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Abstract

Introduction: This study aims to propose and evaluate a dynamic framework for
portfolio optimization in cryptocurrency markets that ensures an effective balance
between return maximization and risk control under conditions of high volatility. The
primary objective is to develop a risk-sensitive adaptive agent that integrates multiple
baseline deep reinforcement learning agents with a dynamic switching mechanism to
adjust asset weight allocations over time. This adaptive structure enables conservative
behavior during highly volatile market regimes and more aggressive positioning
during trending periods. The empirical analysis is conducted on a selected set of five
major cryptocurrencies-Bitcoin, Ethereum, Solana, Ripple, and Tether-to assess the
effectiveness and practical applicability of the proposed framework in real-world
market environments.

Method: Daily data spanning five years were collected from Yahoo Finance and, after
data cleaning, were divided into training and testing sets using a 70%-30% split. The
state representation comprised asset prices, trading volumes, and commonly used
technical indicators. To capture long-term temporal dependencies, state encoding was
implemented using a Transformer-based architecture. Two categories of methods were
examined: (1) individual deep reinforcement learning agents-namely PPO, A2C, and
DQN-each independently managing the portfolio; and (2) a risk-sensitive adaptive
framework that dynamically switches among agents by monitoring short-term
performance indicators such as rolling cumulative profit and loss and five-day moving
volatility. The reward function incorporated risk-sensitive components, including a
logarithmic utility of returns, a volatility penalty, and the Calmar ratio. Performance
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evaluation was conducted using cumulative return, annualized return, Sharpe ratio,
Sortino ratio, Calmar ratio, and maximum drawdown.

Findings: On the out-of-sample test dataset, the proposed risk-sensitive adaptive
framework consistently outperformed each individual deep reinforcement learning
agent. During non-trending market periods, the proposed model achieved higher
terminal portfolio value and superior risk-adjusted performance compared to
alternative methods. For instance, it recorded a Sharpe ratio of approximately 1.13 and
a Sortino ratio of about 1.81. In bullish market regimes, the framework delivered
markedly stronger results, achieving a Sharpe ratio of approximately 1.73, a Calmar
ratio of around 3.34, and higher annualized returns, such that the final portfolio value
during the uptrend was nearly twice that of the best-performing standalone agent. The
quantitative results indicate that dynamic switching among aggressive, balanced, and
conservative agents enhances the exploitation of favorable market trends while
mitigating losses during highly volatile periods. Although a temporary increase in
maximum drawdown was observed in certain scenarios, this effect was effectively
offset by a reversion mechanism that shifts the agent back toward conservative
behavior.

Conclusion: Integrating a Transformer architecture for temporal feature extraction
with a risk-sensitive adaptive agent framework provides an effective solution for
dynamic portfolio management in cryptocurrency markets, particularly when the
objective is to simultaneously enhance returns and control downside risk. The findings
indicate that employing a dynamic switching mechanism among multiple deep
reinforcement learning agents can significantly improve portfolio performance and
stability when facing shifting market regimes.
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Figure 1. Performance Comparison of Buy-and-Hold Models, Independent Reinforcement Learning
Models, and the Proposed Model in a Sideways Market

oaseie s o) Gl g el Cute g, b Yoane (3gm0 Sl 183920 LIl 43 e 3,Slas
sl ausls 1y o1 51 (oo 000 5 S9y (bl (Ulg5 b ol (6 uS3b (slai ol lase iz )3 D9 0
Dedsn oy Bbgy SUSE & o Jde 5 Slas ol )3 095 Cule) S S8 & plojan
298 (65 JEs (gloJae s Jol g, V.

e o U ) (Gos8 (650l Jitue (gla Jho (43920 0)90 @Y Joi>

(e sl 4i8L) (o3pm0 )il o Jituo (slo Jto 3,Sloe I Jpus
Table3. Performance of Independent Models in a Bull Market

Tetgloyus 2l 15T SellS” s g0 o osLd s RENyH w2l ) Jae
-39,38 0,659 1,059 0,742 25,95 135279  B&H
-36,04 2,358 2,577 1,553 85,00 223,805 PPO
44,83 0,936 1,446 0,933 41,96 158,215 A2C
-39,38 0,687 1,084 0,761 27,06 136,837  DQN

s Uyl g 035k
o Jio ok > 1y (A7) &b s 0¥ 5 (3 YIYA-D) s ol o3 (e PO o

D, Jaue
ol 03, o (055 5 45 ailiie Ly,as DQN g azsh $1,857 635 b bwgio 5,Slas A2C o

IS 5 b b od3h (yl5ue Lol iy dgms (63500 g 3l AilgT o Jhis (sla Jdo 45 39 0 0dBlie @
Gl ol pods dgizee S



VY- (O s 5 G Do (235 (6,8 3L 3l o3lizal b W 50 5 5 gl gy S e

0l s sl § Sy JyuS
P e Gl goamd i wwla o gl 51 YL (VOVY) 550w 5 (V,00F) PPO )ls s @

g GleolisS sy, Sl g Cunl a5 g5 LB \liren (V?w\‘z—) 5l oy il (Jb pl b e
ol 5855 B0b Sllwgs
Plignd Sony JyiS Lol 315 s o 03jL e ATY G)ls Cond ¢ FHAY o <l L A2C @
2 o Wi PPO & cuns
ML bl 5 Slug L8,
Db Slug g 3g9a5e 3,Sles (gd5m0 L) jl (gl o D DON @

23l

Copde g Sy JyS (sl (b ) g5l 286 o Jue Lol )3 1) (g3gma 513 55 035k adgs 2Ulgs Sl (9,
ol L SaeoligS Wgy @l pess b bl logs (slaeygn 13 ol 5,Sloe s 3. s 985 b

Ol ) Sy & plas dudai Jio (63920 093 ol ¥ Jodot S yjag ol Budad Jao 2 093 (39,

...\ADL;Q
(i slo aisl) (epno il 33 S yty polecs uer Jo 3 Slas & Sy
Table4. Performance of Independent Models in a Bull Market
Tetgloyus 8l 1Sl B 9 g Copund )b s Al o33l sl ) Jae
-39,38 0,659 1,059 0,742 25,95 135,279 B&H
-36,04 2,358 2,577 1,553 85,00 223,805 PPO
-44.83 0,936 1,446 0,933 41,96 158,215 A2C
-39,38 0,687 1,084 0,761 27,06 136,837 DQN
-52,75 3,339 3,002 1,730 176,17 379,734 &by

9 2l (i)l g o33k
ol 03,8l Gioghy JS 3 |y Al 03jl 00 5VL g 2led U85)] i el Jao @
5 bl WUlg snmalis ol .cwsl DQN Ll Jls s PPO ,ily o3 Loyis WENVZ o3l o
ol s 3l ooliiwl S lis b (g35r0 gy 5l (g)l0 0 00
005 e (S 5 Sy J S
ol Sllogs 4 Comd 035L YL (g5lL sniad Lis ¥, Y gidjqmw ¢ VYV Opld Cad @
033b s & Lol el 03,55 dloul 1y dilo o il oy eS8 (0liniy Jdo a2 )ST ¢ VXY LI cuns @

033L (s3bodingg 53 Jao e plply Cosl 48l d9m0 (298 BB Hob 4 ] LS s VLl
Aloys el 3llas (il J8ls gl & il Sy bl 2 003 lyies



'Y

VE O Lo ()18 6555 — e Sy proke bt

Sy b Bbd 5 by @igm oo
Eopd 30 &S Amd o ojll ([ aladlre ¢ Jolxio ¢ 0 lys) calidre sl Jole po bgy zdow puilSe @

25 e 39 (s 9 g b ool
LS o S 5 )3 K, 5l oS () ypopee b1y Sy S (s plpdllasi] opl e
b yesls gols Juloo
033L oy s ol oy i ¢ dhuadas Jdo a5 05T 0 Wb HIS 5 gidyow aoyls (sl adls polie e
Syglie wald 1) S g
L;lb-).)‘w1amlaﬁ>)&odybu.xo.’>ubﬁwm)xa)d\g.\hJ@uLMbJ)LM)bﬁu o
Wgd oo dooligS slacdl g o yigs )bd Jaiwe sl Jde oS
S92 ,13b (Slam o (i zen
o3l oy b oy 5 ppidir 3 Glhe (65 odgme L Sy wles Audal Jao e

A e djl)‘ ‘) &_iw.i) U‘AL‘)] 2 a.A.wJ.:.\:u LSLQ;M R 9 SULs

35> J5uS g (dadad )8 g5k 2818 Lol 030> 339, ololid UlgS Bree (o8 (5 pS0b Jitue sloJre @
At S

Job 5> el 6,luly 9 YU 03}l 386 5 o] Cudibge Lol Jalo ¢ ndas J1o > gy g Uly
Gl (6920 05

Cilye a1 Sy poles ks by Jao 5l ookl (e3gmo (bl j> a5 S o 18T s ol o
ol Bros 098 (6 pSb Jhume slaJde 5| 5 piekae g el ,lS

ety Jao g Jituns (985 (6,50L (slo S 5yl g w3 slo Jao 3 Shas anlis | oo ¥ S
ol a23IE ialed 4 1y ((639m0 HiL) Say 4 olus ke



\YY (O s 5 S 32D 585 (S, 3 31 osliz b a3yl m 55 5 (Sl Cy pyika

L e ) il aloal g g 2 2 Sles dadia

—— Buy & Hold
600000

500000

400000

(8) skt 205

300000

200000

100000

50 00 150 200 250 00

(S a ) Jagedes

(52500 i) (oot o 5 Jiwo 255 (65650 (sl Jlo o5) 15 5 23 (sl Jto 3, Slae dulio . I S
Figure 2. Performance Comparison of Buy-and-Hold Models, Independent Reinforcement Learning
Models, and the Proposed Model in a Bull Market
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TableS. Sensitivity Analysis of the Proposed Model’s Performance to Reward Function Parameters

in a Bull Market
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Table6. Performance of the Models (Mean and Standard Deviation) Based on 10 Independent Runs

in a Bull Market
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