLR 2 HAH L 7=
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BREIIT EGT BB RS N 32 FEEEHO R D 5
L1 OMWEENTED, TORTERLERDSZ N L
P10 FESE (P — e 22, MR - @5, NaeZE, #ist
, BEABEER, B, boE, EEEZE, SR, XA
Hegs) ORBORET — X2 HHLZ. KFEMBOMYE
BUTIME 0 BIEET B7-0, 1 Iz OV 88 %%
HEMEAITEIRLTWS, £/, 2EBT 3 XERM
UDnHB U R WESEREZ R L T D, B, X&E
7 — &% MeCab! % I\ CTIERERMENT 217\, BIEA®
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A discussion on how to measure and manage global geopolitical risk
for the purpose of investment risk management
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Abstract: The purpose of this discussion is to illustrate in practice the investment risk

analysis of geopolitical events such as Brexit, China shock, and similar events, which

traditionally have been forecasted using qualitative approaches. I discuss what quantitative

methods are available for modeling and forecasting geopolitical risk from the perspective of

investment practitioners, and provide usage case examples.
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Statistical Multi-factor model, GARCH, Variance-Covariance matrix

estimation, VaR, Geopolitical Risk, Asset Allocation, Downside Risk.
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Embedding time-dependent networks into low-dimensional space

using deep generative models
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Abstract:
data. Almost all the existing network embedding methods adopt shallow models without having

Network embedding is one of the approaches to effectively analyzinge the network

deep architecture that is commonly used in deep learning studies. However, shallow models can-
not capture highly non-linear network structures that are often observed in real-world, complex
networks. To solve this problem, Structural Deep Network Embedding (SDNE) was proposed as
a deep model for network embedding. In this paper, we focus on Generative Stochastic Network
(GSN) for network embedding, in an extension of Autoencoder. GSN robustly captures latent
features of data by adding random noises in the process of learning. The framework to capture
the latent structure of network is similar to that of SDNE. As a target network in this study, we
focus on the time-dependent networks. In order to address the dependency between time intervals
and to capture the tendency of previous time interval, we propose time-dependent pretraining that
uses the parameters learned from the previous time interval as initial states of the current time
interval while in the learning process. In the experiments, we use time-dependent financial network
data, where each node (or vertex) represents a bank and each link (or directed edge) represents a

per-month transaction between a pair of banks, resulting in a series of per-month networks.
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BORIZ DY 1833.25 TH Y, KRB/ — FED
HIZEDOEIF 2525 THD. ZIT, RIBE/—FH
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