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Abstract

This research uses the stock price information, technical indicators, and
macroeconomic indicators to predict the trend of individual stocks in the Taiwan
stock market with ensemble learning and establish the optimal investment portfolio.
This paper uses five different machine learning models: decision tree, XGBoost,
LightGBM, SVM, and MLP. To make the model training results better, this study
uses the stacking technique of ensemble learning to integrate the prediction results of
five machine learning models and selects the stocks with high rising probability, then
make up a stock investment list. In addition, in the second stage of this study, Discrete
wavelet transform is used to remove the noise of stock closing price, and it is added to
the model as a new feature. The empirical results show that the investment portfolio
established using multiple models for ensemble learning can achieve better
performance, and adding wavelet transform technology can also effectively improve

the model's overall performance.

Keywords : Stock prediction, Ensemble learning, Discrete wavelet transform,

Decision tree, XGBoost, LightGBM, SVM, MLP
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50 ek AFTY R * e B0l kg4 (Haar wavelet) 4 fEe2 NS
WafEs o wL=2 FRBAT AL RS DB K L RL LS 0 F] L]
A TN A S AR R S By DA REARE > BN S A RPR B | el N
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§r & FRAL
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SRR
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FRERH: T E AP RF B EZ FHRIFRTHEY 5 - B PG
TR TR B E R L L E o d SNHAEIERIBLATRE A% - B L P n
FREE > T BE B hE - B E P o E LA AIRTAR o Bk
- BRERRE L 2006 11 % 3 2016 & 10 ¥ > % - BE T HFp 5 2016 &
11 P ehgy - B 5 p o &= 2R ERF L 2006# 12 % 3 2016 # 11 7 » % =
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PR B R PR B R B
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20080102~20171201 20180102 20100601~20200504 20200601
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20080303~20180201 20180301 20100802~20200701 20200803
20080401~20180301 20180402 20100901~20200803 20200901
20080502~20180402 20180502 20101001~20200901 20201005
20080602~20180502 20180601 20101101~20201005 20201102
20080701~20180601 20180702 20101201~20201102 20201201
20080801~20180702 20180801 20110103~20201201 20210104
20080901~20180801 20180903 20110208~20210104 20210201
20081001~20180903 20181001 20110301~20210201 20210302
20081103~20181001 20181101 20110401~20210302 20210401
20081201~20181101 20181203 20110503~20210401 20210503
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I& BEFVHI

WEEYIAIFED-F SEFL 2T L EFTHEFIR IR

AZHA] ARG G ATDOFTR T R pIRA 2 PR AR o 8
EEVYHA T A A8 EFF Y (Supervised Learning) 4 % 2L g AL F Y
(Unsupervised Learning) ; H £ & &3 £ 438 3 aptaniffes ¢ 23718 %
LFEE K AEENEY AVRTEMFRZFEFE R AP ELEV LT
o AR T e

AFTRY T BEFYER P REESEY A A6 AN A
(Decision Tree) ~ #&*34#: & #& = 3] (XGBoost) ~ £ & i* e A 3 2 48
(LightGBM) ~ t #w £ (SVM) Mz % g B (MLP) - 11T #2fm

N A S U E SRR

%3_1[1 /‘ é:v

I. A ¥ #t+ (Decision tree)
ARBTEARTRT AL A 2 - Pl RS R R R AT A
TRl e A RAR TR SNEY o T Rk F oA SNAL - @ KA
A AlE - BYRECA] C EECAT NS EE Y AL Bl (R ) LT
f H LR ARR KRR P R B AER A o - B RIS RE A R
YA BEAMTREEANF 2 LA E o L0 A AEEY R KB R R D
Bk a7 2 HE N L8 E (Information Gain) &k 2] %7 o 2 4 38 £ 2
EE- BERRE v AERL - BRANHLIAE LRI L S0L ARk
AL LAR S O WP PR E R A LR AR o L H E
(GainRatio) # % & f2# (Gini Index) ¥ 5 4 3

o RS AN

SER] o AR o A PHATEALOITR D F AT AR A B4
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FHE IR A FAGE T R R BRI T - BEE T4 B

Eﬂﬁiywwg@ﬁwg%o

Il &R & =2 #03] (XGBoost)

PR ® 2 0] > ¢ 5 eXtreme Gradient Boosting » #_p + Kaggle ﬁ%
PERFAIhEE > PR S BT TR P o U R R R
Sd FREAFEIAMI ARSI - FBAERLOPARE S E &
R R AR A g AR S - BHECA 0 & B EA PHCR| RO
HMEFLPRE PHRAAFRCFEEERETARL c HFA PR - B
FF A e TR E e R B E A RS ¥ BRAlp B $ o BRI &
AT % - BRI A R eRe o kA F P T oy L3 2§ BRI K

oAl Sk o o By Gt g O W T el B e B TE S BB R E

Nl d= 8 af A2 (LightGBM)

- i e U R R A ARV e Kaggle st iz 0w v g
FEEA PR EAR BT EORY LT - W 2R
BIR S DR TR T PR RS o Ft o TR AR A
4] » Ke Guolin,etal. s £ 7 — BATeF L2 > FLEES MRS 2 4
% (Light Gradient Boosting Machine) - # g4t 5 { P-erp' s s ~ s fpil i@
o (el R A BT FEL RV Y R o
IV. £ =& (SVM)

L #F» E4 > > & Support Vector Machine » ¥ - faip 4 i ¥ cn % g;ﬁ 5
Vo r AN ARERA e AFe BPDOREL > B R GE] Rk
I - BB B R PR T G 0 PR RRTR A FARE AR

Bl Fe BT o APREIRE Y F BRBBFUENRZTY o 0
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N Zficdhd Bacniicd > BFB PG F T o b2 08 bt -
ko T B AT G HATERE (TR o

V. $kp® (MLP)

R R Ar®E o > % Multilayer Perceptron » 8 - f&F& A 14 S iep o v d
SRR ATEEA > U R~ K R AR S
uagﬁﬁﬁiﬁﬁgﬁﬁiﬁ%ﬁﬁﬁﬁvﬁﬁéﬁﬁijﬁ TRE
PE I > BT ki s 3Bk (Activation Function) & 7R {8 £ iER
gﬁ@é%ﬁ'%o;@ CrRU YR ERNEY M %
PN rﬁg?]ﬂ'. HriefEain 8y o J/\fvﬁi% D2 B i TR e
FEAERAN DG E - EEfoh L 0 MRS VR E P OEL o A SRR TR
ﬁﬁéﬁéﬁﬁﬁﬁéﬁﬁ’iﬁéﬁﬁﬂ’%%mmﬁ B EERR A E

Mo F e BETOCRHFLEARETHIAE > § P AR TR DSTEL
BOTFLB)ER > Ve Fa R E S R R TR > B TR

g & I i

AL R ERATERIEREE T B S P2 AR > BRI A 2
B AW Ak AR TR BRI A G 2RV R BRI R
TR AR o AFFIE B0 P AL A BE L R o SRR /3 5% ~ 5% 2 P AR A
Fa AR RE A TR 5% RIS RS TR AR T APy
TAFR D EFELE A K- B GRS AR R IR TR K T
B AU GLIERIAE R o M B T o et 10 4~ 20 4k~ 30 AR B =
BRFELFHE > TfI* Ti5-%R (Mean Variance) S 4L Fle s Bk F o

EFERORERIBELEFTILZ R THE-RBEFRFTEL > X FEL A
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*7 & & (Tangency Portfolio) - % # WG A% R Markowitz (1952) # ) ez
7 % (Efficient Frontier) 22 F 473 Fsipr =8 2 FF & > 3L 4 F 5 3F

T FERRTARACR] 4 27T e

BETH

Hrds it Bl SRR

48 4R AR

g] 4 ﬁ:ﬂl] ;‘;xl “lﬁ/ﬁhﬁi

RG-S e B BB Y ch s - 4 Bl RS Y H
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S

g #1 - Bk At et VR SR T 7%*;\: BV R L - A
PRI Y HE NSO AL - B LA P BEEY AT B R
el SRR R R FAC e R SEYARPILRG A ANEER

N

(Bagging) -~ # = (Boosting) fw3tdp (Stacking) » 12T & E[ A% o

- ~ %% (Bagging)

2 fs R & (Bootstrap Aggregation) - # - fafk S H Y 2 E
FXJTRE Y I B A (ATREY  FERAT RS IR
BPIlom B ERATV - AWML IR ) > BEF KGR FIKBIR
Booflr F B BB REA £ EF R K BHA 0 L IPEIERIPEEA] 0 B
hoi FA N BT 0 R A R S TR S B TIOE AR E > AL F
FEPIE RIS % 0 7 R Bl4cB) 5 o S A4k (Random Forest) & & i# 4L 3n 5 &
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BRGS0 U@ BB ATk A1 2 Ap M ek KRR

(FERTF £ > BRIEKE)

T 41 F 42 T 43 FH4 |

CLTED
EE—( s 2 B3 BAa | o e

yl yZ y3 y /A LA AN

ERCNEE

RS-~ &£Ri2xLE

= ~# = (Boosting)
BAL-FEIEY 2o vk 2BEY Rl BREY B,k
SRR PR o B ERE R IR AP R R R
Bt frB R b end o W31 2 B2 Mo £ % - B3 #03
EFTHEB LIRS R LV RATORD > F BRI SR E D Lo
Bhiga kA sk FHAARGFET L] O REL S B 6T 0 F A

ek 2 B 2 5|3 4o AdaBoost ~ XGBoost
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Ll LZ
) . _ Ls
R EAI A 4 4y A2 48 8
B R E 34 o Bk E 3 o o
AR LA
S BT AR AR AR
Ly Ly

= ~ 3 dp (Stacking)

ey e ERE ORI FAL S A BLE
| ERZeRAZEUFERP T oI 2s > a2 liy Y Rd T

Il. i’g_%l/; gﬁlj?f e ]:vébﬁ‘_‘i c e b é?{ﬁ_m - ;“ ‘/zfrﬁ.—[ IR ;}Tiﬁr‘i

%M'ﬂylm)”éﬁ'&rﬂ; Hll— ;{qﬁ&gg? 33 ﬁ":-ﬂv]/‘ ﬁwm_rd- , I}jLL —‘-Z,m | _@ /‘ ﬁw
AP ROE S AR TR TERL G R 0 B U LRI B R
% Bz (Cross-Validation) #77 » iz42 @ * chi K-fold 2 ¢ 2@z > #2VRF

AL (TrainData) *» & K B+ & 74 > 4o 7 #77 > BRBIIRFHRL 2 = B
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TR EI A G KRBT A § & RIFRIEEIFRIE LR
Predict_X > #¢ &_Meta-X » #* #t » B #-R4eeip3# F 42 (Test Data) £ » #3]3F

|t ¢ 1 3| Predict (&7 B FaERA ) oofed A - B dags Tl S =2

oot g = BEA] 0 4 g EI 2 BREFETHEDIERS %’stgi}uﬂ?&”"l
ok MR R E 0 B Z IERIR R LAk > ¥4 PredictY » * 4L 1F Meta-

Yo gdd 5 BHARE > AP E p BB B 9 Meta-X §2 Meta-Y > i®

5 B % H#0A] (Meta-Model ) e 2 RIREFHE -
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T£1 F&£I T&£1 — Al
BIR( g — e
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‘ : s liic) I Tl I YA
A 1a8] R — PN eta-
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B > TSI E BRI EEE ) BE BRCA AL RGNS RT 0 FFE

L P FAMALFPIA 5 dopt - ko0 BT ook &R RCASERIN 4 Bt T F
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Ao ? @ r chfE 2B Y 202 L2 (Stacking) 0 A ¥ - FFERPRE -
A PE > O LR e s AN ﬁ? L x» i']ﬁ\' 3B %?#i I ALIVAR IR §
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(XGBoost) ~ =& it B4 2 % (LightGBM) ~ £ 3% 4 (SVM) 112
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FERRAE (MLP) o kdp b il A LaiR=>i2 > T EEFE BHEFY A
e Meta-X 2 Meta-Y » 1% 5 & % 3] (Meta-Model ) 73" 2 BIEFT A E > 40
B8 #Tm o mAAE Y % EE T i Meta-Model = % #rie 7 (Logistic
Regression) - ¢ FFR| I F R B en b SR8 ~ AR B 0 2 TR S, ¥
bR EE 10 204 30 R E Az BRFELGE - B T
o-% 3 (MeanVariance) B L F o R P FT o FHERPLEIRERER

FTREE wp o

7R
(o 4R dLiml ik %)

#A A2 A3 A4 RS
kA XGboost LightGBM SVM MLP

Y e = NN

Meta-X || Meta-Y Meta-X | Meta-Y Meta-X | Meta-Y Meta-X || Meta-Y Meta-X || Meta-Y

/\
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Meta-X | | Meta-X Meta-Y  Meta-Y
Meta-X || Meta-X Meta-Y | Meta-Y

\ /

Meta-Model (Logistic Regression)
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yr® RELS

ARRERRT S ZFABLFE 2 ANENSTES S AR LA L2
g0 %o ST EBE - WA R R BT BRI JAIT R 4 P
L3 % &RERAEYIC)I AR OERT > § - $0A 2 B 28 ¥ ¥

Blic 4 cb e FZ S R-T IR Y Q) R B E R B Y R

T HAFER G 4 g o

¥ - & aic) Lk

- ~ 4 ¥ #F (Decision Tree)

B9 A ik KBl ffc i B @ % Rdsfcdz i pF o w10 45~ 20 4k ~ 30 b
Em A R e RAFEPS AR o B 10 3 A KA R e lc i T
w & i._%f

/J

AL A B B 10 M 204 30 Mk 6 3 el T

L o

B AT 2 4L B i BRT RS 2
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f& & g [0 457 _Decision tree
[A:HHART :2016-11-02 % 2021-09-30

2020

2021

2017 2018 2019
FH
P Era DT _10 DT 20 DT 30
B 9~ A K Bw Pl ax
T EFHEOH4ER_DT_Wavelet
[ HI AR :2016-11-02 % 2021-09-30
~100-
i 50
Bk
2017 2018 2019 2020 2021
FH
HEIHES DT W 10 DT W 20 DT W 30
B 10 ~ AR drdc] i H il ok
RFes | BAHFEpS | & 0@pg | Tofpd | ECREL | TEF | B wied
DT_10 101.28% 15.78% 16.54% 0.1971 0.8394 -28.21%
DT _20 69.61% 11.70% 12.69% 0.1805 0.7031 -29.83%
DT_30 82.65% 13.45% 14.30% 0.1828 0.7821 -29.67%
DT _W_10 101.28% 15.78% 16.54% 0.1971 0.8394 -28.21%
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DT_W_20 74.32% 12.35% 13.28% 0.1815 0.7318 -29.83%

DT_W_30 80.88% 13.22% 14.08% 0.1819 0.7740 -29.67%

F 4~ A R

049 TR AR Y o Ml O ) LR 1 ik
oo BARPUF AR NS YR R FOLE » PHERE RSS20 Lo
PF e p s ek > A PE R PR F D 30 Lt T e A AR SR

VOHCT TR o W R AT A R Y AR ehiE Rl 4 L B E L

-~ A # A #3] (XGBoost)
Bl Bl 12 2 % 5B A %2 3 e B * R4t § - Risf
GRS A AR E P B 1045 204 30K S B R T e

/i—%i /J %F‘gpﬁm Z:':\IFL %\ 1- é‘q*%)iﬁ"lﬁ: l 13 d’ T IE;;}',\F %7}3:0

& TS [0 45 %7_XGBoost
[EHIHART :2016-11-02 % 2021-09-30

150-

B 50-

2017 2018 2019 2020 2021
&9

i e XGBoost_10 XGBoost_20 XGBoost_30

B 11~ &R &2 A v Bl
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Py &g 45 XGBoost Wavelet
[E3HI AR :2016-11-02 % 2021-09-30
300-

—~.200-

fio#(%

=
S 100-

Bk

2017 2018 2019 2020 2021

41

mEiHS XGBoost W_10 XGBoost W 20 XGBoost W_30

B 12 ~ 445 & # B ST R v RS ok

PFEs | APy | & ppes | TR | ECRREL | R E S | A v
XGB_10 | 31.24% 5.86% 11.28% 0.3340 0.3379 -61.54%
XGB_20 97.40% 15.31% 18.94% 0.3059 0.6192 -52.01%
XGB_30 64.14% 10.94% 14.55% 0.2880 0.5051 -58.95%
XGB_W_10 | 19.48% 3.80% 9.50% 0.3392 0.2801 -63.19%
XGB_W_20 | 196.50% 25.57% 27.35% 0.3017 0.9065 -38.93%
XGB_W_30 | 211.76% 26.89% 28.15% 0.2938 0.9583 -37.40%

% 5~ 1RIUH A & A w R o

50 VR BT R EREPYHEI AR LRI G EF RS o
LR o PERE PR 10 PR TR SR F TR RFRFT RS
220X N30 AMER S HFEEAHRP T AT HEFORS AT FRER

Bl 4 e 0 P TR AN R RS LR § L BRI RER -
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ZyEE it REDL S (LightGBM)
Bl13 - H 14 45 s s e R PR E R & * Rip e § ~ Rinit
GO AIC AERCE U > 0 104 204 30 el A T e

EEAM 206 TN REABIES BRFT L Hrxo

JL &g A H 457 _LightGBM
[F]3HIEAR :2016-11-02 %% 2021-09-30

100-

50-

oA AN,

RIAHI(%)

2017 2018 2019 2020 2021

FrELlE — LightGBM_10 — LightGBM_20 — LightGBM_30

Bl 13~ 4= & i e R 3 8 R Ak

&K O H4E S LightGBM_Wavelet
[FENHART:2016-11-02 4% 2021-09-30

RIAHI(%)

2017 2018 2019 2020 2021

FH

HrEale — LightGBM_W_10 — LightGBM_W 20 — LightGBM_W_30

Bl 14~ d= £ 1 i B 2B v i 4o
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HFes | AfEpd | Etdgpd | Tiofpd | ECEEE | THF | Bt wikd
LGB 10 -13.96% -3.10% 0.01% 0.2510 0.0006 -52.49%
LGB _20 44.73% 8.05% 10.73% 0.2437 0.4404 -55.01%
LGB_30 68.22% 11.51% 14.03% 0.2497 0.5619 -43.94%

LGB W _10 19.61% 3.82% 7.07% 0.2572 0.2748 -46.45%
LGB W _20 -1.22% -0.26% 2.87% 0.2494 0.1150 -46.84%
LGB_W_30 -3.86% -0.82% 2.50% 0.2572 0.0973 -60.52%

6~ EE R RIS R 2T

267 AR R OP AR PR Y ROl B2 R
FAERL PRSI0 LR TR RS A B TR AT ¥
RF TR o A G cha BARRIEER] o TR A U R R ] e

e R g A TR 4 AL

o A EE (SVM)

Bl 15 B 16 = L #Fw B85 & @ % JA0 ] AR P 5 10 4 > 20 4%

w

Ofpeém S el Flb i AMFEpF - 273 Fe 2 - BRFT R
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T8 & TREE B H 45 % _SVM
[A:HHART :2016-11-02 % 2021-09-30

100-
9
&,(,

= 50-
-
274

0_

20I1T 2618 20I19 ) 20I20 2621
FH
&S SVM_10 SVM_20 SVM_30
B 15~ £ Fo & w plY s
5 & S B 452 _SVM_Wavelet
[A:HHART :2016-11-02 % 2021-09-30

200-

—~150-
X
&,(,

=100~
[=al
{niv

i 50
274

0

_50_

2017 2018 2019 ) 2020 2021
FH
& SVM_W_10 SVM_W_20 SVM_W_30

16+ & 4 £ 5_ddc] 4w pl 4ok

RFEE | BEEPI | & CEPF | ToEpF | ECEREL | LECF | B2 v
SVM_10 13.06% 2.60% 7.51% 0.3133 0.2397 -42.76%
SVM_20 94.66% 14.97% 17.74% 0.2741 0.6472 -41.26%
SVM_30 108.37% 16.62% 18.82% 0.2615 0.7198 -41.46%
SVM_W _10 213.58% 27.05% 29.10% 0.3211 0.9062 -48.06%
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SVM_W_20 | 100.26% 15.66% 18.43% 0.2784 0.6621 -41.40%

SVM_W_30 | 170.67% 23.19% 24.56% 0.2714 0.9051 -30.89%

L7 A B 4w plE e

BLRE T R T E s Mg BT PR ko S A
ARG F BT R A BN R L RS 10 £
FR T b 2 AR S DT R e 43T 26% 0 @ gk B RPN A X BT F 3
oo F A R TR AT E N FF G TR RS AT AT L

BT L 4 B B HEA TR 4 G 2 A T
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