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Stabilization of stock price prediction
by cross entropy optimization

Kazukl M1ura |, Hiperrsu Hinof!
and NOBORU MURATA!

Prediction of time series data is a long standing important problem. Espe-
cially, prediction of stock price is much in demand for forecasting the economic
trend and guideline for asset maintenance. Although there are growing num-
ber of studies on learning theory based time series prediction, the prediction of
stock prices is still being very difficult task. In this study, the stock prices is
predicted not only using one predictor, but using a set of predictors generated
by the method of Genetic Programming (GP). Each element predictor is given
non-negative weight, and the weight is optimized to minimize the cross entropy
between the true learning stock prices and the weighted sum of predicted val-
ues. The proposed stock price prediction method is evaluated using both an
artificial data and real-world stock price data.
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7 — % % MY 2 6880358 2. SCHR 8) 1B WT, AL— v ZULBL, MEZER ) #
(RTHILERIRIE D) &, BB THIRRBIIE 2y — w0 — 1300, @ IC X BRI 2 Hle L
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@ @ y2(u,v) = u+ayuww+a
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Fig.1 Tree structure ys(u,v) = (8) (8)1} + a(s)uv + a(s)u
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Fig.2 Proposed stock price prediction method
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3.2 FRHEFINEFHMREOI/OAIY FOE—F/IME
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Table 2 Setup of GP

Al A% 100 AN/ —FE 3
THAE 10 mK/—F# 40
R 1.0 ERGE b —=F % bR (size:2)

FHREEE 0.1 X (2): 0.00001
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4.1 AIF—5IC&DREE

F9, ALRICAER L7 PHRR T — % L FHlE T L <, & (6) oMbz fi)
ET, PHIE FVICHY) 2 EAZREHNKS 2 L 2 RT3, R, BAORELICX D, ¥
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4.1.1 BEHDORELEER

T 3MORL L FHETINE WE 20 RATDT = ER 1IN L ASEREE 7~
FLICHAGDE S EICKOREET 2. DT 3loFHle T v 2R T, AJMEICIE, E

F =& X ZHGEE (4.2) THw 3 HEEY R 7000 M2 v 5.
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fop(i—s,me—11) = 1152) + aémy(}(mt—s,mt—ll) + a§2)y6(l’z—5, Te—11)y12(Te—s5, Te—11)
+a4(12)y6($t—57 ﬂct—u)z + aéz)yu(ft—s, $t—11)2,

fai(Ti—6,i—13) = (153) + aég>y11($t—67xt—l3) + aég)yu(xt—(s,$t—13)y15($t—6, Te—13)

+a4(13)y11($t—6, $t—13)2 + aé3)y15($z—67 xt—13)2~

BRI agv &, FFHIETILOHIIMED, 2B 2EHRIN Rk 2 ZBHTE 2 L)
W ARBER LTS, DF D, £TFHEF Lo R A% 3MEOH IERE%. 2L
THERZNZB T, 20 3FEHEOMAEDO T2 6 1 DOHAEZES. ok, HAED
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ve = 0.3, f3 TN TEHEAZ v3 = 0.6 LIHE LGS, BRI NS PR T — 1%, #i
ZAE Dy = {fa,t, f3,0415 f3,0401, F3,6425 f2,043, f2,044, F3,045, [3,046, f2,047, f1,e48, - -} £ 7%
H,0.1,0.3,0.6 DHEET 1 O2OFHEFT VDO IEINEIEN A Z LIk D. ZDORRIZLT
RS NIZFURRT =& EFHEFTVIIHNL T, R (6) DiIIMbE T VEY 2 BEAZEG 2.
AL 3SADOTWET VN L TTFOREL 3 Y —v DHA L, RELOREIES
NIEAERIIRT. X306, HRLLDZETVZNZNUCTFORE L ZEHAIIEFIC
EWERBELRERE L TRONTVRE I EBTH 5.

4.1.2 FHOREL

HAD R & FROBE T, F& 100 HOFHE TV 2MET 5. AJIMEDS FRkic
FTF—Z I X BHRGE (4.2) TV 2 HEEEEIRE 7000 2 AV 5. 22Tk, ERZICE W
T, 100 HOFHE TN 555 15 HAEOIRHEIC T L <, BIEOEHEREZ o & L,
[~0/3,0/3] DHIFHCT AL ZMZ 2 2 L TRon 2 —HOT— ¥ 2 FPHINRT—5 & F
3. 2Fh, PUHRT — 5 PO 2MIEDWIFHE +1x BHERZ T COHPICTRTE
FNTVLIRAELE 2 5.

ORI L TERI N FHNRT— 2 L Pl T VN LT, R (6) DRIMEE T o 72
FER, RGN BT 20802 T T 5 L BEA—ROGAIT 11.45, BAROELEICIE 7.05 T
HY, MEE B 2 L1 38.4% DDA S Nz, F 7z, s BRI b WIRHE
+1x FBHERZE F TORBAIC PR T - ZTRTEENE D, FUREEIMET L ok
WEWZD, M3, BAZRELL 722 LI & B WIFHE +1x B £ T o OZEL
e

4.2 EF—FICLBREE

FEF— & 1213, HEFHEMRAMG (2009/08/11~2009/12/31) O 1 432 D& ZE e\, 20 R
HETOT—F 2T 1 HBOMMOFMZITH. 27 —F i 18000 X THH, TMlE
T OREEE (GP) 1T 3000 &, EADREIZ 5000 &, 7 A M & LT 10000 5% Hw
7o 9, K TVHE T LDV FHERZE (Mean Prediction Error:MPE) 2% LT, feilift &
NI-BAOHAMEZRK 4 127, K4 &), BEARGELORRE L TREDORELTFHIE T
MR L TPNEVEARD, BEDNI ZTFHETFTNVITIZREVEARDRG L 505 Z L1500
3. Rz, BARELO THRKE~OFE L, FTHAHOTHMANOHEL2BET 5.

4.2.1 FHFBEICDOWVWTDRER

DT o 33 h OFE TGO FIISFEER 21T .

(1) @FMEFLOTTRLMBEDENE TN DAZHTEE (Best Model)
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Table 3 Defined weights for element models

and optimized weights

vl 02 03 f fa f3

02 03 05021 0.29 0.50
05 0.2 03048 0.20 0.32
03 05 0.21]029 050 0.21

—— True Value
-~ Orignal
| |- weighted

price
10220 10225 10230 10235 10240 10245 10250 10255

10 11 12 13 14

time

3 THLDEIK
Fig.3 Cut down dispersion

(2) AFHET VORI % 7284 (Orignal Model)
(3) T FINVOERZ R L ZINEFE %o 7254 (Weighted Model)
PR 387 = IcB W TOHIEREZ TV, P TFHIE (MPE), KOXBIOMHEHIBIAED
ik b b ERFE I THEZ PRIL 221993 (%] (Hit Rate:HR) (BT 2 Mg %2 2% 4 108
T R4 ORERTIE, REWGEEZE 5 {75 72 L TOFE & BHERZZE (sd) 2R LT3, %
7o, BETNMCL 2 PRiER &S EFRD 3 89 — Ik MRV T =2 2K 5 10T, £4
BOK 5 kb, H—ORUBEDECE T ILEHVS L D LD E TV HHIT-E %2 v
LI HEE PRI NS LT A 2 LS 5. X610, Eak ot LT
e FAOHIEOMENE 2 TNV 2 2 LT, PHIERIZ S 5 BT 2 2 L3R
TE3. BAEIRIC LGS L REIL L 72 5E 0 PEPHERGE, ROWHROERIL, t
EICED 5% KETHETH 5.

4.2.2 FHBHICOVWTDRELR

TR Z TR L 72 B D2 THEOIIRHE 41 x BHERE F COHMPHICEHIMEI S Fh
T3 HE, ROFAOT DL ZT .
(1) AFHMEFTVOEARZ KL L78A (Orignal Model)
(2) 2FMETFNVOEZRZRELL 72356 (Weighted Model)
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Fig.4 Correspondence between MPE and weight Fig.5 Result of prediction

Mk 2 %% = IcB W TOMIRERZ T\, FRIfED DL (Variance), K& O FEME DS HHHE
+1x PBHERZE F COHPBICE N 2HEE (%] (Including) DA E2FE 5 1IR”T. 7,
5 OFERTIE, RAEWGE%E 5 [T 72 ETOTHME & EHERE (sd) 2R LT3, 2L
T HAZHREL LI EICEVBONTFHSMORRINT—F 2K 6 1TRT. £5 LD,
FHlE TN T 2EAZRENT 2 2 LT, PRI ORHE £1x B2 ¥ T i
ICFHIEDEG N B HAIIRIE—E IS o 7 BT, FHS OB SR T B Z L8
D05, INEY, IDRELTFHNARRICRS EEZ 6D, kE, 20d 5% KHED ¢
HMETERENS FERTH 5.

5. b O Ic

B CIRIEIEIREEICB W T, BEO Pl FIVICHEY) 2EA%R 5252 LT, T
WA D% PHRSEZVE & 32 &2 (MRMT 2 Pk RE L. — RIS, FHIKEE D
EboRVEA, L DAHMONS ARBEEEOE TS TH L EHEZSND. HAR
DEFLTEE L3, REREI N BREOHEERICHE I 7u ALy FrE—DR/h
fbaH L 7.

AT, AL 22 FHE TN E L TGP ZBRA L7223, £AR L4 2 FHlE TOVIEREL
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Table 4 Predictive accuracy

MPE HR
(sd) (sd)
Best 18.88 56.82
Model (0.078)  (0.072)
Orignal 15.45 58.11
Model (0.089) (0.150)
Weighted 15.32 58.31
Model (0.088)  (0.183)

6 PRI
Fig.6 Result of prediction

=5 Tl O
Table 5 Predictive distribution

Variance  Including
(sd) (sd)
Orignal 174.89 63.17
Model (1.230)  (0.073)
Weighted | 170.44 63.38
Model | (1.205)  (0.171)
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n, —itN7% GP OFEE BB E KT 2 LIFF IR v, ZUd, FHIE 7LD LSRRI
T2 tBHNTHS. 7o oy 7V ERIET AR TECAIGNT WS K ) IT, B8
DETNVNEVGL TPFHETIGEICE, AL B2 P TAVEHE RS RkIEE2 6T 2
BB B, GEAGATERE U TRA BROEEHZEID A s & Lbic, PHIETLOM
BEWMPTILETESRTPHE T VISR RS, XD ROTPHSHEEMEL T
LICHUY T, s, EBCREE L 2PN Z VT, D YR 0D 0EIG 2179
CEDEREN AR TS 2. K6 IR L7k HIg, AHFRICB T B IREFIEICL > TH
5 N2 B IR OMAGT O T ME D370 15, —fRIITHIGEME L 2R3, XRESNZ LI %
IEHNAT &38R 2, 29 LTI Z2TEH L REFEREZIRET 2 2 L5 %0HFED
—DOTH 5.
BiEE AU EIIRIIE 22800067 DBIKEZ I DTH 5.
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