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Abstract Traditional technical analysis methods rely on empirically chosen parameters, which limits
their effectiveness in improving prediction accuracy and trading stability for nonlinear and
non-stationary financial time series. This study proposes a market regime-adaptive Hybrid GA-ESN
(Genetic Algorithm—Echo State Network)-based algorithmic trading system for stock price prediction. A
genetic algorithm is employed to automatically optimize key parameters of the Golden/Dead Cross (GC),
Envelope Moving Average (ENV), and Relative Strength Index (RSI), mitigating parameter-sensitivity
issues. Smoothed prices and a triangle target representation for turning points are then used as input
features to the ESN. In addition, the market is classified into four regimes according to trend and
volatility, and a cross-validation-based ESN is adopted to enhance adaptability to changing market
conditions. Empirical results for the DIA, QQQ, SPY, and KOSPI200 indices demonstrate that the
proposed Hybrid GA-ESN model outperforms the Buy-and-Hold strategy and static ESN models in terms
of both return and maximum drawdown.
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07 d&dl= AL X5 ol AR dHof A
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Step 2 Step 3 Step 4
Data Pre-processing & GA Optimization ) ESN Model Learning & Evaluation
Turning Point(TP) Extraction (TA : GC, EMA, RSI) (B&H vs Static ESN vs CV ESN)
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[Fig. 5] Research Framework
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ESN k5 A5l 253 6o & UA= 58 sto]
suptu]Eof tisiA e HAg 35t (Table 1)
< sto|HuttulE ] A JQi, A9 ) Al
9ot ou] A3 A3s HFOE Reservoir size9}
sparsity Z+ZF 1,000, 0.1 Ze& 15t} I8
ESNS| Pg-d¥} o5 Adsol $8% &2 "A= +
& $42= Spectral radius 0.5~1.2, Leaky rate
0.1~0.9, Ridge B3t A4 10°~107, 948 2ALD

0.1~1.0 HLoIA] S AT,

(Table 1) Hyperparameter Settings

FFHog 7+ Ao k= 724 9)EReturn) ¥}
Fdl 9E=MDD)Z 7IELe® B7HEH, olF &S
GA-ESN 71§t o] A4 ol& Ak di] /g
7 91F Y SHoA = IS SEHoR 4
skoich 2 AT Al 7HA] A 57 A=) A3 %:iXP
= o3 2t RA, B&H g2 7 Apilol] tisf A
HE 717 B FE A v & F7F oiju Qlo]
ok= 7124 Aot o= 5Yg HlolE F1tolA
ESN 7]¥t A<kt =21& 9 MDDE H]wst7] £15k #l
A2 AMgStaTh. &4, ST ESN =R 2000~
20159 dHlo|EHE T Sky to® ARESIGITE 1
A1 2016~20259 HIAE 3t s 1 E RPow
A 4125 Ao, sig 4leo] wet mjulE 53
sto] ATkE =Astect AR, CV ESN A2k 2,500
JAY 1A sk ATLE ARSlo] ZF AR AR AL
HE ESNZ WHE 8hs5313itth. o]% 50/100/150/ 200
Y HAE S AR08 SejoldstHA EEE &
&7} MDDE 4H&E3%t H, °ol& §8sto] A A&
B7IR

o]E

E

=

: 4. A7 A
Para\r/r?:trers Description Scope / Setup
Reservoir size Number of reservoir neurons 1,000 4.1 XI‘Al_l‘ I,_‘l FHE:' gl’.l' |:||J__|'_
Sparsity Sparsity ratio of reservoir W 0.1
: : — £ 9] ul= 8 ETF DIA, QQQ, SPY<F =
Spectral radius  |Scaling of reservoir eigenvalues 05~1.2 N ! qer ] a9 1A
T X 3] = Zgk o 2] Hx
Leak rate o State update 0.1~09 EHji ]_’_ KOSPIZOOO" EHO 01]_1 u= 7]5—1 =
Ridge a Output-layer L2 regularization (107%~107") ]jitﬂ AJJ']'L *17—]( O}'EH—’] <T3ble 2> <T3b1€ 3>9]’ iy
Input scale Input scale adjustment 0.1~ 1.0 ‘—4' (Table 2)+= DIA, QQQ, SPY, KOSPI200 X]-r“—‘
ctvation | Fesenr ronlnear actvation | o2 B&H, ST(LA) ESN, CVELAFES) ESN]
Z Lolgy ik H| As
Washout Initial stabilization period Z|tH 50 steps - 27} = E(MDD) let 2 Hehdc
B&H A thi2o] AAtolA 7P w2 4 529
g2 712390tk oS S0 QQQY SPYOlH 2z}
(Table 2> Comparison of Returns (%) & MDD (%) by Asset: B&H, ST ESN, and CV ESN
) Return ST CV ESN (Tl Integration)
Tickers B&H
/MDD ESN CVs0 CV100 CV150 CV200
OIA Return 229.08 119.28 125.01 76.34 126.58 75.60
MDD 36.70 25.88 24.30 31.9% 23.32 31.95
000 Return 487.11 129.54 142.38 197.24 108.23 234.27
MDD 35.12 29.05 21.09 24.49 2412 2511
Spy Return 288.39 60.24 98.04 129.69 96.73 97.43
MDD 33.72 23.13 22.25 15.93 23.63 16.71
Return 102.54 18.39 58.03 37.84 9.17 32.22
KS200
MDD 41.19 36.94 41.18 11.77 356.78 36.27
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(Table 3) Comparison of Returns (%) & MDD (%) by TI for CV ESN (GC, ENV, RS

CV ESN(TI Individual)

Tickers R&t;g‘/ ac ENV RSl
CVEO | CVI00 | CV150 | Cv200 | cvs0 | cvioo | cviso | cva00 | cvso | cvioo | cviso | cveoo
Retum | 107.66| 132.08] 8339| s759| 8353] 107.00] 111.41| 12666| 12195 141.44] 21002] 127.91
PA MDD | 3025| 3569| 2525| 3560 3434] 2098 3047| 2089 2436| 21.70| 2084 2337
Retun | 29539| 40535| 447.00| 287.72| 191.01| 18335| 154.98| 13496| 388.05| 217.76| 243.40| 11391
Q0 MDD | 4383| 2856| 31.11| 3134| 2661| 2569| o2468| 2887 3422 4721| 3098 4406
Retum | 14342| 14672| 97.06| 6222| 182.92| 187.19| 167.56| 207.29| 137.80| 18s84| 12880| 10113
SPY MDD | 2577| 3372 21.06| 3372| 2685 2450 2832| 2208| 2251| 1708 21.78] 2270
g LPeum | oad2| wa73| esz2| 08| 1e0s| se7| 4401 00| 1sses| tenes| 7579 eato
MDD | 3532| 4341 3408| 3251 3406| 3108 2499| 4074| 3230| 3076 3607| 36.98

PaYe] i=Ne)

487.11%, 288.39%2] 4Q1E2 o, FAlo| Ayt
HO=F 33~41% =9 w2 o Y=(MDD)E 4o}
of W54 9 8 o] IA YERT ol A7) 4
5 FlAE SEekAR A G oA E AE

e SHoA SAE THRE ATAS HolFEr)

ST ESN A2 B&H thH] &2 wout, ks
oF MDD7F f4dte] 44 30 93 st aus
Hoh T & sk 17tof 71aieh 22 Qls) Al
7} 7 WHglof gigt 3332 Agtollon, AR 2t

Al 28 A B3t AlgEoR v
CV ESN(TA 5% g2 tF A=s- g5 Bl A
wHalo] theh A-ggo] FY=Ilom, RSl ApAtellA ST
ESN tfH] @2 MDDE 7|Z519tt. £35] QQQet SPY©]l
A £ %9 CV100, CV200004 53 A8 e
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(Table 4) Comparison of Returns (%) and MDD (%) by Market Regime and TI for CV ESN

_ Market CV50 CV100 CV150 CV200
Ticker h Return/MDD
Regime GC ENV | RSI| GC | ENV | RSI | GC | ENV | RSl | GC ENV RS
Stable-non—vol  Retum 0.70 069 1.40| 367| 085 4.62| 655 005 6554 1149 438 875
atile MDD 2.45 3.12| 249| 571| 515 456 4.11| 480 5.02| 533 521| 550
Stable Return 1.63 3.13/-0.07| -0.82| 276 -3.48| -1.08| 237| 357| -0.32| 520 498
oA ~volatile MDD 450 420 650 12.85| 11.90| 11.61| 1249 901 971 17.77| 1279 1657
Trend-non—voll  Retum 1.57 283| 284| 500 567 618 608 967| 831 690 904/ 5.1
atile MDD 2.62 208| 258 252 261 3.13| 274 301| 371 148 252 237
Trend Return 157  -1.06| 091 339| 1.82| 235/ 365/ 1.65| 803 7.37| 956 819
~volatile MDD 6.49 6.98| 631| 973| 867 9.04| 992/ 11.09] 927 665 502| 7.87
Stable-non—vo|  Return 027| -1.01| 085 7.44| 451 7.31| 346 1297| 553 11.76 1.89| 661
atile MDD 5.24 6.10| 4.95| 7.96| 728 835 4.03| 357| 487 784 1138 9.9
Stable Return -253 0.06|-1.97| 277| 306 -1.73| 745/ 070 824 661 714 182
000 ~volatile MDD 10.90 912/ 11.01| 1551| 10.93| 17.43| 1359| 1455 13.03| 1522| 1668 20.46
Trend-non-voll  Return 7.48 575 7.88| 827| 681| 10.60| 2085 11.93| 16.99| 1678| 857 1847
atile MDD 3.74 321| 331| 453| 435 362 448 457| 454 439 537| 315
Trend Return 2.49 1.76| 2.91| 9.14| 211 403 902| 4.12| -1.13| 17.18| 16.07| 3.73
~volatile MDD 8.1 769 863| 11.53| 10.84| 12.37| 9.32| 9.95| 15.83| 1541 6.56| 21.15
Stable-non—vol  Return 1.08 175\ -0.15| 3.24| 3.96| 347| 166| 878 031| 654 964 915
atile MDD 3.01 1.80| 2.67| 4.98| 475 436| 187| 160| 248 823 874 782
Stable Return 0.34 090 1.44| 1.01| 045 -155| -043| 435 106 014] 816 1.38
oy ~volatile MDD 5.80 7.05| 6.04| 13.15| 10.80| 13.50| 14.08| 851 11.87| 1835 12.61| 14.36
Trond-non-voll  Retum 3.52 439| 327| 49| 683 602 774/ 956 675 691 1292 620
atile MDD 2.20 269 211| 362| 277| 339| 388 404 401 265 287 272
Trend Return 008| -120| 0.74| 368| 349| 482 302 301| 735 409 683 891
~volatile MDD 7.77 905 8.84| 998/ 11.00 855 887 1157| 973 398 648 5.99
Stable-non—vol  Retum -0.38 028| 030 132 233 364| 324 441 100 388 1.68| 354
atile MDD 5.02 505/ 503| 668 618 6.28) 745/ 814| 876 956 1049 8.98
Stable Return 2,07 038| 1.61| -2.14| 147| 1.11| -379| 245 -042| -563| -0.30| 580
(5200 ~volatile MDD 7.28 7.22| 693 1560| 12.89| 11.90| 16.22| 10.41| 16.49| 1450 1337| 946
Trend-non—voll  Retum 2.59 1.00| 356| 3.33| 033] 565 7.11| 3.95/ 1578 561 4.48| 14.90
atile MDD 3.56 503| 331| 470 572| 557| 7.12| 849 453 144| 239 3.02
Trend Return 1.13 032| 2.38| 275| 392| 887| 1094| -2.43| 10416 451| -2.86| 1.65
~volatile MDD 7.91 706| 819 927| 839 769 1365/ 11.05| 10.12| 1820 17.18| 19.25
4.2 NE AMEE Mut U EHM L0o|M HF CV1503%F CV20000141 22} 9.67%, 9.04%2] +=21&

A4 DIA, QQQ, SPY, KOSPI200& HAo &, 47}
A AA; AFEQl QP -HHE, P HE, SA-HHE, 3
A-Hs FPEE x5 CV50, CV100, CV150,
CV200°2 7|&4 H4 X3 GC, ENV, RSIo|| gt 5=
JEReturn)T ZIEZ(MDD)of| thgt A= (Table
4>3+ At

A DIAY] 7%, P8 -v8E E HY-ws AlgollAl
= AGkH o8 f=olFo] Wil A 7t AT} 2pol7} Agh

oz Uepgdth Hhd 3A-HHE A= ENV 7]

gul

ol

=~

7} 3.01%, 2.52%2] ¥ MDDE 7123519 71 Qg4
Q HIE Btk A HE AgolAE 8] fA4
E|9lou MDD7}F F7Fske Adke] TSE
QQQolA= AR Aol wE A=t 2to|7} 71 FE
SHA Uerstth oFF AelA = f=9lEe] RAY WE
/go] IA UEtsk o, FA-HIHG Aol GC 719t
CV1500] 20.85%2] <=21E€3} 4.48%2] MDDE 7]&5}
] 7Ht S<=gt JE Blnt E35E RSI 7|9F CV200-2
18.47%2] 4=lE3t 3.15%2] "¢ ¥ MDDE 7]59]



& Hybrid GA-ESN 7|gt 7} GIF Y02|F E0|Y AAHO 2

AZGITL DIA, QQQ, SPY, KOSPI200 X4 Z402 135

of g A FHNA FHE Bt B A HE
A= GC7L 7FE =2 8L 7IEsHloY,
MDD HA] FA F7Fote] W54 SEolAe 918 &
o] ZI=|qirt.

SPYQ] 7%, HY Ao E ANtEoR w420

E3} v =2 MDD7t #ZE Q). S v A

WL ENV 7]9F CV200°] 12.92%9] $21&3} 2.87%
9] &2 MDDE 7|Esto] 7 o3 33l ZAE B
o}, A BE AolME 8] fAENoH, FF
Q1 84 tiu] MDD7} 7Fsh= 3ol Uehsith

KOSPI2002 A¥HH o= =01 S=5Fo] Arjzo=
Roto, FA-H[HE A4l = RSI 7I5F CV1500]
15.78%2] =& 4.53%2] MDDE 71551 7 -
S5t A Bk v oFg-HE AT AW
AlRelA= MDD7F A F7tste] ¥s ol gk FoF
Ho] sholx]9) 1:]—

&2 AT 23, 547] CV(150~200) F7elA= GC
£ o0& Fish ENVE 4] 54 e84, RSIE= 98
A ZHelA A Fgdo] HEE0] tF CV 7|9t H
9] FHEAol ERIEGITE. B Yo} a9l A|4=¢} el
KOSPI200°041 = Bla7d 243t A9 A7t o
2 foHA Zsoto], Ap4stk o) b ApEA A 3-8t
& & A89 daXdE AlAbeta Sl

4.3 GA X A7t 7|eX 24 X7 =4
HAZ(TP), 8 Return), Ht YZ(MDD)ol| o
3 HEEES S0l GA A ol et A, A
AR A Ve 24 AR ETe UE &
go] ISHUH. &, A dE At S9N GC=
A Aoll, ENVE FA|19F HE/do] Zvtel 1k,
RSI= AHE-JH Ao gzl oz et E4 71
o} J2u 2 A7oAE RSI ARTF A BlE A
A= Fofudt 95 Yehlle 34l Hee
Haltk. olo] 918 #e] Hw=3l MDD HdElE GA A%
I 7oA Alste] AREARE A3, GC A #7F 7=
ZA| F2EelA9] 7373 ENV A 19| FH ] 31
o3k vk AJo] B 07 F|EE]| oFlo| gLOIQOH:}
webA, 71E3] B4 AR AP Aol A HE &4
o] ofuet A3t HAf ute} A-dE Silt %&

-

-Ll

I

el Bl=giek. ol A FHEN) BRet 233
T8 AU Sloluels 2 WA A AR
ol Bt A AA WU AR

5. 22

B AFo|AE= vl= 2 ETFDIA, QQQ, SPY)%
Y A4(KOSPI200)E  tAe® B&H, IHE
ESN(ST ESN), A% 718F ESN(CV ESN) #=ke] 4
e vlwela, 71€3 24 AIE(GC, ENV, RSD2 Al
7 Aol 2 B4 E4519 53], GAE o83t
714 B4 A% gefu)E -3kt ESNS o83t A
g 71HE AAE &S 9 =g IYa gofA A
St hybrid GA-ESN o]t} o]& S3f 3 74t 7
&7 B4 vy AAT A& FHE S0 &8
SEE AAE I

24 A3} B&H A 52 +4 8L 7|2
Fout Hof Y=(MDD)o| 2A vEht 9 %?4

oA gHAZE ERIE|% e, ST ESN2 MDDE ¥
slotgl ot AR Bisto] dfgt A58 Aol
9 CV ESN2 thg AE-9- Sh53 Bofl diee] A4t

oA MDDE &IHo= AN 4957} SHEA
719 % EHolA =t e Bt} a1 A
AEHEIRDE 24 AT, BE AGollA A EEGE Al
ol 7Pt w2 45 7MY W2 MDDE B4l '
gk A4 o FRIEH 55 QQQ SPYOA

A7) AAAZ(CV150, CV200) FHllA At 74

ou, KOSP12009] 7% RSI 7|5k Hgko]
1ol Adid oz Qg Al Jakg B9

. Ol ARAE B4 A1 Aol whet xpEskE A et
Sy & A8 H84S ARt a9kstdH, CV %
A7 %%oﬂﬁ Gct #%‘3 Jfﬂé}, ENVE A4 84
SHA A #E dGglo] &

ofr
o

-IE' -IIN'
de g

s B Mu}.

E5 GA MY o] MIA(TP), 01, MDDZ
5] vheiet A, 7141 B4 A x0] WA A%
Htgale the u4g4 o] BEH ol 7]
24 24 220 47}t 1AE S4o] oheh, AE
Aok 919 Be) 7120wt SRR HTHE 4 9
28 ojlatth e A A BRe 499 s 7

£ A stolus BY AAN A
o FR4e ARt

A7l S 16l 3, GA ZIY 716 84 7
= HHoiet AP F4 ESNG 2
w2 5o 7144 BAel detle wgE
B AAD cl BAS FA) B 5 U S 2
D2 AN E Uk A, A e BRe 3

4 A9



136 AEQIEN8=E=EX| M12¥ H135, 2026

HS ESNS o], AMEA£-Aee 2EE 59
E3 Fd] 950] ogA GAEA AAH R Hols
o=, A 283 LdaLElE Edlold ZAd o
434 Z7E AT aq
&2 AFolA AR B2 AHHEE, SFHA, Al
= 1Y ¢4“%]% ‘gteltt. ol= A Edf
g BoIA FEE A A2 AT A 54 52
2 8 3t dad 5 Sk At ilt} 33?
TolAe AA A oA T Thset
= A, ﬂ%‘%é%P%}“ﬂAE9¥4Eﬂﬂﬁ°
Stof, At 2P| e A 24 A0E AL
< da7} k. © Hopr} ohefRt Akt Al Al
2 8R15 ATt Y AFE B9 & 22| AN HE
7FsdE Bt AusHAl ASstaAt dio

ot

inu

REFERENCES

[1] AAng and A.Timmermann, ‘Regime changes and
financial markets,” Annual Review of Financial
Economics, Vol.4, No.1, pp.313-337, 2012.

[2] N.Baba, T.Kawachi, T.Nomura and Y.Sakatani,
“Utilization of neural networks and genetic algorithms
for improving the traditional technical analysis in the
financial market,” in Proceedings of the SICE 2004
Annual Conference, Vol.2, pp.1409-1412, 2004.

[3] D.Bao, “A generalized model for financial time series
representation and prediction,” Applied Intelligence,
Vol.29, No.1, pp.1-11, 2008.

[4] D.Bao and Z.Yang, “Intelligent stock trading system
by turning point confirming and probabilistic
reasoning,” Expert Systems with Applications, Vol.34,
No.1, pp.620-627, 2008.

[5] W.Brock, J.Lakonishok and B.LeBaron, “Simple
technical trading rules and the stochastic properties
of stock returns,” The Journal of Finance, Vol.47,
No.5, pp.1731-1764, 1992.

[6] D.P.Brown and R.H.Jennings, “On technical analysis,”
The Review of Financial Studies, Vol.2, No.4, pp.527—
551, 1989.

[7] W.C.Chiang, D.Enke, T.Wu and R.Wang, “An adaptive
stock index trading decision support system,” Expert
Systems with Applications, Vol.59, pp.195-207, 2016.

[8] J.D.Hamilton, “A new approach to the economic
analysis of nonstationary time series and the business
cycle,” Econometrica, Vol.57, No.2, pp.357-384, 1989.

[91 R.Hudson, M.Dempsey and K.Keasey, “A note on the
weak form efficiency of capital markets: The
application of simple technical trading rules to UK

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(171

[18]

[19]

[20]

stock prices 1935-1994," Journal of Banking &
Finance, Vol.20, No.6, pp.1121-1132, 1996.

H.Jaeger, “The echo state approach to analysing and
training recurrent neural networks,” German National
Research Center for Information Technology,
Technical Report, Vol.148, pp.1-47, 2001.

HJaeger and H.Haas, “Harnessing nonlinearity:
Predicting chaotic systems and saving energy in
wireless communication,” Science, Vol.304, No.5667,
pp.78-80, 2004.

S.H.Jeong, H.S.Lee, H.Nam and K.J.Oh, “Using a
genetic algorithm to build a volume weighted average
price model in a stock market,” Sustainability, Vol.13,
No.3, pp.1011, 2021.

T.H.Lee, H.B.Park and H.H.Kim, “Optimized technical
analysis indicators and genetic algorithm-based
trading strategies for the Korean financial market,” In
Annual Conference of KIPS (Korea Information
Processing Society) pp.599-600, 2023.

X.Lin, Z.Yang and Y.Song, ‘Intelligent stock trading
system based on improved technical analysis and
echo state network,” Expert Systems with
Applications, Vol.38, No.9, pp.11347-11354, 2011.

M.LukoSevi¢ius and H.Jaeger, “Reservoir computing
approaches to recurrent neural network training,”
Computer Science Review, Vol.3, No.3, pp.127-149,
2009.

J.M.Maheu and T.H.McCurdy, ‘Identifying bull and
bear markets in stock returns,” Journal of Business &
Economic Statistics, Vol.18, No.1, pp.100-112, 2000.

M.Mitchell, An Introduction to Genetic Algorithms,
Cambridge, MA: MIT Press, 1998.

J.J.Murphy, Technical Analysis of the Financial
Markets: A Comprehensive Guide to Trading Methods
and Applications, New York, NY: Penguin, 1999.

C.H.Park and S.H.Irwin, “What do we know about the
profitability of technical analysis?,” Journal of
Economic Surveys, Vol.21, No.4, pp.786-826, 2007.

7.Wang, P.Chen, P.Liu and C.Wu, “Volatility forecasts
by clustering: Applications for VaR estimation,”

International Review of Economics & Finance, Vol.94,
pp.103355, 2024.



A% AEf S8 Hybrid GA-ESN 7|8t &7} of

= YU2IF E0|F AJAHRIO 243 45HF: DIA, QQQ, SPY, KOSPI200 X|#=

HIJ

137

H = #(Dong-Kun Jung) (M3
= 20199 24 @ FYEA AL
e (BEsraAD
=20234 2¢ : FHEANEL
e (B
=202549 99 ~ @A : FHRAY
St AXEfolgd Al AloF

EnEe

(TP
9} dolE, 444% Al €, HolH 4 255t

4 £ 3|(Hoon-Hee Kim) (M3
201949 89 : =&Y
Hlo] @ Wyl 2k}l (shukap)

= 20209 99 29 ~ 20214 29
: 2434 el CTO
~—— = 20219 349 ~ 202249 84 :
\./ ) et BT

_%_Tﬂ_—’F
220229 9¢¥ ~ @A : B HFE-ATA B
Zus
AP

ARQIEY, ABA, HF, S AR



