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Abstract

This study examines whether synthetic time-series augmentation alleviates the Probability of Backtest Overfitting
(PBO). Two non-adversarial generative models —Generative Moment Matching Networks (GMMN) and Variational
Autoencoders (VAE)—are compared against the Stationary Bootstrap (SB) on U.S. industry ETFs across the eleven
GICS sectors, with two temporal-split regimes (F-augment and W-augment) isolating information leakage. Under
W-augment, GMMN significantly reduces PBO and outperforms SB and VAE. Meanwhile, SB best preserves stylized
facts, yielding a trade-off between stylized-fact fidelity and overfitting-risk mitigation. Evaluating synthetic financial
data thus requires multi-paradigm comparison aligned with the evaluation purpose.
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Ticker Sector (GICS) Issuer
XLK Information technology SPDR
XLF Financials SPDR
XLV Health care SPDR
XLY Consumer _discretionary SPDR
XLP Consumer staples SPDR
XLE Energy SPDR
XU Industrials SPDR
XLB Materials SPDR
XLU Utilities SPDR
IYR Real estate iShares
VOX Communication services Vanguard
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Consistency Check (w=0.5, Mean over 11 Tickers; F =
F-augment, W = W-augment)

Regime | Method | M2 M3 M4 |IM3—M4|
F GMMN | 0205 | 0172 | 0.172 | <0.001
F VAE 0166 | 0176 | 0.176 | <0.001
F SB 0179 | 018 | 0.186 | <0.001
W GMMN | 0235 | 0227 | 0227 | <0.001
W VAE 0290 | 0283 | 0283 | <0.001
W SB 0277 | 0284 | 0284 | <0.001
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Fig. 1. PBO as a Function of Weight
(@) F-augment regime, (b) W-augment regime. M3 score, mean over 11 tickers with 95% confidence interval
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Table 4. Comparison of stylized facts preservation (Mean

over 11 tickers; F = F-augment, W = W-augment)
Regime |Method JTD Kf kurt | VaR(5%) | ACF(r?)
F |GMMN|0.011/0.048| 0339 | —0.0204 | 0.063
F VAE | 0009 |0.038| 0.794 | —0.0195 | 0.058
F SB | 0.003]0.024| 10.668 | —0.0221 | 0.098
W |GMMN| 0.017 |0.057| 0.315 | —0.0217 | 0.065
W VAE |0015]0.050| 0622 | —0.0213 | 0.059
W SB 1 0.009 [0.043] 7.905 | —0.0254 | 0.085
FE 5 KA ZEAMREE HER (Z2HURA A,
s Py 23 o2 B2 EFEER)

Table 5. Cross-Asset correlation preservation (Frobenius
distance, smaller is better; parentheses are sample
standard deviations)
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Table 6. Sensitivity to SB Block Length (w=0.5, M3,

)
mean

over 11 tickers)

Regime

b=5

=10

b=15

b= 20

F-augment

0.156

0.231

0.204

0.109

W-augment

0403

0.311

0.380

0.255

Regime GMMN VAE SB
F-augment | 6.76 (0.07) | 6.60 (0.07) | 053 (0.33)
W-augment | 7.12 (0.08) | 6.84 (0.11) | 0.58 (0.38)
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Fig. 2. Heatmap of stylized facts preservation
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18 AR 71nt 4 AAE AR o] wH 2 A4

B £& Zo|d mE PBO W& F-2 F-augment
0.122£°JE, W-augment 0.148EQEZ Ad FAT
T Yl oo, ded gx He HolA Y
th. SBO A7t £5 Ao] Ade Wzdhs 9]
&, B Ao 71E 7<= 10)= Politis and
Romano[20] ¥ Politis and White[21] ] # Lol &
did Mgolh

B TN SrEE A $A3 A HEO
% PBO 3} ayoAe 714
IHEc] ofd 9} = Aot A4

% FATFE BEAA F
kY HJ‘?J%EE} s X}Iﬂ T ol s,

E

oleigt Hl%&*é% E}%ﬂ 7L°l s|AEh. SB&=
AR A5 AA G AuES B3 q§A4 A5E
AEBtEE TR FRA tgFo] BAAOR 2
SHt) & SBY| A HES A8 YT
B s giEAoR AFAS Ao 7t W
GMMN2 MMD #4385 3l ERE dA& F
)Q'

H

==

6}‘%3 AAHre] FdEs B3l AR
257 g2 A3 fds ST Ak gAY
g8 Hrlsks PBO BHA, o3 A2e AT
el e FA3t A ST TR
b 2 7HE 7H 5 Aok
ojgig HgxA e AFH A d=
2t} §42004 Bug At 7 AdTFR Z2EY
92 Agle SB7F 0.53-0.58, GMMN©| 6.76 - 7.12
2 g A g ol AAE Holet, o]+ SB7F
A5 A G AES B A 1 FAA
FHTERE EAAoE BESE ¥ GMMNY t
W g5 A B2 YA(ISD 0.011 -0.017)0 H]
8ol AT & ¢E7 E4S
W gty7]. 1™olE PBO ¢34 GMMN©| SB
A= 2o ARA 7pEE Ao

¢ oo Hl B oo

bl HAE G

2 Mgt SBY I FELS AR dd 2 AejE
of FHHEE K=20 F= A9 2% T2 A
59 AR o] LAA0R Fof 9= WHH, GMMN
< A 2@YE o dARe A B
2 e A eS dA W ulolA A
AF B 8-S B7kshe PBO BA A, ol
N2 2% o] g 37 A5 HHA
T = ARE Bl oplle AT
IS-00S A S 57l Hl 7144E °1E}

o B oS e A BT ANIAE 44 4
skeh A} ohel sk A BEES) PBO 9
stof Higtzd #A ¢ EEd A FEC
A S 2l 4, A% T2 AL AR
o|24 =4 GMMN¥} SB7} AAsI= A HE9

A%t ZHE Hlw S9o AHAH A Bae H
T M A Aok & A7) A2 g

o] 34 Lopez de Prado[2]®] AM¥ BA AP+
2] B AdH oty LT AR T ALY
o

L AR AT TR A A3EA o]
™, GMMN 7 ZH Abole] #3o] 2t ol
whic(ig)e] W44 A3 B BY PEred
< g Os deudd
HuE Hokek B Ao HEA "V\Vdolﬁ}.

N

= 2 ot o B

F-augment$} W-augment +7]¢] Hlu= &4 A
o 37} s AAHo] EA 9 AR AT IFe
3S HoFT Faugment 27104 Al W
Abolo] PBO ZAx}7} 0.04FQIE oY 2 Fo} of
s Adsttigte 23] Apolrt Fojn|atA B
o 1ot I8y W-augment £7]914& GMMN
I gE T Hc}‘ﬂi Atole] Azt EAA = o]

P
;O

IS-008 & EAle o #8474 fe7t oy
FE = dgoltt.



Journal of KIIT. Vol. 24, No. 9, pp. 9-22, Sep. 30, 2026. pISSN 1598-8619, eISSN 2093-7571 19

F-augment 7|14 4 Eo] 37} 73k AR
of T HEHA HH TE ’d%‘”& %

AE 7kEle 23 7HAH, SB 2L HIET B
of JhHo=E FefstA 23 W—augment«] 4
A £ o3t FE& At 2y B9
duts}t sE& i%Al?lE} Andrews[28]°] A|AI3F F
2 3 O] B A9 W-augment
A

2 AT Ade v 2o] AgdTet gz
Ht}. Wiese et al.[4 ]i} Lin et al[6] A3 g5
H S FEAHOFE RHEFS
Bsol ot % ﬁ:rLT'Z— ‘ﬂ]ﬂfﬂﬂ E(GMMN,
VAE)°] 523 B7} 7| stollA @A E2 dA
(ISD, KS)ollA= SBet M@ FolARE A=t
e 73 REdAE HEd d4998 BYe W
5]‘3} H] 2 T} 2 "ﬂéwl o&xﬂgo] NAE FAAH

N
I-
|
o
o
O
2
=
o =
>
>
z
O

[e%

%
2 AF4E B ailey et al[3]¢]

CSCv7t g+ ZP 4 A¢EMe W o |
e ASAE AAHLE v lL F skl

T}. Lopez de Prado and Bailey[16]°] A< HEH|
olE AL wlgo] BT AAYf A BAd HF
Yo B A7E g4uh A8 A AHE e
3l AF A RS gshEle e AEE A

A,

ﬂl

54 31 o 24 ol

2 a7 f‘&ﬁlt— o3 2

AR, 2174% EHGMMN, VAR 9=§ &9
< 9=% 73741@%14 AZE o2 dHEe of
ot 2 Ags ‘LE" ZAo] W= 60(‘3F 3711%)011

GMMNET} sttt t]sr o] GARCH (Engle[29],

Bollerslev[30]) FElo] A718)H =AR B 12E
=03 Wy 23] Brpt dasit

AR, B A7 AR FF W5 37 1)

3 EE %“Eélé%‘ o2 AsIA ol

=) sk, A= g A

A3 Xé%ﬁ}o = AL 7HE A A

| .

l

A, 4 tiidol ml=r GICS 117] AFd ETFol
A dt e A 5, A, A3
AAAN 2] ghlsl 7hsde HE ATE Fd
7= ojoF g},

vi.,d 2

B d3e Auld g5e AMgsA e F ol
F AN EE(GMMN, VAE)Z} HI 2 AREFE 7]
(Y FEZEF)S FYF B8 9 T
7t A5S QoA vlaste, 348 AAE ARE
283 F7o] Bailey et al[3]9] WH~E 3%
FEPBO)= o= A& A=A A=

Ttk = GICS 1170 4k ETFS] 2020 -

20259 99 AEE 243 2, W-augment 7]
o|A GMMNS] PBO B2 A 255 AHE-g 7]
Rkt A oF 45%(7FsA w=0.1 7]%) stetet
AoH, ol Y 219 VAE ¥ SBEU FAA
0% fFoatA W JjAdeltt BIANE Sk 3y
tho] 7ted E3 GMMNS AEo] 3 oA

EHE 939 T4 GRS Tl Y A=Y 29

3 PBO 43} &3} A}OH
oty F=eot At I+ AAT=x p_z—oﬂﬁ 43
SB7} PBO 3t &A= GMMNELE E9lo ¢
At Hgzd die= §A4 AR JU7h e
o] ¥ B dA AxE IdE T S 9A|
|7t £ A0 weh FA PHE
04 -7F ekt Avks, 15008
&3 P24 A 1}7} olUz} =4 A=



A AR BN, B ATE B AR
% g JPBL BFE 75T F ¢

References

[1] C. R. Harvey and Y. Liu, "Evaluating trading
strategies”, Journal of Portfolio Management, Vol.
40, No. 5 pp. 108118, Sep. 2014.
https://doi.org/10.3905/jpm.2014.40.5.108.

[2] M. Lopez de Prado, Advances in Financial
Machine Learning, Wiley, 2018.

[3] D. H. Bailey, J. M. Borwein, M. L. de Prado,
and Q. J. Zhu, "The probability of backtest
overfitting", Journal of Computational Finance,
Vol. 20, No. 4, pp. 39-69, Apr. 2017.
https://doi.org/10.21314/JCF.2016.322.

[4] M. Wiese, R. Knobloch, R. Korn, and P.
Kretschmer, "Quant GANs: Deep generation of
financial time series", Quantitative Finance, Vol.
20, No. 9, pp. 1419-1440, Sep. 2020.
https://doi.org/10.1080/14697688.2020.1730426.

[5] J. Yoon, D. Jarrett, and M. van der Schaar,
"Time-series generative adversarial networks", Proc.
Advances in Neural Information Processing
Systems (NeurIPS), Vancouver, BC, Canada,, Vol.
32, pp. 5508-5518, Dec. 2019.

[6] Z. Lin, A. Jain, C. Wang, G. Fanti, and V. Sekar,
"Using GANs for sharing networked time series
data:  Challenges, initial promise, and open
questions", Proc. ACM Internet Measurement
Conference (IMC), Online, pp. 464-483, Oct.
2020. https://doi.org/10.1145/3419394.3423643.

[7] T. Salimans, 1. Goodfellow, W. Zaremba, V.

Cheung, A. Radford, and X. Chen, "Improved

AL A5 T3] Wel2g HA el vAE 9%

techniques for training GANs", Proc. Advances in
Neural Information Processing Systems (NIPS),
Barcelona, Spain, Vol. 29, pp. 2226-2234, Dec.
2016. https://doi.org/10.48550/arXiv.1606.03498.

[8] Y. Li, K. Swersky, and R. Zemel, "Generative
moment matching networks", Proc. International
Conference on Machine Learning (ICML), Lille,
France, pp. 1718-1727, Jul. 2015.

[9] D. P. Kingma and M. Welling, "Auto-encoding
variational Bayes", Proc. International Conference
on Learning Representations (ICLR), Banff,
Canada, pp. 1-14, Apr. 2014. https://doi.org/10.
48550/arXiv.1312.6114.

[10] C. R. Harvey, Y. Liu, and H. Zhu, "+ and the
cross-section of expected returns”, Review of
Financial Studies, Vol. 29, No. 1, pp. 5-68, Jan.
2016. https://doi.org/10.1093/rfs/hhv059.

[11] D. H. Bailey, J. M. Borwein, M. L. de Prado,
and Q. J. Zhu, "Pseudo-mathematics and financial
charlatanism: The effects of backtest overfitting on
out-of-sample  performance”, Notices of the
American Mathematical Society, Vol. 61, No. 5,
pp. 458-471, May 2014. https://doi.org/10.1090/
notil 105.

[12] C. R. Harvey and Y. Liu, "Detecting repeatable
performance", Review of Financial Studies, Vol.
31, No. 7, vpp. 2499-2552, Jul. 2018.
https://doi.org/10.1093/rfs/hhy014.

[13] J. P. Romano and M. Wolf, "Stepwise multiple
testing as formalized data snooping”, Econometrica,
Vol. 73, No. 4, pp. 1237-1282, Jul. 2005.
https://doi.org/10.1111/j.1468-0262.2005.00615.x.

[14] H. White, "A reality check for data snooping",
Econometrica, Vol. 68, No. 5, pp. 1097-1126,
Sep. 2000. https:/doi.org/10.1111/1468-0262.00152.

[15] R. Sullivan, A. Timmermann, and H. White,
"Data-snooping, technical trading rule performance,
and the bootstrap", Journal of Finance, Vol. 54,
No. 5, pp. 1647-1691, Oct. 1999. https://doi.org/
10.1111/0022-1082.00163.



Journal of KIIT. Vol. 24, No. 9, pp. 9-22, Sep. 30, 2026. pISSN 1598-8619, eISSN 2093-7571 21

[16] M. L. de Prado and D. H. Bailey, "The deflated
Sharpe ratio: Correcting for selection bias, backtest
overfitting, and non-normality", Journal of
Portfolio Management, Vol. 40, No. 5, pp. 94-107,
Sep. 2014. https://doi.org/10.3905/jpm.2014.40.5.094.

[17] C-L. Li, W.-C. Chang, Y. Cheng, Y. Yang, and

"MMD  GAN:

understanding of moment matching network", Proc.

B.  Pdczos, Towards  deeper

Advances in Neural Information Processing
Systems (NIPS), Long Beach, California, USA,
Vol. 30, pp. 2203-2213, Dec. 2017.

[18] C. Esteban, S. L. Hyland, and G. Ritsch,
"Real-valued (medical) time series generation with
recurrent  conditional GANs", arXiv preprint,
arXiv:1706.02633, Jun. 2017. https:/doi.org/10.48550
/arXiv.1706.02633.

[19] A. Koshiyama, N. Firoozye, and P. Treleaven,
"Generative adversarial networks for financial
trading strategies fine-tuning and combination",
Quantitative Finance, Vol. 21, No. 5, pp. 797-813,
May 2021. https://doi.org/10.1080/14697688.2020.
1790635.

[20] D. N. Politis and J. P. Romano, "The stationary
bootstrap", Journal of the American Statistical
Association, Vol. 89, No. 428, pp. 1303-1313,
Dec. 1994. https://doi.org/10.1080/01621459.1994.
10476870.

[21] D. N. Politis and H. White, "Automatic
block-length selection for the dependent bootstrap",
Econometric Reviews, Vol. 23, No. 1, pp. 53-70,
Dec. 2004. https://doi.org/10.1081/ETC-120028836.

[22] A. Patton, D. N. Politis, and H. White,
"Correction to 'Automatic block-length selection for
the dependent bootstrap' by D. Politis and H.
White", Econometric Reviews, Vol. 28, No. 4, pp.
372-375, Jul. 2009. https://doi.org/10.1080/0747493
0802459016.

[23] D. N. Politis, "Bootstrap methods in time series
analysis", Handbook of Computational Statistics,
Springer, pp. 1071-1111, 2012.

[24] B. Efron, "Bootstrap methods: Another look at
the jackknife", Annals of Statistics, Vol. 7, No. 1,
pp. 126, Jan. 1979. https://doi.org/10.1214/a0s/
1176344552.

[25] G. K. Dziugaite, D. M. Roy, and Z. Ghahramani,
"Training generative neural networks via maximum
mean discrepancy optimization”, Proc. Uncertainty
in Artificial Intelligence (UAI), Amsterdam,
Netherlands, pp. 258-267, Jul. 2015. https://doi.org/
10.48550/arXiv.1505.03906.

[26] H. Biihler, L. Gonon, J. Teichmann, and B.
Wood, "Deep hedging", Quantitative Finance, Vol.
19, No. 8 pp. 1271-1291, Aug. 2019
https://doi.org/10.1080/14697688.2019.1571683.

[27] R. Cont, "Empirical properties of asset returns:
Stylized facts and statistical issues", Quantitative
Finance, Vol. 1, No. 2, pp. 223-236, Feb. 2001.
https://doi.org/10.1080/713665670.

[28] D. W. K. Andrews, "End-of-sample instability
tests", Econometrica, Vol. 71, No. 6, pp.
1661-1694, Nov. 2003. https://doi.org/10.1111/1468
-0262.00466.

[29] R. F. Engle,

heteroscedasticity with estimates of the variance of

"Autoregressive  conditional
United Kingdom inflation”, Econometrica, Vol. 50,
No. 4, pp. 987-1007, Jul. 1982. https://doi.org/10.
2307/1912773.

[30] T.

conditional

Bollerslev,  "Generalized — autoregressive

heteroscedasticity", Journal of
Econometrics, Vol. 31, No. 3, pp. 307-327, Apr.

1986. https://doi.org/10.1016/0304-4076(86)90063-1.



oo
)
ox

Y
N
=
ot
oX,
>
=
ne
>
=l
o|N
ol
o
=

28 FA3 rte] nx= o5k

ANAAIH

ol & M (Yuseop Lee)
20234 39 ~ dA) .
A=} 29

z| 21 %= (Insu Choi)
20254 29 S=r3sly| &Y

A LA 2~ B F8} 3} (%6_1-11]-/\})
2 - 20064 32 ~ @A) : s

4 AU 24 uolE g

Za

’QHOF c =8 HloJEAel 2,
HlZ2U 2 o de|g 2, HolH
71

e

rE INH

11—

!

ox



	생성모형 기반 합성 시계열 자료 증강이 백테스팅 과적합 평가에 미치는 영향
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 관련 연구
	Ⅲ. 자료 및 연구 방법론
	Ⅳ. 실증 분석 결과
	Ⅴ. 논의
	Ⅵ. 결론
	References


