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Abstract This study explored statistical arbitrage opportunities in cryptocurrency exchanges in two
countries by analyzing the relationship between exchange rates and kimchi premiums. Linear regression
analysis showed that cryptocurrency average premiums tended to regress as a function of exchange rate.
We also tested the LSTM model, a type of deep learning technique used for time series predictions,
which can be used to predict exchange rates and thereby increase arbitrage opportunities and profits,
using exchange rate data (including official and unofficial exchange rates) from September 26, 2017, to
April 6, 2023, and BTC spot price data from Upbit and Binance. The study shows that statistical and
LSTM techniques can be used to identify profitable arbitrage opportunities and proposes a methodology
for a profitable trading strategy. The results of this study are expected to contribute to the growth of
the cryptocurrency market and investment promotion by providing investors with a practical method of
exploring stable and profitable trading methods.
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Strategy 1

Official Exchange Rate
Strategy 2

Linear Regression Model
(Premium Prediction)

Unofficial Exchange Rate

Strategy 3 Predicted
Derived Exchange Rate
Variables Using LSTM

Fig. 1. Overall research framework
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Fig. 3. Flow chart of Strategy 2
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LSTM 7|¥t9] $hg o5 wE A th39] Fig.
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(Table 1) 52 %3 LSTM 2d= 33 d&35l1 U
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Table 1. Independent variables for a LSTM-based
exchange rate prediction model

Variables %IncMSE IncNodePurity
us_index (USD Index) 19.6847 111.1833
stck_krx_100(KRX100) 12.2198 94.6382

stck_kospi(Korea KOSPI) 11.1421 94.0881
stck_krx_steels(KRX Steel) 8.2877 79.8065
stck_cac40(France CAC40) 7.3000 29.1884

stck_dax(Germany DAX) 7.2210 28.6195

fx_krw_eur(EUR Index) 6.7915 25.3743
stck_nikkei (Japan NIKKEI) 6.5724 30.8779
fx_krw_cny(CNY Index) 4.9393 17.4062
stck_ssec(China SSEC) 4.8312 17.7236

Economic Conditions Variables at t

|

Exchange Rate
Prediction Model (LSTM)

Predicted Exchange Rate at {+7

I

Premium Prediction Model
(Simple Regression)

Predicted Kimchi Premium

Current Premium
< Predicted Premium?

Yes

Buy BTC, Send It fo an Buy BTC, Send It to & Domestic
Overseas Exchange, and Sell It Exchange, and Sell It

Yield »>= 1%?

Fig. 4. Flow chart of Strategy 3

olo] @A Zeju|Ad} oS X Leju]AE H]wsto
dl& Az Zeju|gdo] ¢ ¥ow BTCE =y Ysth A
204 HIEFQLE ti=oto] SfQAHAR HE F vWix
gt} o]F Ay FUAHAolA vl FA] AHERTE 1%
o] £o& B £ e A7t 2 FefA Aol A
BTCE visal slAHALE AE & =gich

4. W5 2
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Table 2. Results of the simple linear regression

F-statistic prob
4.86e-16

R-square

0.032 66.96

ESH g3 AxmEv|y 7HO] P-value?t H I
5 0.005 "|He] gro2 FAF o2 fost IAT} S
Sl =

Table 3. Coefficients of the simple linear regression

coef std err t p
intercept 0.2118 0.0023 9.060 0.000
exchange rate -0.0002 | 1.98e-05 | -8.183 0.000
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Fig. 5. Scatterplot of Predicted Premium and
Exchange Rate
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Table 4. Snapshot of the data(nomial exchange rate)

binbtcprice | upbtcprice | exchange | kimchi | pred.
(usdt) (krw) rate premium | premium
7195.24 8343000 1155.07 0.00385 0.02231
6965.49 8300000 1157.94 0.02906 0.02132
7345 8038000 1157.94 | -0.054917 | 0.02132
7354.19 8476000 1157.94 | -0.004663 | 0.02132

Table 4914 ‘binbtcprice(usdt) &= Hlo|WlA A4
o] HIESQ] 7}AE& 9u|shH ‘upbtcpricetkrw) & ¥
HE Aa9] BEZQ] 7FAS u]dtth ‘exchange
rate’= 3H20o]H, ‘kimchi premium'2 Y AJH9]
GHIE A4 BIEFR] 7HEE Hio|HA A4 HIER
ol 71402 Y& S 9usttt. ‘pred. premium’2
T4 &S Boll A ZEu|g Hdo gt de
FEAPSH BEE S AXEu|gS ot
Table 40lA @A AAZ2]n|A-2 0.003852 & 4

360

Ameuhl 0.022315 0 Wom, FF | HEFS
7H4o] 5 Ao wstal defe £t AdE
| ZdgFe] AR AR offiel 2

P
5

Table 5. Chronological execution and outcome of
arbitrage strategy cycles(nominal exchange

rate)
enter enter exit fiat
state . . . RoR
price time price money
8,343,000 |2020-01-0| 7,195.24
TRUE (btc/krw) 1 (btc/usdt) 1 1,000,000
6,965.49 |2020-01-0|8,300,000
FALSE (bte/usdt) 3 (btc/krw) 1.01125 1,011,250
8,038,000 (2020-01-0| 7,345
TRUE (bte/krw) 4 (bre/usd?) 1.01125 |1,011,250
7,354.19 (2020-01-0|8,476,000
FALSE (btc/usdt) 5 (btc/krw) 1.036842 | 1,048,506
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AolH, ‘exit price’= A4 7F H[EFSQ]
d/EHE dsils o ZFHolth. ‘ror
T9] f=0lgolH -1 A|F}e] vlwyt Lk
ARE B o

s Eus

L

ggsto], 209 1€ 39 A AX=Zm|Yo] 0.02906
A AFEe RS R T A9 A WA cycleZ ¥E
ek oAl 209 1€ 4400 oS =Wl 0.02132
ojy] @A AAZEu]Po] -0.054917¢S &l F, 20
| 14¥ 5] @A AAZu|Po] -0.004663Y¢ © F
HA Alo]SZ A=) F ¥ M =32 Eq. (3),
(4)°1A9] transaction fee, trading fee® 18{5}o]
1% old9] 4=9lo] 7} o &3ty 1 A} fiat
moneyx Z7|ZE<1 1,000,000€ thH] 1,048,506¥
o= 5ot

a2 THA 714 dlolE Rl 20209 1Y 1Y+
20234 49 6974 -85 RoR(Rate of Return)©]
4709.8545, F7& 3 3808, Hat RoR
1.0466032°] Hrt.
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Table 6. Snapshot of the data(unofficial exchange
rate)

unofficial
exchange
rate

binbtcprice| upbtcpric |[exchange
(usdt) e (krw) rate

kimch pred.
premium | premium

1159.517 | 7195.24 |8,343,000| 1155.07 | 0.00385 | 0.02394
1191.589 | 6965.49 |8,300,000| 1157.94 | 0.02906 | 0.01874
1094.35 7345 8,038,000 | 1157.94 |-0.054917| 0.03449
1152.54 | 7354.19 |8,476,000| 1157.94 |-0.004663| 0.02507

45 Hté';ﬁ# 2 LSTM 24 oS etE-Z2(0|d

LSTM 2d9] ek5& Ho[HAl 20019 19 19+
B 20159 4¢¥ 3197kA]9] dlolEo]H, H35-& HlolH
Al 20154 5¢ 1¢95E 20199 12¢ 310177}xu =]
olE|2 AUt Sy HdS AIZERE At o
9] Fig. 62 Zth. ASE dolgAle] Higt MSE=
253.68764% JEIT)

test_ data
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Fig. 6. LSTM prediction results for test dataset
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Table 7. Snapshot of the data(LSTM pred. exchange
rate)

Istm pred.
exchange
rate

1149.394 | 7195.24
1148.538 | 6965.49
1148.625 7345

1148.915 | 7354.19

binbtcprice| upbtcpric |exchange
(usdt) e (krw) rate

kimch pred.
premium | premium

8343000
8300000
8038000
8476000

1155.07 | 0.00385
1157.94 | 0.02906 | 0.02571
1157.94 -0.054917| 0.0257
1157.94 |-0.004663| 0.02565

0.02558

A7) 4.3, 4.43} Blaste] 450049 AF-2 LSTM
2do] a&et & o835k, o] FZ Table 79l
‘Istm pred. exchange rate’ & HEA|SIHL}. ©] #& 7]
o2 A 4304 AT RS 202049 1€ 129%
B 20234 4% 6974 A&t RoRol 4535.6684,
A9 315 3803], Bt RoR2 1.0464181°] Hrt.

5. 22

ATEL L IS et wulQ) 1
HBUAE BN, TPYPASE BT LSTM B
W) o2 ket 4, W B4 B 59 Yushi

neolgle £E3H ol B8 B ABHA:

£ AT AgHEoIet,

2 AL oot AgelA A Kol Ad 713l
et AFRAS Sqstel, 27 FANPY VYT £
AP WSt R A QlEsolx, 27ha A4
2 YB3} B TPl AL THT SHANA
WY doRt AelAd 71819 £AE st

FAHOoR Ada 7+ BTC FEQ 714 Aojo 28&
S23 ghga meju|d 7] TAE BT, F
2] ghg, H]Z2] 8, LSTMo] d&3t 389 A 7IX&
H|wste] H|F4] 8h&9] =0lE0] 7} 248 gRlst
gt £ dF i By 228 St AAY 7]
3E E8ok= A9 84S ASEASITE A

&5 02 oot gk
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& AT At FF A7 W v Aok o
Sopue] Pt ZEu|Ye A& 7T AHIOIA HiAl
= Blssid, o] BAoJAE A &4 € dRE
o} Hlo| A0 24 E TS AefshA] FdTh ET,
AED o e 4 Dol S Edhe A2 AR
= & EAPF ohyEaL s, ol 7SSt
o t2re Je sfof et ok&e BTC &< &
& ARtel HisiME Wi =T, ol ERAA
S s s o R e B B = T o
Aol EAI] wZolet. ey S vt wiE o
£ 7V E ARgshE ARAE7E 7he e Aes Al
o Fd AdAHE ARSSHE olE IS & &
YA, T2 AaolA USDTE AHES Hf3fof sk
2 &8 s e AdS wiAD & A ok

B 7o) Mk 5l g oz AR, Azt
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87} k. FF- ol S Hasto] A= Ae)A
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