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ChY 2 & (single model)

HEHSuHHEt

[ Backtesting set

J[ Testing set }

( backtesting to get a bestk )

mmmmm

add target price column t

[ Result

LstmMazg
| open | hish | low [ cose [ volume

Upbit
API

ETH 28 ohlcv
j|oJEf 1,7077H
(2017.9.25~ 2022.5.31)
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[ MinMax scale (0~1) }

Training set J[ Validation set } { Testing set }

Zg 22 (combined model) ]

Prediction close price

= Combo trading strategy

IF VBS BUY signal “0”
AND/OR LSTM BUY signal “O”

then Finally Buy “0”

[ Result

l

chel Delat 25t oo £xt Mt 24

(=5 4o|8, EREAL, F0f HE x|, £XHHSE,
EX MBE EA 5(H|8, AIF E0{H|8)

[ Reverse MinMax scale J

Prediction close price ][ Evaluation (MSE,RMSE,MAE, R"2) J

]

[ Result )i

O|SE T At M2t

= 5-10 day MA on Testing set

IF 5SMA > TOMA then Buy Result

IF 5MA < TOMA then Sell

(Figure 1) Research Process
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o] k#k= <Figure 2>} o] WAsIAH. k7t
03¢ ul, FHFYEC] 4434.9%Z 7 =0} 0.3
= HA 9 ko E AAs AT

backtesting set

open
324500
325000
321000
342000
331000

high low
326500 320000

328500
342500
346500
333500

close
325000
321500
342500
332500
327500

crr=0.583
crr=5.199
crr=44.349
crr=39.549
crr=18.659
crr=28.804
crr=19.341
crr=19.137
crr=12.

320000
320000
327000
312500

2017.9.27
2017.9.28
4 2017.9.29

4866000
4936000
4893000
4971000
4937000

4700000
4818000
4850000
4802000
4913000

4947000
4996000
4990000
5010000
5025000

4899000
4866000
4937000
4893000
4971000

1544

2021.12. 0
1545 2021 o7
1546
1547
1548

2021.12.23
2021.12.24

ARNAEAAEAAAR
OO0 Oo0OO0O0O0OoOoOo

[1549 rows x 6 columns]

(Figure 2) Backtesting result for best k
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<Table 2>+ WE|2~E-S S 22 (best k)
e 2= Aotk k7t 03 wl, & £
7o) 44.349(4434.9%) 2 713 Zo} o2 HA ol
k= Atk

(Table 1) Volatility Breakout Strategy

Trading rule and rate of return

range, _, = high,
target, = open, + (mnget,1 )

—low,_,

If high, > target,
then Buyfor target,
Sellfor close,

close,

ror, =1In(
target,

(Table 2) Backtesting results to find the best k

k Cumulative Return
0.1 0.583
0.2 5.199
0.3 44.349
0.4 39.549
0.5 18.659
0.6 28.804
0.7 19.341
0.8 19.137
0.9 12.876

3.3.2 LSTMEZH

E At A A]%fﬂ LSTM %= <Figure 3>3}
2. 2719 LSTMED S AF8-¢F 2-layer LSTM

7eS A3l t) Stacked LSTME LSTMO]



= Oﬂ/"] j=Rell
o] A5-g P77 3 fQ%A v A%
£ A=sA S7M71E ARG F(layer)= 27
#E Aol o ALHQ PHo dHA Ytk

Window size =

m m “ m VOIume

Minmax Scale(0~1)

Layer 1
(15t hidden_unit, input_shape=(7,5), return_sequence=True)

Layer 2
(2" hidden_unit, return_sequence=False)

Dense(1)

Reverse Scale

Predicted close

(Figure 3) LSTM structure
SE/ASHIZE 8-S AX v 29 T
71 2 o Z3h= LSTME D -8 A 7] 913l Learning
rate, 1 Layer unit, 2" Layer unit, Epoch, Batch
size, Loss function 67}] 2] 3}o]¥ u}2}v|E] & TF
27 FYste] <Table 3>3 2o] 571¢] o= &
R 2 d(candidate models)S THEo] A&

{Table 3) Candidate Models

Model1 | Model2 | Model3 | Model4 | Model5
0.002 | 0.001 | 0.002

Learning rate 0.001 | 0.002

Ist Layer unit 64 64 64 64 64

2nd Layer unit 4 4 4 4 4
Epoch 200 200 200 200 200
Batch size 16 16 64 32 32
Loss function | MSE | MSE | MSE | MSE | MSE

(Table 4) Training/Validation loss

Training loss Validation loss
Modell 0.00021 0.00030
Model2 0.00019 0.00028
Model3 0.00023 0.000236
Model4 0.00022 0.000244
Model5 0.00021 0.00025
<Table 4>= 5714 29 ¥ TH/H5 2499

+d #e yeEhd olth o] W AREE Los
function ¢S gt} AA| gke] zkolE A4 3]’“—
Sz mdo| stolyuein]y 44 Al MSEE
A3t o uE A9 loss= MSE 3Lo2 LE}
WAt} g5 AR Training lossE 53l 57FA
o] Z 3k AL Felsiity. mHo] Sk
ARE T3l AF 2dS 48T v <5 Ikt
o] obd, HIZE 7|3te & dSsfokstnE A3
A7 Y T2 RS HF A5 2d2 AdYs)
Ak HZS A3, Model39] Validaion loss7t
0.000236°.2 7].7(1— u—o} o]E. _;;qx—lg] cq]_ﬁ_ Asi=l]
Z AEEg o B oA F43 ndo] H
o] sto]H e} El= <Table 5>} Zth.

(Table 5) Optimal Hyperparameter for Model3

Model3
Learning rate 0.002
Ist Layer unit 64
2nd Layer unit 4
Epoch 200
Batch size 64
Loss function MSE

37 797ke) HlolEE niEro
2718 o|=akmx

2 Us 29
} 3222 Window size= 72
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A28, &3} T (activation function)=
o] 0°]aL -1} 1A}e]9] EEgke 7HA & steo|HEY
&HA E (hyperbolic tangent)S ©]-&3FA T} -El v}
o] A (optimizer)= 22} T4 £ %71 WHE Adam
< AH&8kth S 23, valid loss7} 0.000236
O olF JF RYAE AT

1e6 ETH price Prediction Result
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(Figure 4) LSTM Prediction result

<Figure 4>+ 571431e] B2 |3t & A F7F
o LSTM=EH 9| oS 7} T 3zolt}. Rde 4
= A3} RMSEE 145,765.275 MAE= 107,796.103
°]3l MAPEE 0.032, R*2 09212 & o Z3l=
S YT LSTM & 1de o= Z7}
ShUTHS £935h7] wiEo EdoldS HsiA=
A ATE ENZE T il 2 H-83]50
LSTMEE S| T2} AHE #4383t <Table 6>
2 LSTM =3¢ thgt pseudo code©]Th.

(Table 6) LSTM Trading Strategy

Trading rule and rate of return

If pred, > close,
then Buyforopen,
Sell close,

close,

ror, =1In(
open,
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g Adstr] 98l 71Eel 713 viu) ASE
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o A& 2Pttt dastH A 1Y 244
F B9 AR A o] 29 F(2022) ATl A
7w E flal @] olEHt wAt AS A
&3 21 138t 59 10¥ olsR+ wAE
&3 vjul oA 283tk <Table 7> ©]F
Hat wxp ol thk pseudo code©|Th. 504, +
2E9] 59 o] FHIFX|, 104, = 252 10¥ °]
FHTAE eI &, L5t F)S 7IES
2 A 59319 o] FH A, LE(ANH)S 7+

O 37 10943te] o] FH A olth. & ATl
A AR o|EW T wat AHS 5Y o|EH T
A7} 109 o1 gB#A Bt} 29 s FAZ 2
et} o5 STt mjstaL, &
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(Table 7) Moving Average Cross Strategy

Trading rule and rate of return

If 5MA, > 10MA,
then Buyfor close,

Elif 5MA, ., < 10MA, ,,
then Sellforclose,

Sell price, .,
ror, . =In(———

Buyprice,

e A% mde WE

=
o

=
=
sl 4o BX ufF7lel LSIMERE d
Z3le] AL o Z F71E 83l SHHA T
A AgFS kst Aot A% nde FAH

o 4

(Aggressive) FA2} B (Conservative) FA}

A g0, B wdex BEF ZARL
Agste] 347 EAY A9 ORE, BFZ T
Aol 745 ANDE &% Aol 5, HeA T
A e M ST B 4159 LSTM

w5 57} FA) WSS v o)k Zlela
© WEHSIR vj A%
LSTM uH’“ NE = Z OME}E H}&s}uﬂ

o}Ofl 10714 €] TZ]' X*%t
E 7|3t AL £ 774A 9]
53l A4 AHE EAsHAh
2% 29| v 22 <Table 8>3 2T}

At 22 wjw] F2eA ‘Combo’= AT
Zd(combined model)2] &1 Y2 A% mdS
w3y, ‘MCombo’= Median priceE AR&-SH
A% 298 YeRdATE Median price BY 17}k
of A7}el FF o= THA S Hatoly T/
ol /Ao & 7HA e FAH1E ot B A%

o|t}, <1,
= 348 24 433
@ slelck a3 299l v

(Table 8) Combined Model Strategies

Combo1-A

Combo1-C

if high, > target,
OR pred, > target,

if high, > target,
AND pred, > target,

then Buyfor target, then Buyfor target,
close close
ror, = In( ! ror, = In( !
target, target,
Combo2-A Combo2-C

If high, > target,
OR pred, > close,

If high, > target,
AND pred, > close,

then Buyfor target, then Buyfortarget,
close, close,
ror, = In( ror, =1In(
target, target,
Combo3-A Combo3-C
Ifhigh, | >target, | | Ifhigh, , > target, ,
OR pred, > close, ANDpred, > close,
then Buyforopen, then Buyforopen,
close, close,
ror, =In( ror, =In (
' open, open,
MCombo1-A MCombo1-C

If high, > target,
OR pred, > median,

If high, > target,
AND pred, > median,

then Buy for target, then Buyfor target,
close, close,
ror, =1In( ror, =1In(
) target, target,
MCombo3-A MCombo3-C

If high, | > target,
OR pred, > median,_,
then Buyfor open,
close,

ror, =In (
open,

If high, _, > target,
AND pred, > median,

then Buyfor open,
close

ror, =In ( !
open,
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woll °lE shte] mi
A v 21 LSTME%MW de 259 4
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AND7} Sl= B fyo|Bg 5 7HA] v
Z4o] B AY W vt o] Foiivk =
3, frol &, 2021). <Figure 5>E A% 29| v
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ol 37 /‘” |
i

2 A7t

OfR| &7}
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OfH| (t-1) 2=

{Figure 5) Combined Model's Trading
Example
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(Table 9) Investment Performance Indicators

n Sell price,
FX o E 1+In(———-+—))—1
e tljl( n( Buyprice,
EEEA \/(crl—m)z-i- +(c7’,—m)2
t
ex Mz Wintime + Avoidtime
Period
Wintime
FA M3 E —
N = Buytime
=Xt 85 e Avoidtime
NoBuy time
_ cr+1
Z o = X MIN(————— —1
N ( peakcr+1 )
Buytime
AlE Eof H 2 —_—
= Period

H 49318 ot el g 7H4 tlolHE &3t
o A3 2 8 Bx dEs A8 A9, 9
RdRo A wdo] 84 At ¢S B
Gk <Table 10> Ay =dlof ofgk Ex A3}
o|H <Table 11>+ XA A% =] Fa A}
olty. 2% =49 Combol-Co F& FYEL
11.35%% F2t 7]3ko] sleto] A &E = 7
AFole BTt Y FoES Hole A
It o= A AP TY 2 HF
AETRE, LSTMEY, o|FH izt gk
& FA|olth

& mdo] w3 FolE2 HEd =]
-8.25%, LSTMEHo] -50.39%= B2 4
oA & Hlw BEE AMESH=E vl & BA7)
-62.95% ©]4F<Ql Ao nlEte] o= HE
Wold = A5 g1t LSIMEE O] 739,

=
=

A& F7F L7t AA F7F T E o)A
=t ojoll ©<= v 7732 283t 2

I 2 FES Bt F, 7H HelERke
< B3 g w3
&e T e HEWIE o
Sroll = & A7 Aol ARH] e
I AFESE vl mEle] =2 oE

S A% Bwsl] Bkt <Table 12>
o] gk FA Aoty A HA| v
<t Edeld oz 3 Al7tel vy

A B F7hol slEeks 2 wju) ol

R T T
t
)

el whRt St B4 FRY Ftel) wimshs
oIt (13, 5, 7, 30). Wk F BA ke F
A AR Fbo) wjstel Bab F2Y Flof

2
B3 g Aol A A =] o] v
,_(’)_

A< 15T <Figure 6> 2 <

s A
TolM ARERE AA ZEle] 7 o Y=
2, 2% 29 Combol-Co| &0 7M w2
As AT 5 et 5, Hed d= 245 5
g oS 7HA % 71E @] ) ekl iEdsE
s At v A FoNE MEHE
wpiere) vl 21& WL, 259 95 F
7P £59] HERMEY E 735 viaste] 9
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(Table 10) Investment Results of Experimental Models

MEAM ERMe | LSTMEE olsgd Combo1-C MCombo1-C
WA M2f
A T E -8.25% -50.39% 3.64% 11.35% 3.43%
EEUA 0.0690 0.1182 0.0600 0.0472 0.0610
52 AFE 69.54% 50.99% 50% 74.17% 72.85%
2 HAFE 49.45% 52.11% 50% 56% 52.63%
524 39& 100% 33.33% 50% 83.17% 93.33%
Al G5 A -27.89% -56.65% -11.08% -9.12% -18.60%
A Zo \lE 60.26% 94.04% 32.45% 33.11% 50.33%
(Table 11) Investment Results of All Combined Models
o | EEEA | F% xzE | w0 s3s|soang| 00 0% | AT 00
Combo1-C 11.35% 0.047 74.17% 56% 83.17% -9.12% 33.11%
MCombo1-C 3.43% 0.061 72.85% 52.63% 93.33% -18.60% 50.33%
MCombo3-C -4.82% 0.194 75.50% 56.98% 100% -41.76% 56.95%
Combo2-C -9.59% 0.070 68.87% 48.84% 95.38% 28.47% 56.95%
Combo3-C -12.97% 0.197 54.97% 57.14% 52.24% -44.40% 55.63%
MCombo3-A -46.03% 0.149 51.66% 52.67% 45% -57.36% 86.75%
Combo3-A -51.97% 0.121 52.98% 52.35% 100% -57.48% 98.68%
Combol-A -74.99% 0.120 52.32% 38.46% 100% 77.12% 77.48%
MCombol-A 91.71% 0.223 70.20% 68.09% 100% -92.02% 93.38%
Combo2-A -95.26% 0.228 32.45% 30.61% 100% 95.66% 97.35%
(Table 12) Investment Results of Comparative Models
ol | s mm | sy = F g IR
2 FJE -51.86% -56.04% -53.61% -50.91% -46.30% -62.95%
A 3% A+ -56.64% -65.81% -63.33% -61.77% -61.58% -72.57%
A7 o] vE 100% 100% 100% 100% 100% 100%
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Abstract

An Empirical Study on the Cryptocurrency
Investment Methodology Combining Deep
Learning and Short-term Trading Strategies

Yumin Lee* - Minhyuk Lee™

As the cryptocurrency market continues to grow, it has developed into a new financial market. The need
for investment strategy research on the cryptocurrency market is also emerging. This study aims to conduct
an empirical analysis on an investment methodology of cryptocurrency that combines short-term trading strategy
and deep learning. Daily price data of the Ethereum was collected through the API of Upbit, the Korean
cryptocurrency exchange. The investment performance of the experimental model was analyzed by finding the
optimal parameters based on past data. The experimental model is a volatility breakout strategy(VBS), a Long
Short Term Memory(LSTM) model, moving average cross strategy and a combined model. VBS is a short-term
trading strategy that buys when volatility rises significantly on a daily basis and sells at the closing price of
the day. LSTM is suitable for time series data among deep learning models, and the predicted closing price
obtained through the prediction model was applied to the simple trading rule. The moving average cross
strategy determines whether to buy or sell when the moving average crosses. The combined model is a trading
rule made by using derived variables of the VBS and LSTM model using AND/OR for the buy conditions.
The result shows that combined model is better investment performance than the single model. This study has
academic significance in that it goes beyond simple deep learning-based cryptocurrency price prediction and
improves investment performance by combining deep learning and short-term trading strategies, and has
practical significance in that it shows the applicability in actual investment.

Key Words : Blockchain, Cryptocurrency, Ethereum, Investment methodology, Short-term trading strategy,
Price prediction, Deep learning, LSTM, Combined model
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