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On Patterns of Price Change in Speculation Game
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Abstract: In this study, the statistics of price change patterns is investigated firstly in Speculation

Game (an agent-based market model characterized with round-trip trades), then in several real

financial instruments, and finally in two other representative market models. The occurrences of

historical patterns from Speculation Game suggest that the speculative spirit of the market may be

demonstrated as the significant deviation from the uniform frequency patterns. This implication

can also be verified from the statistical results of those highly speculative assets, such as gold

price and foreign exchange rates. Furthermore, it is found that the reproduction of such historical

patterns requires a bottom-up modeling of the markets, as the price change patterns can hardly

be achieved in stochastic process models.
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Analysis of high-frequency trading from the viewpoint of tick distance and Execution
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Abstract: The increase of high-frequency trading (HFT) in stock market increases the importance of the
analysis of its behaviors. In this study, we analyze it based on the previous research which analyzed it
from the viewpoint of “Make and Take orders”. The characteristics of our analysis is “analysis of tick
distance”, and our findings include: 1) the upgrade of stock trading system enables the handling of current
trading volume that increased 4 times from 2010 to 2018, 2) Although HFT is making “make orders”
away from the best quotes, such orders will not be executed.
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Abstract: This paper investigates the stock of Terilogy Co., Ltd.(code 3356, JASDAQ) using VPIN
(Volume-Synchronized Probability of Informed Trading) proposed in Easley, et al. [1]. Especially, the stock

is attracting attention in SNS etc., stock price is fluctuating. We examine the investor behavior with VPIN,

and also consider how to use this theory is applied to the stock trading.
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Abstract:

BTE, WS EETSMAB CHEHEZEDTE D, RERNWRBSEEDO—-DOTHLHE Y b

I VD1 HDEEIRIZSEE2BAS. AMIKETE, V=Y Ry VT —2H9 =V X ET, BWE
BHEFESTA VYV INVIT UY=L IRENDE A4 DIGSEREIZETEIY A — FOEEBIZEET 5. #4

A Y IV —DY A — b DS B AR

-

IHEBTALYEZ, AVILNI VY —DYA— %

HWT, By had Ao L/ T2 T2 FEERETS. 1 V7V —DOY 1 — %

IWEL, Tz S OTFE2Z W TRERT L, BMEEICHVS B2 LKL 2

EER D

R, BARAINVI Y=Y A — MR SEEOMMEICEET 2R DS 2 RRL .

1 FELC®HIC
S EENIRIE, @MODBFIIEWTEL OFRER

VIV VY =D DR E LG5 Ol 158 %
HEZTW5, 20, 41V I NIV H—DDORP &
WMEEEICVELZGRA D LMREL TS, ZORE%

OHfZEE DL EED T WS, Bitcoin(BTC)[Nakamoto 08] jgzfd 27212, 4 Y 7L Iy H—DOIR X % (fi 5

X, TOXSRBEESERED 12T, 1 HOHGIEIX 50 4
BHZL. WGEEEDEOICEREIN-TaYy 7 F 2 —
VH L, MOSEADIGHPEINTWSZD, =
VIUZTHRODIEHBEDTWSE., T XS ITkEA R
NEPSOELEH Y, TRy IFz—rFr /Ay —
T B EY 21220 T, 2L DYA— DRI NT
W3, — T, Twitter OF — X iHHIZDOWT H HEE
BERPSTFEHINARHT WS, 2011 4£i1Z, Bollen &
EDZRR EN 5/ NZKMIREED X T3 IRk
DOFRNAATIDZ L %ZRLTED [Bollen 11], 5D
M5EIE %  DIFFEERCHERICKE LY E L5 2 7.
B2, ToOERESEIZLT, YI— b EFHALT
KMl Cld7Ze < BTC itz FHlT 22 L 2 HIWE LT
W5, BEIZIE, V=Y y LRy b T—F U Y —
YA (SNS) izBWTa— Y-z KERPELLEZ S
AV INZUY = IRENS 22— — D5 E I
TEOIRE LGS EEDOMMBICER U7z, Fxlidka

*EARSG - BUR KR

E-mail: yamamoto-hirofumi277@Qg.ecc.u-tokyo.ac.jp

U SEERUITLE RSEE]) Lidhs. Lrl, HADR
AT IR S EE R TS EE] LIPSRETHLLHMETVWEDT,
ARETIEZNZ IG5 ERE LS. https://www.fsa.go. jp/news/
30/singi/20181214 .html
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T BTC ffit§ % 19 5 Kbk %47 > 7z. Twitter 7 — X
& BTC flifg % #f 3 % HiED PRI gEM:AS, BTC {fi
MOARZEMAT S HELDEENTWDIGE, hzb
DRI E NS EE X H6Nn5.

Fxld, ANIZRTHETTI VIV U —DDOR
PEERMHALTBTC MM ERT 2085 %2 FHlL
72 £, 41 V7NV UH—DDRPE L BTC Offifg
DF—REZIET S, RIZ, HREENHEAN 2/ L
TYVA — b oREMH L, BWEEIZ525 A0
F—=ReT B, BExosnz AT =iz LT, BTC
itk D L7/ N2 DETHH L LTEHSES. &
®Biz, FHLEETLVEHAWTCA Y I LIV —DY
A — M5 BTC fifg % FHI$ 5.

2T DERIIBWTC=Za—F )L xy NU—2, W
R— MR Z—<T v (SVM) [Hearst 98], 7 > X L
7 % LA B [Breiman 01] 72 &, \\ < DO
EEERAL, Kz HERT 570 DEMEIT - 7=,



2 WESEEMETRFE

ZZTlE, RFHEEEWTFEFGIEDOZOIZERL 2
REEIZDOWTHHT 5. KRFEOFHBMER, ko
S &M E TS 5012V 1 — T —R LGS
EREMEOmE G 2HEHT I THE. UTOHTIL,
HMEMTE E ETFT I DOWTEHIT 3.

2.1 HEHE

BN, JEEEE HARBEZNZTNDDIRED 0.5%LA
RizEENDI LG, BE, BERAZERL, Thoo
EHIEME TFIDF (2 X > TFHiiL7z. TFIDF (w,t) %
MONTEHEINS.

TFIDF(w,t) =tf(w,t)logy

df (w)’
ZIT, tf(w,t) i, VA= Mt NOHGEw OHE, N
&, ZETF—Xty NHOY A — b, df(w) 1%, ¥
FEwdDYA— MAEE2ZNTIRL TS,

Z OEBITIE 2 DO ANMNEIRI N7z (1) YA — b
F ¥ A h® TFIDF ¥ — X DAD AJ, (2)TFIDF 7 —
ZIZWWROEE VYA =, YA —bLza—¥
D7 BT —H, BIOHETHM»S D BTC Offfikk D24k
BD42EHOEIEZANTHS. 12170, ThsDA
TEBILSTM I ST, Rbvizy 1 —bF—
& @ word2vec[Mikolov 13] 2 (200 ¥Xjt) AAAST & LT
I N5,

(1)

2.2 BWMFBFE

ZDHEITI, EERTHH U 2B E kR AR S,
FxZY 1 — bh S BTC OliHKEE %2 FHIT 570
W2, aVATFay 2R (LR), JVYZL7 4V AR
(RF), BXU%E A\—t 7oy (MLP) ZfHHL
7z. LR & RF (2% Scikit-learn 3 THEI N TW5 b
DEFEALZ. MLP & biLSTM (& Pytorch 4 % {#i> T
FELZ, MLP &, 1 D2DANE, 1 20BNWE, &
T 1 >OHNOETHEERINTEY, HHLBEHE L
TR ERZEAE (tanh) ZERFH L 72, £BRAVEIX 100
A THR I N TWS, biLSTM &, 1 2O ANE, 1
OOENE, BPLU1DOHBNETHEEBEINTWS.

2.3 AXFE

BTC Offfitg &> 1 — 7 — X OBfRZE T 5IZHHN 5
Iz, UFDETNVERET S (Figure 1). £9, #

2https://radimrehurek.com/gensim/
Shttp://scikit-learn.org/stable/
“https://pytorch.org
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H2 6D BTC DIMt&ZEED 1 %A EDEE, LR 2
WTETIVORBEY R 2R T 5. Iz, Y&k
BEMHALT, SEP 1LIZRIER2ZROXEMHHL
TAHAT 5.

(2)

T, o EE, BIEYIS, v 1x TFIDF &, LR ®A
HEUTHEHEINEZOMDY A — b T —X%EDIRITT-
NI MV THB. A2, K1IZRT XS IT Vectorize
CIEENS. RFE AT =R I TD LS IZEmEINS.

probabzlzty = W

Step 1: Y1 — DT F A M5 TFIDF %238 T 5.

Step 2: YA — D “LWR DFEVVA -, B
TUOF0a—Y—D7r07 K%, HELE
TFIDF i22%F%. Zhid TVA—bF—2%&]
RIS,

Step 3: Step 2 DF—XIZL>TLR 23l#L, =D
B 2HET . 2ol LR I,
Figure 11281} % [Learned LR] Th 5.

Step 4: Y1 — b ZXIZ, LR DREEYN, VA1 —
F 5 —2%& (Formula 1) T BTC OAfil& A E _EA
DI EMEREZFET S, ZOMEE [LRATT
ETH. ZORATIE, BI1DAIIRZ LD
[Vector B] B8 DFNFNOHTH 5.

Step 5: 4>, BIHM SO BTC flif§ DZ&{bE % FHH
5 (Inz 124L#E] LIES) . Tl Figure
1DAIIRZ FILD [Vector Al B3 Th 5.

Step 6: 1 fHIZY A — b ENZ 12V A= D LR X
37 %, BTC OEBAEHIZ 1%L LA U 72k
Rr o 1 IHEETE COEFRIZORIT S, VA —
RO ZRWIE 05 ICESHZA L. TNMRF
DANT—=RTHY, Figure 1 DATIRZ MLT
H5.

Sy
ARHITIE, KRFEZ2FET 5. BTC OIIEEE) & 1
VINIUVH—DORREDORBRERANRDZDIZ, IR
DEEREFT - 7.
o KRFHEIZIBTHEYA =T =X LOTHID
K DE W Z HED O B EER.
e AJ1& LT word2vec % f# -7 biLSTM 12 £ 5
FEER.

o RFILEE UMD, DT 71 —FI2 & 555
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Yesterday
711602 | 712011 | 711881711882 |
-60 min =59 min -2min -1 min
Today Rate of change
| 736717|736970| .. | 740482740768
-60 min  -59 min -2min -1 min VA=K, 7HAT ¥,
~ Vectorize \ WhRo%, Uy A — K
/ ‘\\ “.lllll"
[|a235|0233| .._|0267]0.270] {07 .. |03 ]
Vector A Vector B Learned LR
| :\\ ] N
A input vector (%tﬁOVF%
RF
t8 TR

B 1. ATk

* 1. VA1 — b

‘ No. ‘ Tweet ‘

1 N Y RERIESGE, HEEREDRA

2 KA VTV, HED sk & £ 5 Ak

3 MEER, AR TED A H &N O S

4 GMO, (FFEEETHER KVITEVOBE

5 B EE  MEIEIFrEEA, BUEHPENE
FH

6 Y FHDD BRI T v 7, Kt &S

NFAR SRR~ ST B

7 WEHSIZER, 10ETEIEL BT RES

5

T 51T, F&L BTC Offitg 7215 T <, BBlmEY
A= HEHELTWAAHRELRSS EIRELEZ. %
D7z, V14— IS WEEOEE FHIT 2 EKRE
To7-.

3.1 ZEBRRET

FEEEITD ETOREITDWTHIAT 5.
CIRERBAE R ARETETIE, TR TH S BTC DA
MAZ D WTIEFHAZ R TH 2 B HEIZ DO W T RENIT 3
F—2ZHE L. £, (1)BTC Ofiifg 3 —E A&z
FREZEITETI2OTHITHS. 1 Hig, 1AM,
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2[R e NS 3 DD E#F A 2. RIZ, (2)BTCD
G GED — IR IS 2085 & FHIT S
ZeTHD. ZTHNIZDOVWTH, flilEDGHE & HKIZ 3
DOMIEMPE RS N, BEIZ, (3)BTC DOffifgA 1 H
BIZ1IRUEERULAZEE, $HEFEALZE ZICR
EL, il EAF/ZIETRTLINE S a2 FHIL 7.
CANEH (VM — b)) OFFOHEAEDE: V1 — |
FIRD 3 DDEHEIZ > THFEEI N (1) S35 (HAE
EE I, (2)BTC £713 GEN (—f) LT
RIMFIFEINTVENE S H, (3) VA — MEIZ BTC
DAiFED 1 %A EEB L7202 5. 22T, VA —
MZIBTCEED F ¥y 2R EEFNTWBEEG, DY
14— MIBTC &2 7FHFENnT Wiz, 5612, VA —
MZHFSERERED MR Ny DB EN TV
B, THHIE GEN X7 firantnkz. Zns
DEAEDHAEDLEIZEINT, HL L 8FEDO AT
157,

3.2 T —%

ZZT, b fiExEFHIT 572007 — X%
RS B HEERT. MeCab® % HARGED, spaCyS%
PFED RO -OIMHH L. RT T %Y
A—=HME, VYA = ThHB7-DHIRL 7. Tz

Shttp://taku910.github.io/mecab/
Shttps://spacy.io/



018 FE7THI6H»S 10H 24 HEFTDOY A — T —
REMFHLUZ., 2L, MFOLS5cLTrI 71T
VH—DVA— b ENE L. £, BEE IR
THYA — MERBHBICEMT A ZHFEL, oD
TART—%7-Eo57. ZLT, FABIEINS DA%
DHENRLA VY INVT VY —%EY, Ho5DOIPE%
£, THI6HPSIHA UHETDOY A — T —
REeFET—22 L, I0H4H»PS10H24HETS
FARTF—RE L.
R2IHLDT—RDONEERT.

* 20 Azibiey 4 — b D

train data | test data
Par 25,986 14,542
HAGE 70,400 23,581
$igk ( BTC £7z1% GEN 2,765 1,693
DR
HAGE (BTC £7-1% GEN 7,915 2,431
DR
HEFE (Z4LE > 0.01) 16,864 2,552
HAGE (2163 > 0.01) 47,864 4,305
Jiik (BTC %721 GEN O 1,824 336
&7, ZAE > 0.01)
HAGE (BTC £7-1% GEN 5,508 413
DRI EAE > 0.01)

Fi# o > 5, TFIDF f#i%, Scikit-learn |2 & - TIE
BAL U7, BRI, $7hbb, “Lwnh” 8L
VA — O, BIHDS D BTC ffitkDZfbE, BLO
FTDI—FD7 07 —0IE, TNFNOHHED
WAMETED, wAMEIXL & U,

3.3 HMiEER

£33k, AFHEL, V11— F—&Tldm< BTC i
MDA ZM -7 RF PHIO FHIEERZRLTWS. X
512, AFEEFAUTF—K %ML, LR, RF, 8LV
MLP ¥%{#fH L T BTC OffitsZ& %2 FHIL7=. Zh
5DEBRDASTITEAZTTOEALK® 1% ED AN
DHEMHLT-.

% 3: PHIOKR

| AT | BTC fii#oA | LR | RF | MLP
ACC | 0.666 0.646 | 0.435 | 0.608 | 0.499
PRE | 0.665 0.639 | 0.344 | 0.517 | 0.403
REC | 0.605 0.598 | 0.440 | 0.435 | 0.499
F1 0.629 0.613 | 0.386 | 0.472 | 0.446

Z 2T, TACC] & accuracy, [PRE] & precision,
REC] (& recall, [F1] & fmeasure ZH 507, T
S5DMEIZMTOLSICERINS.
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| EofEE
TP FP
FN TN

Tl
HiliR

LEROLSITERL L E,

TP+ TN
A =
ce TP+TN+ FP+ FN
TP
PRE = —————
R TP+ FP
TP
FC=———
REC TP+ FN
F1_2><PRE><REC’
" PRE+ REC

¥ 72, word2vec # AJS1& U, biLSTM iZ & 5334k
RBixR40eBoThs.

% 4: biLSTM DOfEHR

HigE word2vec HAGE word2vec
1TH 1:8M 2H™ | 1H  1:8M 2 HA
PRE 0.515 0.120 0.424 0.521 0.157 0.411
REC | 0.544 0.398 0.480 0.516 0.531 0.499
F1 0.529 0.184 0.450 0.518 0.242 0.451
£7-, LR, RF, MLP ZH\T 1% EDZ kR T

FEULMERIE, M2B8LU0K3DEEDTHE. A
HTF—RELT, YVI—bFDTFFAMIMAT, LV
REVYA— O, wiHSD BTC flitgDZEALER,
BLOFD 7407 —D 7407 —EAMEH I Nz, 5
EEYHAREDOODIPETIE, BTC £/21XGEN & &2
FFENZODRIRELTRTOORRED 2D A
TIDMERE N7z,

BB, V1= T =2 505 &2 FPHITE S0
ESMEMGELZ. AT =KL LT, &iEL HAGE
DFTRTDY A — D TFIDF F— %, BLTZDMD
4 DODORHE (VR YA — O, TO1—Y—
D7 AB 77—, BLUHHMSD BTC {fifg D24k
) ML,

4 £

#£31%, KAFEPIMIORAY Y IO HERLTVWEZ
EERLTWS, ZIZTlE, AFEDONNTH—T A
N IBTC DIt D T — X DA #FHS & ED/NT 4 —
RVAIDEBNTVWE WS EERIZENEZYTS.

ZOFERIE, BxDERBEICBVWTIEA 7T
VY — DO E NG S E MK T EE 525 L
ERLTWS,

T2 M DB EIZ & > THAliZ FHIL & >
EUED, ZNSDAETIEN 3 ITRT LD, FHIN
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X 3: fiitkDZfk, Z4f*E > 0.01, BTC £721% GEN
ERTDFINTVWBY A — FDA

ARETH B e VWO KERIIB SN ARh o7z, HERE LT,
ZOFERIE, b DHERY A — T =R ERESE
FEAGAS 2 S RN HTELZ 2R LTWVWS. T4
bbb, FxOfIE, EEEEMEEZ FHT57-00
VA= N TF—=REHRMZFHT LI N TES.
B2 EE3ns, FHIZZRINEY A — 2T
52X DBWERBESNEZ e Dbh D, T5IZ, Z
NS DFERTIX, HAEDORPEIZLS LR 3 Mtho
HiELvEENTWE, Z072, F4IE LR %M
UCFEEMAET LI LT L.

M4 X5k BEFHFPSFECKELRNI %
WUTWB., ZOMRPS, VI — b 2o TEEZT
W2 ZNEETHDZ bbb, TIT, V1 —
k% {# > T BTC Offiifg % FHI$ 2 HikERHAL 2.

BEET R

Bollen 5%, VA — FORADMB R TEFIMAM D
TN D Z & %R U7 [Bollen 11]. 1% 5 OW%ET
&, PRI 7Y =a—F L xy hT—2
AL, ZOFEE, 0% LOKET LA & NExE
FHI$ 2 Z &N TE 7. Schumaker 51, €@El—=2—
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4: W1 BOZAL, AJ1: %5

0.4
03
02
01

0

LR1 RF1 MLP 1 LR7 RF7 MLP7 LR14 RF14 MLP 14

WACC mPRE mREC mF1

5: BB E&D&A, AJ1: HAGE

AGLEDH 2 W THEAG %2 Pl S 5 72 O E 7
70— F &KL 72 [Schumaker 09]. 1§ 5 DRI F
BEE MM Z FHIL TWB DY, W5 EEMEIEFHIE N
TV,

EEMTFA R A =2 ZIZDWTIE, Koppel 54&
HOMMED 8T 7 —< v ZANDGIZ R A BB -
T2tD=a—ALFEENHT 2DDOTEEREL
7= [Koppel 06]. Low o 3B EIEG % K29 FHEE % i3
57:DY Y —F A& LT WordNet[Fellbaum 98] %
i3 %, semantic expectation-based knowledge ex-
traction methodology (SEKE) [Low 01] Z#2% L 7=.
Ito HIFBELT F A T — X2 HET 5720D=a2—
TNAY NI =T INVEREL [Ito 18]. X 51T,
WoD=a—F)N 2y N7 =T ETIVITHGERENE L Z D
T3 BT H I LN TE S, Milea o IXRUN &
BRATHRIT U - mEFE» oMt L7z 7 7 ¥ — 72 gram-
mar fragments (Z3EDWT MSCI 2—u#88 (L4, F
Ji, Eld—E) & FH L7z [Milea 10].

HAGEDOEEMT ¥ A b~ =2 7B L TIE, Sakai
SN HADERICET 2 GRlEEH S EME R % flil
B HEERE L 72 [Sakai 07]. %6 DFHIEIFEFER
ZHET 27200 FNP 2EHLTED, 7— MR
NIy TEEFHALUTERDD Z HEIRICED S Z &
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Abstract: There are many studies predicting a stock market using social media. Suwa et al. (2017)
proposed a VI index prediction model. They assumed that changes sentiments of investors are topics
change posted on social media. However, in their prediction model, the data to use verification is included
in the data to use to develop their topic model. Hence, their model might be overfitting. Therefore, we
propose a prediction model of VI index avoiding overfitting. We developed a program that applies new
posting messages to topic models of a learning period. We created data for verification using this program.
As a result, we found that a logistic regression using time series topics on the past seven trading days may

predict a rise in the VI index.

1IELC&HIZ
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DD, T TRIFIEE, Y—V v VAT 47 O
RNEZHW VI B850 R TRET VERET
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2 SEITHRR

V= VAT 4 TAAFAET D1 HZ2 721k
T OTHNCBW T, ZhE TEEL L DFENTD
ATV D. LB, ¥ %2 H T, Yahoo!
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# 1 THREZORER

Random Forest Logistic regression

e | B\ FE | EE | B | FE
1 0.87 | 0.89 | 0.84 | 0.81 | 0.71 | 0.75
2 081 | 0.88 | 0.83 | 0.79 | 0.18 | 0.16
3 0.84 | 088 | 0.83 | 0.79 | 0.81 | 0.80
4 0.87 | 0.89 | 0.84 | 0.82 | 0.83 | 0.82
5 0.78 | 0.88 | 0.83 | 0.79 | 0.81 | 0.80
6 090 | 0.89 | 0.84 | 0.81 | 0.80 | 0.80
7 0.86 | 0.89 | 0.84 | 0.79 | 0.70 | 0.74
8 085 | 088 | 0.84 | 0.73 | 0.14 | 0.09
9 0.86 | 0.89 | 0.84 | 0.80 | 0.82 | 0.81
10 085 | 0.88 | 0.85 | 0.83 | 0.77 | 0.80
11 090 | 089 | 0.84 | 0.80 | 0.83 | 0.81
12 0.87 | 0.89 | 0.85 | 0.83 | 0.75 | 0.78
13 090 | 089 | 0.84 | 081 | 0.72 | 0.76
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# 2 LH A OT R

Random Forest Logistic regression

WE | BB S | EE | FE | K
1 0.75 | 0.05 | 3/4 | 0.15 | 0.32 | 19/126
2 025 | 022 | 1/4 | 0.12 | 0.92 | 54/469
3 050 | 0.02 | 1/2 | 0.09 | 0.07 | 4/44
4 0.75 | 0.05 | 3/4 | 0.22 | 0.20 | 12/54
5 0.00 | 0.00 | 0/1 | 0.11 | 0.08 | 5/47
6 1.00 | 0.03 | 2/2 | 0.16 | 0.17 | 10/62
7 0.67 | 0.03 | 2/3 | 0.11 | 0.22 | 13/118
8 050 | 0.07 | 4/8 | 0.11 | 0.93 | 55/490
9 060 | 0.05 | 3/5 | 0.16 | 0.14 | 8/51
10 0.50 | 0.08 | 5/10 | 0.22 | 0.39 | 23/104
11 1.00 | 002 | 1/1 | 0.11 | 0.07 | 4/35
12 0.71 | 0.08 | 5/7 | 0.20 | 0.39 | 23/117
13 1.00 | 0.02 | 1/1 | 0.16 | 0.34 | 20/122
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Extraction of information on performance factors from financial institution texts
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Abstract: For financial institutions, it is important to monitor the performance and performance factors of

corporate customers. Financial institutions accumulate large amounts of data to monitor customer

information including their performance. It is relatively easy to extract information on performance from
structured data, while it is difficult for non-structured data like text data. In this research, we tried to extract

sentences that represent customer’s performance factors from text data created by financial institutions. Our

proposed method using deep learning extracts sentences similar to sentences prepared as correct examples
in advance. Due to the difference in properties of text data, our method showed better performance than the

prior research.
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Abstract:

In this paper, we propose a methodology to forecast the direction and extent of

volatility in mid-to-long term excess return of stock price by applying natural language processing

and neural networks on the context of analyst reports. Analyst reports are prepared by analysts in

research department in stock brokerage firms and we consider the content of reports include usefull

information to forecast movements in stock prices. First, our method extracts opinion sentences

from analyst reports, while the remaining parts correspond to non-opinion sentences. Second, our

method predicts stock price movements by inputting opinion sentences and non-opinion sentences

to neural networks separately.
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Abstract:

In this paper, we proposed a new approach taking causal relationship into consider-

ation with text mining for analyst report and news in automatic summarization. This approach

can be used for reducing work load to read analyst report for institutional investors and gathering

important economic information for investment decision for investment analysts. First, we ana-

lyzed the validity of the method in extracting causal relationship which can be evaluated from the

textual data of Nomura Securities Co., Ltd. As a result, the using method could extract basis

information of analyst’s opinion from analyst report in higher precision, and we could confirm the

style of analyst in expression of opinion and basis.
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Abstract:

In this paper, we try to analyze relationships between analyst reports and corporate

performances. The analyst reports are documents written about markets forecasts and they are

useful for investment judgment.

As analyst reports are written in natural language and data

to be analyzed becomes complicated, a neural computational method called ‘potential learning’

which can interpret internal representations was used. As a result, we found that a generalization

performance of the model was 0.6773 (accuracy) and words related to ‘word category: abstraction’

may affect corporate performances.
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Economic Causal Chain Search System and its Application
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Abstract: In this research, we introduce a system for searching causal relationships of events related to

economics and finance in a chain-like manner from a database extracted from economic text data. This

system also introduces service application ideas such as inferring economic ripple effects from events
entered by users and presenting related stocks tracing the causal chain from news articles.
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Trading System using Deep Reinforcement Learning

W R
Shota Tokoi

JXH —

Hajime Anada
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Graduate School of Engineering, Tokyo City University

Abstract: In recent years, investment strategies using artificial intelligence have attracted a significant
amount of research attention. However, it is difficult to construct an efficient investment strategy using
artificial intelligence owing to the variable factors in market prices. Therefore, this study aims to focus on
a trading method called the NT ratio transaction to reduce the number of price-variable factors. This
transaction is an arbitrage transaction, which utilizes the difference in the price movements between Nikkei
225 futures and TOPIX futures. These futures generally exhibit similar price movements and even if the
price differences expand, they tend to return to their original separation. Using this transaction, we can
target profits from this price difference while offsetting a considerable number of price-variable factors.
Therefore, in this study, we construct a model to acquire an investment strategy based on NT ratio
transactions via deep reinforcement learning and confirm the effectiveness of this model.
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Time Series Prediction with LSTM Networks and
its Application for Investment Strategy
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Ken Matsumoto' and Naoki Makimoto'
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!Graduate School of Business Sciences, University of Tsukuba

Abstract: Researchs for financial time series in stock or foreign exchange markets, have been one of
traditional themes of financial market analysis. Statistical model approaches such as ARMA and GARCH
were mainstream of conventional analysis. However, it is difficult to understand and predict financial time
series structures, which are generally characterized by high noise level and low autocorrelation. Meanwhile,
researchs to capture the structure by artificial intelligence has been increasing in recent years. In particular,
Long Short-Term Memory (LSTM), which can capture time series structure, is already widely used in the
field of natural language processing and speech recognition. Therefore, in this study, we investigated the
model performance in each TOPIX core30 constituent stock by using logistics regression (LOG), random
forest (RAF), gradient boosting (GBT), support vector machine (SVM), and LSTM. The performance was
evaluated by metrics such as prediction accuracy, F1 measure, AUC, and return. As a result, LSTM showed
the best performance in the models. Moreover, we discussed the effectiveness of the stock market neutral
strategy by applying the above prediction models. 10-quantile portfolios using the predicted probability
outputted by the model, remarks higher accuracy and returns than individual stock trading in all models.
Furthermore, LSTM outperformed the others and it is consistent with the result of S&P500 constituent

stocks analysis.
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Abstract: In recent years, many researchers have studied stock trading using technical analysis. However, it is
necessary to have deep knowledge to use such technical analysis and it is difficult to make a profit using such techniques.
Therefore, we construct an evolutionary model to create a profitable investment strategy using technical indicators.
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Abstract: The goal of our research is to build default prediction models on the basis of machine learning
models and to obtain useful information for corporate credit risk evaluation. The novelty of this work is
twofold. The first point is on how to use time-series information of macroeconomic indexes for the de-
fault prediction model for small and medium-sized companies. Since macroeconomic indexes and financial
data are different in frequency of being obtained, we considered how to combine these two kinds of data,
as input of the default prediction model. In order to combine these data, we summarized time-series in-
formation of macroeconomic indexes in the form of mean, percentage change, and volatility. Regarding
percentage change, some periods were adopted for the purpose of summarizing both of macrotrends and
microtrends. The summarized forms and corporate financial indicators were used as input of the default
prediction model in this research. As a result, the default prediction model with inputs of the financial
indicators and the macroeconomic indexes outperformed the model with inputs of only financial indicators.
Furthermore, the model, to the inputs of which the percentage changes in the fine periods summarizing mi-
crotrends were added, outperformed the model not considering the percentage changes in the fine periods.
Therefore, considering macroeconomic indexes, especially our proposed method summarizing macrotrends
and microtrends, has been found effective for default prediction. The second point is regarding which fi-
nancial indicators are important in default prediction for small and medium-sized companies by industry
sectors. We divided companies into eight industry sectors and investigated which financial indicators are

important in each industry sector on the basis of variable importance evaluated with random forest.

1 Introduction

Tightness of banks with their money for small and medium-
sized private companies is at issue recent years. One of the
reasons for the tightness is “International convergence of
capital measurement and capital standards”, which was es-
tablished by Basel Committee on Banking Supervision in
1988. Since 1988, the development of financial derivative
products and the collapse of the bubble economy have en-
hanced the necessity for tightening the regulation concern-
ing risk taking of the banks. That is why the Basel Capital
Accord has been strengthened from Basel I to Basel II and
Basel III, in 2004 and in 2010, respectively. Tightening
the regulation for risk taking of the banks has forced the
banks to avoid their risks. The necessity that the financial
institutions assess credit risk of companies precisely has
developed credit risk evaluation models by using machine
learning.

Auvailability of a sufficient amount of training data is
a key to success of machine learning models. Since it is
mandatory for listed companies to publish their financial
reports periodically, a sufficient amount of data are avail-
able to make high-performing credit risk evaluation mod-
els for listed companies to learn well. On the other hand,

EURE RGNS R
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unlisted companies, typically small or medium-sized, do
not have to publish their financial reports, making it diffi-
cult for us to collect an enough amount of data for training
machine learning models for credit risk evaluation of small
and medium-sized companies. Consequently, the banks
had tightness with their money for small and medium-
sized companies. In order to facilitate finance for small
and medium-sized companies smoothly, it is urgent to col-
lect and analyze financial data of small and medium-sized
companies. In Japan, the Credit Risk Database institu-
tion (CRD) has been collecting and analyzing financial
data of small and medium-sized companies, with the vi-
sion of realizing smoothing finance for small and medium-
sized companies and advancing management of credit risk.
Since the database of CRD contains financial data of over
one million small and medium-sized companies, it is ideal
for use as training data for machine learning models for
credit risk evaluation of small and medium-sized compa-
nies. The goals of our research are to build default pre-
diction models for small and medium-sized companies on
the basis of machine learning models and to obtain useful
information for corporate credit risk evaluation for small
and medium-sized companies. To achieve the goals, we
use the financial data of small and medium-sized compa-
nies provided by CRD.

The novelty of this work is twofold. The first point is
on how to use time-series information of macroeconomic
indexes in a default prediction model. Not only corpo-
rate financial data but also macroeconomic factors should



be considered for default prediction. For example, diffi-
culty of obtaining loans differs from high-interest period
to low-interest period. Existence of strong correlation be-
tween corporate credit risks and macroeconomic indexes
has been reported [Bonfim 09, Ali 10, Chen 14, K& 03,
FEK 13]. Therefore, default prediction model may be more
accurate by considering macroeconomic factors than not.
However, there is one serious problem in using macroeco-
nomic indexes for default prediction model. The problem
is difficulty of combining macroeconomic indexes and fi-
nancial data because macroeconomic indexes and financial
data are different in frequency of being obtained. Finan-
cial data of small and medium-sized companies are typ-
ically available once a year, which is different from big
companies which have to publish their financial reports
quarterly. On the other hand, macroeconomic indexes can
be obtained from quarterly to daily or even finer, so that
most of the macroeconomic indexes can be obtained far
more frequently than financial data of small and medium-
sized companies. Therefore, we have to consider how
to combine these two kinds of data which are different
in frequency of being obtained, as input of the default
prediction model. This problem has not been discussed
in any existing research sufficiently. That is why our re-
search discusses how to use the time-series information of
macroeconomic indexes obtained more frequently for de-
fault prediction model.

The second point is regarding which indicators are im-
portant in default prediction for small and medium-sized
companies in each industry sector. There is not much
existing research which analyzed and compared proper-
ties for small and medium-sized companies by industry
sectors, because difficulty of collecting financial data of
small and medium-sized companies has made it impossi-
ble to analyze properties by industry sectors with sufficient
amount of data. However, CRD provided us with such
large-scale data, containing financial data of about 1 mil-
lion companies, that we were able to analyze properties in
each industry sector. In this research, we divided compa-
nies into eight industry sectors, which will be described in
detail in Section 3.2.2, and investigated which financial in-
dicators are important in each industry sector on the basis
of variable importance evaluated with random forest.

2 Machine Learning for Default Pre-
diction

2.1 Default Prediction Models

In the field of default prediction, default prediction mod-
els are classified into the following three categories: tradi-
tional statistical models, Artificial Intelligence (AI) mod-

els, and theoretical models [F§#4 13, 3 07]. It should be
noted that the classification is peculiar to the field of de-
fault prediction. We review in this section existing studies
which are related with the traditional statistical models and
the AI models, both of which are based on statistics and/or
machine learning.

Historically, before default prediction models emerged,
default prediction was typically performed via calculat-
ing financial indicators to measure profitability, safety, and
capital efficiency with financial data and comparing the
financial indicators with thresholds. Instead of such tra-
ditional ratio analysis, Altman proposed in 1968 a default
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prediction model on the basis of traditional statistical mod-
els [Altman 68]. The proposed model was a multivari-
ate discriminant analysis model, called the Z Score. It
was furthermore been extended in 1977 to the ZETA™
Score [Altman 77], which gained popularity and was of-
ten used for default prediction. These scores are pioneers
of traditional statistical models for default prediction.

Subsequently, logistic model [Flagg 91, i 02, [~ 03,
L3804, =il 08, FF 09, I 11], hazard model [[LI'F 04],
and conditional probability model [Goldberg 04] were used
for default prediction in existing researches. Strong points
of these traditional statistical models are a small amount
of calculation and of data needed for learning and high-
interpretability because these models are relatively simple.
Due to the former point, the traditional statistical mod-
els were mainly used when the performance of computers
was insufficient and there were no institutions which had
a large amount of financial data of companies. However,
the traditional statistical models are so simple that their
expression capability is poor.

On the other hand, from the middle of 2000s the AI
models have been reported to have its higher performance
than the traditional statistical models. First, neural net-
work models [Odom 90, Altman 94] were reported as Al
models for default prediction. Performance of the neu-
ral network models was, however, lower than those of the
traditional statistical models because of overfitting. How-
ever, in 2000s support vector machines so greatly outper-
formed the traditional statistical models and the neural net-
work models that the AI models collected a lot of atten-
tion [Min 05, Shin 05, Chen 11]. Furthermore, in 2010s,
ensemble learning, such as bagging, boosting, and ran-
dom forest, spread in the field of default prediction, and
the AI models, especially ensemble learning and support
vector machines, were reported to have the highest perfor-
mance in many researches [Zhang 10, Kim 10, Wang 11,
Barboza 17]. According to the existing researches in the
field of default prediction, at present, the best performing
models seem ensemble learning and support vector ma-
chines. A strong point of the AI models is high expressiv-
ity, which leads to higher performance of the AI models
than the traditional statistical learning models. Although
learning of the Al models needs an enormous amount of
calculation and of data, improvement of computing capa-
bility and accumulation of financial data about small and
medium-sized companies have enabled the Al models to
be applied to default prediction. However, the Al mod-
els are so complicated that most of them have low inter-
pretability. Highly interpretable models are appropriate to
obtain useful information for credit risk evaluation.

2.2 Combining Macroeconomics into Default
Prediction

In order to use macroeconomic indexes for default pre-
diction models, one should consider which indexes, what
forms, and which terms are appropriate for summarizing
time-series information of the macroeconomic indexes. In
existing researches, discussion of methods summarizing
time-series information of macroeconomic indexes is in-
sufficient. For example, means and volatilities I of Nikkei

!In this paper, the term “volatility” implies historical volatility. The

[ 1
historical volatility o is defined as o = No1 Zfi (i = i1)2, where N



225% and Yen to US dollar exchange rate over a year to
the companies’ account closing months are treated as in-

puts of the default prediction model [X#& 03, Tinoco 13,
Nam 08, Alifiah 14], or year-to-year percentage changes
of means and volatilities on their account month are treated
as the inputs [#F 09], without any basis. In order to
use the macroeconomic indexes for the default prediction
model, further discussion of which indexes, what forms,
and which terms are appropriate for summarizing time-
series information of the macroeconomic indexes, is nec-
essary.

First, regarding which indexes should be used for de-
fault prediction of small and medium-sized companies, Ogi

and Moridaira [JE/K 13] used a probit model for default
prediction of small and medium-sized companies, with fi-

nancial data as well as a single postulated background macro-

economic factor as the regressors. They first estimated
values of the background macroeconomic factor on the ba-
sis of data collected by Tokyo Shoko Research, LTD., and
then performed another regression analysis, where the de-
pendent variable is the estimated background factor and
where the independent variables are macroeconomic in-
dexes, in order to see what macroeconomic indexes de-
scribe the background macroeconomic factor, and conse-
quently, the default probabilities. They reported that the
macroeconomic indexes which have influences on corpo-
rate default of small and medium-sized companies are short-
term interest rate, long-term interest rate, exchange rate,
and stock-market indexes.

Second, we should consider what forms are appropri-
ate for summarizing time-series information of the macro-
economic indexes. The forms we considered as summaries
of their time-series information are mean, volatility, and
percentage change because of the following reasons. The
mean of the interest rates and of exchange rate imply infor-
mation of high-interest or low-interest and of conditions
with a strong yen, a strong dollar, and so on, respectively.
The volatility is also important because in terms of stock
price or exchange rate, even though the mean is the same,
if the volatility differs, the interpretation of the economy
will differ significantly. The percentage change connotes
trends of markets. Even though the mean and the volatility
are the same respectively, whether the market is uptrend
or downtrend will affect the interpretation of the economy
greatly. Hence, the mean, the volatility, and the percentage
change are considered appropriate summaries for macro-
economic indexes.

Third, we have to focus on which terms of the mean,
the volatility, and the trend should be summarized. The
mean and the volatility within a short time interval upto the
financial month should be considered as features affecting
corporate defaults, because the farther the mean and the
volatility are from the financial month, the less influence
they might have on a corporate default. On the other hand,
the trend within both of a short and a long time intervals
upto the financial month should affect corporate defaults,
since there is general knowledge that the trend has the fol-
lowing two types: macrotrends and microtrends, both of
which are important. Accordingly, we summarize infor-
mation of the macrotrends and microtrends, and confirm
whether the general knowledge is appropriate.

1 S
is sample size, it = v Zﬁl uj, u; =log 3 L and S'; is the central rate of
i~1
i-th day. l
2Nikkei 225 © Nikkei Inc.
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3 Experiments

3.1 Purposes

We performed two experiments. In Experiment 1, whose
purpose was finding important properties for default pre-
diction, we divided companies into eight industry sectors
and investigated which financial indicators are important
in each industry sector on the basis of variable importance
evaluated with random forest. In Experiment 2, whose
purpose was improving the performance of the default pre-
diction, we devised models considering both the macro-
economic indexes and the financial indicators. We then
compared the models considering the macroeconomic in-
dexes and the financial indicators and the model with only
the financial indicators, in order to see whether or not in-
corporation of macroeconomic indexes is effective in de-
fault prediction.

3.2 Model, Industry Sectors, Financial Indi-
cators, and Macroeconomic Indexes Used
in The Experiments

3.2.1 Random Forest

Random forest (see, e.g., [Hastie 09]) is one of the ensem-
ble learning models and is reported to achieve high per-
formance of default prediction in existing researches. The
procedure of random forest is described in Algorithm 1.
Random forest also has high interpretability. In the pro-
cess of learning, random forest measures importance of
each input variable, called variable importance. By using
the variable importances, the present work investigates im-
portant financial indicators in each industry sector.

There are three major parameters in random forest: the
number B of trees in the forest, the maximum depth dpax
of the tree, and the minimum number ny,;, of samples re-
quired to split an internal node. In this study, these three
parameters were determined as 10000, 10000, and 2, re-
spectively, on the basis of preliminary experiments.

The area under the receiver operating characteristic (ROC)
curve, abbreviated as AUC, was used for performance eval-
uation. Given an output P(x) of the random forest algo-
rithm, as well as test datasets consisting of financial data
of default and non-default companies, AUC is estimated
as

AUC = > Px)-P(x;) 2 0),

ieD, jeND

(D

NpAND

where D and ND denote test datasets of default and non-
default companies, respectively, where np and nyp denote
the numbers of data of default and non-default companies,
respectively, and where I(c) denotes the indicator function
of the condition c.

Algorithm 1: Random Forest
I:for b=Tto B:
2: Draw a bootstrap sample of size N from the training data
3:  Grow a random-forest tree T} to the bootstrapped data, by recursively repeating
the following steps for each terminal node of the tree, until the maximum depth
of the tree dp,x or the minimum node size npy,;, is reached:
(i) Select m variables at random from the p variables
(ii) Pick the best variables/split-point among the m variables
(iii) Split the node into two daughter nodes
T} can calculate the probability P,(x) of classifying x into the positive class
: Output: P(x) = {3:%  P,(x)}/B

AR A




Table 1: The numbers of all default data and all non-
default data by industry sectors in 2010-2016.

Industry Sectors Default Companies | Non-Default Companies
Construction 793457
Manufacturing 723275
Information and Communication 59759

2868
343

Wholesale and Retail 4229 901999
Real Estate and Goods Leasing 612 257299
Accommodation and Food Service 977 124278
Lifestyle-related Entertainment 319 58268
Medical and Welfare 199 91924

3.2.2 Industry Sectors

In financial data provided by CRD, each company is la-
beled with the industry sector to which it belongs. In this
work, we chose the following eight industry sectors: con-
struction industry, manufacturing industry, information and
communication industry, wholesale and retail industry, real
estate and goods leasing industry, accommodation and food
service industry, lifestyle-related entertainment industry,
and medical and welfare industry.

The numbers of default companies and non-default com-
panies in the dataset are shown in Table 1. Since there
were only a few of default companies, we adjusted the
number of non-default companies in order to avoid the
class imbalance problem. In each industry sector, we used
all the default data and 100 times as many non-default data
as the default data. The non-default data used in our ex-
periments were chosen randomly.

3.2.3 Financial Indicators

In assessment for credit risk of a company, there are many
financial indicators measuring profitability, safety, and cap-
ital efficiency. In this work, we chose the following 18 fi-

nancial indicators: sales to total assets (§¥& & 56 L), re-
turn on equity (B CLEA Y HIF]#53), ratio of gross profit
to sales (5¢ I S #a 25 %), operating profit on sales (72
b E e 2R 25 3), ratio of ordinary profit to sales (58_L /&
FEH M5 2), current ratio (RE L), quick assets ratio
(4 [ 3R), fixed ratio (& E LK), fixed assets to fixed
liability ratio ([& 7€ £ J5# A %), debt ratio for total as-
sets (f& ABMRAZE), SGA ratio (72 _F & [E), inven-
tory turnover period (HEVE FE 14 H £7), accounts receiv-
able turnover period (5¢_EAEHE [A]fi£ H #0), trade payable
turnover period (B AfE# [H1#5 H %), tangible fixed assets
turnover rate (4 f[E| & & 2 1|53, ratio of depreciation
to sales (72 _E = {8 Mi{E #138), and interest coverage ratio,
ratio of interest-bearing debt to cash-flow (¥ ¥ v > 27

O — A HFEEH ). These financial indicators were
treated as inputs of random forest.

3.24

In view of the analysis by Ogi and Moridaira [ER 13]
mentioned in Section 2.2, which states that the macroeco-
nomic indexes which have influences on default proba-
bilities of small and medium-sized companies are short-
term interest rate, long-term interest rate, exchange rate,
and stock-market indexes, we chose in this research the
following macroeconomic indexes: unsecured overnight

Macroeconomic Indexes
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call rate!, 1-year Japanese Government Bond?, 10-year
Japanese Government Bond?, Yen to US dollar exchange
rate', Yen to Euro exchange rate!, and Nikkei 225.

We summarized unsecured overnight call rate and Japanese
Government Bonds in terms of the following five elements:
mean of the rate in financial month and percentage changes
in one/three/six/twelve months up to financial month. There-
fore, there are 15 elements summarizing unsecured overnight
call rate, 1-year Japanese Government Bond, and 10-year
Japanese Government Bond, altogether.

We summarized exchange rates in terms of the follow-
ing six elements: mean of the rate in financial month, per-
centage changes in one/three/six/twelve months up to fi-
nancial month, and volatility in financial month. There-
fore, there are 12 elements summarizing Yen to US dollar
exchange rate and Yen to Euro exchange rate, altogether.

Since only monthly data are available for Nikkei 225,
we summarized Nikkei 225 in terms of the following six
elements: mean of the highest price and the lowest price in
financial month, percentage changes in one/three/six/twelve
months up to financial month, and volatility index* of Nikkei
225 in financial month. As above, by using the percent-
age changes in various periods, time-series information of
macroeconomic indexes can be summarized.

In total, these 33 elements of macroeconomic indexes
were treated as inputs of random forest.

3.3 Experiment 1: Analyzing Important Fi-
nancial Indicators by Industry Sectors

3.3.1 Premise

In Experiment 1, only the financial indicators were used as
inputs of the default prediction model, the macroeconomic
indexes not being used. For each industrial sector, random
forest was learned on the basis of financial data only and
we predicted whether each company would go into default
or not in a year from financial month. Financial data, ac-
count closing months of which were in 2010, 2011, 2013,
and 2015, were used as training data, and financial data,
account closing months of which were in 2012, 2014, and
2016, were used as test data. The numbers of default and
non-default companies used in Experiment 1 by industry
sectors and by financial years, are shown in Table 2. On
the basis of variable importance of the financial indicators
evaluated with random forest, we considered influential fi-
nancial indicators on corporate default by industry sectors.

3.3.2 Results

The variable importances of the 18 financial indicators are
shown in Figure 1 by industry sectors. In this work, we re-
peated the calculation 50 times. The performance of ran-
dom forest will be shown in Section 3.4, where the model
used in Experiment 1 is referred to as Model 1.

Source of data is the website of Bank of Japan Time-Series Data
Search (https://www.stat-search.boj.or.jp/). We are permitted to use data
for non-commercial purposes.

2Source of data is the website of Ministry of Finance

(https://www.mof.go.jp/jgbs/reference/interest_rate/index.htm). We
are permitted to use data for non-commercial purposes.
3Source of data is Nikkei 225 Official Site

(https://indexes.nikkei.co.jp/nkave/index).
from Nikkei Inc. to use data of Nikkei 225.

4Source of data is volatility index of Nikkei 225 Official Site
(https://indexes.nikkei.co.jp/nkave/index). We obtained permission from
Nikkei Inc. to use data of Nikkei 225.

We obtained permission



3.3.3 Discussion

In all the industry sectors except the information and com-
munication industry, the most or second most important
variable is quick assets ratio. This result corresponds to
common knowledge that quick assets ratio is the more ap-
propriate indicator than current ratio for the rigid evalua-
tion for short-term safety. On the other hand, the reason
that quick assets ratio has a not high variable importance
in the information and communication industry is that in-
formation and communication business does not need so
much inventory that current ratio and quick assets ratio are
almost the same.

In all the industry sectors, debt ratio for total assets is
also important, which is the most, second most, or third
most important variable in the construction industry, the
manufacturing industry, the information and communica-
tion industry, the wholesale and retail industry, and the real
estate and goods leasing industry. Additionally, in other
three industry sectors variable importance of the debt ratio
for total assets is not low. The result that the debt ratio for
total assets is important is as we expected. On the other
hand, in all the industry sectors ratio of depreciation to
sales has a low variable importance: the ratio of deprecia-
tion to sales has the lowest importance in the construction
industry, the manufacturing industry, the wholesale and re-
tail industry, the accommodation and food service indus-
try, and the lifestyle-related entertainment industry and not
high importance in the other three industry sectors. The ra-
tio of depreciation to sales is difficult to use to make rules,
such that the higher the indicator is, the safer the company
is. Our result confirmed the properties. Consequently, the
ratio of depreciation to sales should be focused on in com-
parison of a company with a few other companies in the
same industry sector.

The ratio of interest-bearing debt to cash-flow is an
indicator implying how long it takes to return interest-
bearing debt in current cash flow of the company. Indus-
try sectors where the importance of the ratio of interest-
bearing debt to cash-flow is high are the manufacturing
industry and the real estate and goods leasing industry. In
these two industry sectors the initial investment is costly,
e.g. buying large-scale equipment in the manufacturing
industry and purchasing real estates. Our result implies
whether the initial debt can be returned or not has a large
influence on corporate default in the manufacturing indus-

Table 2: The numbers of default (D) and non-default (ND)
companies used in Experiments 1 and 2, by industry sec-
tors and by financial years.

2010 2011
Industry Sectors D ND D ND
Construction 246 42786 | 255 42754
Manufacturing 255 40897 | 206 40906
Information and Communication 26 4925 29 4864
Wholesale and Retail 257 60498 | 254 60376
Real Estate and Goods Leasing 86 8674 | 65 8692
Accommodation and Food Service || 78 13961 | 106 13918
Lifestyle-related Entertainment 22 4559 26 4554
Medical and Welfare 8 2839 10 2762
2012 2013 2014 2015 2016
D ND D ND D ND D ND D ND
226 42546 | 279 42965 | 250 42596 | 584 42780 | 1151 42673
245 40862 | 274 40918 | 308 41221 | 584 40972 | 996 41024
28 4918 | 40 4927 | 36 4941 79 4848 105 4877
305 60411 | 351 60666 | 402 60421 | 939 60320 | 1721 60208
54 8755 | 59 8763 | 64 8762 | 115 8794 169 8760
97 13966 | 114 14019 | 95 13963 | 191 14004 | 296 13869
30 4591 31 4573 | 34 4572 | 57 4525 119 4526
17 2832 16 2879 | 20 2923 | 43 2882 85 2783
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try and the real estate and goods leasing industry.

On the other hand, accounts receivable turnover pe-
riod is an indicator implying how many days it will take
for the accounts receivable to become cash. Only in the
information and communication industry, the importance
of accounts receivable turnover period is high. The reason
is considered that companies in the information and com-
munication industry have so few assets that can be cashed
quickly that the companies cannot repay the debts when
accounts receivable turnover period is extended.

Lastly, trade payable turnover period is an indicator
representing how many days it will take to return the pur-
chase obligation on the basis of ratio of accounts and bills
payable to sales. In the same way as the ratio of deprecia-
tion to sales, the trade payable turnover period is also diffi-
cult to use to make rules, such that the higher the indicator
is, the safer the company is. That is why the importance
of the trade payable turnover period is low in seven out of
the eight industry sectors. However, in the accommoda-
tion and food service industry, the trade payable turnover
period is the second most important indicator. Although
we could not find any clear explanation for that, the trade
payable turnover period should be focused on in default
prediction for companies in the accommodation and food
service industry.

3.4 Experiment 2: Comparison Between Mod-
els Considering Only Financial Indica-
tors and Considering Also Macroeconomic
Indexes

3.4.1 Premise

In Experiment 2, not only the financial indicators but also
macroeconomic indexes were used as inputs of the default
prediction model. We devised the following three ran-
dom forest models. Model 1 takes as input only the 18
financial indicators. Model 2 takes as input the 18 finan-
cial indicators and the following 15 elements of macro-
economic indexes: mean of the rate in financial month and
percentage change in one year up to financial month, of
unsecured overnight call rate and Japanese Government
Bonds, mean of the rate in financial month, percentage
change in one year up to financial month, and volatility
in financial month, of Yen to US dollar and Yen to Euro
exchange rates, and mean of the highest price and the low-
est price in financial month, percentage change in one year
up to financial month, and volatility index of Nikkei 225
in financial month, of Nikkei 225. Model 3 takes as in-
put the 18 financial indicators and all the 33 elements of
macroeconomic indexes listed in Section 3.2.4. Models 1,
2, and 3 predicted whether each company would go into
default or not in a year from financial month. Financial
data, account closing months of which were in 2010, 2011,
2013, and 2015, were used as training data, and financial
data, account closing months of which were in 2012, 2014,
and 2016, were used as test data. Also in Experiment 2,
the models learned the training data of each industry sec-
tor, and conducted default prediction for companies in the
same industry sector. The default and non-default com-
panies used in Experiment 2 were the same as those used
in Experiment 1. The numbers of default and non-default
companies used in Experiment 2 by industry sectors and
by financial years, are shown in Table 2.



Table 3: Comparison of model performance measured by
AUC, industry by industry, in Experiment 2. The results
of AUC are shown by mean and standard deviation (SD)

multiplied by 1073 through 50 calculations.

Model T Model 2 Model 3
Industry Sectors Mean SD Mean SD Mean SD
Construction 0.776 0.756 | 0.808 0.505 | 0.815 0.678
Manufacturing 0.823 0.618 | 0.847 0.542 | 0.850 0.525
Information and Communication 0.764 2.56 | 0.789 1.75 0.798 1.60
Wholesale and Retail 0.813 0.724 | 0.841 0.544 | 0.844 0.431

0.780
0.760
0.744
0.727

1.98
1.67
2.67
3.34

0.790
0.767

0.772

0.759

1.29
0.990
1.38
2.20

0.795
0.771
0.764
0.771

1.41
1.15
1.75
1.92

Real Estate and Goods Leasing
Accommodation and Food Service
Lifestyle-related Entertainment
Medical and Welfare

3.4.2 Results

Comparison of the performance of the models measured
by AUC is shown in Table 3 and in Figure 2, where the
mean and the standard deviation over 50 trials are shown.
These imply that random forest learned the training data
and predicted whether each company in the test data would
go into default or not in a year from financial month.

3.4.3 Discussion

By comparison of Model 1 and Model 2 in all the industry
sectors, we confirmed that considering macroeconomic in-
dexes improves the default prediction model for small and
medium-sized companies.

In terms of comparison of Model 2 and Model 3, Model
3 outperformed Model 2 in seven out of the eight indus-
try sectors except the lifestyle-related entertainment in-
dustry. Additionally, there was a significant difference be-
tween AUC of Model 2 and Model 3 on the basis of Mann
Whitney U test, all p values of which were lower than

1.0 x 107! in all the seven industry sectors. From this re-
sult, considering both of microtrends and macrotrends im-
proves the default prediction model for small and medium-
sized companies in the seven industry sectors. Although
we could not find any clear explanation for the lower per-
formance of Model 3 than Model 2 in the lifestyle-related
entertainment industry, we considered that the reason would
be the insufficient amount of data in the lifestyle-related
entertainment industry. In the lifestyle-related entertain-
ment industry, there are a wider variety of companies than
in any other industry sectors, such as barber shops, tour
businesses, movie theaters, and fitness clubs. Therefore,
it should be different from a company to another how the
macroeconomic factors affect on the default of the com-
pany. In order to classify the wide variety of companies,
the sufficient amount of data is essential. It is true that
there were a large amount of financial data provided by
CRD. However, focusing on only the number of compa-
nies in the lifestyle-related entertainment industry, there
were only a few amount of data, as shown in Table 2.
With a sufficient amount of data in the lifestyle-related en-
tertainment industry, the models will learn appropriately
and we can improve the default prediction model for small
and medium-sized companies by considering both of mi-
crotrends and macrotrends, in the lifestyle-related enter-
tainment industry.

4 Conclusion

We have studied improvement of the default prediction
model for small and medium-sized companies by consid-
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ering not only their financial data but also macroeconomic
indexes and regarding which financial indicators are im-
portant by industry sectors in default prediction for small
and medium-sized companies. As a result, the default
prediction model with inputs of the financial indicators
and the macroeconomic indexes outperformed the model
with inputs of only financial indicators. Furthermore, the
model, to the inputs of which the percentage changes in
the fine periods summarizing microtrends added, outper-
formed the model not considering the percentage changes
in the fine periods. Therefore, considering macroeconomic
indexes, especially our proposed method summarizing both
macrotrends and microtrends, has been found effective for
default prediction. Furthermore, we investigated which fi-
nancial indicators are important by industry sectors.

Although the results of investigating which financial
indicators are important by industry sectors presented in
Section 3.3 gave us useful insights for default prediction
for small and medium-sized companies, the knowledge
obtained from the results does not include which macro-
economic indexes are important by industry sectors. The
reason of this is that on the basis of variable importance
in random forest, the variable importances of macroeco-
nomic indexes turned out to be so lower than those of fi-
nancial indicators that we were not able to consider which
macroeconomic indexes are important by industry sectors.
In order to consider which macroeconomic indexes are im-
portant by industry sectors, appropriate approaches for this
purpose should be considered.

On the other hand, in terms of macroeconomic indexes,
another interesting question would be as to which peri-
ods one should take in summarizing them into the mean,
the volatility, and the trend. Although this paper consid-
ered some periods within one year, wider or finer periods,
or both, should be considered. Moreover, this research
set the base period of macroeconomic indexes as finan-
cial month. However the base period should be discussed
in more detail. We conjecture that the appropriate base
period of macroeconomic indexes would be different by
industry sectors. Discovery of the appropriate base period
by industry sectors will improve the default prediction for
small and medium-sized companies further.
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Figure 1: Comparison of variable importances of 18 finan-
cial indicators calculated by random forest in Experiment
1. Each box plot shows the distribution of variable impor-

tance through 50 calculations.

99

0.8200
08150
0.8100
0.8050
0.8000
07950
0.7900
0.7850
0.7800
07750

07700

Model 1 Model 2 Model 3

(a) Construction Industry

0.8050
0.8000
0.7950
0.7900
0.7850
0.7800
07750
0.7700
07650 |
0.7600

0.7550

Model 1 Model 2 Model 3

(c) Information and Communi-
cation Industry

0.8000
0.7950 [ ]
0.7900 ——]

0.7850

0.7800 -

0.7750

ki Model 1 Model 2 Model 3

(e) Real Estate and Goods Leas-
ing Industry

07750
0.7700
0.7650
0.7600
0.7550
07500
0T
0.7400

07350

Model 1 Model 2 Model 3

(g) Lifestyle-related Entertain-
ment Industry

SIG-FIN-022

0.8600
08550
0.8500
0.8450
0.8400
0.8350
0.8300
0.8250

0.8200

Model 1 Model 2 Model 3

(b) Manufacturing Industry

0.8450
0.8400
08350
0.8300
08250
0.8200

08150

0.8100

Model 1 Model 2 Model 3

(d) Wholesale and Retail Indus-
try

0.7750
——
—
Model 1 Model 2 Model 3

(f) Accommodation and Food
Service Industry

07750

I
0.7650
—
0.7550
0.7450
0.7350
0.7250 —
0.7150
Model 1 Model 2 Model 3

(h) Medical and Welfare Indus-
try
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industry sectors in Experiment 2. Each box plot shows the
distribution of AUC through 50 calculations.



SIG-FIN-022

F7avr77O—FILLBFNEEOREKREDOHEA
Cash Prediction for Small and Medium Enterprises by Option

Approach
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Kenji Usuil
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Abstract: Abstract: Cash management is important to avoid cash-shortage, especially for Small

and Medium Enterprises(SME) due to lack of excess cash. Whereas, cash management at SME

is not sufficient because of its complexity and high cost. Therefore, we investigate a convenient

method to predict a time to cash-shortage and an amount of shortage by Option Approach.

In this study, We calculates a probability of default by using Option Approach, regarding its

“asset” and “debt” as cash amount and any amount respectively. We evaluated Area Under

Curve (AUC) by changing a prediction term, debt amount and calculation term of asset. We found

several facts: max AUC is 0.81, short prediction term or large cash decrease makes high AUC, and

calculation term is very small relation to AUC.

As a result, Option Approach can predict a cash of SME in short term or large change. This

approach is useful for cash management of SME to decide an acceptable debt amount and terms.
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Analysis of Investment Effect
Using Multilayer Networks Simulation among Banks and Companies
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Recent globalism of economic makes the effect of a certain small bankruptcy enhance internationally beyond of
the area and country. So, we propose the model in which the interaction between banks and companies is focused

and simulate and consider the effect of whether banks invest the funds or not to the growth of companies.

In

particular, by varying the width of change of the growth rate of companies according to whether they are invested,
we researched the difference in the distribution of the final size of companies. The model of banks is based on actual
data such as financial statement analysis edited by Japanese Bankers Association. As the results, the investment of
banks did not raise the mean of growth rate but widened the disparity in size among companies. As future plans,
we’d like to reproduce and analyze the cause of large chain bankruptcy using the extended model.
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RAHINTVDEDELLE22/OI L.

* 3 0. BHEER

o¢ | Volume Tightness Resiliency  Depth
0.02 | 151,673 5.352 0.0061 5,640.79
0.04 | 225,328 9.177 0.0082 3,566.54
0.06 | 266,285 12.510 0.0107 2,366.39
0.08 | 296,942 15.920 0.0136 1,650.04
0.1 | 319,288 19.339 0.0171 1,243.16
423 T7VIAVIINEDDEHDHRKIE w1 mas

77 VR AV ZVES DEADERKRE i e %

1.0, 3.0, 5.0, 8.0 ¥ Z{bX 72 & ZD Volume, Tight-

ness, Resiliency, Depth O F¥3% &K 41253, &
FERTIE 422 HiOFER L T DORERV B SN,
TRDE, Wy pae WRELLD (T7 VXA VR
Mg DLEMNKE < 5) &, Volume, Tightness,
Resiliency DfEIF/NT <72 D, Depth DfHIFKE <

A,
DRIZZD &S 1T Bl 2HRNS,
F£9, Volume DWNX L o 2HEHIFIRDED T
%é 77/&%/ﬂwﬁﬁ®$&#ﬁ%< b,
m%%77/&x/&»m%ﬂﬂﬁéﬁ 5L



AN 7D, PRI 7 7o XAV &2 )L
i NP L & 5 & F¥% (EF) LT 5&, HiEl
MEAZL 2 2 ATE W (80 ) X OIS 5.
ZD7-HHKEITFDT 5.

RIZ, Tightness DVNZ < 72 o 72 B IZLAR O
DThHb. FRINHED T 7> XA 2 ZOUATiIRE IR
Li> e T% (ER) LT 2, BifiEXELT
TG I N D E DG L 7 7 > XAV ZOVATiE
JHAZEFRT B, FDRD, BRIZRZA S - By
RERZB - 727 DI DIEITNS 785, X6
12 BB D & 51T Volume (HUA | EGSZ[EIEL) 2385 Z &
T, MiEDENPEFLIZ K% EdD, ¥y K7
AT« ATy NIZINS KRB0 6THD.

I 51T, Resiliency DN £ 72> 7B & [AkE T
H5. DFh, T—VzV bOEXMENRT 7 K
A ZOUMHiRE JEIZ S 9 2 Z EDNFINT, 1THO
RS /NS 72578, il - HiRE R D 73
INE LK 7B, 3REE 705 HRE S HAMEMIZ H 2 3,
DFORWDEEDHFNPREVWEEZ SN,

12 Depth (2 D\WT 7243, Volume 2V/NE < 72
%, Tbb, WEIEALEEBDRNE WS Z &
&, FEXXR EORMEE XA L b e 2EKRL T
WBZ®, Wi mar PIEPRKENWIEE Depth 13K E
{725,

F 4 w1 ae ZHEER

SIG-FIN-022

K 5 wo mar ZHEER

W2, mae | Volume Tightness Resiliency  Depth
3.0 348,278 32.318 0.0261 632.00
5.0 321,123 21.333 0.0179 1,083.82
8.0 284,556 14.844 0.0126 1,859.86
10.0 266,285 12.510 0.0107 2,366.39

BHKEL 5L, Volume, Depthld/NE <740,
Tightness, Resiliency IFKE<7%5.

ZD &S5 - HHIE Yagi et al.[13] IZFFEAHIC
RMHEINTVWEEDTELL 22RO L.

* 6: Est BHEER

W1 maz | Volume Tightness Resiliency  Depth
1.0 266,285 12.510 0.0107 2,366.39
3.0 246,586 11.971 0.0093 2,832.46
5.0 230,521 11.853 0.0084 3,263.83
8.0 209,168 11.260 0.0075 3,851.76

4.24 TIVZAIBIDEHDRKE wo mar ZEE
R

F 2 ZHVEH DEBDEAN Wy 1pew % 3.0, 5.0,
8.0, 10.0 L Z{b X H 7z & D Volume, Tightness,
Resiliency, Depth D V¥3% 3K 5129, KRFEERT
X422 3MDEEREF L & 5 BkERVE SNz, 3
DB, Womar WREL LD (T 7 Z VIR D L E
MREL45) &, Volume, Tightness, Resiliency
DfEIF/NEZ <7D, Depth DfEIFREL 725,

ZDEDITB5T-HHIE, Wy nee DL EERER
IZED ST, T7 VXAV ZIURGIZIPERL £ 5 &
ggﬁ*ﬁ%@*ﬁ&:ﬂﬁi L&SL3T200ENZITT

4.2.5 E5DERY Est THEER

T—-Vxy hZEDOEXIMHEDITS D E 2 HRD
516D B Est % 0.003, 0.005, 0.01, 0.02,
0.03 £ & X7z & ZD Volume, Tightness, Re-
siliency, Depth D% 2K 6 IZmRT. X5 DR
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Est | Volume Tightness Resiliency  Depth

0.003 | 266,285 12.510 0.0107 2,366.39

0.005 | 206,633 12.843 0.0124 2,418.61

0.01 | 131,389 13.581 0.0193 1,811.65

0.02 | 73,125 14.221 0.0339 1,092.34

0.03 | 51,040 14.584 0.0494 755.22
4.2.6 SEXBWHMRE ¢ EEEER

VAR ¢, % 10,000, 15,000, 20,000, 30,000
2L Z 72 & FD Volume, Tightness, Resiliency,
Depth DY %K 7 1ITRT.

EXEREAM t. P KkEL 75 L, Volume, Re-
siliency (/X <72 D, Tightness, Depth &K &<
LAY (A AN TR g
%Z®iiﬁtok@mﬁﬁwfﬁ,ﬁﬁﬁﬁ¢?

5.

% 7 tc g%%:@ﬁ

te Volume Tightness Resiliency  Depth
10,000 | 315,304 8.556 0.0222 1,189.10
15,000 | 267,093 11.535 0.0122 1,972.84
20,000 | 266,285 12.510 0.0107 2,366.39
30,000 | 264,833 12.431 0.0098 3,334.00
4.3 RENMEIEZRDORERM

K BIIH/NT A —RAELLTE & & DiREE
T2 DORRO—ETH 5. FHIMNDRKENIZIRE)
PEDZALD SANZEE L TV 5.



F 8 BENT AR HINE B/ & & OIREMEDZ AL

INTA—=& Volume Tightness Resiliency  Depth
AP WA (L) mn(l) HWEm(l) sm(n)
Oc Bty mo(l) Hmol) B (L)

W1, max WA (L) WA (T) W) ()
W2, max WA (L) WA (T)  wEA(T) ()
Est ﬁd‘ (L) #h(l) mWcl) B (L)
te WA (L) ®(l) wA(r) ()

REMOET 7 VXAV RIS DEID R KME
Wi maz, T 7 =TIV DEADEKRME we maz, /
4 ZEAOFAY & — € iz FAN 2 52 50 o1z
HFWT, Volume 122 < ?ﬁiﬁ‘[‘%c\: F DM 3 DIz E
DR ERATHEZ L Z2REBLTWS.

WL DA DEGESE [4][10] TiX, Volume A3
TAH5ZEIZED Depth B ERTAHZEDRRINT
WA DS, AL TIE Volume (& Depth & & OFHE
ERoTW5

ZDFERDENE, AFETET ML TV
AN AL D BAREMEN R I Nz, RWFFET
1%, Volume DML 7= & 12, LEOIEENT X%
HTEWSITEIZET UL TR W2o, T
Volume & Depth 2SIEDQMHEZ RO A B =X LD 1
DTHIHAEEMERDHD. ZNIFESHOEETH 5.

XS D ERE Est ’i’ﬁﬂ:‘éﬁ‘f_ & &%, Volume
IZXFLC, Tightness & Resiliency 1Z&
WIEDOHBEZEDZ Dotz ZDE EiT4dE
LETIZBWTIRENED AL B LTS Z &
MG, 125D M Est DI EHT 52, I
I ASENLAE SISO S B o 7= R S (b
X) BIESDWREETHERS Z L1250 T, fhd
INTA—=RERBZI TS IZBRIFE IR
priEbng.

FTav YA X APIZEWTIE, FXif% % e
TEBEDOTF 4w A4 XX /NS WO 12
ADANTHGET VORI ZEDEEZONS.

4.4 (HAROEITERE ICED WIRENE DT

BER D & 512, Resiliency I3 AEDE - Hi3k
EHEMMEEE LTHVWS N TV S D, ZOHEED
RADEHINT VWAL AFD Resiliency 17 >~
B LIRS DRI D S BRSNS 5 3 E T
RINDH(10], FEAEFZED 53 E TIFFHHIT S 220
7= DAl REZR HIBH D FHHIIE & U TE L A < BEFD
Resiliency M 1T & 722,

Z ZCTARHITIHE, A D D DB T T 7
BA D ROk 5k X ML 72 & X, T 2h 5
EN O THIBIE DY 7 7 v & AV ROV
MEIZEITTS 2 D%, KRNI A—ROE%EEK 2
EABRIZAETE U2 5 FHE 9 5. 5K 300,001 #
75 330,000 £HIZ A F T D 30,000 HARE, 20% D

WlziE, 1 HEZBEL TALEEIC
W& - SRR LRI ED B [6].

2EAEDRHIETIE, 1 HHRAKERE 2 R E{ifg 2 & B 7 kg4
T/MEREHE 2T 2567221, TOMiKIZE EoTWwanD
WHEDL ST ZOMEIINS K REZENDD S.

(TR E & DD N

@1‘555, Depth
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TR 1 DFRFEER D IEXE L, TDOL &
Dk FyER L0 F Tz e 3 2% H3
5. 15 O RIFGALTEEL S BOVTH 5. i
Gtk DETCSAM, TR 7 7 VXA &)L
filikg & 0 5% RN KHEE £ TRIE T UXE T LZE D
& ALY,

B I OEBTIE, FEXN P, i Py — Py
5 P, + Py FTO—RRELETCIRD, Py=1,000 &
U7-.

4.4.1 EFHRER

KIBRNTA—RA2 2T ETz & E DIikgD
BIGE D W R DOFE RO - TH 5.
FEINA D R ENEIRENMMEDZAL D FIZFEE L TW 5.

9 BNRNTA—REEEINI T/ EOETEEIZ
HoOWREEo 2t

NTA—& | ik FYER  Houk O
AP BEm () WA (1)
o Bm(l) WA (1)

W1,maz WA (1) BA(T)
W2 magz B (1) Bl
te WA (1) ()

UF, B87 A =R Dfa% 2L X872 2 & DOffifg
THRLETE TOMMIZDOVWTET.

F4v ¥4 XAP %, 0.1, 1.0, 10.0, 100.0 &
ZALS E 7z & Z Ofifg NyER L £ TOHR D
VHERI0ICRT. T4y 71X AP BPKREL
725 &, g FERIZIEM U, 0% oMLK
DUT-. 72720, AP = 100 Tt FERIZ K
L, HRAEFTEES Lo TNIETHIGMEA
9,900, 9,800 THHELTLEW, HELEMHTHBT
H59950F CROBNR-T2T-DTH 5.

TAYIYAANRRES DL, ~EOREITOD
i DEEMNKE L B 7280, Hitg TFERE AKEL<
w5, FHEBEDY Y Y ROBYE, —EIZEFTS
BRI R E < 725720, o coMBEL 5.

% 10: 4482 B T 5 AP LHFEER
AP | ik T&E (%) Hook TOMR
0.1 11.33 199,623
1.0 11.17 195,256
10 11.37 186,426
100 11.75 N/A
A XD DT X —EE WS E R,

% 0.02, 0.04, 0.06, 0.08, 0.10 LZfLTH/=L &
DAfis FEHR L ot TORIMOFIE 2L 11 125
I JAZERO TR & —VEHR & WA E
o MRS e, flifs FEREEML, £t
E COMIMIXREA U7z,



o DIEPREWVIFE, T—Y x> bO TS
X5 DL, WHMED FEL LB ITEXRH I NS
ik D TERE FAI> T\ 72D, ik FEERIIKRE
{25, FTEMKRDoT-1, TGO ERE &
IZEXDIH XN A& H D ERE ER->TnL. &
D78, B E TOMMITE L RoT L.

# 11: 44 82BN 5 o, ZHER

o | MM TR (%) EouE oM
0.02 10.92 210,936
0.04 11.20 201,665
0.06 11.17 195,256
0.08 11.82 186,164
0.1 11.99 179,160

77 VR AV ZIVES DELDBKE Wy pas %
1.0, 3.0, 5.0, 8.0 b &fL T 7z & DIk F&E
T ETCOHEDEEIER 12I1ZRT. 770K
AV ZOVERST DEAD BRI w1 par DRE 72D
&, flifg N¥&ER 250 & TORIRED U 7.

TT7VRAVRERIVERDEADREL RS E, ¥
A& % 7 7 2V B AV ZOUIEREAIGR X B & 5 &3
HIHMAARL 5. FELODE T 7 VXA VAL
iR L L5 & U, TEPMASNS -0, fifi
MIERIZNI LD, 7708 A 2 ZOUHiR& L
RKEB LS LT57720, MlitED EANEL RS, £
D=, HtE TCOHMITEL 5.

K 12: 44BN D W e BHEER

Wimao | MK R &R (%) 6% TOHIR
1.0 11.17 195,256
3.0 10.01 92,085
5.0 9.38 661,40
8.0 8.27 50,226

T2 Z IV DBEASRDERKRM W nar % 3.0, 5.0,
8.0, 10.0 AL X B/ & XD FERLETLE
TOHMMDOEE%2FK 13 1ZRT. TIZZAIVESD
HAD KM Wy pae WREL 2D L, ik FEE
1T COMRBIIMmU -,

TNV DEANPKREL LD L, TN
Z g ANEREE X S T 5 RL 5.
T¥E LU 7-HIGHEIEBR L T E FEVPED -0,
filidg FERIIKE < b, HIGMHEIBRK L TV
7280, itgD EFITEL b, FD-D, HLET
OHIfIZEL 5.

ASCERIRE ¢ % 10,000, 15,000, 20,000, 30,000

LML E R & F Ol FiER & AT E TORIED
THIE R 1R, A ¢, Bk E < B
£, Wil TR L, S0 oMM
PSCEAIIIIAA = < 25 &, BRSSO
AR B, HHIRSEXORDS T, BE
WU 5k & < BN TG DV A & T
flif& D REITIMZ SN B 728, flifg FERITNX <
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K 13: 44 HiIlZ BT D wa e BHEER

Wo mar | A& N¥&EE (%) Hocx TOMM
3.0 10.49 91,616
5.0 11.02 123,836
8.0 11.33 169,497
10.0 11.17 195,256

5. FE%L:%‘%%B‘EXC@%?J?%HW&C, L H BV
M THGE D3N L X3 <, flik& D LR IXEER D 72
5. FD=, it TOHMIZEL k5.

#14: 4AEIZBT 5 t, BHEER

to | iR RHER (%) HEE TOM
10,000 94.31 42,678
15,000 21.47 115,628
20,000 11.17 195,256
30,000 6.08 260,327

5 FEHESEDEE

TENEDRER 72 4 D OFHH (Volume, Tight-
ness, Resiliency, Depth) %G 5 72 DK
R IEH LT, T o iEEolRe T v 2
YA X2 EDNTHBHADNT A —R2ZbZHE 5
LTl E L. TOMR, 1 Ao TEY
R—VERIZHWSER, 77 v EA VRV D
HADRKME, 727 =N IV DEADRKE % ZE
B L7254, Volume (23D < i#)ME & Tightness
& Resiliency, Depth (23D < i8I & [EXATH
52 eyirotz. UL, DS BBAELEHEL
72856, Volume (ZHD < JREIPEIX, Tightness &
Resiliency, Depth (230 < i@t & fHEIL TV 5.
NS DRERIIAMIETIIEE SN TV RNA S =
A LZBINYT B 0EDD DN ZRRLTWD.
AWFFETIE Volume WE\WNZ & & B FRfEE X
ZWRT WS HTEIZET ML TWRWD, Z
3 Volume & Depth 2SIEDMBIEZ DA =X
LT HEUHEMEDNDHD. ZOANZXLIZDONT
MREES 2 B ED D 5.

— AT, EXAEMDYE . 2 2L ELEEICE
EDPD S5 DDNT A =R TEST-MHEZ S - 7=,
ZDRAH=XLDMFIS SEDFETH 5.

F 7z, FEREFSETIEEHIIT & W FEBMliA& IR
THHEICEALTH, flit FigReBEnk cOMM
EANTHGHADNT A =R E2ZIEE & Tllh
U7z, ZTORR, /14 Xl P 2 — VEtha
ICHWDERMELEH L7255, /37 X — XD
XU, filikg NyERIZEDOHRM, &k TOMEIIA
DB ZEF -7z, 77V BA VRIS DEADE
KM, T2 =IIVED DEADRKAEZZEFH U725
A, WHIXERNSOMBEE R > 72, XA ¢,



EEALIEGEITIE, Mg NERITEOME, &8
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HESEH
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In this paper, we modeled stock markets to investigate the effect of index investing on stock price formation.
We showed that index investing has little effect on stock price formation in our stock markets model by analyzing

results from experiments with various market settings.

1. ELC®HIC

TV TyIAREE LN REELDH L. RET2EHE
%, TRTOKRRNZ, ZORMEREEDLL TR L THET 2 &
VD%®T%5 [Sharpe 64] 28k F % —HOM4L % BRI

RO Z OBERIC I D ER I NS AL, BHETIRRER
%mem§F®ﬁﬁf%&m%A%£bé_iofmé

YTy 7 ARG T, BEOEME L HEETITREN
Tohd., TOEDA VT I AKRERDHEVIIKRERY T
&G 7gE, ST TOMBERIEE TN, FE
REBIZEENET SRV, HEWVIFEREIE LR WEEICE
EVEF->TLESIARENEZONS.

AFHSCTH, VT v 7 AELERARYIZZ O & D Afi& ik
OMEEFIESHITON, TSR ITTE, Thidy
DOREEMEERICHEE2 522002 BEE L -, BAAMIZIZ
AT ICEAET il L HESNE, B I MMlikkExr €T
NELUTHEHL, WS ODhDNRFA=RIZDOVWTDOYIalb—
vavEREZBLUTCHEE SN UE.

2. AIETHBEDETIV

AT, AFETHEI AFTHHDET VIOV TIHRRS,

FERTGITIE m FEOGESRNFEL, TO 1D DR
AFT 0= (01,00, - ,0m)" 1%, ¥, £HEITH S DIE
BN (0,5) 12865, £ R EEPIFAEL, T DR
KIZOTHD. Kl t =0T, TRTOFEHED 1 BT
MmIhb.

BTG n D7 7V RBZIMLTWS, 55 n—14E
WAV Ty 72 ABE R TThbEWT 7V R AR TIR T 25747
77V RERR) THY, 1B VTFy 7 AREERZITH> T 7
VR UTFA VT I A7 7V REIRER) THB.

TARTOT 7 v NI ¢t =0 THREL, t=11ZEINT 5.
FUXETIZAR—=b 74 VA 2MABZ D Z LIETE RV,

n—18DT7 7547772 RIETRTHSM ) A 2 [a] 58
E-wRoHEEE~RD. jBHOT 7714777 i
t=0TOILHETBEYITF N s =0+e; +n&%iTLd.
ZIZT, 0 FIKMHOMHRDORI AT, g (&7 7V RIZEFD
ME, pIETRTO7 7y RIZHBELTAD ZH#EEE2EL,
gj ~ N (0,52),n ~N(0,%,), (S =025, %, = 02%) &K
ETDE. TIT47 77 NiEZIT oY 7 F0ES LI,
HE O IH 2 RT3 £ 517817 5.

1 HBEET BTy 2 A7 7 ¥ RIFK %O iR
FIZIGUTHRET S, 1V Ty I RAT7 7Y RDi% kE ~DO#

K S m2018imatsuura@socsim.org
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BEAIL, ﬁ#k@ﬁﬁ%ﬁ#?«f@&#@ﬁﬁ%ﬁ@ﬂa
L BEGIC, ERREREEHIIZETHS.

2.1 FU9T14T 77V RDTE

BT 274777V Ri%, AHOHFAMAZERAETS LS
WETE. 75714777 RO IZMY A7 [E
WE—EERET S, ThbE jEHOT 774777V
O FABIE uj(x) 1, t =1 COMEHEE y 2L T,

(1)

LERED. p> 0TI R ZEBETH S, p kT ARTO
TOT4T7 77V NIZHETHS LINET .
ZORWMTI, YT FNs; B/BETITATTI7VR ;D
& ; 3RO BEALEDETH 5.
Sj:|

u;(y) = —e

maximize E [u]- (G/ij)

(2)
®3)

72720 0 ik m FEOIEFICE) R JEEEZIMAZ 0 =
(1,61, ,0,)" DZETHY, pldt =0 TOWY A2 &
PR G DOTGMERZ ML p = (1,p1,-- ,pm)", b; 1T
TI54 777K OERHEETHS.

Fid Z OB LIEIZIROMEE FMiTth 5. !

subject to pT;tj =b;

maximize GJ-T:E — ngij (4)
(3)
Y DM E I,

subject to pTx]- =1b;

Gj, Zj Li%ﬂ%ﬂ Sj %ﬁﬁ’g‘t bf: 9/,
ST ERHRTH L. ZOBITHRELR,

(8 ()= ()

PR THEONS.

2.2 AVFYIRT7Y RDITH
AVFYIAT 7Y RIE~Y— v hR—

5. —g_fd:b%, §E%ﬁﬂ§p: (pl,"' 7pm)

(6)

b7 A ) A ITRET
T v AR b o

LT, BB b(p1,- ,pm)” /3, pi EHHEET 5 2
1 FERIEAT %S IR

2 TRTCOHMHBOMMEE 1ITEFLL TWE DT, R4 Al
LELN. ZObIFABHOLA (p1, -, om)T /Xipi £725
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2.3 @R ORERE

FEH DML, TR TOIAHOHEFED 0 & 72 B ik Tk
EXND. 3k p € R™ 2B Bil5DHEEE D(p) € R™
L, Dij(p) eR™ %, flifHp THRLEDE j 77V FD
FEL LT, MORTEBINBERBTH 5.

n

> Di(p) -1

Jj=1

D(p) = (7)

BEEEL 0 LT3 pld, pliOVWTOHER D(p) =0 %
Za— VKT LTRSS NA.

2.4 BIAHFEHMNEOEEERICMBMLITONTVEHD
1BIE

AVTFYIAT 7V RBEHERT, TI2T14 7772 RH%
FEB YT FAB, 04+ ThHhoLE, 2F0 0. =0 DBE
T, b IEMRIERPRMINTGEEX 5. ZOHETE
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Verification for Liquidity of Real Estate Assets
via Artificial Market Approach

OBl kEE*2
Zhiping Cao Takanobu Mizuta
1 BORITERY: BRE - BTk BN EEMTRAAEE
Tokyo Institute of Technology
2 AN—=FR Ty b - wrV AV MEREH
SPARX Asset Management Co., Ltd.

Abstract: Asset Management Industry may experience a drastic change. The added value of
the industry might be lower due to the improvement of technology (Fintech), Fiduciary duty
and passive trend. Under such situation, the differentiation of traditional investment will be
more and more difficult, and investor will favor alternative products. However, Asset
Management companies face the big hurdle in providing alternative products to individual
investors due to the Liquidity. Japan regulator tend to restrict the illiquidity assets from the
perspective of investor protection. This study will focus on the Real Estate, one of the major
alternative products. Real Estate itself is illiquidity asset, while equity Real Estate
Investment Trusts (REIT), one of the Real Estate investment products, is liquidity asset and
every investor can trade it every day, every time as equity. And regulator tend to restrict
other less liquidity Real Estate investment products from the perspective of investor
protection as many investors had painful experience in 90s.

There were many empirical researches for the liquidity issue of equity REIT. However, all
there are using the historical data, and it is difficult the analysis without the market
environmental change.

This study uses a financial market simulation (artificial market) constructed virtually on
computer to assess the relationship between liquidity and market price. Artificial market
method has been using for short selling rule and other regulation rule in Japan, but no trade
frequency simulation has been conducted before.

Analysis results showed that
1. High liquidity might heighten the volatility of the marketable securities. And it will case
the price divergence between market price and original value.

2. Fundamental investors and Technical investors should have the same trade frequency.
3. For real estate assets, due to the information disclosure frequency, the trade frequency

which can make market efficiency might be once per monthly.
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Abstract: The financial authorities around the world have been trying to prevent the occurrence of the
financial crisis and to reduce the impact by creating a common framework for finance. In response to the
Lehman shock that occurred in 2008, many financial institutions were forced to fail due to lack of liquidity,
and from the reflection that not only the capital adequacy ratio regulation but also the liquidity ratio
regulation is necessary, Basel 11 regulation consisting of the capital adequacy ratio regulation and liquidity
ratio regulation was formulated in 2010. However, some problems are pointed out in the liquidity ratio
regulation established under the Basel I11 regulation. Liquidity ratio regulation formulated under the Basel
I11 regulation is trying to encourage banks to prepare for the financial crisis accompanying liquidity shock
by ensuring adequate liquidity but this will lower the bank's asset management yield and it is feared that it
may be a factor that puts pressure on management and, on the contrary, makes the financial system unstable.
Therefore, in this research, we evaluate the influence of the liquidity ratio regulation on the Basel Il
regulation on the stability of the financial system by simulation. There are Liquidity Coverage Ratio (LCR)
regulation and Net Stable Funding Ratio (NSFR) regulation in the liquidity ratio regulation on the Basel 111
regulation. In this research, we will examine the merits and demerits of the impact of the LCR regulation
and the NSFR regulation, which is the liquidity ratio regulation of Basel 11l regulation, on the financial
system.
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