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Abstract

Purpose — The purpose of this study is to propose a fuzzy inference forecasting
system to predict the variation of stock price of each company and the stock price

fluctuation range.

Design/methodology/approach —In this study, four machine learning algorithms
are used to predict the stock prices and select the important technical indicators. And then,
this study applies fuzzy inference to construct a fuzzy inference system to predict stock
price fluctuation based on the critical technical indices.

Findings — The results of case study showed that the accuracy of the stock price
fluctuation is more than 82.13% for three companies. In addition, this study also proposes
a new method for predicting the stock price fluctuation range. The research results show
that the prediction accuracy rate of stock price intervals are more than 83% for three

companies.

Research limitations/implications — This study focused on the numeral data of
technical indicators but not non-numeral data in the fuzzy inference system to predict
stock price fluctuation. Future research can combine different data types to construct the

prediction model of stock price.

*  Corresponding author. Email: ctchen@nuu.edu.tw
2018/11/08 received; 2018/12/21 revised; 2019/01/20 accepted
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Practical implications — According to the fuzzy inference forecasting system,
investors can use only the five technical indices to predict the fluctuation trend and the
interval of the stock price. The prediction accuracy rate of stock price intervals are good

enough for investors.

Originality/value — The fuzzy inference forecasting system proposed in this study
not only have the academic values, but also can effectively predict the fluctuation trend
and the interval of the stock price, and the contributions of practical applications for
investors.

Keywords: FinTech, stock price forecasting, machine learning, fuzzy inference
forecasting system
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#k#+#% (Financial Technology; FinTech) 73 H g4 (% & & 4442016 ; Shim
& Shin 2016) < B b » F) I # 235 AJR TR K 69 8175 B A » A Bh 3B A EAT LAY
‘AR LRAZARYERFm - #4389 (machine learning) BF Z A K
TEAA LR FREH KA BT HRABN TR Bk Ry
# % (Hanetal 2011) o

SHH AR TARI M AL - R ey st R KA R % %98 (Lietal 2015; Zhang et
al. 2018) » — x4 & Epib @7t 4 2 (Yu et al. 2018; Kim & Won 2018) % 7%
WATTAR] o M A AA R PR R - AR A AR TR N F 8 R $ 45
1 BATIRARFAR 732K H B ey3RA - Bk - R AE BRI 0 7 kA TER]
PEAB 75 R kA AR ERREZ— c R METHTINHF S THELHR |
QB R 5y BERETAR] » H L IAR 69 TAR AR L T AR AP 0G2RA o L0 A
P 5B EA MBS R A RSN 09 TAR B ATHT R © Kara 5 (2011) H| M #
A 4& 48 ¥ ( artificial neural networks; ANN ) Ffe % 3£ & & # ( support vector
machines; SVM ) » 1& il 10 {8 ¥ iz #5642 FRMA AT A7 @ A% 5 Pr (ISE) B R 100
15 #oy &k B - Laboissiere 5§ (2015) ¥ EREFFA XTI EEEE 2 3 Ik
18 - #) R JaAb 2 sk AT ARE TAR] - ER-FHBHRE (MAE) /84 a 5
ik 2 (MAPE) #3743k £ (RMSE) #4720 A63F o Patel % (2015a) #]
AP ZERER > AR Rk B K F Ak o SHEEp R LT AR
PRIk EATTAR] o Bk KRR S F R LR EAT IR IR TAR] - ARG F 0
R SAT TR FEERAY o R BEMABTRKTAR Y HATIAR AR £ &
% > Bt SR 0 M R A o) 2R Se 0 BB BB SRk TAR 09 AR o
B > )R B RE & R R T A H R B FIET R o AT B IR Sk ek TR ) 42
0 AR A 0 AR EA R LM R R o4 4 R (Chen & Chen
2015; Dash & Dash 2016) - B b » A RAMB L R B F ok B HE2H
HrdEAR 0 B R S GBS Tk 0 R AR IRK OO TER A & 0 FEATARI L
Z ik BAR SRR KIS L S B B 0 AR H A AT IR R AL M o
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(—) % 3#EwE# (support vector machine; SVM)

Cortes #1 Vapnik (1995) 4% ¥ @& /% ik - Vapnik % (1997) f %@
BAE R AR S R B e AEST AR o SVM A S E R B S8 — B A AL
Fa o TR ER SR EFTRAMNEZEERBR K o & > SVM &
JE R e &BARR LR &4 X F % sk Mas7aal (Kangetal. 2015) ©
(=) #%#t (decision tree; DT)

EABARFE AR LR EFSARGH  EABEKRGERERZIRLER
(AT & FE#H 2014) - TAA A —EHKEHFRE > A A - LREK
RIEFeHY T (Keramati et al. 2014) « JZ ATy NI FHBER R LR RS BME - ™
F— BB AT TR AR R - 380 25 AR A SRR -

(=) K ¥t 48 &% (K-nearest neighbor; KNN)

K 5% U147 B ik 2 — {8 3F 4 #0095 #87% i% (Adeniyietal. 2016) « KNN & #] | —
A SR B A L — 20 SR B 09 AR U LR - RIFREIAE R BAT A - 5
H KABAREE2H 80 » BP s KUt #6 &% (Hanetal 2011; Adeniyietal. 2016) -
KNN 69 % 8 A A MBS X EBR A GATR AR ATHEERAN  H
PEAERYST HEREO GBS & £ ol se g -

(wq) 1% 3% Fa4p &2 4% (back propagation neural network; BPNN)

#a4b 42 4834 (artificial neural network; ANN ) % —#EJE42 M0y A 4% 0 i 184
& AR R R A A (Valdez et al. 2014; Yu et al. 2016) - — 18 Fa 4 45 49 %
AWHFSEAATAYE TR EPT R 3B BT AR S AR IRAE R, o L 5]
et farpe et (BPNN) 2 — AR 2 Ha I 5 R EBEH > LA ER
R4 iy — AR e ik iR ik (Wang et al. 2012; Mo et al. 2016) -

= RAETAR &7

WFR o EEEBALRGEL  FEERRBET IO RS ERGEREH
(Demirbag et al. 2016) « 2w » EREFTIHERBLAAL IR ERYFHEZ— o
Rin > MABERZTHHBEELES > AAMF S ALBEHRREI N LT
A R B T TARI AR R AR LM Wb 0 3R o RBT R MR B E kAN R
TGRSR ok 1T RN RS R R 45 8% FRT R 00 2k
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TR F ik

Atsalakis and Valavanis (2009 )

Neuro-Fuzzy

Frfk iz (2010)

Support Vector Regression » Artificial
Neural Network

Hadavandi et al. (2010)

Genetic Fuzzy - Artificial Neural Network

BRAER A (2011)

Back Propagation Neural Network

Kara et al. (2011)

Artificial Neural Network + Support Vector
Machine

Chang (2012)

Evolving Partially Connected Neural
Networks

Lahmiri (2014)

Support Vector Machine

Laboissiere et al. (2015)

Artificial Neural Network

Patel et al. (2015a)

Artificial Neural Network + Support Vector
Machine + Random Forest + Naive-Bayes

Patel et al. (2015b)

Support Vector Regression + Artificial
Neural Network » Support Vector
Regression + Random Forest » Support
Vector Regression + Support Vector
Regression

Wang et al. (2016)

Support Vector Regression + Principal
Component Analysis + Beam Search
Optimization

Particle Swarm Optimization+

Lahmiri (2016) Back Propagation Neural Network
Feature Weighted Support Vector
Chen and Hao (2017) Machine - Feature Weighted K-Nearest

Neighbor

RAAR RO
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it R £ 2 (A) v
i 4% (OBV) v
A/D \%
5% 4 4 (CCD) v
SIS (PSY) v
A B e T 2
(SAR)

%% 4% (DMI) v
Wk 1Tk s (CDP) \%
st 45 4 (ACC)

% £ 841 (Chaikin)

J 4 4 8 1145 (Chaikin)
P 248 (NVD

& § 44 (PVD)

# 4% 421+ (BB)

=Bk 334 R (WAD)

A BrfE#% (2010) ; B : Hadavandi (2010) ; C : Karaetal. (2011) ; D : Chang
(2012) ; E: B AF (2012); F : Lahmiri (2014) ; G : Patel et al. (2015a) ; H :
Wang et al. (2016)
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FELE AMEFR LA AAEMRRERFTEETY  HNHFZFY
RE AR - AR ESHERRES > TAZERREEALNEIBRERL
(2 % % 2008 ; Lincy & John 2016) - #:#13# (Fuzzy Inference) % #| 2 /5
o BT AL B A B 9 F B AL TR AR B R TIFE
g ey R o

—Mf s o B e RAI R T T (F AP % 2008; Lincy & John 2016 )

IF x; is X} and x, is X} and...and x,, is X} THEN y is Y; (1)

ok XEXL XD Fe V(i =12, m)BEMES  x(t=12,..0)5 % t A
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MRS WMAML -y S LS -
(=) "R & H T
By 7 B A 0 AT R B R BN B R R o AT e ROR LA M 0 B b JE
F oA A AR AL IR R (R AT HF 2008)  Rd 0 Tl FRT
ERAITHREZHSEHE > ARELALT N ZINAHMGAER > LELERRNE
TE ¥ »#a (Escobar et al. 2013; Chourmouziadis & Chatzoglou 2016; Ghadimi et al.
2017) « B b > BAIA & &AL ey 7 AR R B e T R B o A A A B R
B P BEeg £ % 5k 6,3 K-means 7 #f /% (Arora & Varshney 2016 ) + #&#7 C-means
%% (fuzzy C-means clustering ) (Kesemen et al. 2016) ~ W sk & " 3514
ek AZ Ak 2 o9 X, (Anderson et al. 2014 ) -
(=) BHiemeyE R
oW IE R 3 IE R A — A BB 0 —f% 4% A Mamdani #) min-max 7 ik i 47
HHRA gL (Z 4+ % 2008; Lincy & John 2016 ) ] | min-max 4 7 i% /£ AT
WA PR EFRBARE N B > S E e TA® (FAR+ % 2008) :

a; = min{uy: (X1), Ky (X2), - fyi (Xn)} (2)
£¢’Mﬂm&%kﬁﬁnﬁﬁ%ﬁ(hﬂzmmﬂzLme%%%ﬁﬁ’m

2y BB AT ER 0y B o
HIER R Y R R BT

B;(y) = min{a;, Y;(y)} -y €Y 3)
Ed o Bi(0)&FUFRANMEBER - V() AWM B v 3B FUHERAEY 0042

JE Y B3 S HAR -
A ARB M EER > FE T (24P %2008):

B(y) =max{B;(y)}i=12,..,m 4)

Hof o B) Ak Ravi B d -

(v9) FRAEHIALEY 7 ik
—fE T R SR IR A=A ST s A LR XE R gAY
Tk AR RHMEE (FAFF 2008) o KuF MR L RGOS JHHE 9 &
KB M - 348 R a3 X E QR B AT - 3t E 4 F (F A+ % 2008 5 Lincy
& John 2016 ) :
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* Zlk<=1 YeB(Wk)
= Sk 5
Zlk(=13(yk) ( )

y
Hb oy & AR B

g~ FAB AL 6 SR AE

SR A Y TARI AR STAE F R 6 AR = A ndaeyiRiEl4E s (confusion
matrix ) 7 (Patel et al. 2015a) - Ry » AFARLERA SR> HNFRT > L/E
18 % 40y iRALsE M de k& 3 B (Dengetal. 2016)

%3 SR iliErk

FRAA
A A; A,
Ay N4 Ny Nip
f; Ay Nix IYii Nin
An Nn1 Ny Nin

sepgyan oy EaE g (accuracy ) 893 H AR F ¢

aNii
Accuracy = m (6)
Ad o NyREAEEMAF i AATARMEL F i fany 8% NyRERABMLH i
W TARME & 5% j FAe B -
FiaegtanssEE (P) A8w% (R) =t 57X & :

N..
p = _Ni
L YR Nk (7
N..
R, = —Nii
L OXRoiNik (8)

Hd o Ny REABEMES kK AmTERMAL S | A B NpREREEMHAES i
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$ o mTARMA L F k FAey AR -

5 ERERHE

REF 2R R P h BLREER 500 18 B AT54E (55 & Al £ A18) » 4wk
4 BT o T BRARTRIK ) RAFF R ARG RS 019 ATARIEFY " Bk T
T T Tk AAARAARMIERNGEFTXRBB 2T R, KT R
PO ATIEAZ BB AR T Rk RIBERLER— e TEME
VAR AR b8 N0y T2 ) FZRETAALHEH L - THKENHFHM S
2014/10/13 % 2017/06/05 » &HHEA 646 % > P14 2016/12/30 £ 2017/06/05 3
100 Z1E AR 69 A # -

& 4 BATIEAR O L AR AR

) A4.12 BAR¥ 38353542
Al BBEE () |A2 BREEE (L) |A3 RI&EE () (RSD) RS BBRER
A8. 12 B R JEI54E
A5.5 BF3% (MA)  |A6.10 BF34 (MA) |A7.20 B34 (MA) &(y;ﬁﬁ#ﬂ%
o Al10.12 A TedF Al2.9 B HrikFEISAZ
afe B NN é7
A9.6 Afd#%E (BIAS) (BIAS) All. 6 B.ux24 (PSY) ()
Al4.9 B# &4
Al3.9 BIZREEMAGAT E PR . Al6. 10 B ## 1517
HRAGHE Al5. & (F0%)
(D) (MTM)
(MACD)
Al7.A/D Al8.10 RJEH454E (CCI) O19. REAg 7Rk

HAHRR ¢ AR TR

AR EGARFESMBMILATIEAZIR = RN 3 A8 R 09 & & A& 48 B 12 &
(Anderson et al. 2014 ) » 3t Hi% i 48 B 4% B3R S 09 AT 10 & 74542 47 N8 R 2k
O9TAR] > EZRBR S E S ABATIEAR o B AATFHEARERT 0 SR A& A
TRIMBZEHELFOTAREREE  ERwk 5 2R 7T w848 " K1k o
PEME TR AT RF R AR SVM FERI AR ARk EAER R G o
HHRAMTIEATBERZR B RV B S AR R R RS S E R LR = KN 8] IR
PRIk TAR EAER Y 80% AL T Kk ) Prifdiey S AERAHKMIIES A S
Al12 (9 B ek FEMIEAE )~ A4 (12 BAa¥5855454% ) A17 (HE & 1484% A/D)»
A3 (RA&IBE£) A9 (6 AEEEFE) -T &ME | AT A 5 BERYRMI/AZY
W& AL2 (9 B HREEHIEAR) A3 (RIKME£) AL7T (B & A464F A/D)~ A2
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(R&SMEE) A4 (12 BMHJRI[IEAR) " 8E ) FTEEE S BEEZGHMIET
oAl AlT (H & 714648 A/D) > A4 (12 BAa# 58554548 ) » A13 (9 BIZRFEEH#K
HAR) A3 (RIEMBEE) A2 (RSB E) - Bk KorR>AEH T X2k

"EHME TR PR S B E R ATIRAR - A IR IR IR TAR] 09 454R
SEAR AT TR R Seeh B o

&SRR AT R RATIEATAE Eay AR

7 ik

i SVM KNN BPNN DT
10 88.45% 85.45% 85.71% 85.45%
9 87.64% 84.55% 84.79% 84.54%
8 87.18% 83.18% 84.79% 84.54%
7 86.64% 82.45% 84.43% 83.63%
6 86.36% 81.64% 83.63% 82.45%
5 84.36% 80.00% 83.51% 81.81%
4 76.36% 75.45% 78.89% 76.36%

R 6T GARNE R R AT ARE Bt A A

s ik SVM KNN BPNN DT
10 88.18% 82.72% 85.32% 84.54%
9 86.36% 82.72% 84.79% 83.63%
8 85.45% 81.81% 83.48% 82.72%
7 85.45% 80.90% 83.48% 82.72%
6 84.54% 80.90% 81.35% 80.90%
5 84.54% 80.00% 81.35% 80.90%
4 77.72% 73.63% 77.83% 74.54%

k7T R AT AR B0 AR

7 ik
SVM KNN BPNN DT
11718

10 88.77% 84.69% 87.15% 84.54%

9 86.34% 82.65% 84.40% 82.72%
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8 84.69% 82.65% 83.51% 82.72%
7 83.67% 81.63% 83.51% 81.81%
6 82.65% 80.90% 82.23% 81.81%
5 81.81% 80.00% 81.68% 80.27%
4 74.48% 72.44% 77.83% 75.45%
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(=) TARMMIRAZF LT LR

AFF G AN AR TR T ok AR R R B R B b S B B
ik oy Bl v e A | AAREE (XL s) T A 0.5 AR £
(Xx+0.5s) ki 1.5 45424 £ (X £ 1.55)  K-mean ¥4 & Fuzzy C-mean -
TR ERSS TR TP T, ZEEEER ) PO AC
Cy ~ C3 0 3B R E R THeE 2 FFT -

»

pa(x) 4

[ v 3
(Low) (Med) (High)

2 0 35 R B B 3
(=) TEAHMEERYETEHR
AHF AR M AR T B 2R 0035 SR R AR EAReO TR > AR A T A
PR, AT EBBELE Ry Rk 8 -
k8 MAEIT 2 EE WM
AR FEAR B3R 4Y T R B
E2 ﬁ(’f“)(cl) S (G FERTEK (G0 & (G 18 .
5
g (Cp) & (Co) K (G3) » RIRTFEK (C) " # & _
€ . 5 4
b lc) & () mm (0) H
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Cl“ CZQJ CgP C44J CS#J C6¢J C-T‘J

00 0.3« 10

B 4 ¢ b eE i g B Ak i

(=) ELRMB B
A RAN R ARAZHBOFESR TR T T e BB SRR
FBoo RAM AR EEEZGRA Bdek 9 91k 10 BT -

(W) HmogsR

A RAIH min-max #7% kBATHRAES R e 0 B AERKXES
M e A5 R OO F B S B AR AL (2 A d % 2008 ; Lincy & John 2016) © 2
& AL AL (y7) KA 0.5 RIFER AR Fkakey ke s Tak o RZ 0 A
TR AR PRekagdk 8 s Tk o
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A1 0 0 5 #2135
Al 2 ! 0 4 1%
A 3 0 1 4 213
A 4 2 0 3 =
Al S ! ! 3 =
A 6 2 1 2 TR A K
a7 0 4 1 TR
Al 8 ! 2 2 TR
A9 0 5 0 TR A 3K
#A] 10 1 4 0 1K
A 11 2 3 0 1K,
A 12 3 2 0 A 1K,
Al 13 4 ! 0 ik
#A| 14 5 0 0 Ao 1K,

%10 BB EAAE

e IS S ST IR T SN B N CE I s
HP] 1 0 0 5 & B
.71 2 1 0 4 ®
PTTE 0 1 4 3
2.0 4 2 0 3 W
R 1 I 3 %
SN LN 0 3 2 F kA
Fop 7 2 1 2 LR =S
2B 8 0 4 1 7 7R
FB 9 0 5 0 3 23
.00 10 1 4 0 W
2.0 11 2 3 0 F <
R 12 3 2 0 &
28] 13 4 1 0 E
HP] 14 5 0 0 & %
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= AR IR IR E B M 6 TR

TMBERSE T REET R R B EIRIT AA M 0 BB LA KN 0.5
B Bkig Mg AR LY € [91,9.] * £ 0 91 = min{y;, .} 9, = max{y;,y,} °
Y1 Y, 84 E CIPASE 0 3

yi =00 7% x puy () + B B4R )

(x=0.5)

Yo = g ¥ T% * gy (X) % FE P fT3E (10)

KA xBifem i RGBACBAL -
HREMACA A 05 B Bl EMAYEDLY] EF 9=
min{y;,y,} * ¥, = max{y;,¥,} c y1 Ay, 893 E AR 4w F ¢

y1 = Eo22 0 7%« i () * B B A (11)

.5
Vo = 522w % * g () * B P e i (12)

HP > xiia. ~p§=ﬁ¢fg_nb il B o

PR RL TS B LR % R R S 05 o
itk +§?F Bl 5y € [P0, 921 > £ ¢ 91 = min{yy, y,} ° ¥, = max{y,, ¥} ° y1 %
Vet B AT

L &Rz Bn "T#HE ) A Ts e At T

(x—0.5)
Y11= "%

* 7% % gy 5 (0) = FE R T E (13)

(x 05)

yo =2 7wy () % P g (14)

2. w RSN T A TRES ) B AT

y, = (x— 05)*7(y 0 * [y (x) * H}:’B‘i(_{él% (15)

y2 = Cr e T gy () % FE 1 e (16)
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ERMBERSE T CEETYR o WS A 0.5 B - ZRig R M ey T8
Ma&y€[P,92] > ¥ 91 =min{y,, y,} > §2 = max{y,, y,} ° y1 Ry, 893 H 4o
TF:

L & AR R B T AR, & T 0 Al e T

L= (x;.(;-s) * 7% * ‘uﬁ,%(x) * fF P T E§ (17)
Y2 = 7% 5, () + B B < (18)

2. F ARACE B A TK ) & TARAK 0 RIFH e

1 =20 7% wpu () + B AR B (19)

Y2 =2 7% puig () + B B TR (20)

=~ FAR A G eh TR

AR B HTAR A GBS e T o (DREFEA I REZ R %M
FEAT ?Aﬂﬁ%ﬁmﬁﬁ%ﬁm»@aSﬁmomﬁﬁﬁmm%ﬁ%maﬁﬁ
A RELER o Wl 6 FiT o Q)BT ABEIMIZN B SR T S8 i
HANE R IERRAETRIER >V B 7 Piv - DBETHERE
{0 > VAR & A BEHF B » TR > e E 8 PT o (5)BATHEMILIRME TR
FlEE 8B ER > RAEIREETARRMGME - 2o 9 Ff o o

e AT REEER AR EN B = .
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