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Summary

In order to encourage individual asset flow into the Japanese market through long-term investments, it is
important to evaluate stock values of companies because stock prices of companies are determined not only by internal
values, which are independent of other companies, but also by market fundamentalism. However, there are few studies
conducted in this area in the machine learning community, while there are many studies about prediction of stock price
trends. These studies use a single factor approach (such as textual or numerical) and focus on internal values only. We
propose a model where we combine two major financial approaches to evaluate stock values: technical analysis and
fundamental analysis. The technical analysis is conducted using Long-Short Term Memory and technical indexes as
input data. On the other hand, the fundamental analysis is conducted transversely and relatively by creating a program
which can retrieve data on financial statements of all listed companies in Japan and put them into a database. From
the experiments, compared to single technical analysis proposed model’s accuracy in classification was 11.92% more
accurate and the relative error of regression was 3.77% smaller on average. In addition, compared to single factor
approaches the accuracy in classification was 6.16% more accurate and the relative error of regression was 3.22%
smaller on average. The proposed model has the potential to be combined with other prediction methods, such as
textual approaches or even traditional financial approaches, which would improve accuracy and increase practicality
of this model.
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WUTHEEEITS. %7V AN, 37 A%, 1
EHOKREMIEF %175 Z &I RATHY,
12, WHEENH T SROIEREENHE S £ TH
GOEEAW3r ) b2 EAT, THNS
B % 60 B2EH, 240 H¥EH W 14HF) D2 2itD
WTHRGEES 5.
77 YR AV BT O EAMEOHEE IR S
HEEEZEMIZIHIL, TE32XZFHEDI VXA
EHEEPRLZW. 22T, SEEOREEENTE
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RINFHDPS D, NN O EAMfE % #5E
U, SETHOEE, HREMEDFHEES»S B
TENRRET 200 EMEIZL ST, FIFFHIOE
A, WREEITB BHREMED AR L -
THHi S 5.

F—dEy b BREILOFIAHVEBIZBELT,
i, &l Zefl, #4E, HREIE LY Y aA X—
DataStream** D F— X 2\ 5. & 512k A I3
B BT 7 = ANVEEERZFRL TEMNT 4. MT (2
BWTIE, HRREYIREM 2 3 5 225 $4H6 (2016

A4 AFR) OMGEERE S S BT 5 FR S 0 EHRb X
NIERD T — X, # 56000 F— XY T EHAN
THHEd 5.

REITLDT 7R AV RIVIEEIZ, XBRL 77
LIRS 2 2 & TR O N REEE, BISRE
=, BEdEE, FyvvaTvo—KOF—X%H
W3, X512, Yahoo! 774 F VA *5h s, ¥fE
S, BRSHEAH, WG4, EEFERH, /XA
(), FEEEE GHEAS), HoTHE, EEEE,
I & Wo ¥ RE SR, REMEE L Tamns
5. b, BEEAH, BE&H R EIIHERZ &
DENZFHETBEZ L IZL > TRAKBEZE D L,
HEEr UCGEMT 5. £5ULTC, BELEZT—X
EHOWTHERB IR T 27 7 VA AV ZI)VIGEE
AR BN 5. AMGEERTIE, AifioT— X%
ST 5 REEMERSE, SMUEDER, EHELE1TS.
/2, HBLET—Z0D5L, BEISHRESE, Fvyv
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2%, VR T DML L7257 — & T, FEN
DEETF—RTHB. 2IT, MEHPITLDF— X
EAFU TR S 728, BEHlED SR Z ¢
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5 UTHERR X 1557 3000 2D 5 4[5 D pu 1
F—&, #60000 F— RV TNEFEEIZHND,

INAIR=IRS A G DI IRWNE  KISETIE, N1 83—
A 7 b [Bergstra 13] Z W TNA 8=85 A X4 —
FxFITS. 2P, MTIZH1F 5 LSTM FEHHE a2

M EWZd, NI RX=F T MNfFbT, EhEo

J—1K:200, Kay 77w h:0.15, HAHEDOEE(LE

B[ FERTE  softmax, FIJREE: linear], %&=:0.00001,

Bod bk RMSprop [Tieleman 12], $E4BE%:[ 548
f&:categorical cross entropy, [FlIF#: mean squared
error] & NA 8= F A ZPREALEEZERE LT,
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*4 http://www.datastream. jp/
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F1 M SHEFRIC B 5 EMED L (%)
MEEHAR | PHNS | EF MT MF | MTMF
60 H | 5046 | 48.35 | 53.02 | 58.43

2013Q1
240 H | 46.57 | 38.30 | 69.63 | 72.76
60 H | 4551 | 55.72 | 59.65 | 62.82

2013Q2
240 H | 5443 [ 6357 | 6792 | 71.75
201303 60 | 56.43 | 54.84 | 47.80 | 47.80
240 H | 52.37 | 50.17 | 68.96 | 76.36
60 H | 42.92 | 7313 | 63.54 | 51.84

2013Q4
240 H | 60.58 | 61.55 | 74.70 | 78.50
60 H | 52.23 | 57.11 | 55.95 | 56.40

2014Q1
240 H | 53.88 | 48.70 | 70.59 | 69.90
60 H | 40.51 | 35.60 | 64.66 | 60.83

2014Q2
240 H | 53.04 | 59.63 | 7421 | 73.59
60 H | 3497 | 39.95 | 67.88 | 62.49

2014Q3
240 H | 52.61 | 54.54 | 65.44 | 66.15
60 H | 5228 | 4535 | 59.56 | 59.32

2014Q4
240 H | 54.23 | 46.05 | 53.35 | 54.37

2 MEE 5:ERFHIC B 2 EEEE RO R (%)

MEEAR | FHEINSR | EF MT MF | MTMF
60 H 2996 | 12.44 | 14.52 | 10.25
2013Q1
Q 240 H | 32.39 | 38.8 | 19.31 | 18.44
60 H 3032 | 11.54 | 11.21 | 8.14
2013Q2
240 H | 31.65 | 20.58 | 15.25 | 14.73
60 H 2692 | 9.1 | 2555 | 10.09
2013Q3
Q 240 H 30.3 | 2091 | 225 | 17.03
201304 60 A 285 | 12.63 | 11.84 | 9.06
240 H | 29.54 | 25.7 16 14.77
60 H 287 | 824 | 9.64 8.23
2014Q1
240 H | 29.16 | 16.83 | 1536 | 13.71
60 H 2883 | 79 8.73 7.46
2014Q2
240 H 278 | 15.64 | 13.25 | 12.76
60 H 32.53 | 1031 | 9.07 7.55
2014Q3
240 F | 29.18 | 14.11 | 13.48 | 12.86
60 H 28.06 | 8.36 | 8.55 7.59
2014Q4
240 H | 28.46 | 14.88 | 1632 | 15.02

60 HFYa DRk AMifiE K OV 3 240 H Y DRk EAllifiE & U
BTN NDOFEFERTH Y, K1 IFHETIVD
BREAMMED £ PHOIEME, K2 IGHREAMMED VI
ARERLTWVWDS. £ 1 DHTRIZET 2 IEMR D K
IZB\VT, EF & MF O EffR O3l R 2 ks 5 &,
16 ¥aZF/ S & — > th 14 /8% — > T MF D IEfEEINENT
Wa. FARRIC, &2 ERETFHNCE T 2 PR R O K
IZBWT, 2TOMREE/NZ — T MF O ARIUE
NnNTWVw5s.

MT & MTMF % Hid % &, HDHERETIZ 16 MEE S
R—=VTI3NEZ—=VIZBWTMT &9 3% MIMF 25
WIEfRZ /R L TWT, FRMEETIE 16 #MEE 32—
14 XX — 2T MT & » & MTMF »MEN /- EHgiRE R
ZRLUTWA. MT OIEfERENE 52.04%TH 5 DIZH
L, MTMF O [Ef#RF1% 63.96%TH D, 11.92 RA
Y MENTWS., MT OFREREHIE15.50%TH 5 DI
U, MTMF O#EzERFEEE 11.73%TH Y, 3.77 1
v MENTWS,

MT & MF O i &, MTMF % g4 % &, /3 5ERRE
T 16 BFER KX — > 8 /XX — 2B WT MT KU MF
£03H MTMF AEWIEMfEZRLTWT, RIFMHET
16 MEE S X — v 14 32— TMT KUMF &0 %
MTMF DMEN 2 SEEREREREZ R L TWD. Rz, 2HGE
NR—=VOVHEWS &, PETFHOLE, REETIV
ERERR T B B0 O BRI 57.79% Td % DIZH
U, 627 v VTV UEREETIVIE63.96%TH
D, 6.16 "1V MENTWS. HRTHIODEES, REE
T EELT 280 OEED 14.95%TH 5 DIz L,
ENSET UV INVUEREETIVIE11.73%TH D,
3.2 K1Y MENT WA,

# 3 1%, MF OMGE#EFE T, XGBoost 25D\ THf
BE I ICHBRANGOEEZZEL, BT 2175
EDTHS. HEFH N TOMEMAEICEELG TS
EV(Enterprise Value) X #kfilfi, #k3:FA78AY EALIZRT
W3 7213 T <, PER(FRMiIN2E3R) %> PBR(FRAif{ & A7
Y L Wo RN T 7 XA VX VIR BATIZ E
TW3. 7z, EEHCEABEOXIEL Y, EHiE
PREBEARIZBEEL 2 WL S REEH B EER/BHEL LT
fHEINhTWE., Z0L51Z, MFIX, 77V & A VR
JVEERE N & BB AEHE B I B E AR E A R LT w5
ZEeNbnb.

E7z, 77V RAVRVEHOEMNZRTHIZE TS
HEE (R HEERRICS T 255 E) Befis b
L2EEEK2, M3 ITRT. K2, M3, S2ETHK
OREIFFHIZBENT, HZ 60 HRE O FHIZN LT
HE 240 HIEPEHOFHO /R E Y 7 7 VB AV R )V4y
FrOFEENFREICKRENI L ZRLTWVWAD.



3 2014 FLE 4 U - B2 240 HEHORIBFHEIZB TS 7 7
VEAVRVIEEOERE T VX v (AL 10 HE)

Jighz | THHE

1 EV

2| SRR AR

3| Bkl

4 | HRASITE

5 PBR

6 PER

7| WEER

8 | BCLA[E D

9 | FERABLED I

10 | B4 <D S HVE
5. & =®

FEERTH7 - 72 EF & MF OFHiifER A 5, RFFH4
Ty VRAVENAE LT, BEETIVDT 7R
AV ZVIHD & D IERERREMEHEZITA S Z LD
oz, EMFEEIZL-T, 60000 FLDT—
Xy MO EE 2T/ 2 8, TLUTR3 D
X S ICEEAEYE % 1000 HEIF X OREEROEME
NoHETAZIZE->T, AHOUMETEETF—XY
VTNV DRA KON OBARAOEE MM L, &
DEEDOEWHEMEHEN TAZEEZONS.

£/, R3ITBEWT, Fyyraryn—ZH#d 5HE
PR EAMEHEE I B B EELRRHED EALIZE T VR
WZ ERBIRE . RS, RRNLRBEENR T 7
VR A VRV ITH B DCF iEE, S2EMiE iRk
AT F vy ¥ a 7o —OEFBIEMIEIZ & > THRET
525774 F U AHBIEONWTED, FyvyiaT
O—ZBET AEE N EER SRS LTINS Z
EWIRFTEREDSTHSE. Ty A4Sy AR, ER
IR 2 W TR IIZ S S -k = AT L E —
BlihnweEZISNS.

EABEOZIENEERFHE L LTl Ty
L5ZLIZBHEHIRETHS. 77407V ADHETHE
EMEOHEE DRI F vy a7 —IZEHT5D1%,
M2 OB E LD 5 BRI OHEERBIET L IR AR,
BN DL 2 W WS DD 5. JEA
PO FHBEIXEABSE DIEIZ & > TREEFRE & 138 0 i
INTIEIZITDNEZEHDTH Y, EABUIFIZRIZR L
TEHAE I NG 7280, EABEO I EBROR 4 %
AR TR TWB B TESL, ZD &SIz, |’
RETNZ L > THRTFORFFZNLR 7 7 VXAV RV
MCIHEA TV - ZEHBEPEEZ B L, BFEFE
TIFEH L TWiah o 8P 8LR D & B 2EAE % 37
TEHZEHVARIZ RS L FTE S,

MT & MTMF DA S, 727 = HNVHHIZmA T
T 7V RA VANV EMAGODRELZEBEETIVY, T

ANLHIREE2MGE 33% 15 A (2018 4F)

TN LU TENHE R TR D2 2D bh 5.
72, K2, M3 OfEEPS, FHNRPEL T 2%,
Ty Y RAVRVHEDESTHD LR TES. ko
THED &S h BRI E ORI, T2 =00
IR T, RN THIGE XD EEENEE 24
lifEIZEB L7 7 VARV R AEITS 2212k
T, JOBENHEETRADHLERTS.

X 512, MT & MF, MTMF O Rl B Ll b 5,
TV RA VRN ET I = HNA e 8 7iE
FETND, B—OFiEL 0 PULEESREVE T IV
B PRINT

[5 7 = VaHHETGOE) & OIRICERT 5 DI
KU, 77V XAV RVOHIMiEE E RS20, &
ZWEREICLRVIZE DIV TEHAL S, F
iy HAARAMRICHES 2 H TS [Murphy 86] £ H B &>
2, 77V RAVRVKRFET 7= HVHFIE, ThE
NS Z B OJRIA & BIHFERICIGLTWE., 77V X
AV RVHT T I ZAIVHAT L WD &RlT — X OBf%
MR e LT, /A1 XL —%&— [Murphy 86] DI/
WA, KK EBHETERPEGHTH D5 VFET DR
RINT—R2THBZeNEToNE. FIZIX, & 5HM
A OKEIATHEL, TOHIHA DT 7V XAV ZIVIAT
MOENPN DTS U CTE LIz T 5. HRT
HBRoIE, TOHWAZED Z LAEGHNRITEITSH
D, I A ORI ER T2 2 HfF XN E DY, BT
BLEZeizky, /74X NV —&— 3B 72 31 2
ToTHIA 27T 2 Vo IEABRITEIZHLD,
FER Y U CHIN A DML —&, £/-FES5ICT%T 5
ATREME DS 5.

AR, &0~z R & BRI IR A
BBEBELEL TVWARRIDO T —RIZH LT, ThFh
JFIIZEH U2 E TV BUIRSERIZE R L2 T V%M
SLITHESE L, TUY Y TALEFILEZAWSZ LT, Tl
HWEA2MNETHZeMNTE, FREBEIHEROT -0
FHFERIZE 25 THER2CRMIZOTTE 2R
RIELTWS.

BlZIX, 1> X—2v MAEDREE cost per action(BA
N CPA LR 2 FllT BB, 4 v X—32v MAED
FMORE (5O, B, T8, AHLEE X—7v
MERE) &, 4 YR =%y MEENROBIHIFEROR
ME Ty yarviier)y 78, CPARY) 2
WABGHENEZ 6ND. JREOFERMITIEE SR OB
RICHEEZ G252 W5 NRBRVEHLEL, £UTLE
SIROBIFERIZIADKESN PRIV v 7 VW TG
W TRWTEN K BEREEATVS. 2O L5 RY
BT, KFROBEETFIVDLSIZ, [KEDOHEME AN
FT—RETBRETTNDT 7V EAVRIVITDOET
Ve, IRESIROBIHFERE AN T —R LT HREET
VDT 7 ZHVDHDETNVE FTNFNITITHEEL,
TV VTIVETFILEHAWSZ LT, PHIBEZMEX
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(1) RAEIZHS DHMH, &, LEOEIG

X
A [st,he, ]
ct
(2) k ATy THiND S OMMEELR
. k=1,5,20,60,120,240,360,720
Ct—k
(3) k ATy FHiN S OHREELR
Yk =5,20,60,120,360
Vt—k
(4) MMED k AT v THEITITEER
2 k=5,25,75
1
DI
i=t—k+1
(5) RSI(k A7y FTMHEENY Uiz ATy TOEIE)
1
1 —
t t
T+( > U=)/( >, Diw)
i=t—k+1 i=t—k+1
1, >cp— 1, <ct—
where U = €=l D = s et
0, ct<ct1 0, ct>ci1
k = 14,20,60

(6) T—NTvruR (EHOBEEIIRA, BIHOBH LR
BTN S LI 28I%) 0K
1, at(k)—at(l)>0 & atfl(k)—atfl(l)zo
0, otherwise

t
> o«

i=t—k+1

(7) Ty 7 uX EHOBEIESEMRS, RUOBEEIiR%E L
PO FICRIT 285 OfF K

1
where k<l, ai(k)=—

1, at(k) — at(l) <0 & atfl(k:) — at,1(l) <0
0, otherwise

1
where k <I, at(k):E
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(3) BPS(— b7 b ORERR) = somap v

o BUEHE

(4) PBR(H{MFTERERR) = “BPS

—kdH 70 DY o

(5) BiMAIEDY = o 100

(6) ROE(HUHEARHE) = g—llzg

(7) ROAGREFERIZER) = %fgg

(8) HEBEARME = L%‘ﬁé_fﬁ % 100

© ittt gk = TR 100

(10 EV(ESEMERD SE LN D BEAMM) = R LE + A5
TAM-Ire

(1) EBITDA(REANGT - BiS| S 8T - JAGERIRT - 2 OME R
RIRR) = B BRI + IR (B 22

E
(12 EV/EBITDA= _ BV 100
EBITDA
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