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ABSTRACT

Recently, cryptocurrencies have evolved into a globally traded financial asset with
huge amounts of returns. To effectively invest in cryptocurrencies, many studies applied
deep reinforcement learning techniques to teach agents to learn a variety of market
behaviors. In addition, rebalancing investment portfolios was utilized to meet investment
goals and maintain the level of accepted risk. However, there are several attacks on the
digital currency coin systems, affecting the confidence and volatility of the digital currency
value.

In this research, we present an effective way to invest in cryptocurrencies by
hedging on short Futures contracts to reduce losses in case of the decreased
cryptocurrencies' values. Therefore, our investment portfolio comprises three types of
assets; cash in USDT/USD, Bitcoin (BTC/USD) and short Futures contracts. We applied the
double deep Q-networks with the multi-scale continuous loss (MSCL) to avoid repeating
wrong decisions made by agents resulting in the reduced possibility of sustained losses.

The experimental data are collected during June 2022 and June 2023 which is
considerably in the bull market. Initially, the portfolio contains 50% cash, 50% Bitcoin and
95% hedging of existing Bitcoin.



%

Although, our proposed method offers equivalent cumulative returns with the

Buy and Hold (B&H) strategy. Contrastingly, our method outperforms B&H in the max
drawdown and annualized volatility measures risk-related metrics. Considering the max
drawdown and annualized volatility measures, our proposed portfolio offered only 10.53%
and 20.35% compared to 35.43% and 51.75% by B&H. Furthermore, the rebalancing
proportion of assets should be automatically adjusted according to cryptocurrency market

behaviors to increase portfolio returns.

Keywords: Investing in Cryptocurrencies , Portfolio Rebalancing, Short Futures Contracts,

Risk Reduction in Investing,Deep Reinforcement Learning

T AN
(Advisor)
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1. Agent A fndulaidonnszvin (Action) meldanunisalilagiu (State) ileliussg
Whimneuaylasunstasnndiae

2. State fio @01uz Wio anzvesyuy Fulunaainnisnszyives Agent lag State 9z
QNATINTEUY Y138 an1nInaeun1euen (Environment)

3. Environment Ao 53U 130 anizwindeunisusniinesfuniinseyinues Agent
wdniufiazds :19% (Reward) waz daue State dalundululiiu Agent

4. Reward e 919%afild1nnn3nsesi Tu usag State 39 teliussgiimuneuaglésu

=

Ingean
5. Policy fia Ion156indulaves Agent Tunsiden Action
6. Value Function fiayaf1ua4 action %130 state na1peN1 action Tu state ladlyadnge

wanaIMINLIW action lu state 1 udws19zillantanazle reward Ngannsin

2.2 Double Q-learning

2.2.1 Hgnunadaay

Double Q-learning gniauatitelfiuitgmnisnisuszanal Action value (Q-value) #iunn
Wululy Q-learning ok Agent 1&an Non-optimal Action 1‘1,4?11,91‘1/15‘1,4"] Ws1zdlA1 Q-value Qﬂﬁjﬁﬂu
Q-learning Optimal policy U84 Agent %Qmﬁaﬂmﬂ Action ﬁﬁﬁqoﬂu State ‘lij‘u Faufde Ten Q-
value gefian usiagnslsfiniu Agent 1i%3n Environment sausisnvhlsiosszanmms Q-value Tu
pouusnuarAes qUsuAluLiaysou F5TliilA noise figedis Action firfiansndiArtosninile
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o Q(s,a) A® Q function ¥84 state s wag action a
r v Reward 984 state s Wag action a
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A fe learning rate %qﬁﬁwagjiwdw 0891

Q(s',a") A Q function a4 state s’ waz action a’ ¥4 Wi State dnkl
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o Ql(s,a) Av Q function Fil 1 9049 state s uaw action a
Q2(s,a) Av Q function é"hﬁ 2 U984 state s WLay action a
r @D Reward 984 state s Wag action a
Y fAe discount rate
0L A9 learning rate %ﬂﬁﬁﬁ@éizij 0831
Ql(s’,a’) Ae Q function 7l 1 veq state s’ way action a' 9 1y state daly

1% aada [ 1 1
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3%13119 A1 Q-value 910 Bellman equation iU Q-value N1UszN1Ua0 Neural Network fiA1%oe
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P

Ngn @un13 Q-value 311 Bellman equation My Target o

y=r+ymaxQ(s,a’;0]s,a) (3)

oy fe ArWldidu Target Tu Loss Function
r Ao Reward 989 state s Lag action a
Y A8 discount rate

Q(s'a"s B) Aim A1 Q-value va4 state s' LAy action a' @4 10U State anbl
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oy Ao milddu Target 97 Bellman equation
Q(s,a:0) 8 A1 Q-value state s Lag action a NUTZUIUAIDIN

weight Tu Neural Network

TneUn@uda Neural Network 2ziieymi3as Correlation Tud@ures Training Data uae
Tnsean9wee Deep Q Network 71141 Weight B i@enfulunismdn Q-Value W Target uay fnd
wensal wdafaz Update A1 Weight B vili Target iinn1sdeuudasiiluiulusdemadiunis
Train 18 leuidamissfendiuidorelui

(1) Experience Replay foyauszaunisaives Agent azgaifiuliluniieninudigs
Usznaudae (sars’) wdafasgndunduduuidu Mini-Batches 1l Train &2 Neural Network &
Hrwanlaym Correlation vesdayala

(2) Target Network wnufiazld Network wigalunisnensalan QGs,a; 0) uaasifiug
Target Network Q(s,a; ©) @1azdnasnan Weight 990 B 910 Online Network Tuyne T-Steps

ntiufezld Target Network an Target Tuaunisd (3)
y = r+ymaxQ(s’,a’;0'|s,a) (5)
Faanusnantyvvesen Target Tdsuudadhuiuluadls

2.4 Double Deep Q Network

2.4.1 denuwaday
Deep Q Network AMU38dAT Target Aa8n151TAT Max %qﬁamsﬁaﬂmﬁmmﬁqﬂ Wan
M3UsTINMAT Q-value waz 1dan Action va4 Target fagvindaufuuu Network ey Sl
windegy1 Overestimation st Double Deep Q Network Sausnduneuven1sUszanA Q-
value kag 1don Action eananiu Taeld n1siden Action ¥e9 Qis'a’) n¥vi1uy Online

Network © @ n15Uszanen Q-value nsevinuu Target Network 0’ Faudsuldssaunisdeludl
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2.5 Technical Indicators

2.5.1 Moving Average Convergence-Divergence (MACD) [5]

fio Technical indicator 7ia¥15lne Gerald Appeal 31 MACD a$19u191ndausnses Fast

EMA AU Slow EMA

BA}X(:[) - IZPV1/\12 - IZBA[XZ(S

wa Signal Line 7il4Aniads EMA 9 Suvas MACD

Signal Line = EMAq

2.5.2 Even Better Sine Wave (EBSW) [6],[7]
Ao N1sRnulasues Hilbert sine wave %ﬂ%’@ Cycle ¥9957A1la8 EBSW HA151I14 -1 99

1 mndewnndn 0.85 avaglunie Overbought w10 Weenin -0.85 aveglun1ig Oversold

{

//HighPass filter cyclic components whose periods are
Even Better Sinewave Indicator

shorter than Duration input
©® 2013 John F. Ehlers

alphal = (1 - Sine (360 / Duration)) / Cosine (360 /
} Duration) ;
HP = .5*(1 + alphal)*(Close - Close[1]) + alphal*HP[1];

Inputs:
//8mooth with a Super Smoother Filter from eguation 3-3

al = expvalue(-1.414%*3.14159 / 10};

Duration(40);

Vars: bl = 2*al*Cosine(1.414*180 / 10);
alphal (0), c2 = bl;
HP(0), c3 = -al*al;
al(o), cl =1 c2 <3
bi(o0), Filt = c1*(HP + HP[1]) / 2 + c2*Filt[1l] + c3*Filt([2];
c1(0), //3 Bar average of Wave amplitude and power
c2(0), Wave = (Filt + Filt[1] + File[2]1) / 3;
c3(0), Pwr = (Filt*Filt + Filt[1]*Filt[1] + Filt[2]*Filt[2]) / 3;
Filt (o), //Normalize the Average Wave to Sguare Root of the Average
count (0) , Power
Wave (0], Wave = Wave / SquareRoot (Pwr) ;
Bwr (0) ; Plotl (Wave) ;

AR 2.2 FumeunnsAIuIn EBSW [6]



2.6 9UAWNNYIVD9

UITENNYIU09AY Reinforcement learning Iumiamuﬁmmﬂ Crypto Wag aan

' 1%
a Ya v Y A

dungiseldfnuduath annsaaguldal
2.6.1 Robust Forex Trading With Deep Q Network

1Ay Sutta Sornmayura (2017) [1] mu%uﬁtﬂumzﬁﬂmLﬁmﬁ’umﬂ%’ﬂzyzgwﬂizﬁwﬁlums
WAILITEUUNISINTA Forex Tuanadu EUR/USD wag USD/JPY lngld Deep Q Network (DQN) lagl
State 1139 Input 7 8n laun
(1) 51Un
(2) nashevessA TuiiuTuney
(3) WduAads 10 u (Sma 10)
(4) WFuAiads 50 Ju (Sma 50)
(5) uAade 100 u (Sma 100)
6) WHuAnads 10 Ju - Wurnade 50 Ju
(7) Sine-wave indicators
selaseadiauu MLP fivsenaudieg
(1) Input layers 7 nodes
(2) Hidden Layers 48 nodes
(3) Output Layers 4 nodes
%1 Output Layers aziilu Action vesilayq1sedug A Buy,Sell,Close wag laivierls ué
lavinnisiFeuitsunanisinauveslyyiussivgiunagns Buy-and-Hold wag 1nsnnas
QJL“TIIEJ’JGUWQJJ
Ineilvoauuigiune
(1) RuasuiFusii 100,000 US
(2) No Transaction Cost
(3) %o w30 28 ASay 1% veedudy
(4) Ja Position énssas 1 Position

(5) Tgs1mUnlunis Buy wse Sell



t-Test: Paired Two Sample for Means

Annual Annual
Feturns agent Returmns B&H
Mean 43 88866667 1.466
Variance 5056.348212 1083599257
Observations 15 15
Pearson Correlation 0.477950253
Hypothesized Mean 0
Difference
df 14
t Stat 2461020542
P(T<=t) one-tail 0.013727607
t Critical one-tail 1761310136
P(T==t) two-tail 0.027455215
t Critical two-tail 2144736688

s o

s

Al 2.3 MsiUTeumsuRaanslueRu EUR/USD senine Uayay1usedvg fiu nagws Buy and hold

9 9

fian: https://core.ac.uk/download/pdf/233618241.pdf

t-Test: Paired Two Sample for Means

Anmual Eeturns Annual Returns CTA
Mean 43 88866667 3934666667
Variance 5056.348212 2888141238
Observations 15 15
Pearson
Correlation -0.035775111
Hypothesized 0
Mean Difference
df 14
t Stat 2164144073
P(T<=t) one-tail 0.024114189
t Critical one-tail 1.761310136
P(T<=t) two-tail 0.048228370
t Critical two-tail 2. 144786688

fian: https://core.ac.uk/download/pdf/233618241.pdf

Al 2.4 nswIeuifigunaanslugtu EUR/USD sewing Jeyanuseug AU imsanesiiaieiyay



https://core.ac.uk/download/pdf/233618241.pdf
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t-Test: Paired Two Sample for Means

Mean
Variance
Observations

Pearson
Correlation
Hypothesized
Mean Difference
df

t Stat

P{T==t) one-tail
t Critical one-tail
P{T==t) two-tail
t Critical two-tail

Anmal Anmual
Returns agent Returns B&H
26.732 0.925333333
2255.99946 142 8156552
15 13

0.076078354

]

14

2.078459449
0.028269352
1.761310136
0.056538704
2144786688

AW 2.5 MswSeuiigunaanslugRu USD/IPY sening Jryeydseh

fian: https://core.ac.uk/download/pdf/233618241.pdf

s o

<9

i-Test: Paired Two Sample for Means

Anmual Annual
Feturns agent Returns CTA
Mean 26.732 3.934666667
Variance 225500044 28 88141238
Obszervations 15 15
Pearson Correlation -0.474885183
Hypothesized Mean 0
Difference
df 14
t Stat 1.756304525
P({T==t) one-tail 0.0504380
t Critical one-tail 1.761310136
P(T==t) two-tail 0.1008778
t Critical two-tail 2144786688

fia: https://core.ac.uk/download/pdf/233618241.pdf

1

¥y NU Nagns Buy and hold

9

Al 2.6 nswIeuifigunaanslugRu USD/JPY senine Jayeyusediug fu msamesiliedssisy
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TngnamIdenuindmwnulyaiusshvganunsarilalanniiuyed laeg1aiissdnsua
AN IEEEG RGN
2.6.2 Dynamic portfolio rebalancing through reinforcement learning

Tae Lim, Q.Y.E., Cao, Q. & Quek (2021) [2] 1uTuiduns@nwAgIfunIINaaaunIs

s

Usuaunad 4 wuu AU dunsnd 3 Ussnyn e Deep Q Network (DQN) Taelu 1 Aunsndasy
Usenoume unindidesge deanansdestos dunsng 3 Uselan lawn

(1) fudeaiaranning : Us@aBVSP),laniu(TwIN),elisn(Nasdag Composite(IXIC))
(2) ﬁuiumam S&P 500 : American Express(AXP), McDonald(MCD), Walmart(WMT)
(3) ﬁﬂumm Nasdaq : UMB Financial (UMBF),Uniti Group (UNIT), Mandiant (MNDT)
Tng Agent 9% Action Wlafinsviuneininnisndusvesuiliilaeg Action & 4 wuu
(1) idnadudunindideaganu composition rate udandunINgdy
(2) iudndudunsndideenalsny composition rate wEandunsngdu
(3) iidndnAun3neldsags Lay nans au composition rate UAIARAUNINEDY
(4) iinusAunSNeLAseen 113 composition rate udIaNAUNSNEDY

%4 composition rate g

Compositionrate = 1 — (BCR *(n — 1))

e BCR #e Base Composition Rate &afianyiniu 0.1
N Ae WAUIIUIUEUNINE

'
= U 1 a

ki amaaumaqaum%’wé%agiwdm Composition rate ey Base Composition Rate R
n1sUSvannadwesnnITaIURUUANTIUIL (Full Portfolio Rebalancing) dnduaziuasuluun
5¥%119 2 A1 @B 0.1 war 0.8 é‘z’iqwud’lLﬁuﬂWiLﬂﬁauLLUaaﬁmmLﬁulﬂﬁqajmﬂsﬁmwaaaﬁuamaé
WBIAN15899 U (Gradual Portfolio Rebalancing) a¥ia k9% Tnodn k Afimanzauie 0.3 State
Usenausig

(1) Standardized 6 Ju ¥9s EMA 15 Ju 109 Aunsneidoag

(2) Standardized 6 u ¥83 EMA 15 Fu ¥4 Aunineidosnan

(3) Standardized 6 Ju ¥8s @as1sVBS MACD U Signal line 15 $u vesdunsneiduags

(4) Standardized 6 Fu ¥83 MACD 15 $u 9 Aunindiduenans

(5) uuTuasdunia nsiudeuiwlduasaian aufviulagdu
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nsUsuaunad 4 wuu Ao

(1) nsUsuaunadnasansamusuuindwuuuliiilunanensal

(2) nsUSuaunadnasanITausuURn LR UUTLAaneIN ol

(3) ManeegUsuaunadnesnnsawuiuulidluwanensal

(4) MingeeUiuaunadnesnnsawullumanensal

%9 Agent 9¢ Action MnASefl lumanensalvehazinsudsuuaduunliiiniy
Tnslassaireveslunaneinsalozld LSTM dmfusunvuiiliiilmansnsalagld Technical

Indicator : MACD Wiy

Trading Agent
.
- ( @ network ]—
3
Reward |State Action
Detection of market Assets
trend reversals s
Re-balance the
NAV Change portfolio
Reward
Enivironment

A it 2.7 Trseadaves Deep Q Network

i : https://doi.org/10.1007/s00521-021-06853-3

PEFEN
~H=H=rE)r

N

AN 2.8 Taseasnalumanennsaikuy LSTM

i

/

Qutput | | Inverse -
HH*&*IA{MMJ

NAVY S

fian : https://doi.org/10.1007/500521-021-06853-3


https://doi.org/10.1007/s00521-021-06853-3
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(1) Full rehalance without (2) Full rebalance with

(3) Gradual rebalance without
prediction (%)

(4) Gradual rebalance with
prediction (%)

prediction (%) prediction (%)

NAV Return % by end of 2018

RL 273 39.7
agent

BVSP 743

TWII 12.7

IXIC 48.7

NAV max drop %

RL —23.7 —6.8
agent

BVSP 253

TWII —14.3

IXIC 4.7

472

35.2

07

t:l v v A Y QU LS
AN 2.9 NANITNAADINUAYUNAINNRANNTNE

fian : https://doi.org/10.1007/s00521-021-06853-3

(1) Full rebalance without (2) Full rebalance with

(3) Gradual rebalance without

(4) Gradual rebalance with

prediction (%) prediction (%) prediction (%) prediction (%)

NAV Return % by end of 2018

RL 21.7 29.3 36.7 63.3
agent

AXP 516

MCD 517

WMT 407

NAV max drop %

RL 14.6 6.7 6.6 6.9
agent

AXP 6.3

MCD 1.7

WMT —17.5

ARl 2.10 wamsvaassiufulunaia S&P 500

fian : https://doi.org/10.1007/s00521-021-06853-3


https://doi.org/10.1007/s00521-021-06853-3
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(1) Full rehalance without

(2) Full rehalance with

(3) Gradual rebalance without

(4) Gradual rebalance with

prediction (%) prediction (%) prediction (%) prediction (%)

NAV Return % by end of 2018

RL —46.7 —20.7 —87 46.7
agenl

UMBF 343

UNIT 206

MNDT -25.7

NAV max drop %

RL. —493 —253 —227 —20.5
agent

UMBF —97

UNIT —26.7

MNDT 523

a v o a o v ¢
AN 2.11 NANITNAIDINUAYURNAIANANNINE

fiann : https://doi.org/10.1007/500521-021-06853-3

Ingnani1sfnwinudnisusuaunad lukuunismeesusuaunadnesnnisamuLuul

Lunanensal Winanauunuiniian wag Max Drop % Mideeiigalunngduning

2.6 .3 Multi-Agent Deep Reinforcement Learning With Progressive Negative Reward for

Cryptocurrency Trading lag Kittiwin Kumlungmak wag Peerapon Vateekul (2023) [3] lauaus

Aentunisld Multi-Agent Proximal Policy Optimization Tu Cryptocurrency 6 %iin @g
(1) Cardano (ADAUSDT)
(2) Binance Coin (BNBUSDT)
(3) Bitcoin (BTCUSDT)
(4) Ethereum (ETHUSDT)

(5) Ripple (XRPUSDT)

(6) USDT

Tng State AgUsENBUMEY 2 @24 A

(1) Portfolio Data A® daduwas Cryptocurrency 3 6 6

(2) Market Data A® 57A1Un, MACD, RSI, CCl, ADX 5 Jugiaumad

Action 2¥Us¥naunly Buy, Sell, Hold Inglw Agent l@onA1sznaIe -1 64 1 lngafnau

Ao Sell A-uanfianis Buy Jsantuaziinly Aausie 100,000 weliduyariisesde

d1915U Reward 9zUsznaulusie 2 @1ufa Local Reward way Global Reward 1ng

Local Reward agldfiunisAiuial Reward lawizlu m3ugytug Global Reward azldfiunisauie
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Agent Tunneia Ineauideguillidunisiiaus  Multi-Scale Continuous Loss Reward (MSCL)

GGk
rMSCL(StrAtrSHl) = U |nloss - nwinl *Tportfolio,t

gl p >= 0 lnsfigauszasdiilelsf Agent anmsvhRanaaludsAua s i Anauly
Reward lnefideuly fie
(1) yaen yarnAunindavsuaeiu Yosnd yaddunindavinouiudu
(2) Fnuedmoamamsanianuiinniiiils

(3) s19TaINNsiRguLUaar1veINeInN1TaImL <= 0

-
v | R o | G| | ey
(percent)
Overall Test Set
LST™ 4429 ).85 63 8941 -70.25
GRU -54.13 1.5 84 7993 -64.08
ResNet -57.88 1.59 8¢ 84.90 -67.67
Res2Net -3791 062 : 89.12 -64. 68
MLP -17.47 0.12 75.69 -49.81
Bullish Test Set
LST™M 52.61 59 197 9163 =17.71
GRU 31.36 498 236 6944 =13.31
ResNet 23.7 4.03 L.75 67.96 -13.57
Res2Net 3418 455 2.00 8393 -17.06
MLP 28.26 464 235 68.25 -12.02
Bearish Test Set
LST™ -3.86 9 4 2274 -8.23
GRU -25.56 6.2 8 5508 -26.02
ResNet -29.56 . L 60.08 -30.89
Res2Net -11.21 2.92 7 4599 -15.87
MLP 136 2.83 L14 10.26 -2.07
| Up-Down Test Set
LST™ 1.59 147 038 13.22 418
GRU 1.43 058 0.08 5314 -17.24
ResNet -5.61 084 23 5983 -24 63
Res2Net 115 0.6 0.12 3014 <931
MLP 238 2.76 113 10.09 =207
‘ Sideways test set
LST™M -3.25 ( 78.28 -16.01
GRU -6.66 0.5 27 8394 -244
ResNet -4.01 0.19 21 8094 -19.36
Res2Net 6.52 1.22 0.29 110.9 -22.19
MLP 1.21 0.62 0.07 93.29 -17.59

AN 2.15 Han1ITNaeIiulATIasIemnge [3]
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FINNNANITNABBILATIASILUY MLP 91n19ma1n 3 Tu 5 Dataset wag Navsd MSCL
Reward Wathluld59uiu Reward Usstnnduquaves MSCL azdsnaudnagdnall Cumulative

Returns, Shrape Ratio, Calmar Ratio iA199nL1ADUTI9A



uni 3

a\ %

S2U8UN5IY

ﬂﬁiﬂiz&gﬂﬁl‘gﬁ Reinforcement learning #7835n15 Double Deep Q-learning ulaluns
USuaunad Bitcoin kA N1318v0sAdyy1TovIwantn T Multi-Asset Mode H7unauuas

nyazden fanalUll

3.1 N15978949 Environment ¥4 Cryptocurrency Exchange

Wie 1y Agent arunsnisufifiewsalududi Bitcoin uaz AMsETesndyyITeve
areth ¢ Environment desildudsznoudil
3.1.1 State
144oya Bitcoin spot SunnTerearmitues Bitcoin wa funding rate vas BTC/USDT
21085 Binance Tnguuaily Train Dataset 14daust 19/7/2020-23/6/2022 d1m3u Test Dataset 14

FaUA 20/6/2022 - 06/06/2023 B4 State Usznaudne 2 dw [3] AB

e

| v

(1) Market Data 517U Bitcoin spot, $1ANUAF Y BUI8AINUIVDS Bitcoin, MACD

(%
L = 1

MACD signal , Even better Sinewave [1] , Na#1951A1Ua Bitcoin spot U dgyey1@ov1a19miinves

Bitcoin

(2) Portfolio Data g dnduyaR1Y8Y Bitcoin spot fayan1 WasnNITaImL, dndiutu

¥
v )

an fayar1 WaTIN1TANY, dndiudyn@evIea1ewinves Bitcoin e 13U Bitcoin spot

511U Bitcoin spot

51A1Un Bitcoin Futures

MACD Market Data

MACD signal

Even better Sinewave

wan1951A7UA Bitcoin
spot iU Bitcoin Futures

dnau Bitcoin spot

#ndau Bitcoin Futures )
fiu Bitcoinspot Portfolio Data

Andru Huan

i 3.1 State wie Features Input 9 Features
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I%ﬁ]’m'g‘dﬁ 3.1 Technical Indicator 171’5\‘1 2 win lawn MACD, Even better Sinewave ag
Senlgdn1u Python Library %o Pandas TA
3.1.2 Action
Action # 3 WUU fA® Buy , Hold , Sell Tu 1 Asset F99gn5EviniU Bitcoin spot Wag N9
PerosndyaTovieartves Bitcoin nieufu faiu Action TAaTuld Vevaa 9 Actions 399z

N5 Action o 51A1UAvRITUIIe Faguit 3.2

» Buy Bitcoin spot Hold Bitcoin spot » Sell Bitcoin spot
Hold Sell

‘ Open Short Futures Hold Short Futures » Close Short Futures

Buy

['Buy BTC spot’, ‘Close Short Futures'], ['Hold BTC spot’, ‘Close Short Futures'l,  ['sell BTC spot', 'Close Short Futures'],
['Buy BTC spot’, 'Hold Short Futures'], ['Hold BTC spot’, 'Hold Short Futures'], ['sell BTC spot’, 'Hold Short Futures’],
['Buy BTC spot’, 'Open Short Futures'] ['Hold BTC spot’, 'Open Short Futures'] ['sell BTC spot', 'Open Short Futures'],

A9 3.1 Uang Action Mianum 9 JUKUU

3.1.3 Reward
Agent AuL38U3HIU Reward 210015 Action Tuusiag State lng Reward #l4luauans
Unusi Uszneume 2 du

1. NAV reward fg yaddunsnglu wesnnisasmu (Net Asset Value) ai 939138111

WIgUAUT9NaU LAgANUIIANN

NAVi,q

NAV d=——
rewar NAV,

Wo  NAVi,q fie yarrdunindgnives State dalundsanniinis Action luudn

NAV; #o yadrdunsndamdues State oudinng Action
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2. Multi-scale continuous loss (MSCL) Reward aanlan1dn15anadag19naLloauad

Yarduningdans FeiluwiAnunanmsiiaunadneianduluudazase vnRALUUENE1Y Al

¥

wniindeuluwaivundeuiu Reward afinauinniu Ingduiuanauniseuans [3]

NAV,

MSCL reward = NAV reward; + [(— - 1) * (Nyin — Nioss) - (NAV reward, )
NAVstart

1%

d' A o o
LD NWll'l A MUIUANNVUL

Nioss A9 TMUIUATIVILN

[

198 MSCL Reward aggnldduaiiiaidnitouluns 3 dadil

U 6 a

(1) yar yarAunindans o vautiu Yosndn yardunindans Adusu

q

2) mmumamimmmwumnrmmii

(3) NAV Reward @ Timestep ths Seuninyiniu 0

3.1.4 Constraints

1%
a

Inandansanauluveinisneassuasasinusaull Ae
(1) 1% base composition rates (BCR) iag composition rates (CR) lun1smiuaudnain

fushuardndiuas (Fnsin) anves Bitcoin sport iU uan Wiy etaafulallsidl Bitcoin wie

Ruan 100% Tu wosnn1sadnu 310 aunsiuansil

Compositionrate = 1 — (BCR *(n — 1))

ISP ]

g n dAnAU 2 (1.Bitcoin way 2.13uan) BCR 31AvAU 0.1uag CR 38AAU 0.9

(2) lunsdives Bitcoin Usunailunisdououdazada (k) Wid1 w1y 30% vosyan
WBSANITAMU d 15U mimma%mé’miy%}am&Ja"smﬁw wlideudazads (k) Wiy 30% ves
Bitcoin fifleg drun1sveaglsivisusazade (k) Wity 309% vde wneoenluldivhilivaens

(3) 14 Multi Asset Mode am13 Binance Walfanunsaduomindauly weosnns

amu Wnadundndssiuiolndya dyqrvevivarmin wie Jeatuninudes lalnefnyad

Winfiu 95% vesyarimnIngdunuiuing uag welesiunisgn Call Margin azlailyl 1Uavevesn
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{0 TOUEWWLN UINNIITIUIU Bitcoin 713 ¥30 Leverage WU 0 Fsdosdl Bitcoin spot Aou
@ue 9@mnsa Wavieresadypi@evisalmin 16 auy YSuia n1sv1evesadyunaouis

aaanih Nlasan o Time step Heagwiiv

Max Short Futures Position = 0.95 - Bitcoin spot

2 [

() WefinmsUndeyay) N3v8YeIRAYQYITOUIBENUE LEIWIAUARZYINNITYIE Bitcoin

i
s % IS

spot WLGUEJmmnmnuﬁmﬁalﬂﬁﬁuamamauLﬁaamﬂ N9 TN QYY1 TOVBE WU YINI15T1TE
59828 USDT Faasifusfunsmsauuy loss was usazlalldnsalinu Bitcoin spot sz Tunsd
Spot wiazafasldmilsi nMsvievedndygevedit uay THUssantyBlunisdene Spot
Faduliifnay
(5) BuduFIENS WOINNITAMU [uan 50% , Bitcoin 50%, Yostuaudes 0.95 w04
U338 Bitcoin Spot fleglu wesanisamu
(6) AABLMSMETE NSy ITeva It 14 Taker Rate 0.04% @ Spot 19 0.10%
(7) Mstie MIvievesndyanTevEamii 3¥gnAn Funding Rate Wleandwa N3
PeTesAdyITevIea Mt Alddunvuilivuneng ( Perpetual Futures)desian Fyaundeuis
a2 lumainaIn1sanInni wse Ueenin Bitcoin Spot 1 Funding Rate 3aidudusulsisan
”zy@ﬂ%asmamwﬁw é’aaguiuuﬁjugmwmaﬁa
7.1 mn31An dyandevieaiamt A1ndsa1 Spot welsendn Discount (Funding
rate negative) ﬁﬁ@m Position short Aasdnelvifia position long
7.2 Wns1en dyandevieaamii g9ni1mana Spot 38138031 Premium (Funding
rate positive) ;3‘171'@@ Position long ﬁa%jwiﬁéﬁlﬂﬂ position short

(8) syuutiuilsvinyuuwuy FIFO

3.1.5 Algorithm taz 1A59a319989 Network
Tusruarsinusld Algorithm A% 031 Double Deep Q Network Fagraandaywna

Overestimation 11 Deep Q Network [4] Inefilassasns Usznausie
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IAAPASTZANN
IS SUSX]

9 input layers : 9 output layers

48 Hidden layers 48 Hidden layers 48 Hidden layers 48 Hidden layers

Online Network Target Network

AT 3.2 MnuanalAsIadares Network .o Double Deep Q Network
(1) Online Network
(2) Target Network

5991307 3.3 Tasaadrenas Network 71a 2 914 Input layer 14 9 Nodes Faunuusiag
Feature Tu State, Hidden layer 2 layer Felu 1 layer 214 48 Nodes ,Output layer 14 9 Nodes
Faunu Action 71 Acent annsaidontd Insluansinustuiiazinigld
(1) Experience Replay Témsiiudieyauuy deque afuteyals 20,000 4 Lilegy
MBUTULWIY Neural Network
(2) Soft update A1 Weight 210 Online Network 3ggn Update A1lu Target

Network 9)n9 Timestep NuWaUN15A g9 T fidwviniu 0.0001
' =10+ (1—-1)0

e 6 fe A1 Weight 983 Online Network

6’ Ao A1 Weight 909 Target Network



22

3.2 Malnseudaya

l47oya Bitcoin spot Sryay1dounedrantia Bicoin way Funding Rate vae BTC/USDT
97113V Binance g 40 Juwsnazgnad1alu Technical Indicator lu State usnlasuwdaudu Train
Dataset 1daust 19/7/2020-23/6/2022 damiu Test Dataset laust 24/6/2022 -06/06/2023 Tng

14 Min-Max Normalization

3.3 N19 Training

[

11n13 Train 61U Google Colab lnRsA Hyper-parameters A14¢) $44l

9 Features e o e

o sl Bitcoin spot Online Network Experience Replay

Initial Portfolio sl Bitcoln Futures o

el
S ) e a2

BTC Spot: 50% MACD
Cash: 50% MACD signal
Short Futures: ‘
950/0 Of BTC Spot war1951A A Bitcoin

spot i1y Bitooin Futures

Even better Sinewave

dnd1u Bitcoin spot

dndau Bitcoin Futures

Andau Gusn

A

Online Network ~ Target Network

AN 3.4 AITNLEAITUABUNITUAAINTS Train Y09 Double Deep Q Network

(1) Alpha = 0.00001 (2) Gamma = 0.95 (3) Epsilon Decay = 0.999 (4) Batch Size = 32
(5) L?uamuﬁuéiu Wi 10,000 $

(1) awi3udufens Budunesanisamu Jusndednsdan Bitcoin 50%,  [uan 50%
waz MevesndmnToearmt 95% 84 Bitcoin 1 Epsilon = 1.00

(2) Mntuftazudsudu State dalulnginen State WWudoyaifte Input 1ing Online

Network
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s LY

(3) #8930 Online Network @on Action louda AazLiu yardunindans Jaguulu
yarAuningays lu Timestep nouvth udwhnsdswdu State dly

(a) Auan yarAundndans midnads Inodmuualiiiu yaddunindans lu
Timestep U990 udar1wIns Reward iU Agent

(5) Lﬁu%’aga State, Action, Reward,State oty adlu Experience Replay

(6) chﬂJ Experience Replay #1018 vU1A Batch size \ie Train Neural Network wag
Update Target ka2anA1 Epsilon fag n13Aniu Epsilon Decay nduiezsulndlude 2 ey

anstinusauillavinns Train TU 1800 Episodes



UNn 4

NaN1538

anstinusiauilauszyndnisld Double Deep Q Network Tunisusuaunad unsng
2 wilp A9 Bitcoin Spot way [uan (USDT) waz in15U09iunMuldedsnisns n1sunsvoindyy e

vrgarmiilaglddoua Bitcoin spot , dayay13ev18d39m Bitcoin kaw Funding rate Vo<

o
I

BTC/USDT a1nt3u Binance d@1uSunnsTrain T@ans 19/7/2020 - 23/6/2022 d1nsunisTest 19
S 24/6/2022 - 06/06/2023

BTCS0: CASH 50 e
W ['Buy 2T sp0t’, Close Short Futures’]

13000 W ['Buy BTC so0t”. Hold Shert F 2]

B ["Buy BTC spot”, ‘Open Short Fy
I [Hold BTC spot”, "Close Shart
W [Held BTC spot”, Hold Short Futures]
M ['sell BTC spat’, "Hold Short Futures’]

B ['sell BTC spot”, ‘Open Short Futures’]
M szart

Episode value %
B th

Day of Date

d' 1 a [ 6 a s =~ .
AN 4.1 AWLEAN yJamauwswaqms VB3 WBTANTTANVULAZNITILADN Action U84 Agent

31034 4.1 uanswadulusunsy Tableau lngunuauanadis yardunindans veq

s A v oA o 3 Y1 I a v ¢ a s
wosNMIamU unuuaufetuiUiuaunadluTest Dataset aiulidn yardunsndans vos wesn
N15897U o4 Terminal State 8¢#1 12,100.96 $ wag i Action fignidenyianiaa 7 Action 10 9
Action 91NUUALUNAIINNTT Test Idanar1u FrTanan1satliuauvemesnnisasu(Portfolio

Performance Metrics) 5 %in
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4.1 fIANANITANTUIUVIINDTANITASYIY
4.1.1 Cumulative Returns
fio nameuLUlATINYES WeTMNTATU FaazgransEnuNMSIUABULAeTIAe

YaAIRUAMUNIIA Wesansamu lngdlaunishe

Vend - Vstart

Cumulative Returns =
Vstart

o Venq = NAV 984 Portfolio fu State gntine
Vieart = NAV 984 Portfolio au State i3udu &9 wirdu 10,0000%

INHaN1sNAaadlaA1 Cumulative Returns Winfu 21.00965%

4.1.2 Annualized Volatility

Ao MTINANUAUNILYEY WaSANTAIYU Beagviaufsnnudsanniidnanniiull laed

[

&
AUATIANU

Annualized Volatility = Standard Deviation * \/ Trading day

1@ Standard Deviation = A1 Standard Deviation ¥89KanaULNULULAAZ TUIIN WOSH

N1saeUTrading day = I iuiiinismse

° 1 df_result

(B3 Date Action Spot Futures Cash Episode_value daily_returns
0 2022-08-24 start 0.235430 0.223659 5000.000000 10000.000000 0.000000
1 2022-06-25 [sell BTC spot, Hold Short Futures] 0.235431 0.223659 4998.913147 9997.117989 -0.000288
2 2022-06-26 [sell BTC spot, Open Short Futures] 0.235431 0.223659 4997.941012 9993.470187 -0.000365
3 2022-08-27 [sell BTC spot, Hold Short Futures] 0.235431 0.223659 4997.131720 9987260119 -0.000621
4 2022-08-28 [sell BTC spot, Open Short Futures] 0.235431 0223659 4997.393017 9985.752155 -0.000151

342 2023-06-01 [sell BTC spot, Open Short Futures] 0.217847 0.196062 5961.614725 12107656945 0.000705
343 2023-06-02 [sell BTC spot, Open Short Futures] 0.217847 0.196062 5960.334484 12102.507744 -0.000425
344 2023-06-03 [sell BTC spot, Open Short Futures] 0.217847 0.196062 5959.115205 12101.994288 -0.000042
345 2023-08-04 [sell BTC spot, Open Short Futures] 0.217847 0.196062 5957.794736 12070.593522 -0.002595
346 2023-08-05 [sell BTC spot, Open Short Futures] 0.217847 0.196062 5956.413618 12100.965766 0.002516

347 rows x 7 columns

27 4.2 LEAINaNIINAaedNlaaInn1g Test Tu Google Colab
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9134 4.2 Trading Day fidMuiumianan 347 $u Fadisnlugariuen Standard Deviation
voananaulnululsariu aglar1 Annualized Volatility winiu 20.3568% FsdiAtiesnindfleiiay

FuAMLTURALS Bitcoin 7iilA1 51.57076%

4.1.3 Max DrawDown

Id [ 1 A a X ! A o = A
LUUﬂWi?ﬂﬂWNaﬁUWWWVJUQQQWﬂLﬂfﬂﬂJqu‘U’NVWIWﬂ’]iVl@ﬁ’e)‘UIﬂEJllﬁllﬂ’ﬁﬂ’e]

Vtrough - Vpeak

Max Drawdown =

Vpeak
e Virough = yafdunindgyivemoinnisamu fiddige
Vpeak = yarndunindavisvemeoinnisasu Nigsganeuingaiiniiige

0.00 /VY\V\ q —::: |
7, LI
hf{m i h |

-0.06 r L-vJ‘fl -0.20 4

-0.25

-0.08

1 <

-0.35
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AW 4.3 WARIHATEY Max Drawdown yamdunsndansues wesnn1sasu ileuiiu Bitcoin

(MUERU) LAUAELAD Max Drawdown @uwduann A Drawdown

(% a s

INNANITNAADU YAAFUNTNIFNTUDS WasnN15a3nU A1 Max Drawdown 11y

-

10.53967% @esnninilowieudiu Bitcoin ANty 35.43208%
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4.1.4 Sharpe Ratio

1Y

g §nTINaNBULYNUAIAUABANNUNIY Fandadiudegeiiumneiananauwnuds

o 1 = [

AuAlaisuiuAIRuNIY Tnedaunisaadl

Rq — R¢

Sharpe ratio =
Oq

so  Rq = wanouunuseTuves wesnnisawmu
R¢

Oq

NAMBUWLNUNUITIAINAILLAYS

AMUAUNIUVDINANDULNUTIEIUTDY wa%mmiamu

Tae Risk free rate 14A11288970 Government bond 10 yrs. 970 BUNANATIANTADUS
Usznalne udidesannnisterensansnil vgatuiani-enfinduazdndngny Faiidoya 230 fu
i leldriadoseuudr Sams 347 diew Daily Returns Tugasiiviinsveass

Risk free rate laAinAu 0.00768 % Standard Deviation ¥8INARBULNUIIETY 1WA
1.09281% Hanauunuseiula 0.06086% 4laAn Sharpe Ratio 0.04865 i1 uraglunanauwny

57874 3991015 Annualize 39laANYINAU 0.90624 111 FIHANTDENIT 1 LAAIDIIN NARDULNY

9199zlaiquAiuANALNILLNTIN

4.1.5 Calmar Ratio

o

Ao §RTIManaULNUAILAWTEUAY Max Drawdown Fevndndiugaaatiuvingis

HAMBULNUBIRUALED Max Drawdown

Rq — R¢

Cal tio = ———
almar ratio MDD

e Ry = nanauwnusieiuwes wesan1samu
Rf = wanouununusiaainaudes

MDD = Max Drawdown
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NHANITNAABY YAA1FUNINEANTV09 Wasnn15a Y dlA1 Calmar Ratio iy

1.74023 G0ANINNTT 1 1IN UWEAIDII1 HARBUWIUANATIYU Max Drawdown 110

4.2 n1siaen Action Tudnsiitingnge

ilerfunisgaisidien Action Tugisiiin Max Drawdown Litegnssindulaves Agent 1
aunNansold
4.2.1 439 Max Drawdown
Feoglutne 1 Fenan 2022 Fa 23 ngAdnteu 2022 Tn1siden Action fagud 4.3 B

wangnalngluswnsy Tableau

Drawndown 239 1 &wiau 2022 dv 23 waadanau 2022

e VY g U
\—w :
T
O oo e L

Shart Futures

[¢

-'... -'..‘
N K &
Yy ¢ e

Episode value %

4 Dctd C 4 4 Nev3 Nowilz
Day of Date [2022]

AN 4.4 ANVBINTSLABN Action TuI9 Max Drawdown

lneilvarndunsegee
ds’ 1

(1) 918 BTC Spot, iUan1sunevesadyadereaimii du Action ignideniwezan
(2) dradududuns awludaed BTC Spot,dyandeviearaniin [uan ldidsuwlas ugl
Agent 1ian Action tlaaunan Reulafildasnsavie BTC Talldnudinin nsvievesndeyyiae

a1 Aille
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(3) F@Tefernlurigamgnes nosnnsawunaInidndiutaunuiu Agent 3y

USudndiunainnisamu
4.2.2 %39 Uptrend

Faagluyae 25 Sunnau 2022 §9 6 Aquieu 2023 dn1siden Action AIgUN 4.4 F

LanNAlAglUSWATY Tableau

wemdiu 2 25 $unau 2022 89 6 dquiou 2023

Action
M [Buy BTC spot’, ‘Close S|
M ['3uy BTC spot’, "Hold

M ['Buy BTCspo
I ['Hold BT¢
M ["Hold BTC spot’, 'Hold
I ['sell BTC spot’, “Open

Bitcoin Spot %

Shert Futures %

ash

ode value %

Epis

A9 4.5 A mesnisden Action Tugis Uptrend

lnedivordunnegfe

Y

(1) 918 BTC Spot,lansvievesndyy @evivaimindy Action gnideneesdn
(2) Samaiiyaen Action TudfnReulyutegted

(3) Fr9@TenfaT1N Agent donfiazldfionisuesesndygy Forisarmiiag

o

v A a

(4) Agent fia Bitcoin Spot {WuuwiliufianasuarlugrmaafisuioRuanludndiuias
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A3UNaN3398 afuTeka uazdalauauue

9nsansAneiluuni ¢ lun1suszendld Reinforcement learning $2838n15 Double-
Deep Q- Network ntglunisusvaunad Bitcoin way Funndeviearanii Tu Multi-Asset Mode
Falg Agent fianunsaluiauisedu Trading Bot lousd vin User dosnisfiazusudnsdin
Suwsndilailednsdu Bitcoin 50% : Wuan 50% Agent Swhauldiinaduegslsiwihnisnagey
By Sasndau 2 wuu fe SnI1dau Bitcoin 30% : [uan 70% Jelluiunuauidsstios

waz 9M31d7U Bitcoin 70% : [uan 30% % DU IUNUAMULEEIUIN

5.1 aAUs1gNan1sIY

5.1.1 9®518@7U Bitcoin 30%: Wudn 70%

Action

W (Buy BTCspot’, Close Short Futures’]
W {"Buy BTC spot’, Mol Short Futires)
8 {'BuyBTC spot, 'Open Short Futures]
1M [*Hokt BTC spor’, ‘Close Short Futures]
I [Hole TC spet’, 'Hold Short Futures]
B {"sell BTC spet’, 'Hold Short Futures]
I {'set1 8TC spor’, ‘Open Short Futures]
B start

BTC Spot

Short Futures

Close %

AR 5.1 §Rs1dau Bitcoin 30% - &uan 70%
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[

nnwdl 5.1 fdondanasail
(1) garnAunindgvdves wesmnsanmu egil 12,089.80%
(2) $r19FunsFoT AN Max Drawdown Fadugaaiieniufiu Ratio 50%:50%
(3) PrdTeRevniifinsusudadiudisnesnluain Ratio 50%:50%
(4) Action Tiidenviavun 7 Action Sawiloufiu Ratio 50%:50% Action 19 7 wuu#e (1)Buy BTC
spot’, 'Close Short Futures' (2) 'Buy BTC spot’, 'Hold Short Futures' (3)Buy BTC spot’, 'Open
Short Futures' (4) 'Hold BTC spot’, 'Close Short Futures' (5) 'Hold BTC spot', 'Hold Short

Futures' (6) 'Sell BTC spot', 'Hold Short Futures' (7) 'Sell BTC spot', 'Open Short Futures'

5.1.2 9n3187U Bitcoin 70% : [{udn 30%

Action

B ['Buy 8TC spat’, ‘Close Short Futures’]
M ['Buy BTC spot’, Hold Short Futures]
I ['Buy 8TCapon’, Toen Short Futures]

BTC70:CAS

; W ['Hold BTC spen’, “Close Short Futures)
M [Hoid BTC spot’, "Mokd Short Futures’]
E 02 M ["Mold BTC spot, ‘Open Short Futures']
I ['seli BTC spor’, Hold Short Futures]
00 I ['sell BTC spot’, ‘Open Short Futures]
W stert
03
:
3 o2
§ 01
02
(=3
5§
S
- 4
o“.
: 2%
.
H 3K
3
" |
I . 880090999999 W e s
-
] = Max Drawndown

AW 5.2 §n51dau Bitcoin 70% : 13uaR 30%

[

al' Ny o &
ANNTNN 5.2 N‘U@u’]a\ﬂ.ﬂﬁ}ﬂ\?u

(1) yaAFuninggvsves wosnn1samu agil 11,393.37 $

9 U

(2) Fr98unsAe197AA Max Drawdown Failuauazdasiuensiaudus
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(3) HrediTeforaafisinisusudndau fidnseenluann Ratio 50:50
(4) Agent fnnsiden Action Winiiufiunnseanluan Ration 50%:50% wuaz 309%:70% fe Hold
BTC Spot , Open Short Futures Action 398 8 WU fA®

(1)Buy BTC spot’, 'Close Short Futures'

(2) 'Buy BTC spot', 'Hold Short Futures'

(3)Buy BTC spot, 'Open Short Futures'

(4) 'Hold BTC spot', 'Close Short Futures'

(5) 'Hold BTC spot', 'Hold Short Futures'

(6)Hold BTC Spot , Open Short Futures Action

(7) 'Sell BTC spot', 'Hold Short Futures'

(8) 'Sell BTC spot', 'Open Short Futures'

33 Agent Saansnsavimsusuaunad lalneglassnsnan Bitcoin 30% : Fuan 70% 3
yaAdunindgnsves wesnnisawmu Indfesiu dns1d7u Bitcoin 50% : Wuan 50% %39
Drawdown aglugaifieatu Action vianuaidenfimiloudu Ao 7 wuu widmiudasdau
8n31d7u Bitcoin 70% : Ruan 30% % danuuandeanil lag yardunindansves wesnnis
awmu Aeuteiuilawisudu Saan Bitcoin 50% : [uan 50% 13M5LAA Drawdown AfnTuAy
a¥ea91381 Wag 1@en Action 819 8 kuU laglden Action WUy Hold BTC Spot , iWan1suigvese

{10V IUANULN LN
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5.1.3 myiararuirianan1saiuvnuvsmainnisamulugnsadusine wag Buy And

Hold

A19199 5.1 1Wisuiisunsinnaluuragdnsnaiunes wag Buy And Hold

Ratio (BTC:CASH)

70:30 50:50
y 4 30:70 Buy And Hold
(GLENRR)) ((GHENRN) < .

Annualized Volatility 16.17547% 20.35683% 17.42254%|  51.57076%
Max Drawn Down 7.62273% 10.53967% 8.80817%|| 35.43208%
Cumulative Returns 13.93372% 21.00965% 20.89800%|  21.14406%
Annualize Sharpe Ratio 0.72110 0.90624 1.02263 0.57746
Calmar Ratio 1.47789 1.74023 2.06965 0.52144

310915199 5.1 awnsaazulacall naneuunukuusnIidn 50:50 Wounin Buy and

Hold w#le Drawdown M1tiaenin Wlawiuni1sae Bitcoin tHudmsiaiu 30:70 2¢ls Annualize-

Sharpe Ratio wag Calmar Ratio 71 Wlewfiunsiie Bitcoin Wusnsdiu 70:30 wafieenuidsla

Max Drawdown &g Annualized Volatility Nilegni18nsnaiuauy

5.2 a3unanisAnen

nsldy@erearmin Whandesiuanudssanansatiglunisanvesyarmdunsng

gvislel lag Agent fi9 N1318vesAdYYI1PaVIAIMEN TUHIIARNTUANNNITS Bitcoin Spot

WLy way Tursdunduisnailidesiuanudssas

dmiusnsndiuil BTC: CASH #1 50:50 uag 30:70 flyardunindgnsves wosanis

A IndlAeainl12,100.96$ way 12,089.80$ wazdl Action ﬁQﬂLﬁaﬂ wislouriu fie 7 Action Fuile

ann15he BTC a93e¥inly Annualized Sharpe Ratio kag Calmar Ratio ddnaiuasdu



34

I a [ 3 a s

70:30 1 yardunindgnsves wasanisawmu 11,393.37 $ uag il Action Nignidentiiy

q

[
£ )

w1 fie e BTC Spot , \Uauevesndyqy1@ev1eaiesnin sl BTC induazyinlila Max

A

Drawdown uag Volatility anas tns1zdns Jeeiuanuidsasunun 95% ves BTC 913

5.3 Jaiauauue

5.3.1 1% Algorithm ’314‘] w1 Double Deep Q Learning 1 Multi-Agent PPO, A2C

5.3.2 il Asset @191y 15U vies ¥, Alt Coin Bue 1wy XRP,ETH

5.3.3 USudadruuSuaunad wnu k = 30% Ly Tn1susudadin k wuudhludfniuninuiu
WU

534 mIstmuasindugeaavesnsmevesnililisiialiifesay 95 ves Bitcoin spot B

anunsaliialn Agent Unsiuanuidsslaognaminyas
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1.Flowchart iile Agent L§anv18 Bitcoin Spot

BTC = $7uuBTCAT _
Diff Volume = $1uu BTC iaunsnwwla
) Short = #1u2u Short Futures fiilag
NAV = yaf1 Portfolio wauzilu
Min volume = §7uruduaAinedl
Sell Volume = 1121 BTC fiagw1e
Cash = [uaniiil

( Agent 1&0n Sell BTC

Diff Volume = (BTC * 0.95 ) - Short

Diff Volume =0
Diff Volume »>=0.3 *BTC
(BTC price * BTC) / MAV >=0.1
(BTC price * BTC) /HAV == 0.3

Min volume = NAV *0.4 / BTC Price
Sell Volume= BTC * 0.3

|

Diff Volume »>= Min volume
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W BTC wu Sell Volume

Cash = Cash + yariuldwdnindnouiivdu
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2.Flowchart Ll Agent LdanTUn ASUBTOINRYYITOVIVEINTN

o e
(ngent Lfan Close Shart Futures) BTC = 2quuBTCy .
o =)
Sell Volume = 97174 Futures Nu1g

Min Volume = 913U Futures azimAsndaanneis
Short = 91121 Short Futures fidlag

NAV = uaf1 Portfolio wauziiu

Cash = liuaniill

Sell Volume= BTC * 0.3
Min Volume = Short - (BTC = 0.3)

!

NO

Short - Min Volume ==0

N

Stop )

w7 Futures A Mauiii wia Sell Volume

NO
Cash = Cash + ilindninenaauiiviu

YES

i Cash = Cash = nawanuiTwAauiiogy
771 BTC AARSwoiaf 1 auiamau = ((Hawanu® -1) - Aoulivdu ) / BTC price

l

w1 BTC Wadwranu
Cash = Cash + yad"#w0 Bitcoin sanly
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3. Flowchart iile Agent L@®na® Bitcoin Spot

( Agent LA Buy BTC )

-

Buy Volume = [(MAV = 0.3 ) f BTC Price

(BTC * BTC price) / NAV <= 0.9
0.9 - (BTC * BTC price) / NAV >= 0.3
Cash - [{Buy Volume * BTC price) + AMA@U ] == 0

l YES

e BTC Tu F1uu Buy Volume

BTC = 91u1uBTCiil LEEES
Buy Volume = §1u7u BTC fifiasdio
NAV = uad Portfolio vauzilu
Cash = 1iuaniil

( Stop
NO
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4. Flowchart 13le Agent 1@oniln N15U18U0SARIQITDVIEEINTN

Diff volume = USunau Short Futures fignunsaidald
C.&gem 1@en (A Short Futures ) BTC = &'I‘l.!".luBTC'ﬁ.ﬁ :
l Short = U3u1 Short Futures il
NAV = yad Portfolio wnuziiu .
Short Volume = 9117u Short Futures faziia

Cash = (duaAnnd

Diff wolume = [ BTC* 0.95 ) - Short

|

Diff wolume = 0
Shart + (BTC * 0.3) <= BTC*0.95

— stop )

NO 4

Short Volume = BTC = 0.3

|
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