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Abstract

&= =22 BTC/USDT 1A|ZtS A=A 744 Bk 0| 5 10| ATR(Average True Range)
12 KRt 12|28 2RSS PPO 7% Zekste HBO o reward B4 A 7 B
S5 DI Yurst A50] DIXIE UHES T ASHCEL 471K roward BH )8 BAt

=2 oo O O

(sym), HICHE 2 A (asym, = 3.42), 0|2 AFZ H|S(dsr, n = 1/28h), T2AHE 0|2 HA
(pt, @ = 0.68,\ = 3.30) — = &Y SF0M 22} 10 A|E x 1002 28 &5 =, () ©HY
238 AT (Val 2021-2023), (ii) 65 CPCV(Combinatorial Purged CV) 15-path B 7L, (iii) & ¢!
SHAEl HIAE Ml(Test 2024-2026) OOS(out-of-sample) B7+2| Al A0 A H|mBtCt

FR YA (1) ValoAM 47 HAHO| ATR 7|gt H|O| A2}l (Val Sharpe = 1.378)= EF
+21 ~ 36% ZStLE Bt winner£ 912 M, & S AH {sym, dsr}(SAA) vs {asym, pt}
(EF=EE SAMCE B2|EHAE W |d <03, O&E 2t |d] > 0.8). (2) Reward &4|0|
Aol Hefl Bzt holding AlZHE 2 Z27ESHH (M HE| H|& 2.22H), dsr2| hold rate
7t CHE H™@ ol 2 6Hi Q1 A 0| sliding-window reward AHM|C| K 22| & At S HaF =0l
StC} (3) "7t 2B 2 winner 7} reversal: Val2| sym(1.87) — CPCV 2| dsr(1.41, p< 1077)
— Test2| pt(0.34-0.37, F 22 LI p<0.002). (4) pt2 00S ZHE HFHLIZ: X =3.30
4 2Ot o = 0.68 LT BEAFIL GHMO| O T Hd 14AIZHEITH 6A[2H) WHE
HAS stEAI7 0|12 ZME(BTC $42K — $75K)2| 0= EtO|Y S 3|m|ptCt, HHH
dsr2 "ot 4.58A1ZHEIC] 169A1ZF = 7Y) holding2S SEAIA 5L SHNAM X H&
7|8, Val-Test @2 X0|= SAHSZ MR ROY(KS p <1071, HEY —27%)3I0, ZE
HHMO| Val/Test B&2 2| &Y (A action < 5%)0|Ct. & M2 22 A2 SHHX|T
1 #S0| CHE A|E regime(Val = range-bound vs Test = bull) | A| CtE ZIE o8z,
008 A5 Kol A Hat7} oLzt A% 2 O|SOIA K 7| Qletct,

2 A79 at&HN 7|0 = reward A Q| 217t Tt Sharpe metric@| “alpha source”
7t OtLI2t risk profile Xt A Q| trade-off + W7t B Y winner reversal® LIEFE S H&
HO|= A0|H, Kahnemandt Tversky(1979)2| prospect theory 7t Z2tetE HHMof| £0i5t=
00s tEd2 g2 2olott. FEQ H|O|H: https://github.com/cosmicpotato2047/

capstone-rl-trading.
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Abstract (English)

We quantitatively study the effect of reward function design on PPO-based RL policies for ATR-proportional
grid trading on the BTC/USDT 1-hour market. Four reward variants—symmetric (sym), asymmetric
(B = 3.42, asym), Differential Sharpe Ratio (n = 1/28h, dsr), and prospect-theoretic (aw = 0.68, A = 3.30,
pt)—are each trained with 10 seeds x 1M steps and evaluated on three environments: (i) single-split val-
idation (Val 2021-2023), (ii) 6-fold CPCV 15 paths, and (iii) the unsealed out-of-sample Test (2024—2026,
BTC $42K — $75K).

Key findings: (1) All four variants exceed the ATR baseline by +21-36% on Val, but partition into two
clusters {sym, dsr} (aggressive) vs. {asym, pt} (conservative); within-cluster |d| < 0.3 vs. across-cluster
|d| > 0.8. (2) Mechanism: reward asymmetry directly determines trade frequency and holding time
(policy distance ratio 2.22x), and the sliding-window memory of DSR results in 2-6x higher hold rate.
(3) Winner reverses across evaluation environments: Val=sym(1.87) — CPCV=dsr(1.41, p<0.001) —
Test=pt(0.34-0.37, consistent across two sources, p<0.002). (4) Mechanism for pt's OOS robustness:
short holding (mean 1.4h, max 6h) avoids sell-side timing risk in the unseen bull market. In contrast,
dsr learns long holding (mean 4.58h, max 169h = 7 days) and records the worst OOS performance,
showing that the same reward formulation drives both in-sample advantage and OOS failure as two sides
of the same coin. (5) Val-Test distribution shift is statistically significant (KS p < 107'°, —27% variance),
while policy actions remain nearly invariant (A < 5%) between Val and Test, indicating the regime shift,
not the policy, drives OOS differences. Our main contribution is the quantitative demonstration that
reward design exerts its effect through the trade-off dimension rather than a single Sharpe “alpha source,”
and provides the first quantitative evidence that Kahneman-Tversky prospect theory confers OOS safety
on RL trading policies.
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BTC & Y23tm AL AIZHE 7H4 HE2 T7] FAM|2F Fatet 2l O|M & (micro-
oscillation) 0] &M E40 = 0| HEd XM E YR E & E E2f|0|F(grid trading)
2 A& =M (market making) [Avellaneda and Stoikov, 2008]2| tte=2tEl HO|Ct 7=l 7+4
AX 210 Oi=/0f e FEE F7| M2 HiX|St= thest #2] 7|8 FEFRE], ATR(Average
True Range) [Wilder, 1978] H|H| 2 X 22 58 27F5t= Had M3 HANAX| CHyst
Ttod0| EXfetct. 2 H7l= XA, = ATR H|g A2|= Eg0|Fe| AX} Fat HZ 7H4S
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1. S =T

= A|L"-Ol X£7] JHE2 "PPO H2tat50| 3 Hed 32 &&5t0 1 J2|E H[0]
22tQlE oottt Qo ALt Ale &4 Adf staE FHO| Atdd o5 A [1.0,0.0]
02 +2180] HOIEIAD (34 ALM), Bayesian 02 AM2HEl ATR A% KHH7H 450 F8
HSHYO| EYKLLE Of negative finding2 LA B & (symmetric reward) + ATR H|&| A2
20| RL MO NIREE EHNCE Z40tie 7HEE O[O/, 2 =22 M g3
HEELR O|oZICt:

BTC 12|E EYO|YUAM reward B2 HA 7 RL Ao dE mTHat
Hol ds0l o @S 0|X|=7)2 9], &4 I=|||:||7c§>'(asymmetric, prospect-
theoretic) = ¥ = +=A(DSR) HEHC| reward A 0| THYU metric &F

£ 00s ZUE SHOM 20| = X0 & UHEEIR

PA - [l

1
= =22 st=X 7|0 & o= Yl 7HX| oL},

1. Reward HY2| SAXMo=2 AUt HlW ZUYT: 47tX| reward &
pt)E S SHENAM 10 A|E x 1008t AROZ SHE8L, Cohen's d, B
IQM, 5% CVaR= AMESI0 H|0{t0|= &4 4 o

2. Pareto ZEE|0] YA (CIXIY trade-off): The "X reward 7} best”2| THY winner 2&
CHA, 4 HHO| {sym, dsr}2} {asym, pt}2| F S HAHE SAF2E £2|&[0| Sharpe-MDD
HHO|N Pareto-FAI ZEE|OE YdBS EOICHES5). Ol= A0 AF-H AlLtZ[2 27|
(&2t A/SE B/H[E C) OC|o| = siFStHA| @Ot & =F0A AlLt2|2 DE HHESHH,
§5.601l A & A 2}otC

. Roward - WS - Aol Asf A& BE: WY 2 WM S5 KO Lo siep
trajectory OIAl EX HE| M (within-cluster 0.129 vs. across-cluster 0.286), regime'H 7
2l /holding &, S &2E H L2 FYES0] “reward FAI2| &4 H|ITIE — Hejf Bl
g2 - B8 SHAH"Q HFHUES 2l SHTh(§6).

AL
7 (sym, asym, dsr,
EAEYM P(A>B),

4. H7I @44 winner reversalll Prospect Theory2| 00S Z#d: Single-split Val(sym
1%9l) — CPCV multi-split(dsr 19]) — & ¢l SHA|El Test(pt 19, F &2 Y& p<0.002)2)
M 280 A winner 7t 27 reversalFCHET7). pt 2] O0S Z M MFHL|E 2 prospect theory
Of &M 2O A =330 2F BE o = 0.680] M| holding= U1 BHA(ET 1.4A17H



StEAl7 O13= ZME82 o= Eto|d f|HE 2|I|ots ZUHYE trajectory #4422 ¢
s

2] ) 2
S oLt Ol Kahnemandt Tversky(1979)2| prospect theory 7t Z3tets MO £05t=

§2& RL E0|d, reward 27 O|Z, B7} Y E2| U A+ E Y[t 3= &8 24
(MDP, ATR 4!, 4 reward #)2t PPO ot 28S 7|22t §4= 2 A2 S7]2 Phase
E X0

1 negative finding("RL = Fixed [1.0,0.0]")= Zt=F X} 2!
LAALE LR D)E, §62 HAHLIT &S CHELE §72 slippage 4UF(§7.1), CPCV LIS
split(§7.2), A2l & ==2| a2l Test OOSL} prospect theory2| ZHH HAHLIE (§7.3)2
CHECL §82 2% 0|32 o oA E =2|5t0, §90|Af OHF 2| SHCt,

SotCt §5= ValO M2 & 22 AH

2 #Edx

2 A7 () AY 243t Q2| E0lY, @) YRS 7| 20|, (i) reward 27| 0|,
(v) EB[01T YMO| W7} YHBO| U] £Op DAY IX|BHCt O] B 2t OFo] i M
ATE Halsn, £ =20 AX|SHE ZHES YAl

dz2|E Eyo|Hdol =X T42 Avellaneda and Stoikov [2008]2] A& &4 (market making)
DEO|C O g7E Y 2mA AY A7 AL & (inventory risk)Off 2] HE O, S4
7124 (mid-price) = SHLE O/ 2 7tE CHEFO|X| @A HIX|St= =X FXO| T Y
(closed-form solution)= FE=2HCE S SEE2 (a) 27t2| Z(spread) 0| HsA1t A|ZH THO &9
g2 Z2EEH, () M2 He(inventory skew)0| 27t SHS HIHEH 22 O|SA|ZICH=
Z0|ct d2|E Egfo|d2 o] RH | thealEl M8 HYo=z 1l 7tA AXo| =22 0|2
HiX|5HO] DjAM| HEEdE +=Atotrt.

ocoo=2 T —

E
1%

AXt Z2 AN Hado BEA 7= BFE LEH2 Wilder [1978]2] ATR(Average True Range,
14 O|5ET R HFE)S A8%t= AO|CE ATR2 A ¥E = (true range)2| B2 &E
o2 HEd F2AE (volatility clustering) T+70AM AX} 22 Xt& =& SH= HheEdti e
Ao 1A MSTCE ATR H[3| D2[E (A = ¢ ATR, ¢ = H&| A= AF0M 22|
AM8E|H, 2 HFLo| H|O|A2FQI0|7| & LY,

O] 20f2| 7| & ot= AT WEE & 7|8 (rule-based) B 2M0| M= J2H, AX}
= 2382 HO|IHERH ot&55te A= MTHAO|CH 2 =22 ATR H|dH 3419 H|2| A==t
AR} B 42 oS BUOR £X ZHSE PEE MUSUME, B reward T

AL 5E Mo AS0)| ofH S DX =X| FH2 =2 Mottt HoM AHEFS

Jm o

Y2 otH A[Z0| et DRL E2f|0[d2] EF H|O0|22}212 Zhang et al. [2020]0] HA|2t PPO/
A2C/DQN H| Z2|AF0|Ct O] A& 7t AAHEES YHeZE AH 2= PPO FHO|
Ct+= buy-and-hold(B&H) 2t & H WXt MEFS X O 2 X06t= Z0E ERLL Sun

|0



et al. [2023]2] ACM Transactions ATH| 0|2} Liu [2025]2] |2 2|'7F+= O| 20| & 7tX| O/ &4

WHZ (o) M BF2 siY 7tsd, () AT 2 2 LetstE XMttt = =22 0] &
MM E XY CHELE: §60IA reward FA{OM BE XH0| 2 7= 21t MES F oD, 704
ChY 22 A2 E HIIX| fi= 00s Yttst plgs 2ot

Y MY A= 4 HOICE Liu et al [2020]2 LSTM 7k 02| 23 & prPo A9

LRy
state2 2 HSt= 2EHA FZE HMQHACH O] 2o ot A= oF 77 EM A0 A2
HOECHE Eo|0, & =22 71 0|5 HHAE 27T M Hed 88d d2|E X2 0|
SHAE R3IBCE Yasin and Gill [2024] 2 DQN/PPO/A2C M| Z12|&Dt 207 7|&XIEE
H| W SkLE, action S 7H0| O[4F buy/sellO| 1 holding ¥&0| S= oA 7t QULCE 2 =22 A5
2K action(SA-81 0| 2 H)S xHEIS] 2| =2 0[N =F S 7HsSHA SHLt. Pham et al.
[2025]2 AP "O|=l 57 Mef & StLIE DQNoZ MEfsH= HEL e 1RO|Lt, MEf XM &=
SHEE|X| %=Lt Bandarupalli [2025]€ PPOO| Had I EEIQL Hef H|E &2 F7t5tLL,
CHY reward B 9| hyperparameter 2 &0 H=2{ & =&£0| CHF & reward AL XA 2

HlW= ZeoA| HELt.

£9| 3% M A= Gort et al. [2022]0|Ct O] =22 222t DRL E0|F0AM T
train/test 222 A7t 008 YLt E BESHK| g=Cte H452 MAISHH, CPCV(Combinatorial
Purged Cross-Validation) 2t DSR(Deflated Sharpe Ratio)=2 HYTICH & =22 Gort et al. 2|
Yot HEAEE MEISH Val (2021-2023) / CPCV 6-fold (Train £ LHE) / Test (2024 & 2!
i) M 282 SAI0 AHESIEE 2 =F2| winner reversal 274 (Val sym — CPCV dsr —
Test pt)= Gort et al. 2| 47t reward H MEHO| XAt ME 5 LSHA LIEFE S FE 2ol
Z0|ct.

= =22 /XE Tt =
E /state A H| 0| HE3t
e AH2] 471X HE S SH|

22| ZHvict

Z DRL E&|0|E 20| B reward &2 L1
Be Ze Y2Z (PPO)T 22 B UM reward
|StH, 1 20 in-sample / multi-split / O0S Al £HZ 0l Af

2.3 Reward 84| 0|2

2 =z0| H|18t= 471X reward HE2 ZotstEar S A2l M 7HX| 0|28 A Z0M
E=EICEH (1) CHE (sym)2 EE PnL(Profit and Loss) H| & reward 2 H|1W H|O|A2tQl HEtS
ot (i) HICHE (asym)2 20| &2 7HE5X| g > 18 F05t= HAL =, 2| 2|0 28 ¢
9| Bt 1XF ZALO|L, (i) O]& AFE H|Z(dsr)= Moody and Saffell [2001]12] SAIO0|Lt. (iv)
Z2AHE 0|2 E&(pt)2 Kahneman and Tversky [1979]2} Tversky and Kahneman [1992]

Ol 28 & v(z) =sgn(z)|z|* (x> 0¥ M) E= —\|z]|* (z < 0¥ If)E A reward= 2|

Moody and Saffell [2001]2] DSR2 AFZE H|Z92| 229l F-X| H3IEZ step reward 2 AHE
Stle 3AC 2, X5 7HF 0|5 E(EWMA, decay rate n) 22 1At} 2k} RHE S =X ST}
O] 3A2 Lotets EH ot50| & 7HX| QI0|E #=C: (a) Bhe PoL COfH| & = =92
& A& BLSHCE (b) sliding window 2| MR 2| TRTF HHO| THY step O|AO| A|Zt Q| EM S
2ojoict & =2 §62 O] M 2| x| ANtE dsr HAHC| FMO| CHE HA CHH| 2-6HY] 7!
7t2 S5e2 YE 20, 0| §79| in-sample CFE 20| A2 222t §7.329]

K= ©Q

= = =
| X|= 2latel =2 FO[E



Kahneman and Tversky [1979]2] ZEAHE 0|22 Q7 oA 2| 9 Ys2 A=
HSEN S 7|XR0|0, EF| (a) A 2|T] A ~ 2.25 (Tversky and Kahneman 19922 EEZ!), (b)
28 &2 2534 a~0.88 0| a4 B==0|Ct O] 0|22 Q7 EZO|H 2| HZ(0f: =40
OS2l 0|92 el H31" 2 2t e SYLRISH AFEE[0] oL, datsts FH o
reward2 AT AL ot A4l= 012 ESCE 2 =22 Kahneman and Tversky [1979] 2]
S22 RL reward2 A& 7SI (0 = 0.68, A = 3.30, Optuna 2 F'd), 0| reward 2 St5 &
0| 00S B0 M 20l UM BTN o2 HT ASet

o o

f

oz 0

Ng et al. [1999]2] MM = reward shaping(potential-based shaping) M2|= "E &9 Htx H#
Sh2 FM ot ALtof gek2 0|X|X| gelt's 288 =500 €3 & =22 4 reward
M Hlw7t O] Fe[et 5&5te & EO|X| T OA™X| %Lt sym — asym/pt 2| HE2 S9
A0 HICHE AH L Z S H|-potential-based HEHO|H, dsr2 TtHe step reward 'HEH0|
Ot state-eatended reward(3F, sliding window ZHET} AFM A statel| LE)O|CH MEfA &
=z 2 reward HY HluW= Nget al.2| H2[2] HE HY 510 A2n, M2 HA 7+ TH

S0 SAHL2E FolotA Xt0|gS §60IM =Rl SHCt

o [==} =] =
Ct. Henderson et al. [2018] = &Y Y1E2[F0|2t: A|E XIO|Rte 2 Aurt A HET
A3t 510 A|EQ| A A H|W, IQM (Interquartile Mean), FEAEH ME|FHS BEFE
HYAML O E HAIMCE 2 =22 HIYY 10 A= (Val/exp033), 100 2 H (Test)= AHESHH
H 020 = Cohen's d2t FEAEYM P(A > B)E ZE HWO0| HEstCt,

Yststs WA WM THE 2 HHE () WHAE IHSD () 2| A | EY
n [=
o

™o 2

Lépez de Prado [2018] (8&) 2| Combinatorial Purged Cross-Validation(CPCV)2 AlAE G| O]
EOIA train/test &2 WAISHHAM (V)74 2 ZEE 28510 tHY 28 Zuto| Akt
7ts58E2 Latste WROICH & =22 6-fold CPCV(15 paths)E §7.201 Af X{E4SIC}
Bailey and Lépez de Prado [2014]2| Deflated Sharpe Ratio DSR')= YHAE A& 3l
Smo| HE/EE BH AFZ 620 B S04 Mot & =22 cpev A1t
CHS H|@0fl Bonferroni 2% 4-way + DSR* ZHE S AHBSIH (§7.2), 2E reward H
ATR HiH| p < 0.0012] Fo|dS TEets =Qlottt

2 =22 B7t 42 S KMNEEH2 M 28 (Val / CPCV / Test) 2 A0 AFESHA winner
olct EHY 2% EE CPCV HES ALBSHE JIE @TE 008 Yt

reversale ‘H7iot ©
HIfE LAY = 22, O0SEH AHESt= A7= pt HHO| insample B2 LAY +=
QICH Ml 4ol Al HE2 Henderson et al. [2018]2F Gort et al. [2022]0] & SHE 24 HIt

WM S reward HY Hlm2t= THE XM 22 Mot oM BEEHN 7|0fE 7HTICt

3.1 MDP Mo

&= ATE= BTC/USDT 1A|7HE 718 AlAE oM S XpHAE
== (finite-horizon) OFEZZ A 1IPd M = (S, A, P, R, v) 22 Al
st /A3 T WEOIAM A2 AIZF AI-EEH 7204 2HE0Y) 2t T EIH, 2t step t£ 1AZ



7tAgg oln|strt
State S C R7. B&F s, = (s”,...,s")2 Z 22 A% MEfQt HX|M MEYE 7| Z%}
stk
Sgo) = 10%(1’16/@,168) (7t =AM vs 15 Ea) (1)
—avg _
s = pﬁaigp (BTt e 1i2]8) (2)
t
hy - — °
s =g (RH2 THE| ZX|4 H|E) (3)
s =2 (33 H8) (4)
Co
ATR
5@ — ATR1os(p) (HESH) (5)
bt
) = P Pom (EH7] M, 3Y) (6)
Pt—72
s = PP (&7] A, 302) (™)
Pt—720

O7|M p= 2 B}, pives X BREQ HEIHOIEY Al 022 X0 sV & o), b=
BTC 28] % ¢ s3 &1, ¢y = 10,000 USDTE X£7| XH20|C ATR 652 Wilder [1978]
O Brlld (1688 = 17E | E=R)0|H, p, ;s 2 1685 THe0|SETOICH BE 22

otE M /oM A LS 168-& rolling z-score 2 AMY Ht2tst F| 5,5 2 S 2| EBHCt

>

Action A =[0,1]2. ZHM2 Off step 2At H= action a; = (ago), a(l))% Z ot aio)(g—a g,
o

t

aggressiveness)= = 27t & /H E, aﬁ”(ol ol ZH, profit_target)2 Ol 27t F 7§E AEt
Ct. 0|4t buy/sell/hold action® AFESHA| Qf= O|F= A2[EQ| O/M & =81 Had S
RS £Zoz XA BHE| (20|, Oliss WE B7t0| HEHAS Ao
X ghotLt.

ATR-H|E| AX} S4]. AXo| Z1t X[z HEd Yretel A5 ztrS Sl AEE T XY
7t pi, re = ATRues(p)/pr, BEZE pp7e Off TH3H:

g™ = (A + By - af”) (8)
g = vy (Cy+ Dy - al”) )
g — (A + By - alY) (10)
et — oy (Cy+ Dy - af”) (11)
S7t 744
qllfouyihi = (1 _ g}]ﬁouyihi)7 q)ltouyilo _ pt(l . glmyilo) (12)
eIt _ gy (1 4 ggellmkt)  gsell_cost _ ;ave(y | psell_cost) (13)



A== { A, By, Cy, Dy, Ag, Bs, Cs, D} = 2t o2 - 212 §3.301 HAIDICE sell_cost
S I71H0| HEVLE 7|E 22 St= O/ "#71 2[="2 FM0| BAHLZ L E517| f[0|Ct

—

Reward. 7|2 (sym, symmetric)2 1-step PnL H|ZO0|LC},

rsym o Et — Et—l

tT T g Ei=ci+he - p (14)
el =2 &= _execute_buy2l _execute_sellOf|A] ¢, 0 O|0] BtHE[EZ rewardOf| €= A}
USHX| ZE=0h 2 =29 47HK] reward HY 2 Of syma HIO|AE HO k| §3.401| A
7|=otet.

3.2 Trading &9 55t

Ot

= 22 O stepl] =& MZ, AIO|Z 82|, AlH & 2&S Fd|

—

et

r

X’8 7t (limit-order) MZA. LS &(next bar)2| 2/X 7}t (pil . ppq) & HIBR2ZE 471 27}

2tzto| HZ Oi22 THESIC

ptH < qbuy*h1 = q?uy*hi k40 o M &
Pt+1 < qbuy lo = qbuy*10 k40 o M &
pt+1 > q;ell mkt = qsell mkt 7|_7:| 0" DHE I‘||7:'

pt+1 > qfell cost = qtell cost 7|_7:| 0.” DHE x.”7:l

(15)

Z2to
E

SOM D=2t =7t SA|O| EFE= 42, Ef& el 4510 il =8 HA X2|ot
2 2ls). 271 7H40| L 32| #HP| LHO| S0t MZ7l= =27t 7t4 A2 AHESHH
& SUCE MZASHA| Y=Lt EXt= A|Z0[40] favorable biasE F&ISIEE O

o
("next_low/next_high” M[&)S H|7|5t1 & =20 X[Z7t LA T ALE ST}

AO| 2 (cycle) HOl. AO|22 Q2 00 MEO|M X 07 MZE 0 AZEOf OIEE
HOZO| ChA| 22 23t E[H ZREICE 3t ALO|2 Lo A B2 Oj/0j =7t of2f H Layst
T A2, AO|Z $AE2 cycle_pnl = (Cend — Cstart)/Cstart = S THCE AFO[Z AIZF Al 2
ALO| 20| AR S £ 37|12 AHSCH

o= =2 A

. Cstart . slot_ size
slot_sizegycle = , order size = ——7— (16)
Nsplits Nbuy_ orders

B =22 ngplite = 2 Nbuy_orders = 25 AFHBSHH O] Phase 2 Optuna Trial #342| best 3tO|CF.

threshold_basis avg_price® 1750 ERE2| M2 A EHHO| HEHZLE AFESHC]

ejH| 8 2. 2iH| 82 Binance maker feeE 7| =L E Y 0.05% = S™ETICE O Al
HZ =22 Ah = order_size- (1 — f)/q, &8 ﬂE}E Ac = —order size 2 XN 2|0 fee 7}
cashOfl 0/0] BHIEITE §7.1 (exp033) A= 27k 1T o — 0.02% 2 SASH0l HZ7HE
PV (1+0), ¢ (1-0) 2 HPGoC} SE[OX|= 7|2 2tE0l= 85X E 2 robustness
=40 M2 X -83tCt.
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3.3 ATR H|o|AzE}Ql

Hlm H|O[AZ2IQl2 & =&2| RL ZMi =td + AKX 3A S SRSt 52 & 7(8 (rule-
based)gi 7E=1IC'>|0I_|-|:|- |I—| o=z ATR, H-llolﬁ |-OI_% §3 19| 7_=IIX|- g | gbuy hi gbuy lo gsellimkt g
£ Q2 AH8StE|, RL action2| AFREE 2ZF 02 st HEfO| Tt (o = oV = 0, [t

B, Dy B.. D, §2 95 00| 5100 AR 0| AB-SY 44 4,0, A, C,HO2 ZHEC)
Ala=2| 4t2 Phase 22| Optuna Trial #342 478 |M C}-

Table 1: ATR H|O|A2}Q1Q| AKX} A= (Phase 2 Optuna 50 trial & best).

A% qg A% CE]

s 0285  sell_mkt 7| =
1.951 sell _cost 7|2 =

1.950 sell mkt action 2
7.500 sell cost action &=

A, 1.665 buy_hi 7| & &
Cy 6.070 buy lo 7|2 &
By 1.748 buy_hi action &&=
Dy 18.683 buy_lo action 4=

»

SRR

vl

ATR H|O|A2}RI9| Val Sharpe= S2|L|X| 95 7|F 1.3780|H, &2|I|X| 0.02% H-E Al 0.835
2 ATt
3.4 47}X| Reward Hd

% _LI_I:_'E_Ql I:I'”ol_l Hlﬂl— ct ‘(I)'lol_l 47|'X| reward tﬂ%ﬁ% IC-:!gl-c’.:l:" E—r Tt _Tt (Et Etfl)/C[)
ol &2 HAULM, SYO| CHE & CHE 2tF QA (state, action, ATR BA}, fee)= BF

Ei — FEi
=y = Co (17)
sto|mmt2toly gla. & =22 Hjo|Aztel.
(ii) Asymmetric (asym).
T ifx; >0
pasym — 4 =T B> (18)

,3'1‘15 if(L‘t<0

&4 golo) 715K 55 7

te Yg-20 282 1X 2AO|Ct Optuna 30 trials x 200k
steps 2 val_sharpeS Z|CHZ}oH Z

e)
ot Z1t best 8 =3.4202 MEHHCHEA HL| [1.0,4.0)).

(iii) Differential Sharpe Ratio (dsr). Moody and Saffell [2001]12] &4]. EWMA decay rate
nOfl CHal 1xt/2KF ZHEO| 20l =S LSt 20| YO 0| ETtrt:

A=A 1+ (e — Ar) (19)
By = B;_ 1+77( — B 1) (20)
AA =2y — A1, ABy=1]— B (21)

11



DSR step reward= AFZH|& ™It S, = A;/\/B; — A? 2| O|& (differential) = AtO|C}:

g Bio1AA — A 1 AB

= 22
’I“t (Btil _ A%_I)B/Q ( )

Optuna 30 trials 2 best n = 0.0352 ~ 1/28h & M EHMUCHE M H L [1/720,1/24], log-uniform).
O| EWMA 21=2& < 1.2¢0] sttt

(iv) Prospect-theoretic (pt). Kahneman and Tversky [1979]Zt Tversky and Kahneman
[1992]2] 2& 2t+E step reward 2 AT AL}

sgn(xy) |z |® if x>0
PPt = gn(xe) [ ST 0<ac<1, A>1 (23)
—A |$t|a if zr <0

o <12 28 840 224 (00| Thet A 2 M), A > 12 24 SIS LIEPCY,
re L, & $Z0IA Val

Tversky and Kahneman [1992]2| 917t ¥ >4 a=0.88 \=2250

SharpeE Z|Ci35t= RL HHO|£ best o = 0.683, A = 3.3030] MEHE| AU CHOptuna 30 trials,
EFM Q| o € [0.5,1.0], A € [1.0,4.0]). 217 FE—’.-_‘—EEf O 3ot 284 O gt &4 2|O|7}
RL HH0| FE[5tCh= H2 §62| HFHLF At §7.32| 00S HUES /i £ XtAHAEHA
2YEC

Optuna B 29 Asymmetric, DSR, Prospect-theoretic Ml H& ZFZt 30 trials x 200k steps

S| TPE sampler(Akiba et al. 2019, seed=42, MedianPruner, ngtartup = 5) Z best S}O|Hmt2t0|
HE XUCL T SEZF2 3 x 30 x 200k = 18M stepsO|H Windows 11 CPU(nenys = 4) 0l Al 2
2A|ZH 22 E|RUCE SymmetricOl= SHO|I It 20| E{ 7} 810 Optuna THAIE HUHECE

3.5 PPO &5 T/d3} g3} 1ji7| x|

2 =29 MM St&5E stable-baselines3 [Raffin et al., 202112 PPO [Schulman et al., 2017] S
AHE S PPO2| EF hyperparameter (v = 0.99, Agag = 0.95, €qip = 0.2, v coef = 0.5, V clip
= 0.5, MLP ™ [64, 64], batch=256, Nepochs = 10, Ngteps = 4096, Nenys = 4)= stable-baselines3
7|2U4S AH8StE|, & 282 reward 3| (K| 20| LMK %2 stepOll A reward 7t 00|
b0kt etE 2ol ZA 1| I§ El (Phase 2 exp020-0220( A1 2EH S 2A316H7| fI8f CHS
shg QHE3t I 7| X| (exp030) & 72U L

1. Learning-rate linear decay: o, 7t &t& A0 M2t 3x 10740 M 1x107° 2 M Zh4.
ot 2Hto| 2 dM OO0l EE HTHSHY best step O|F 1| E 2t2totC)

2. Entropy coefficient annealing: c. & 0.010A 0.001 2 M Z2. =7 S22 EHA
B2 = 38H0f| deterministic MO 2 =& S

o
=
=
s
=
0
oz

3. Target KL divergence early stop: target kl = 0.022 20| E tFe|O
A =3t Al i mini-batch HOO|E 7] ZE. PPO2| ZA|HY 2 FX Hal HHX|.

4. Best model checkpoint: 50k stepOFCl Val Sharpe Bt (neval episodes = D), best Al 2|
ISR E 2 ME. o5 2 S10|0| O B,

12



O] TH7|X|= exp030(sym reward) Ol A{ Val Sharpe best 1.974, final 1 2099| ZA1E 2 UCHDbest
= step 550k A|). &t& Z 8 (700k 0| %) Sharpe?} final 1.209 2 ZASH= 21| T{E 0| 0} ™3|
HEEO, 2 =32 BE BI= best A|IH MIAXEQEE *f%oftﬂ final 2322 ARESHK|
orLr}

LS —

3
= =z M 7t B2t 2E S SAI0] AFESCE HIOlH 282 AlZE +4& X5t 24
(o] ]
[}

Table 2: H|O|E 2%

== 7|12+ S 7 (approx.)
Train 2017-08-17 — 2020-12-31 ~30,000
Val (single-split) 2021-01-01 — 2023-12-31 ~26,000
Test (sealed) 2024-01-01 — 2026-04 ~20,000

Val (single-split). §52| 0@l Hlm 2tF. ZI reward HE 107§ A|E x 1M stepsE St&
-CEI- beStmedQI% Val XJX-" —_|-|-|7_|'01| I:H -6H Neval__episodes — 5§ %7|'_6|'01 AlE% Sharpe/MDD/
Calmar/7{ 2= /Return= AHE2HC

—_

-

CPCV 6-fold. §7.2°2| Ct& & 2H4. Lopez de Prado [2018]2] Combinatorial Purged Cross-
Validationg Train 77t L{F 0 6-fold 2 &-&5}t0] (6) =157l path(ZZf 5748 & + 170 E
H7hE MdCE Traindt 7t fold AHO|O= 139 purge 212 F0 BE F42 YX|BHCt

4 variant x 15 path x 1 seed2 & 60 runs & & oHC}.

Test (&2 SA). §7.32 00Ss &8, & =22 =X ALHEES *ISH Gort et al. [2022]2]
HEO| 2t Test= exp035 THAHA| O EFAM EE= hyperparameter 278 DHEO| = &K
%0 SoIMCE S¢ siA = 1007H RL 22 (4 variant x A| = /seed-pair CHS) Db ATR H|O[A
21, ERMEHB&H)S Test I0IA BIFSHCY.

A 8%. == I0{2t0|= H|wO0f| Cohen's d2t FEAER P(A > B) (10* resamples) E H&
StCE CPCV Z1te| ATR CiH| B t-A™0|l= 4-way Bonferroni 2 31} Bailey and Lopez de
Prado [2014]2| Deflated Sharpe Ratio A™&S &H AFESICH Hoto| BEH1 22X =52
H5H7| 2|6 Henderson et al. [2018]2] HIE 2} IQM(Interquartile Mean) 2t 5% CVaR=
B metric@ 2 EISHC},

37 AY 5B 7H

= =22 ¥ Hue= OhE 7HE 2 A S5 (pre- registered)'5|'01 AtZ 22|38} (ex-post ratio-

nalization) & YA|CH H1 - H4= £ =& Al A0 BAIZER}D, H5= Test &2 Sli{A| 0|=F
=]

HAZO A= 722 22510 FA|THTY.

Zt 7H29| verdictE & =2 £5 BOM HAX = FILECL HI, H2 weak/strong, H3&
§501 M val BHY 2 E, H4= §7.12F §7.201 M E2|L|X|/CPCV CtS €=, H5= §7.301 A

13



Table 3: A S2 74 H1-H42 AtE 2474 714 Hs.

7 3% Aol

H1 sym RL ~ ATR O HYo2 oh5E RL M2 ATR Hi|
O|AEIQINt & (Phase 1 HM Z3}o| &
2.

H2 weak asym/dsr/pt > ATR HICHE E= ™ =7 reward 2 SHEE
RL M2 ATR H0|22}QS SAHL
2 Fol5HA =1t

H2 strong asym/dsr/pt > sym HICHAE /1 27 reward 7t A reward &
Z1 (T reward °d*|o| M o] 2H
7dx-|x|.)

H3 Selective entry — conservative 2 reward?| 2= "MEIN X" HF
o= LtELID, Aeh HIETl G2 may
cluster& g4,

H4 Slippage / CPCV 274 H1-H32| AE0| &2(mX| 2t §7.1)nt

CPCV L& 2&(§7.2)0M EE

H5 (AF2) Prospect Theory2| O0S ZHd  pt o4O| 20| S| K| =l Test S+ oﬂkl cr=
RE HHS SAXNSR ROISHH Xnts}
O, 2 H|#L|F 0| prospect theory2| &4
3O (\A> 1% 22 BE (o < 1)0]
AZl B2 holding ¥&S0 U=

- 2

J.Q." r
o>

S oM E TestZ2 SOt Eot 2 =22 A ALI2|2 E7|(A/B/C: §5.6 =)= H1-H3
9| verdict Z=g0f et FO|=|Hf, OfH 27(0| = Y=t5| feSHA| e B2 A= AlLZ[L

D(CHAHR trade-off) 2 HA|SHCE.

ot

= 32 2 =20 &M FHE Phase 1 A Al2|= exp020-0222| negative finding= 7+
=12 reward Y4 H|1(§3.4)2] ZYHO| EC} Phase 1 €S
)

rlo

o |
— = = [
2 =&29| canonical 24 (Env-v4)0| Ot Env-v2@2D ATR H|2| 54, Ctg & =24 AZ2) ¢
oM ™HE|ARS D2 HI| Sharpe TX|= favorable bias artifact S ZeoHCH d2{L 2 HO|

SAOlHMO| 442 SIS YYN BHL BHI LUDE £ =20 £7|= 28

Phase 12| A% M2 2 =& §32 A2l 5YSICL: state 7D, action 2D, ATR-H| 2| AKX} 54,
symmetric reward 7, = (E; — Ey_1)/Co. XO|= (i) MZ &AI0| Ot & =4 7|8H0[2t= Eﬂf
(i) et& a3t TH7|X| (§3.5)7F Ot =QE[7| MO|2t= & & 7HX|O|C}

Ml 7R exp Al2| =7t 22 225 2L

(a) exp020 (budget_ fraction). a§°)§ "SAGO| M 0L AFR H|E2'E TH-HIMCE F,
Of AFOIZ AIEF Al ©ig Tt & HOHE 2 A

= AIO| 20 ELEX| RLO| ZFH(0=2 =X,
=HH £ 7t22 ”*PE”‘*OHH" A £€, dsZ0= Bo| R 0[R2l st5E

M G E YHM ol ~ 1.022 AL



(b) exp021 (entry__gate). a,@% "ALO| 2 £ AOIE"E THMCH0 =

2 58). 7tE2 "otEE TY XEO|ReLt stE ZitE vear S EOAM T H[Z0] 99.7%

E MEY 2= S0 AOIEZI ERiCE

(c) exp022 (aggressiveness, & ==} S gt 2|0|). aEO)% ol '8 d" e 2 S|t 5
0 7

IM 28 8t SHEEl deterministic HHO| WS E4: BE HAM of” ~ 0, ol ~
z |

0

25 0.0000, 7 < 0.001). 7t 2™AHQ M2 MU rqu outputO| [-9.19, —4.30] £
squash 22| saturation @ H0| Z2tE|ACH= AR O|CH

4.2 ZAM™H Ablation: “RL = Fixed [1.0,0.0]"

s SAC +=EHUS S A RLE 1E M2 E WAHSH= ablation S T RULE aggressiveness
o|o| QoA ¢, = [1.0,0.0]0] SH&E RLO| S0 CHSEHCHA!”) — 12 ATR ZAF Z ZA10)| A
JHE B 4 A ojojst oY — 02 Z4E WHE OjE 72tZ742 o|o|sio),

Table 4: Phase 1 (Env-v2) Decisive ablation. Bl Sharpe =X|= CtS & =4t XMZ 2| favorable
bias artifactE Z2SFX| 2 RLIF Fixed [1.0,0.0] 2] €X|&= &tZ 10 Fatet HEd& ZEO|C)

PSRN Val Sharpe Test Sharpe

RL exp020 (sym reward, 1M steps) 45.390 42.090

Fixed [1.0,0.0] (RL =32t A2 17)  45.390 41.769

Fixed [1.0,0.5] 4.116 4.683

Fixed [1.0,1.0] 1.060 1.843
H 49| A¥™ AZ RLI Fixed [1.0,0.0]2] Val SharpeZt A8 MR Xt2|74X] 23|
2X|ottt= HOICH 1M &8 RL 52| 2u7t A e o Ho 2 2RSS 2l0[etot
3 2| Fixed ‘dH ([1.0,0.5], [1.0,1.0))0] & 22 ES5iCt= H2 "RLO| 20| /AqA OH
HE SHM's S F2H22 =5k O "ol d70| A|E-=8 ¢=chs A0
SHAO|CH 2 HO| L Sharpe =X (45.390 S) = favorable-bias artifact & ZYSIEE &
= §5-§7 2| baseline B| 10|l = AFESHA| Rt M, RL = Fized [1.0, 0.0] 2| L X[ AtH|7F HEH
ZAZ0|Ct.

3 HHLE siM: ATR 34| xR E S

S Zoto| A= QN2 AR SA RHH| 0 UALE §3.12] HO|S LAl EH, sell & A} F2

N

AT
giellimkt — M . (As + Bs . agl)) (24)

OB} ATRyes/p: 0| AT ©EHS 00| g3t =, SL2ATATR 1)0l= AR 0| XH&
gofslof 24X LX|MO| XHE ST, 4STATR )0l AXH 20| XHE H2E0] 3HH
oE2 "ATRO| ZW3 22 OfYH F7t 2B
QIE], symmetric reward SFOIAE ALO|2 = FTH3t — 22| £ JFri7t FYS &5 st
4eFo|m, 1 ZAat o AR 7 AW - 1), e AXE 7 FH @) - 0) 7h Y

Mot Lt HEf o|EH WSS St AMEIETE Af2tTICE

0
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4.4 2 =89 37|

Phase 1 negative finding?| EHAM ZE2 "BTC JA2[E Eg|0|Y0|A RL2 2|0| QICHE EH
oLt 2 =22 0| 2E0| symmetric rewardEte= S 730 ZHEO|2t= 7HE S XHEIRUCE.

=.

= .

W reward + ATR H|2| 342| 20| RL AAREE SFCHH, rewardE H|CHE
O 2 FA Bt asymmetric, prospect-theoretic) StALE BE Q|EM 22 FABHDSR
9| sliding-window memory) StH RLO| F7t 7tX| & 7HE &= J&71?
=

=
O| 742 & ==2| a4 H|1 (§3.4, §5) 2 FABEICEH ESH 2 =F2| canonical 24 (Env-v4,
X787l M2 + 25 2= i 7| X))ol A symmetric reward 2t 2 2 & RLO| ATR H|O|A2tRIS

E0tetE FHE 2olg Z40|CHgs ZHOIA Val Sharpe sym = 1.87 > ATR 1.378). &, Phase
12| "RL = Fixed"2t= &t negative= M Z7t favorable biaslt & 27EE EF0| A0
8ot §8 279 A110|H, &tH0| Faztk|n sh50| et E 2 =& ZU M= reward

—

SA A7 RLO| ZHA-22F el =& A7 20l0] EChs A0l & =22 HA|IXO|Lt.

5 Pareto ZEE|0Q} F S2AH Z|

2 32 2 =29 A 2 LA 4 reward HHL| Pareto-g At ZTEE|| X E N A|DHC]
§3.400| A dolot | 7HK| reward @42 canonical 24 (Env-v4) $I0|A 10 A|[E x 1008 A8

O 2 st&ot 21t 407K HHO| risk-return ZtEZF TFY winner 7t Ot & 22 AHZE 22|k
Sharpe-MDD B HO| A trade-off frontierE & det=2 EOQICE AHNO| &3 AlLI2|2 A/B/C
OlC|O| = S ESHR| = AR AlLt2[2 "'D"E Ho|E|H, £ =&2| multi-dimensional ‘3 & 2}2]
S2Eo|CH

2 22 10 AlE(seed 42-51)2 B&CE PPO HE Db stE oMY S IH7| K| =
§3. 59|' S Y5t asym/dsr/pt2| SFO|HI}2}0|Ef= §3.42| Optuna bestE AFEULH (3 = 3.42,
n = 0.0352, a = 0.683, A = 3.303). sym<> StO|IHI2t0|E{ 7 QiCE & SEE 4x 10x 1M = 40M
2”92 Windows 11 CPU(nenys = 4) Ol A 2 3AIZF 442 2R E|QUACE

ﬁ
A

7= §3.62] Val(2021-2023) T 2 0M 2ZF A|E2] best_ checkpoint S AHESHH metric
2 best Val Sharpe, final Val Sharpe, MDD, Calmar, {2}, 5+ =< -EO0|LC}. final Val Sharpe
= 1M 2H 5 AHe HM HS52F, best2}2| Xt0|= ot5 Tt HHM Ot o M T o|Ct,

T =

5.2 Per-variant 21}: 4 metric® 192 &7|
+

B 5 10 AE B + BEFHXAE 5% 6 metric®| variant 2 Z 10| CL,
= 7R WA B,
(i) 4 variant 25 ATR H|O|AZ}QIZ Z1ISICE,  Best Val Sharpe 7| &2 2 ATR(1.378) CHH|

+21%(pt) A +36%(sym) 70| H ET SAH S Z FO|S}IC} (per-variant bootstrap 95% CI
St5tol 1.5 Z=1h). §42| “RL = Fixed [1.0, 0.0]"2t= Mo 2 CHE Z10|H, &8 F&2H(K
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Table 5: exp032b ﬂr 10 AlE x 1M 28 st5 £ Val B74 ATR H|0[A2tRl2 THY AEH
HHMO|E 2 std Y2 FA= metricE 19, ATR 2| Trades 2,121 2 RL variant (85-120) CHH|
°F 18x 24, 0l = ATR AAt AtA|7F Had H|g| 42| Xt& AXtE O X3 fil E|7| I Z0|H
Yl S KpO|7F ofLLCt,

Variant Best Sharpe Final Sharpe MDD (%) Calmar Trades Return (%)
sym 1.871+0.22 1.0154+0.43 3.274+0.82 0.60 120 6.60
dsr 1.809+£0.21 1.204+041 4.33+1.70 0.47 117 7.40
asym 1.681 £0.10 1.101+0.27 2.28+0.31 0.755 96 5.23
pt 1.667£0.09 1.082+0.18 231+0.29 0.735 85 4.88
ATR baseline 1.378 — 9.83 0.153 2,121 35.80

It HB)et stE g3t 17| X (§3.5)2 22 M EICt symO] ATRS F&S| Z1}HCH=
A& XEAIZ7F 71 H1 (sym RL = ATR)S 22X strt,

(ii) 4 metric 197} M2 CtEC} symE best Sharpe 19/, dsr2 final Sharpe2t +8 =&
1%, asym= MDD} Calmar 19, pt£ Z-= metricO| Al asym@t O A|SH XtO| 2 2¢|0|C}. Tt
winner 7t 912 metric MEHOf| 2} “best variant” 7t E2X|= multi-dimensional trade-off T+
ZO|Ct 7Id H2 strong (asym/dsr/pt > sym)O0| & 2HEIC}

5.3 Pareto TE2E|0 A|Ztg}

exp032c Menu 1 — 40 RL runs in Sharpe vs MDD plane
4 variants form two clusters; trade-off frontier

@
4
7
’
’
7
2.2 1 e
//
’
b 4
2 -~ ©
- 4
z o
@ 2.0 @ @
E : ‘
=) @
- s ° X
o ___épo @]
T 1.8 EB’.,
-3 [ ] ®
g ee O
o X°¢
T @
> 16 ® ! @ @
@® ® @ sym (aggressive)
@ OO @ asym (conservative)
(@ dsr(aggressive)
@ pt(conservative)
1.4 ATy |ATR baseline (MDD .8)
=== Pareto frontier (40 ™ns)
2 3 4 5 6 7 8

Max Drawdown (%) [lower is better]

Figure 1: 4070 =& (4 variant x 10 A|E)9| Sharpe MDD EHH HE’ L. 7[2%E2 Max Draw-

down %(l5°) HEZZ Val Sharpe(T sym/dsr 0| %2 Sharpe + &€ MDDO|
aggressive 8L (FAEHO| 20|12, asym/pt= 3.7_|' Sharpe + = "*o MDD 9| conservative g4
(ESHEh O R oICt 2 X BAl= Zf variant2| . H442 Pareto frontier (40 @ & 4 8 AA).

ATR H|O| A2}l (Z % H)2 .7;8 HHO[ (MDD 9.83%, Sharpe 1.378) ®IX| (L& %'1*, “clipped”
FAYo|H 2= RL EHMO| Pareto- dommatec.’_}ﬁf. 40 B & 5 ™O| Pareto-optimal (sym 2,
asym 1, dsr 1, pt 1)2 & 4 variant 25 frontier0f 7|0 °H:|'.
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22 1 407§ FAe| (MDD, Sharpe) B (I2E, ME%)E reward variant @2 Mo 22/}

Of HAISH AFEEOICE & 74X|7F FE{FIC

M, 22 variant U 10 A|EL| &2 &2 EY0| STEIV asyndt pto BEEHA= std
I0(E=HAL/EE ~ 6%) 2 012 =t ol & conservatlve variant 2| HHMO| A|E0f ZH

~ 0.
&2 O|0|BtC} symdf dsr std ~ 0.22 2 24ZF O 24T 0] QUCF

=M, syndt asro F Hg2 M2 HEE AXH, asyndt pt2| H ’él?:.F GAl M2 HEE
AL 2 U {sym, dsr}@t {asym, pt}= 2 BAIX| E=EH O F-+=Eo| AlAH Z2[7t
Ch= 2o AN 28i2H &4 202 e/t

54 5 2C{2H2| SAH Zg

I O{2tO0| = Cohen's d(best Val Sharpe)2t FEAERM P(A > B)E 10* resample £ &S|
62+ & 70| FE|otct

2

Table 6: Pairwise Cohen's d (best Sharpe, row — col). |d| < 0.3& "&2 X}0]", |d| > 0.82 "&
Xtol"2 M EICt O&F W cellO |d| < 0.3, A& 2t cellO] |d| > 0.8 S FH ZXIMCH
sym asym dsr pt

sym — +1.10 +0.29 +1.19

asym —1.10 — -0.79 +40.15

dsr —-0.29 +0.79 — +0.89

pt  —119 -015 -089
Table 7: Pairwise P(row > col) (best Sharpe, 10* bootstrap resamples). 10| Zt7M2+5F row 7t

col &€&, 05 5.

sym asym dsr pt

sym — 0998 0.746 0.999
asym 0.003 —  0.031 0.634
dsr 0.254 0968 — 0.984

pt 0.001 0.363 0.018° —

# 62| I EO| 28HO|Ct.
o & W (within-cluster): symvsdsr |d| = 0.29, asymvspt |d| = 0.15. & C} "&2 XtO|" HY|.

o & 7t (across-cluster): symvsasym |d| = 1.10, symvspt |d| = 1.19, dsrvsasym |d| = 0.79,
dsrvspt |d| = 0.89. Ul IO 25 |d| > 0.79.

S 4 B2 02 7 22HE SANLE Z2[ECh:

{sym,dsr} wvs. {asym,pt}
——— ———
aggressive conservative
5.5 MM A S +F0| FYAH

¢ A= Sharpe 2% +=F°| 22| HEO{ELE S2AHI Mol MHE =FA = EX|5t
=X =I5H7| 28l 407 best_model= Val ™ T7H0f| CHSH deterministic &S0 2t A|E2|



action A|A S =Tt F, variant & ALO|S] & L, action HEIE AAMMLC} (variant E 10
ANE ).

exp032c Menu 5 — Policy distance (L2 of mean action per state)
within-cluster mean = 0.129 | across-cluster mean = 0.286

0.35

sym
Y 0.30

0.25

asym

o
N
o
L2 distance

o
=
w

dsr

pt

0.00
sym asym dsr pt

Figure 2: 4 variant ZF ZM H2| lE. cellQ| 2f2 F variant ZMO[ B Ly action /{2[0[H,
WOl HE2+5 F HMO| £ 2 stateO| A H[=Bt actions HCH= 2|0, g W 8 0129
vs 1& 7t B 0.286(HI & 2.22x) & Sharpe &2 =F2| SHAHII YH HE XM OME
=2 EE ol M2 0, M2 g5 A7t 7HzCt.

8 29| gk (2t A <l):
o« OE W: symvsdsr =0.123, asymvspt = 0.134. B = 0.129.

« A& 7t symvsasym = 0.209, symvspt = 0.326, dsrvsasym = 0.256, dsrvspt = 0.353.
"o = 0.286.

7t/ 38 W HE =0.286/0.129 = 2.22x. & &2 S AEQ Mg 2 S8
E{o| FHMECt 2,208 Cf W& RIM|7t FASICE Sharpe metric &2 22 AETL M HE

TE2| SAHE Lk =QlECh

5.6 CIAHE Trade-off 271t 7Hd HE

2 o7 AE SN HE s
AlLe|e 8712 S23rt

= ST A

%

b
=l
i

ex-post rationalization 810 B7tSt7| s A

o ALI2[2 A (H8h): asym/dsr/pt7t symIf ATR 25 E Cohen's d > 0.5 2 F2|5HA =1}
"Reward designO| RL IOl 2H4l X '2” thesis X X|X].

o ALIZ|R B (58): variant 7@ XtO|= U2 Lt ATRO| &2 O/&. "ATR H|g| 340 L3t

—
HEE S8 E]" — negative finding =&

o ALIEZ|L C (H|2h: variant ZF AtO| O|O]. "Reward @A HYO0| o0 S -Z" — Phase 1
Aol A3t

19



Ho| A1t= AtE 27| OC|0f| = 2t S0 HX| R=Lt 4 variant 25 ATRS 2 1HSHK| T
£78), tte winnere S (A2| asym/dsr/pt 19 7t8 £7%), AECHD variant ZF XHO| 7}
Az Ot CHC £E, & 282 SAF 22|). et A= 27|2 ALI2|L D (Pareto

A

EE|0 / CtXIE trade-off) & T 2|BHCY:

[H £2 & rir

4 reward BHEZ T metricQ| alpha source?t OtL|2t risk profile XAH Q| trade-off
2 22|50, Sharpe-MDD BHO A Pareto-At frontiers @ d3Ct & 22 AH
({sym dsm}2t {asym pthE Sharpe &2 T (within-cluster |d| < 0.30, across-cluster
|d| >0.79) 1t M WFZ =F(HE| HlE 2.22H) ZF0|A Lt =HQIEICE
7t H1-H42| 2 2 A|H 2&:
« H1 (sym RL ~ ATR): £8. sym best Sharpe 1.8712 ATR 1.378 2 |d| > 0.6 2 =1}
(per-variant t-test p < 1073).
« H2 weak (asym/dsr/pt > ATR): X|X|. 4 variant 25 ATR 221}, conservative 2 2| 2 H
£ Z7}2 MDD/Calmar ¢
« H2 strong (asym/dsr/pt > sym): & £8. dsr2 symd} FAH(within-cluster), asym/pt
= sym ECF &2 Sharpe.
« H3 (selective entry — conservative): X|X|. conservative 22 AEH2| Hell=+= sym CiH|
OF 75%(asym 96, pt 85 vs sym 120). ‘S5t HAHLIE 2= §601A| CHECL

5.7 Phase 2 AFH 572| &4 o=/

= =22 7|0 = Phase 2 £7[0] ZEE asym reward (5 = 2.0)2| Zet 227 UACE Al
Env-v3(4D B gap, X|’37t M| Z)0 M asym RL2 Test Sharpe 1.9555 7|Z5}0{ ATR Test
0.9355 +109% Z=1IACE & =& S8 (Env-v4, 2D ATR H|&, s =3.42% Optuna & &)oll

M+ asym Val Sharpe 1.681 £ sym 1.871 2Lt RC} F A THO| Lot asym %= ALK
UULL O|= reward variant RIMELCH 24 A (action A =, ARt S4 cc’iM)ﬂ k=N g ==

AIAFSHL), & =F2 §80 A Of 2t8 o|E S HAISICE = Ho| 0|2l ZE(ALIE|2 D, Pareto

— - -

IZIZE|0)2 &F o|EY 2781t F2SHA| canonical Env-v4 0A SAH XS = =g EICH

6 HAHLUZ EE=t

40
e

wr
ot

B om &I

HAHZE SAHLZ ZelErt
SH M Al
= = —

ot i
1o qr

lo
8

S . = reward
Mol 7 ey lesar holdmg AZtE A AF5IH, Ol s RO|Zt risk profile
o) |E|-E 3\O|Ef 2 B2 407 22O| 1.04M step trajectoryE =245+0{ O]

rc

m> ro =2
or

2 oy
o

>

mo ki o md o
rio
ro

ro

6.1 Trajectory dataset

§52| 4070 best_ model® Val M TZH0| CHSH deterministic 2EE XSS Of stepdt
Cl (state, action, reward, X2 &, EF &EH, regime 2t&)S 7|S2tCt HI} 242
random_start=False® 178 |' episodeE truncateStX| %O ot A|EEF 2F 26,074 step 2|
- trajectory® R=CE F 40 x 26,074 ~ 1.04M rowsO|H +=&0f 7.2 2 %|RUCt O]

20



trajectory dataset ¥l Tt 570 M7 4 =&THCt: (1) Sharpe-MDD scatter [§501]
AFE], (2) regime & action &2, (3) state-grid counterfactual, (4) regime & & &4 (2 /hold
rate), (5) ™ H2| [§50] AHE].

HSH regime 8154) = ATRies/p: 2l ETE 25t low/mid/highQ| 3-bin2 = 2t 25t
Ct. O|2M Z} (variant, regime) cell 2HO| A ~28,000 ~ 30,000 step2| SHE ¥=Ct.

6.2 Hel ¥lx: Reward H|C{EL| =™ &1}

Table 8: Regime® {2l /hold rate (40 models B, exp032c Menu 4). Trade rate = (K| &
LM step =) / (T step ). Hold rate = (27 0 0|& + MZ AUS) / (TH step ).
DSR2 hold rate?} CHE HHO| 2-6Hi Q1 Ol F==.

Trade rate Hold rate

Variant low_vol mid_vol high vol low_vol mid_ vol high_ vol

sym 0.073 0.058 0.047 0.074 0.058 0.048
dsr 0.073 0.057 0.047 0.142 0.120 0.120
asym 0.058 0.044 0.038 0.036 0.028 0.023
pt 0.049 0.037 0.032 0.031 0.023 0.020

exp032c Menu 4 — Behavior stats per volatility regime

Trade rate (per step) Hold rate (holdings > 0) Mean step reward

- sym

0.07 = asym
dsr

= pt 0.12

0.14 0.00 — —

-0.02

0.08 4 —-0.04

-0.06

0.01 0.02 4 —0.08

low_vol mid_vol high_vol low_vol mid_vol high_vol low_vol mid_vol high_vol

Figure 3: 4 variant x 3 vol regime2| & &4. 1% I d: trade rate. 7120 I{'2: hold rate.
QEZ Iid: mean step reward. 720 DO M dsr (¥%M—H.)°| hold rate?} 2& vol regime
of| A I:|'E tqo4°| of 2-6HI 2 FETICH

81t OF 30A & ZHA| S TiEHO| =l EIC.

(i) el 1= +=XM: sym ~ dsr > asym > pt. 2 regimeO|A {sym, dsr} (aggressive cluster)
O| {asym, pt} (conservative cluster) 2Ct & 30-50% Cf Xt HefotCt ™ 7+ X}O[7} regime
XtO| & C} AL} (variant |d| F 1.0, regime |d| 2 0.3). & ZHMO| Hef Bz = AFC HEY
O| OFL|2}t reward @A AHAM|Of 28l 1Kt o2 AT EICH Ol& §52| H3 “selective entry —

conservative cluster’ & T +TO0|A Hak =QIsIC}

(ii) Vol reglme HZ: OE HY A AL low_vol — high vol2 HESMO| S7+&H0] 2t
4 B B Al g7t oF 30% HASCEHO: sym 0.073 — 0.047). ATR H|2{| ZX} S4{0]

HEMN ST A| AKX 2L XIS SHHSID2 22 MMO|2HE [l 20| XtG ZtA ST 0]
O{EO| 4 HYO L2k LIEtHCHE AME 2 cluster =2 7F regime M8 sl X0|7} ofL|zt
baseline 72l HI=2| X}tO|O|M &= A|ALRICH



6.3 Hold rate: DSR Sliding-Window Memory2| H#L|EH =1}

H 8OM 7 FE T B A2 dsr2| hold rateO|Ct low vol 7|22 Hef BlE= sym2t
719l &(0.073 vs 0.073)0| M A, hold rate= 0.1422 sym2| 0.074 CHH| 1.9H, asym2| 0.036
CHH| 3.98H, pt2| 0.031 CHH| 4.6HHO|C}. high volOIA& ZAXI7F O HO{ZICt (dsr 0.120 vs pt
0.020, & 6.0HH).

O] AXte| HAHLIE2 §3.42] DSR SAM0|A & FEEICH DSR step reward

pdst _ Bi1 AAy — A1 AB;
' (Bi—1 — A7_1)%?

= EWMA BlI=2( 77 = 1/28h OF1.2Y) ot WHt 2o RHE Z R HEICH B2 holding(OH=
ZHZ 0iE)2 2 LH_I_OHA-I AARL AB & CHOl| 2 noiseE HMAI7|0, 22 (B A?)%/2
7|- S (& '='M0| 2 M) O| noise= reward signalOff 2tCH SHEICH FM LM Ol=
B holdingS BH A=t orsia MEo| Arkl Hoe QUS| D, AMHOZ O 2 holding
2 M35t DHMO| StEEICH CHE Ml M (sym, asym, pt)= step reward 7} 1-step PnL 2| SA|
&4=0|2 2 holding Z10[0| ZF O|ZESIX| YoM, M2t holding rate?t HA S X =L}

O fIHLIE2 dsrO| §50| A final Sharpe(IM step & At £+ +=AE 1} E XX
= 8%t

Zotet A WHEICH 7 holding2 otE LS| M HEHZ S50 final B
St §7.2°2] CPCVO| A= dsrO| reversal 19E XHX|St= 24l A QI0O|CH EMO" o &2 "¢l
holding =" = §7.32] 00S ZMTOM X[HX CHHo =2 X5, 2 =22 in-sample ¢
0O0S trade-off2| 24! It AbSES 2bdTtLt,

|0

6.4 Regime® Action =i

Table 9: Regime'® action SA (HAH, a(© = aggressiveness, all) = profit_target, mean +
std).

Variant Vol regime  @®) (mean) a@© (std) @) (mean)

sym low 0.129 0.151 0.063
high 0.125 0.148 0.068
dsr low 0.129 0.217 0.145
high 0.124 0.207 0.161
asym low 0.325 0.300 0.029
high 0.281 0.271 0.032
pt low 0.446 0.311 0.056
high 0.399 0.301 0.053

B 9ot 8 40| M HY 2H §FH AS Xto|7t oSt ZCt

i 322 /%] @©). sym/dsr2 a® ~0.132 Of== 27t7t S 740f| Of 2 7HZCH (§3.12
ARt SAOM ghwy-hi = 7 (A, + Bpa®) O|B2 &2 (0= F2 0= 7t4, J fi110] T2 (X))
HEH asym a(©) ~ 0.30, pt£ ~ 0422 O+ SIH7F O "UCH (S 7HO|A © Z74). 0|2 Qls|
asym/pt = 7t S0 QS T Of= £i10] LESIH, Hefl Bl=7 Xt ZADHEHE 8

trade rate &1} EEF).
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exp032c Menu 2 — Action distribution per variant x volatility regime
(red star = mean. n = 10 seeds x ~8700 steps per cell)

low_vol mid_vol high_vol
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0.8

o
o

e
ES

sym (aggressive)
profit_target

0.2

0.0
1.0

0.8

o
o

o
S

asym (conservative)
profit_target

0.2

0.0
10

0.8

=3
o

o
S

dsr (aggressive)
profit_target

0.2

0.0
1.0

0.8

=4
o

e
S

pt (conservative)
profit_target

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0 00 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 10

aggressiveness aggressiveness aggressiveness

Figure 4: 4 variant x 3 vol regime grid2| (aggressiveness, profit_ target) 2D &= I Zf O]
M2 (a0, aV) A7t 22 O| UL O|H HEHMO| T EF s A9 step =7t e Yt
HHEE a0, al)) B, sym/dsr0] ¢ ~ 0.132 &2 i 12| E, asyn/pt= ¥ ~ 0.30-0.45
2 HE = 22|EE ol 2| HO T 2. dsrBt o) ~ 0152 = J2[E7}
AR I 0| hold A|7HES &HE,
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e a2E K] @V). sym asym pt= Z25F aV) ~ 0.03-0.072 4= 747t 04 ZHZCH
(W2 HAh. asrPt a) ~ 0.152 298] H2 0= J2|EE MEiSICE 0]Z40] dsr2| 71 hold
rate (B 8 5 W &)2| Y QO[T D= 27t7F 5 fiu7hX|e] TH7| A|ZHO] ZO{X| 12
holding A|7+0| & Of Lt

Vol regime M-89| O/M&. low_ volOfA high volZ O|5& [ 4 HHE 25 g0 7} O] A|5HA|
ZADHEE (O pt 0.446 — 0.399, —10%). & Ha5E0| 2 A|7|0]= O = 7t7F O 77k £ICE
dgfLt of Mzt HY 7F X0 (2F 0.30) 20 N ZOFA cluster =2|0|A vol regime?]
7|10 D|5IH, reward @4 0] X[H}HO|2t= §6.22| ZES Z2lotrt.

6.5 Counterfactual State-grid A%

exp032c Menu 3 — Counterfactual action map
Mean action over (atr_ratio, divergence) state grid, per variant

sym (aggressive) asym (conservative) dsr (aggressive) pt (conservative)
mean action_0 mean action_0 mean action_0 mean action_0

I.

1.0

|
o
o
a

|
o
o
5]

divergence (state_1)

|
o
o
5]

0.010 _0.015. 0020 0.025 0.005 0.010 0.015 .0.020 0.025 0.005 0.010_ 0.015 .020 0.005 O.qllﬂ 0.015. 0.020 0.025
sym (aggréessive, asym (conservative, Sr(aggressive, pticConservative,

mean action_1 mean action_1 mean action_1

mean action_1

mean action

divergence (state_1)
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o
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Figure 5: (atr_ratio, divergence) state-grid $/0lA ZF HE Q| mean action counterfactual map.
2; x 4¥ =8 O A =: METF W2 mean actiong (aggressiveness, Of= 27}, Stk A2
mean action; (profit_target, Ol= 27h. Zf G2 ot variant (Et—S: sym, asym, dsr, pt). Z
ojEol 7ZF2=2 atr ratio (0.005-0.025), M| 2% divergence (sgl), 00| M —0.20). M= Tt
It (action ~ 0) — S M(~ 0.5) — ZIot W (=~ 1.0). HA 7t X}0|7} 7} FEZX|&=
ACH 3ol XISHEE (R atr ratio + &5 divergence, & "AHSE + ETHIF OiH| 2
AEH): pr Bt Al 7t (=

o'l
19
rlo

2 &
Mo WA (E2 aggressiveness > 0.6), sym/dsr% a2 asym% ge M = 42
state O A= B H MAMO| CHE actionsD = HBHCL

? 242 A AFOAM FHO| & state =20 DHHE SAHO|CE O|F Etdt7| {3
(atr_ratio, divergence)2| state-gridE AXIE E&5I1, Z2 stateOf|A 4 HHYO| OfH H
h .

actions ZHO=XIE A8 50| AlZ=tetct 2HE:

[ ]
o

He D& divergence (Sgl))ﬂ Z FHEC I CHH] 242 &4 H)O|M A E CHE action=
Ot — & state-7| Bt s XHO|7F 22 HA & OfL|2t 22 state ZHOM T EX|BIC
FXLOIZF 7t 2 A2 551) <0 + 32 atr ratio YIS Z, O|= "HEIIF QZQ HY
IM HEH0| 28 "o siEdstct O UM sym/dsr2 &2 Ol AZEE
FXI 2 asym/pt = hold/ S22 O E MEHSIY 0|2 Z O 7|CiE|= 5= EQICt

[ ]
> 0x rE
Jm Mook ® T
2y

OF
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| D|_|'|—|'E state -E-£9| X|-O|7|- O|-I_| E|‘ e state

0| counterfactual ZIF= cluster 22|7F HAEO
2HQIBICE policy mapping Tyariant(als) 7t A& 2

oM #HHO| W2l= d=2f X0| Y=
e 7H0| Ch=CE
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=2 gdlotH:
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Reward @4 — el Bl= + Hold A|[Zt — Risk profile cluster — (Sharpe, MDD) trade-off

o
on
ol

otaHEdH A:

1. Reward @4 — A2 Y1x: =4 H||E HH (asym B = 3.42, pt A\ = 3.30)0] FHM Q| Of==
S7HE o el XISt E aEAA @ 0.30-0.45 vs ~ 0.12 for sym/dsr) Hefl BlE7} oF
25-35% HATHCHE 8).

2. Reward @4 — Hold M7t dsrQ sliding-window memoryZ} 71 holding 2| reward signal-
to-noise= &=0|Z2 MMO| O He 0l 12| (@) ~0.15)2 & 7/ hold(2-6HH)E sH&3t
Ct. O] 2it= &4 HUE autet S80I, dsr0 Al BlE& symit Z2HME hold
rate2F M2 2 FO| 21 SAO|C},

3. Hell Y1= 4+ Hold AlZF — Risk profile: &2 2l + B2 hold - MDD %& + Calmar
= (conservative cluster). &2 Hell + B2 hold - == Sharpe + &2 MDD(sym). &2
e + 21 hold — 9FIA final Sharpe + & MDD(dsr). M d& =0| §5.22| 4 metric 1
¢l =7|2 Atz O|ofZICt.

4. 8™ AH2|: o] W= Xt0|7t §5.52| HH H2| 2.22H] ratioR FE A, SAH cluster
= 2| (within |d| < 0.30, across |d| > 0.79)2| ¥ =T & 2I0|LCt.

7t2 H3 (selective entry — conservative cluster)= = 2| 72 Bl= M2t 0f4 2| =

K| Xt0|E ALt ot XX =2 HFECE SA0 & B2 2 =22 4 insample «

0O0S trade-off HIHLE (§7.30 M CtA| S&3t= “DSR2| 7! holdingO| in-sample %2 O0S

Mool & Ol2t= 2luho| ZLEES S otrt.

—_

7 B7Y BN

7.1 Slippage Zd

§52F §62| A1t fee 0.05% Tt HETH et F0| A FO{RMLE 2 B2 sim2real gapl| EF stress
test2 SE2|O|X] ¢ = 0.02% S F7I5t2 AILIE2|2 D(F S 2{AH, Pareto ZEE|0)7} EEE|
£=X| #3B3ICL 0l= 7H4 H4 (Slippage / CPCV ZZMd)o| A AZO|LCt.

§3.22| HefH| 8 RO 2E2|T(X| 6 = 0.02%E F7I5tH MAZIE "W - (140) H ¢ (1-0)
2 HZSICE O] 22 Binance taker side2| worst-case =& X|0|{ BTC/USDT 1A|Zt& 2]
K87 HZ0M 2882 BaE se[hX] 222 95% =20 sfEottt. 2= ChE
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hyperparameter(formula_ coefs, ngpits, PPO st 7| X)) = §52| exp032b2t AT 5 LSIC

o
4 variant x 10 seeds x 1M steps = 40 runs, & St& & 3A|ZH 472 A Q.

7.1.2 Per-variant Z21}: YEH ~ 12% &2

Table 10: exp033 21} 10 A= ¥ + std. OFX| & E2 ATR baseline CiH| QE{IHEZHA
(no-slippage / with-slippage). ATR baseline® &= &2|I| X2 X H7I5H Z1t Val Sharpe 0.835
(MDD 15.27%) = Z2].

Variant exp033 Sharpe exp032b Sharpe A Cohen's d  Retention vs ATR-slip
(slip 0.02%) (no slip) (vs exp032b) (0.835)

sym 1.658 +0.30 1.871 —0.213 —0.80 88.6% +99%

dsr 1.551 +£0.26 1.809 —0.259 —1.10 85.7% +86%

asym 1.478 £ 0.10 1.681 —0.203 —2.01 87.9% +77%

pt 1.459 4+ 0.10 1.667 —0.207 —2.18 87.6% +75%

H 100N FEHZT IHEH2 ZE HHO| Sharpe 2217t AL SYLSICH= ™O|CH HLOY 24
=2 —0.200|AM —0.26 AFO|0]| EA X2 retention(exp033/exp032b)2 85.7% 88.6% =
o 3%p = Qo S0 20t HE 7t 21 A7|= |d| = 0.80-2.182 E&F F2|SHX| (a9
L2245 Hyoioh 242 disko| 7I-_+_|)

|-l] 0%t
L lo

7.1.3 MDD=<E 2| H3s} 22

Table 11: MDD #H3} (exp032b — exp033). conservative cluster2| MDD& AHE 4 &Y.

Variant exp032b MDD (%) exp033 MDD (%) A

sym 3.27 3.47 +0.20
dsr 4.33 4.88 +0.55
asym 2.28 2.28 +0.01
pt 2.31 2.34 +0.03

asymdt pt2| MDD+= E2|IX| =7t 2O E A < 0.05%pE ALY BH7F QICE sym/dsr
o] MDDE O/ Z7}(+0.20, +0.55). O] THE L §62| HFHL| STt LBEICtH LT K= Ha
2= HEES S7tA7| B2 AHelj7t Bl ageressive cluster 7t O B0| Lo ZE|0, conservative
cluster®| ML Hajgke &2|0|X| =& KA 7} =},

7.1.4 Cluster Preservation: & S2{AEQ| Se|n|X| ZHd

Table 12: Cluster preservation across robustness tests. H|22 across/within Cohen's d (Sharpe
distribution level) EE= Lo action 2| (policy level).

within |d| (mean) across |d| (mean) Ratio

exp032b (no slippage, Sharpe level) 0.30 0.79 —
exp033 (slippage 0.02%, Sharpe level) 0.288 0.630 2.19x
exp032c¢ (policy distance Lo) 0.129 0.286 2.22%
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exp033 Menu 1 - exp032b vs exp033 side-by-side

Sharpe: exp032b vs exp033 (slippage 0.02%) MDD: exp032b vs exp033

—~- ATR baseline (1.378) 1 exp032b
exp032b (no slippage) BN exp033
EEl exp033 (slippage 0.02%)

eds)
= =
w ~
3 &
L

=

IN]

v
L

Mean best MDD (%)

Mean best Val Sharpe (10 se

sym asym dsr pt sym asym dsr pt

Figure 6: exp032b (no slippage, €2 LCH) vs exp033 (slippage 0.02%, 2ot StC) Z 1t H[ W,
21Z Ii'd mean Val Sharpe, 2% I}f'E mean best MDD%. B2 ATR baseline (1.378). 4
variant 25 S2|I|X|] =7} 2 mean Sharpe”} 2F 0.20 Zr 2 (dsrTH 0.26 245U, #HY 7F =X
HA 2L cluster 22|& EF (across/within |d| H|& 2.19x).

H 120] & Mol syl ZIo|Ct &2|T|X| &7 2 across/within Cohen's d H| 22 2.19x £,
§5.42| exp032b A|™ 1t §5.52 FM H2| H[F 2.22x 2 2| LX|BICE = A|LIE|2 DOl F
Se{AH == S2|OX|o ZASICE §50| M =E3F “risk profile dimension trade-off” = Al
=of|0| M| MEF H|E& ZE| SHEX| = robust®h ZAHO|LC}

7.1.5 ATR Baseline 2| 37 H|u

2 Ho| X7| M2 ATR baselineg £2|I|X| g3 &AM FH- 1.378 2 FX|StLD RL
= =o|O[X] 2F0A FEStE unfair HH{E AMEIHCE O] B conservative cluster (asym
1.478, pt 1.459)7F ATR 1.378 & Z4StA Z1ISHX| T XFO|7F Ot caveat 7 HRUCH 2
=822 ATR baselineS Z2 £2|0|X[(0.02%)2 ME 7t S, I A1t ATR Val Sharpes=
0.835 (MDD 15.27%) 2 & —39% Z2|$tCE O] ATR baseline ‘30| Of A|H Ofj=/0H &
SI7HE 5 #8310 £2/n/X|of RLELC 2 HE2 =&5|7| I&20|C}

ATR-with-slippage 0.835 5 baseline2 E ot 373 H| W0 A:

o sym 1.658 — +99% vs ATR

o dsr 1.551 — +86% vs ATR

o asym 1.478 — +77% vs ATR

o pt 1.459 — +75% vs ATR

Z &o|O|X| A0 M 4 reward HE B 5 ATR baseline® 75-99% X1}SHH, “conservative
cluster /b ATRO| =2 R &= X27| caveat2 fair Hlw & Ar2pEICE O A1t= 7Hd H2
weak (asym/dsr/pt > ATR)7} S2|I[X| 2tFZ 0| ME ZotA X[X| &S 2|0|TtCt

716 =3 ZE1 H4 B2 verdict

o Slippage 0.02% = 4 reward H& 250 2F 12% 2| YEHM Sharpe Z#2| 2IHE FLt. Cluster
TaE QHHLE EEEIL} (across/within ratio 2.19x ~ 2.22x).
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« Conservative cluster2| MDD = AP & B3l PO, aggressive cluster2| MDD 7} O/ M| &7t
§62| He Bl X0|7} £2|I|X| .= XtO|2 0|O{ FICt,

o ATR baseline® €<= £2|4|X| 2 ME7ISHH ATR Sharpe”?t 0.835 2 ZH2|5H0, 4 RL variant
25 ATRZ 75-99% X1t H2 weak?} ZASHA| X|X].

« H4 (Slippage Z4d): & X|X|. cluster & EZE (2.19x)0|2t= 0@l A= robust,
O Sharpe =Xl= LEX £,

Ct.

i

ChE & (§7.2)2 multi-split ™ (CPCV 6-fold, 15 path) Ol M €2 robust 222 Ct

7.2 CPCV L& split B}

§7.1= T Vval 5-%( 021-2023)0f| Al &2|I| X| stress test= CFHERULCE &2 H2 HIto| &
H| SO 2 AZH 22 CHYSE EAPICEH Lépez de Prado [2018]2] Combinatorial Purged

Cross-Validation (CPCV)2 &30 traindt test AtO| =4 = KAFEFSE 1570 2| train/test path

S WNOID 4 MHS SY T HTBCL B Mol A WAL THY 20| winner 7}

CPCVOM reversal EICt= &, 12|12 cluster X7} multi-splitf|l M & 5E30| £2|EICH
= Xo|C}
— O .

7.2.1 #¥ 474

Traindt Val 77H2017-10 — 2023-12, < 54,087 2)= AlZt =M 2 671 group 22 2&5HH
2} group2 2t 9,014 & (=~ 12.57H &) O[Tt (§) = 157FK|Q] (train4 groups, test 2 groups) XS
Mot 2t e train 9 36,000 2 (~ 4.14), test= 2 18,000 & (=~ 24)0|CH A|Zt
FA2 YX[SH7]| 5 train & test BAHL| £168h (1) E purge= M| 2|t (state 'HT2| 168

& rolling window Z0|2t H2h. & &5 4 x 15 x 1seed x IM = 60M steps, 2f 5A|ZF 2782
2.

7.2.2 Per-variant CPCV &7

Table 13: CPCV 6-fold, 15 paths2| variant'® Sharpe &74|. ATR baseline CHH| EHE5 t-AH
(Henderson et al. 20182 #I10f 2} IQM It 5% CVaR E11). 2E pif2 Bonferroni 4-way
B 20E < 0.004.

Variant SR mean & std IQM 5% CVaR (min, max) t¢-stat p (one-sided)

sym 1.302 +£0.475  1.282 0.579 (0.58,2.05) 10.61  2.2-1078
dsr 1.413+0.378  1.433 0.890 (0.89,1.90) 1449  4.0-1071°
asym 1.043 +£0.474  0.954 0.503 (0.50,1.92)  8.52 3.3-1077
pt 1.093 £0.510  1.010 0.503 (0.50,2.04)  8.29 4.5-1077

(i) 2 HYHO| ATRS SAXNCRE X3}, 4 variant EF p<4x 1077 B -HAH S Z ATR
baseline CHH| Z=1HE EMBHCL Bonferroni 4-way 28 20 = 25 p < 0.004 2 F2|SIC S
Bailey and Lépez de Prado [2014]2] Deflated Sharpe Ratio 7| Z0ME 4 HE 25 79| (sym,
dsr2| DSR 27} numeric stabilityS | A|IStH 25 2 > 14). [M2tA Shes R0 A Q| X}10|7}
HME|AE AL Sl B 0| "TIRE Lo 40| =Rl EIC,
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exp034 Menu 3 - Sharpe distribution per variant (15 CPCV paths)

=== ATR baseline (1.378)
2.0 A zero

151

101 J_

CPCV test Sharpe (15 paths)

0.0 4

sy‘ m aS\}m d‘sr ;:;t

Figure 7: CPCV 15 path2| variant'@ Sharpe & boxplot. 22+ IQR(25% 75%), 7H= Ol
FEML FAY, XE MW B, 282 1.5 IQR. dsr0| Y4 (1.500), B (1.413), 5%
CVaR(0.890) Ml metric 250 A 19/0|H MK 2= EFEHXIZL 7L &Ch(std 0.378 vs CHE
M3 0.47-0.51). AlZEOZ synQ| IQR HA 7L FOF 2O|X|P sym whisker 7} Of-2 Z O
(0.58-2.05) std= O 2Ll ATR baseline 1.378 (Val Sharpe)= MO E HA|

(ii) DSR variant7} CPCV 19| & reversal. dsrO| mean Sharpe 1.413, IQM 1.433, 5% CVaR
0.890 M| metric 270 A 19/0|H EFZEXZF 7HE 2 LH0.378 vs CHE Q| 0.47~0.51). t-
stat 14.492 CHE H¥O 83~1068 & F22 =ih CPCV 280N dsr0| 7HY 2tE2
71E QHESE YA O| o,

3

o

| A3}

M
Ay
o

7.2.3 Winner Reversal: @7} QtHoj| ot
§52t = Mo Z1E XM H|WwotH F2o reversal O] =2 L}

Table 14: T 28 (§5, Val 2021-2023) 4t multi-split (& &, CPCV 15 paths)2| winner reversal.

Metric exp032b 19| (Val) exp034 19| (CPCV)
Best Sharpe sym (1.871) dsr (1.413)
Sharpe std (2Hdd) asym/pt (0.10) dsr (0.378)
5% CVaR — (single point) dsr (0.890)

T Val 220lA symO| best Sharpe 19| A H ZA1F(§5.2) 7t CPCVO|M = dsrE reversal EICF.
Tt metric “X variant 7} best”2| A=20| 7t WOl MEHG| o|EoICH= HZHO|CH 2 =22
0| reversale §7.301|k| CtAl BF H (CPCV — Test) 2t QI5HH, M| E40|A Ml CHE winnerZ}

LIEfLt = 2 =22 A frame= 2H4DIC}

—

7.2.4 Cluster Preservation: Multi-splitO|l A & 3

H 15 §7.1.49] cluster preservation 25 CPCV 212 ZHEHCH
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exp034 Menu 2 - CPCV Sharpe per (variant, path)

asym{ 075 072 077 1081 1067 079 1061 1079 006 a1 +050 15

poo po1 po2 po3 po4 po5s P06 po7 po8 po9 p10 pll p12 p13 pla

Figure 8: 4 variant x 15 path Sharpe heatmap. Zf cell2 9} (variant, path)2| Sharpe 4t (2

(
7t24 =X}, M2 diverging colormap: 1ot L& (R, ) — °|*H (~ 1.0) — Z2lot @zt
(ES, > 2.0). dsr HO| MUHO 2 O FO path 7F L= 22 E EO|H, asym/pt= lLfEc'f
(p140I A 0.50) 0t BZHpO9OIM ~ 1.92)0| 440 path ZF BWX7F 30 & WHF2 H 139 SR

meandt YX|,

Table 15: Cluster preservation H|I (§7.1.4 E =&, CPCVOIA within-cluster XtO|7F 2 A|
Z0] cluster 2|7} 7t FE.

within |d| across |d| Ratio

exp032b (no slippage, Val 2021-2023) 0.30 0.79 —

exp033 (slippage 0.02%, Val) 0.288 0.630  2.19x
exp034 (CPCV 15 paths) 0.179 0.636 3.55%
exp032¢ (policy distance L) 0.129 0.286 2.22 %

O|'

across-cluster |d| = 0.79 — 0.636 2 2FZt ZA5tL}, within-cluster |d| 7} 0.30 — 0.179 = [
AA A0 AiL H|E 3.55x = §7.12] 2.19x B AA| Z115HH §5°| 52 SF2{AH 27t
multi-split 2HE0M 235|2  45AH BoES 2 22 282 S22 Chch
At 220 YEE[A B35, CHE S A= oy 22 E

7.2.5 HFAHL|IE siAal H4 Verdict

dsr2| CPCV reversal 19|= §6.32] AL S & HZAEICE DSRE sliding-window memory
= GMO| 7l holding(CHE HH2| 2-6Hl) S St&ESI=E FE5HH, ! holding2 THY 22
F
9|

EE AZ AZ|of tiet o|ES HAAIZ|D CHet AlZE A7 Z2H robustet M WSS 4t

EotCt cPCV O 157l path= BTC 2017-20232| CHAESH AlZ 2| & (2018 bear, 2019 sideways,
2020 COVID, 2021 ATH, 2022 crash, 2023 recovery)= =15 E2ASIEZ, A|7|-2|FEH0| ot

‘MO path oA SRS EO|71| ZICt DSR Q| reward formulationO| H=t5| 0|2t A|7]-
robust HMZ t.V\)\|5’| ZE 717IChE A0 2 =22 HAHUZFZ 7HEo| & Ho| Zut=2

g XXt

H4 (CPCV ZZ4) verdict: &%t X|X|. 4 variant &5 Bonferroni 28 2 p < 0.004 2 ATR
21}, cluster preservation ratioZF 2.19x — 3.55x & 42}, H2 strong (asym/dsr/pt > sym)
TofAd: oY 22 metric2 2 symO| 2 ¥ 2Lt multi-split metricl A= dsr0| 9 —

"reward design2| 21t= B 2HO| M2} CHE XN =2{HCt

ChE H(§7.3)2 & =2 OFX|SO| X} 7+ ASH 2 g0l S Q1 K| =l Test (2024-2026) 2
TIASCE CPCVOIA 192! dsrO| Test A= 1S FX|St=X|, 22 £ CHE reversalOf
LIEfLIEX] 7} 2 =2 224 00S A3 2| sl A EZO0|LCt,

-

-
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7.3 0O0S d7}2} Prospect Theory?| Z71d

=22 2 =22 7t Tt MHE, 32 8K E Test (2024-01 — 2026-04, BTC $42K — $75K
bull market) Y0IA 1007 RL 22 + ATR baseline + Buy-and-Hold(B&H) baseline= E 7}t
Ch. & 7HK] =2 YAS BIBICE: (i) prospect-theoretic reward(pt)?t 5 source @2t Test 1
2 ME-E winner reversale @8SIH (i) DSR2 CPCV 1AM Test BM 2 M E|=4|, O]
YHME 2 §6.32 22 hold-duration H|7{L|ZF 0| in-sample 2t 00S HIHE SA|0 222
AE @B2HCt 0= Kahneman and Tversky [1979]2| prospect theory 7t RL E&{|0| Y X 0f
B0dt= 005 el A FE =elolct

7.3.1 Test &2 sliHe} 7t 27

6l (§2.4, Gort et al. 2022) Test partition= exp035 THA| 77t
1 0| o E5HA] YUUCE 2 HO| & =2 At A
Test 8AE= 2 =& 2T ZES 278}

_I>==

7(| 01'11 hyperparameter
12|2| Test & ¢l SiA|0|H, &

It e 1007 RL 2&. §52| exp032b 407 best_model (4 variants x 10 seeds) + §7.22]
exp034 607l best_model (4 variants x 15 paths)= deterministic 2E 2 Test ™ TZH0]| CHol &
7}StCt. & source(Val-trained exp032b vs CPCV-trained exp034) 25 AFESI0 ZZ 2| robust
= HH gI-O|o|-|:|- ATR baseline E3H Zt2 314 Oﬂkl chel AN I—I A (§3 3) oz u.=i7|.o|-|:|-
B&H+E 37t secondary baseline O| C}.

7.3.2 Test A1}: Per-source per-variant 4|

Table 16: Test 2024+ Z 1} per source per variant. pt7|' source L& 19/0|H & Source 2&F
ATR baseline (Test Sharpe = —0.055, MDD = 8.04%)2 7t& & ZE2 2 X1} dsr= exp032b
sourceOl Al &= Sharpe2 ATRELt E‘l LHE.

Source Variant Test mean &+ std  IQM 5% CVaR t-stat p (l1-sided) vs ATR
sym 140.090+0.11  4+0.100 —0.127  +2.56 0.015 10.145

032 (n — 10) 25VM 101734020  +0.158  —0.082 42.74 0.011 10.228
xp = dsr ~0.12240.19  —0.126  —0.468  —2.00 0.961 —0.067
pt 10.367+0.29 10327  +0.034 +4.03  0.0015  +0.422

sym 40.001 + 0.19 — — +0.01 0.495 10.056

B asym 10.175 + 0.25 — — 12.70 0.009 10.230

exp034 (n =15) 40 10.070 + 0.25 — — +1.07 0.150 1+0.125
pt 10.339 + 0.31 — — 1426  0.0004  +0.394

H 162 07 92| & 7HX| Sl 2HE:

(i) ptQ & source U 19l. ptE exp032b source | A Test Sharpe 0.367 (p = 0.0015),
exp034 source Al 0.339 (p = 0.0004) 2 ¥ source ZF 10| F pat 25 TS - AHON
< 0.002, Bonferroni 4-way 28 20| = < 0.008 £ F2|SIC}t. & source/t A2 CHE St& H|0|H
(Train+Val €5 vs CPCV 4-group 222 CHE A|EE AMEYSO = 22 220 == HO|
robust &= E&SHCL,
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exp035 Menu 3 - Test Sharpe distribution per variant per source

exp032b (n=10 per variant) exp034 (n=15 per variant)
10 -=- ATR Test (-0.055) ~=- ATR Test (-0.055)

0.8
]
0.6

0.4 A

ICHL I
004 T ___1; __________________________ T (e mnn N s DA J~__ ______
| ] EE

Test Sharpe (2024+)

Test Sharpe (2024+)
[ee)
>

sym asym dsr pt sym asym dsr pt

Figure 9: Test Sharpe {=X (variant x source). ¥/Z I§'E exp032b (n = 10/variant), LE%
exp034 (n = 15). pt2| YATL & source B5F 7MY &2 K| (ZQ| Test Sharpe). exp032b0f| A
dsrTh HhA A7 S5 A0 KKISHH, exp0340 A= dsrl| whisker 7t ~ —0.477HX| 7+
S =& ATR baseline (—0.055, @4M)2 Hlu &=,

(ii) dsr2 00S HIf. §7.200A 12 ¥E dsrO| exp032b source Test Ol A mean Sharpe —0.122
2 20| ATR baseline(—0.055) 2Lt O LEEECE  exp034 source O M E 40.0702E 4
variant & 3¢ (symTt O 2&). CPCV 19/0M Test EM 22| 2t reversalO|H 2 =22 24
474 & StLto|Ct,

7.3.3 M 240 M| Winner Reversal

= HO| Test 195 §52F §7.22| winner2t &7H H2[5tH, 2 =22 A4 frameO| 2t EICE

Table 17: M| E7t 42| L2 winner reversal. & =& M frame.

oot =2t4 19| (variant) o|0j
Val (single-split, 2021-2023)  sym (1.871) THY split Al7[-EE 4
CPCV (multi-split, 15 paths) dsr (1.413) AlZ|-robust g xH

Test (O0S, 2024—-2026) pt (0.367/0.339) unseen regime robust

2 A0 M 19| variantZt EFECE O|&= “X variant 7| reward design@| X[MO| MEH"O|2t=
CH metric Z220| 7t 2t 0| MEAO| ZAotA oESE 2|O|oCt 2 =22 O] "M &4 Al

winner reversal’S & 212 FAISHH, §80 M 1 st=X 2to|E =2lctrf

7.3.4 Val — Test Generalization Gap

Table 18: Val — Test generalization gap. pt 2| gapO| & source Z5F 7+ EC} (smallest).

Variant exp032b Val — Test A exp034 CPCV — Test A

sym 1.871 — 0.090 —1.78 1.302 — 0.001 -1.30

asym 1.681 — 0.173 —1.51 1.043 — 0.175 —-0.87

dsr 1.809 — —0.122 —1.93 (worst) 1.413 — 0.070 —-1.34

pt 1.667 — 0.367 —1.30 (smallest) 1.093 — 0.339 —0.75 (smallest)

H 182t O 105 2 & variant 7t Val — Test | A & generalization gap= 22 2HQIBHC}

— —
—

(absolute A 0.75 ~ 1.93). AL} pt= & source 5 smallest gapO|H, dsr exp032b source
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exp035 Menu 2 - Val (in-sample) vs Test (out-of-sample) per variant

exp032b: Val vs Test exp034: Val vs Test

Val (in-sample) 14 Val (in-sample)
175 BB Test (out-of-sample) i BB Test (out-of-sample)

o
@

Sharpe Ratio
Sharpe Ratio

o o
IS >

o
N

- .
ol i [ [ | =
00 [
:

sym asym d pt sym asym dsr pt

Figure 10: Variant'® Val Sharpe ( % SHCH) @t Test Sharpe (R12F 2fCH) BHCH H| W, ZHEF THE 2
exp032b source(Val et 2EH), 2F2 exp034 source(CPCV & & I:'") & source E—roﬂki
B2 E variant?} Val — TestO| M SharpeZt 3H 2| SFX|T, pt 2| Test UCHTE & source Ofl Af
CHE HAEC 25| =2 (+0. 367/ + 0.339). dsr< exp032b source Oﬂki =3, exp034 source

Ol M= SHR. ValO|A 4 I:'1°do| H| =2t =O|X| 2t Test Z1t2| O] reversal E & A4S 2

=tol,

Ol A worst gap= EQICH F in-sample metric 00S ‘d&1t 2 &2F0| OtL|2t gHtgto 2
S50t 4271 Y2, 2 =& frames "in-sample ¢ < O0S robust” 2| trade-off 2 BA|Z
LS S}

7.3.5 HAHL|Z EH: Hold Duration2} O0S Regime ¥ P

= 22 "2l pt7} O0S robust2H7t? off dsrO| OOS HIfst=7t2"0f CHSt HAHLE HH S
trajectory =22 KN SSHCt MY M= hold session duration(0f MZEE 1 AIO|ZE9]
OFX[SF Of =77kX[ 2] & =) 0| Ct.

Table 19: Test 280 A hold session duration. THe|: A[ZHE). dsrl| SY 2L /p95/max?t CHE
HEO| 2508, pt 2| hold durationO| 4 HY & 7HY B maxT 6A|ZF2 2 short-bounded.

Variant n sessions mean (h) median (h) p95 (h) max (h)

sym 5,666 2.15 1.0 5 98
asym 4,567 1.40 1.0 3 7
dsr 5,384 4.58 1.0 20 169 (7 )
pt 3,922 1.39 1.0 3 6

pt2l OOS robust HHALE. pt2| reward ¥ loss aversion A = 3.302} concave gain

o = 06535 E&ITHEA). Lo 24 TIdE|et 223 BRE HMo| 2 0j2)o

olelsict xigel 4uE HE olol e AME|SE RoiEch 1N HSE B Of
= O0j2 B2 A7t 2HOfl (mean 1.39h, max = ME

market TZF (342K — $75K)0| A O] AEZ2 O & 7440 2 F2 =2 %7"0|7| 7('|Oﬂ HAO|

o|0l HAtS ESIEZ sell-side timing riskO|A] At 2|T| &L MDD 7t ~2.3% 2 S X =

Sharpe?l 0.34~0.372 ¥+E FX[SICH

rn

dsr2| 00S HIf HAHL|E. dsr2 sliding-window reward= MO 2| holding=a SHEA7|=
TZ=O0|C}HE§6.3). O|= in-sample 2tE(§7.2 CPCV)U A= strengthE 229 CHASH Al 70

33



Phase 16d Menu 3 - Hold session duration on Test per variant
Longer hold = more sell-side timing risk in bull market

3500 4 sym (median 1h, max 98h)
asym (median 1h, max 7h)
. dsr (median 1h, max 169h)

3000 A ] pt (median 1h, max 6h)

2500 1

2000 4

count

1500 4

1000 A

500 4 I
ol e , : ——— |
100

10! 107
Hold session duration (hours, log scale)

Figure 11: Test 2t42| hold duration X (4 variant). dsr2| long-tailO| p95 20A|ZF, max 7
UMK 2 e CHE B (pt max 6A[ZHat S HE XHO[. O] long-tailO| bull market &&
TZ2t9| sell-side timing riskOff HMEZ == A|ZIC}H

Z & robust DM, J2{Lt Test 2| bull market HZ 0| M= FX 9| hold durationO| median 1A|ZF,
p95 20A|Zh max 169A|ZHT7 ) 7HA| <& E|D, BTC 7tA0| 7€ & 3A S 0|H Q|
sell 27H7F MO EE| BOIA £i0| X|HEICE O]= sell-side timing riskE ZSA|7|H Test
Sharpe 7t &3 (exp032b —0.122, exp034 40.070 near zero)= HO{ XL},

Qluf AtEo| M &, §6.32| "DSR sliding-window memory — 7! holding”0|2t= & H#H
L|ZOl:
o §7.22| in-sample & B 0| A= Al7|-robust FH = LIEILED,

o &2 HO| Test 2HE0| M= distribution-shift &Ij =2 LIEF-ICE

A1

=
Z2 reward formulation?| Z2 WS 21 (dsr2l 7! holding) 7t W7} A0 2} QiCH
B3 2 HFOL in-sample(CPCV)0A ZEO| &[& “Zl holdingE® &%+ Al7|-robust 2"
7} O0S bull regime[ M= "Of = EfO|Y HIZE &2t distribution-shift &=A"=2 F|HHPICE &
reward formulation®| &2 Xt 0| in-sample 2t 00S HIE SA|0| ZHSIE= trade-off
2tA0|H, O| & Tt metric2 2 H7ISHH 0] = Z0| winner 21 X| 7} 2t A EHO]| 2t Er2tRICEH

= B2 0| trade-off HAE & YSiCH,

7.3.6 A OHd vs A& Distribution Shift

00s ‘85 Ato[e] & lo] ~F2 XpM|" K| “"AlF2| distribution shift” XS F&3k7] 2|5}
S Lo best_ model2| Val/Test & SAHE H|WHCL,

H 20 4 variant2| HXMO| ValO| M Test £ 0|52 W trade/hold rate2} mean action 25
A <0.05 (F 5% 0|2 O 2 Ho| s€et s FAeS 220t M2t Val — Test2| 2
M5 sap(E 192 M| W17} OfL|2t AIRO| distribution shiftO|A ZIZ 7|I8HCt ChAl

34



Table 20: &2 best_model 2| Val/Test d& H2t (40 2 HT). 2= variant2| EH HS0
Val/TestO| M| A <5% 2 H2| &Y.

Variant A trade rate A hold rate  Aa(® Aa®

sym -+0.006 +0.001 —0.010 +0.001
asym +0.005 +0.003 —0.037 —0.004
dsr -+0.005 —0.004 —-0.006 —0.005
pt +0.005 +0.003 —-0.061 —0.010

Do M2 robust St €2 W= SHOHX| T 22 BSO0| Val (range-bound regime) It Test
(bull regime)2t= MZ CHE AT 220 CHE A0S =0 0l= @3 XtA|7H 008 €1f 2
ool oL EZ A 28 2HF0M S "ALEY £ ST = 2|0|7} ofL 2l o= FHAO|
008 AHXB 7= A regimeO| Wt reward formulation Q| XS A[ALSICE  §80]| A
Ol distribution shift 2| & 2ZF(KS p < 10719, variance —27%)= AtM|S| CHEL}.

~J

.3.7 B&H Baseline H|1l: $4| HA|

A

e

=29l

o
M

= 39| o7

2|8 Buy-and-Hold (B&H) baselineS F7t2 EIIUCE,

Table 21: Test 2024+ baseline H| 1! (pt best vs ATR vs B&H).

Strategy Test Sharpe Test MDD (%) Test Calmar Notes
B&H (1 BTC hold) 0.757 50.08 0.015 Tt Sharpe 19
ATR baseline —0.055 8.04 — 7|1&

RL pt (best) 0.367 2.31 0.159 Calmar $$

H 219| Z1t= CHS1F 20t THY Sharpe 7| E0 M= B&HZL 0.7572 BE RLS X105t}
— 2024+ BTCZ} $42KO| M $75K &2 78% &S5t ZME0IM ERE sz Al AtAel =
=Y 90| ¥==0|Ct. OB{Lt B&HS| MDDE 50.08% 2 2 £ 0|0 Calmar (Sharpe/MDD)
£ 0.0152 01 YL} pt 2| Calmare 0.159.2 B&H CHE| 2F 108 29I0|Ct. ZE2L2:

absolute SharpeZt 7t% =2 &2 B&HO|X| Bt risk-adjusted (Calmar) HEO|M =
pt7t YEHOICH 2 =29] “pt2| 00S robust’ T risk-adjusted return®| 2|0]

oA F&StH absolute return2| 20| 7} OFL|LCH,
Of AbH2 §82| 2 == o7 Hof BrEEICt

—

7.3.8 H5 Ho|et & =& &M Contribution

= =2l g s

= 2o ZAHS 7HE 2 YAICL 7HE HI-H4= A SEEA2Lt
HAS A2 ZH0|H A 7tE = Fo|ptLt.

H5 (A2 24, 2 =2 4 contribution). Prospect-theoretic reward (loss aversion

o = |
A, concave gain o) 2 5 E RL @M 2 unseen market regimeW|A{ CIE reward HE L}

O robust e 00S ds2 EQICE O HAHLIE2 B2 holding(Bo 1.4A1ZF max 6A|ZH S
& ot sell-side timing risk 2|I|O|LC},
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H52| T 7.
o pt Test Sharpe 19| (& source Y2, THE p < 0.002).

e pt Val — Test gap smallest (¥ source &2h.

o pt Calmar 0.159 vs B&H Calmar 0.015 (~ 10x <<).

o Hold duration mean 1.39h, max 6h (4 variant & 7} B 3).

o HMO| Val/Test WS stability(action A < 5%)= 00S &5 XtO|7t HH™ Hl 7} OfL|2f A FY
distribution shift2| 422 20l

gt& ™ 99|, Kahneman and Tversky [1979]2| prospect theory= 917t QIAIAE | 2| 2|
Do 2 ANt 7|Z=0|X[ 2 RL EMO| reward2 &Y AHESH A= EZLL 2 =22
(i) prospect-theoretic utility S step reward 2 795t (i) Optuna® EF M9t best It2f0|E 7}
It HE T (=088 A =225 B Zot &4 2[Het [ =0t 9 8YS EAHUSH,
(iii) O] M*O| unseen market regimeOlA OOS robust22 Y source L2 p < 0.0022 HE
2t QIBIC} (§1.2 contribution 4 & X).

H4 (Robustness) £|& verdict: £+ X|X|. Cluster &+ slippage (2.19%)2t CPCV (3.55x)
Ol A robust O] Test A= ASHE|X|DH(1.24-1.94x) FS| 1.0 X1t EC{ Sharpes 2
= variant 7} 2 00S &2, H5 (pt OOS robust)7t &2 X[X|E|H & =22 Tt main
contribution O| C}.

=9|

8

= B2 §5-§7.32] EHZ st=Foz Felotth CfA ZHX| F=HE CHECE (1) Val/Test
distribution shift 2| =& (§8.1), (i) Phase 2 AF S72| 2t4 o|EM HA|(§8.2), (iii) Tt metric
winner 2| HA|2F multi-environment E7F H11 (§8.3), (iv) dS5EXMS0A RL O0S 2tFH2
29| 3& A (§8.4), A2|11 (v) ARt future work(§8.5).

8.1 Val-Test &% 0|S9o| M2k

§7.3.6= E = variant2| HHMO| ValOA] TestZ O| ST [Mf WS XK= 7o HSHK| §AZ
(A <5%)2 EQCH DA §7.3.42] 2 generalization gapl| & Q12 A|Z XHM|Q| distribution
shift0{OF BtCt 2 =22 F partition2| Al SHE 2T b|mFHCH

Table 22: Val (2021-2023) vs Test (2024-2026) A|& E7|. Test?7t &2 BHsd + A3 &
FMO| 222 EAMLZ CIEC}

ol

Metric Val mean (std) Test mean (std) KSp Wasserstein dist.
ATR ratio (variation) 0.96% (0.51%) 0.70% (0.23%) < 10710 0.00268
Hourly log return 1.4-107° (0.71%) 2.9-107° (0.52%) < 1010 0.00097

() HEE —27% &, ATR H[E2| E0| Val 0.96% — Test 0.70% = 2 27% AR
HAE 0.51% — 0.23% =2 2YH 0|52 ZALQUCH O2|E EGO|Y2 22 MO Z Had XHA
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Phase 15 Menu B - Val vs Test distribution shift

ATR ratio hourly log return
(KS p=0.00e+00) (KS p=1.63e-17)

Val 2021-2023 : Val 2021-2023

Test 2024+ 120 4 1 Test 2024+

200 1

100 A

80 1

-
%
o

density

60 1

40 q
501
201

y T T T 7
0.015 0.020 0.025 —0.020 -0.015 -0.010 -0.005 0.000 0.005 0.010 0.015 0.020
ATR ratio hourly log return

Figure 12: Val(2021-2023, It 1} Test(2024+, ‘&) A HS| X 5[AE0H AZF II'd (ATR
ratio, H&d): Test 227} O Y2 40| 50 LEXE m2[7F HOF E4t0] —27% &4
H0| 0.96%(Val) — 0.70%(Test) 2 Ol&. BMO| & HF. EZF I|'d (hourly log return):
2 D2 QASHK| B Test B0| 2A7F O] BISIOZ O|F (4+2.9-107° vs +1.4-107°) —
bull regime BtE. F SH EF KSA™ p< 10702 012 |9

E TANCR ooz (§2.1) Had Has 9 7|2 2= AHAEILE Val2| high-volatility
AlZ10] staEl SOl low-volatility TestOf A Sfetk|= A2 ArALE 2 ZIHO|CE

ii) Ea FUE ~ 2x F7L. AU log return®| EO| ValO|M Test2 2F & HY(2024+
o Zot &5 FM) S7UCL Ol= grid trading ZM0| FH2 2 XEotL}: O £ D1 =7t
O 2 MZE[=tE0| 456 sell 27t fill & 1) oHH, O = 7tH0| I HOX[H sell-
side timing risk B2t S7ttCE §7.3.50|M B} SAIE dsr2| 00S Aol A 0[H, B2
holding(pt) O] H=35| 0| riskE 2|I|St= XM O|LCt,

KS p < 10710= 5 partitionO| EHHOE CtE2 A|E EX0M ==& B2 QO[T &
901 00 HE] “train/test 5Y EE” JH0| 2 BTC 1AI2H2 HO|E0) M= MRS 8
o, & =20| E1%} generalization gap= A|Z&|0|M artifactZt OtEl M| AT distribution
shifiel g thgo|ct

aal

§1.12F §5.701| A ZAH A5t 2td o|EdS = 2oM M5 CHELE

2 =29 7|0 U Aot AN B (Phase 2 27| #EH) = Kahneman and Tversky [1979]
O| th=3t HEHQl asymmetric reward(8 = 2.0)7F Env-v3(4D B gap, X877t K| Z, 474 = CH
gap action) 2rB 0| A Test Sharpe 1.955 2 ATR Test 0.935 5 +109% Z=1tot ZOtACt O
M ZAHO| 7|8tet TA| 72 "asymmetric reward 22 2 RLO| ATRS H&S| = 1totCt

(AlHtEl2 A) KLt

de{L} & =& canonical Bd 2 Env-vi (2D ATR Bl + X|E7t M Z2)E HEGI}C}E O]
gE2 L oz dedez o dgHo|tt:

o ATR H|Z SAO| AT HEES 4X Z0f Xt EHA (§4.3).

e 2D action 37t0| aggressiveness® profit_targetl| 2|0] Z2|E Y=S| SHCHE3.1).
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o X|87t M Z0| favorable bias artifact &l 7{(§3.2).

Env-v40l Al &2 asym HEZ Optuna MF'd (B = 3.42)5+0] &2t Z1F Val Sharpe 1.681 £,
sym Sharpe 1.871 2L} RC},

r

Table 23: exp027_rl(Env-v3)1} & =& (Env-v4)2| asym variant 21 H|u, 2tF 9]

e ‘g =2at7t
reward variant 20tS 3 A Z10+StHCL

fot

4 action AHg AKX A asym Sharpe vs ATR

Env-v3 (exp027_rl) 4D ECH gap  H|-ATR  1.955 (Test) +109%
Env-v4d (& =&) 2D ATR H|3| ATR H|2| 1.681 (Val) +22%

r

A — — —0.27 —87 pp
H 23 28 WP oot H3L7t reward variant HAO| 2|3t HotELCH 2 EQICH & =22
O AtE2 SHAIZ FA[BHT}

o Env-v32| 4%t asym %= 1 &8 E800 52 7ts80] ALk 4D EO gap action
2 RLO| 2%t & 2382 § 2 AHFEE XN SHH, asymmetric reward 7t 1 AR E 9/ 0f| A
conservative S-S StEA|Z O X| 7} ZiLCH,

o Env-v40iM= ATR H[2f| S4|0| LHREE2 ZAt & AdEE 0|0 =HSI2= RLO| AtREF
Z0{ECHE4). O M reward variant 2| 1= risk profile dimension 2| trade-off 2 LIE}
'TtCH(§5).

Ct2t 2 =22| ZIXt contribution 24 S|EH S

7 |Ct: canonical Env-v4 2|0l A
= pt 7} 00S robust 82 ¥ source Y& p < 0.0022 H2F QI
=12

t§7.3). & & =22 H5&

n

otd HZE O|™e| AIH ZSHE ChMSH= M 240|H, sk AUHZ FXISHHAM contribution
= 43ttt

8.3 ErAU metric Winner2| SHA|2F Multi-Environment 7} #1

2 ==292] §7.3.3 = "X variant 7} best reward design”O|2t= Tt metric Z2E22| oHAE &
EHCt ValO M= symO|, CPCVO| M= dsrOl, TestO| A= pt 7t 2+ 12|0|Ck RL Egf0|E
™ "I O™ 2t AZ baselineL 2 AFEM=LE7L "L Eot By o] AEZ HHELEH

Ol = Henderson et al. [2018]2| reproducibility 21 reward design H| 2| Xt 2 23 ot
ZADto|C}, THY AE HEEO0| By XHO|E 7t2|= Al 22 HALSZ2E, T HIH &30
M Xpo|o| AtEl XHME ZFTh EHE 2 =22 M BAL 24E Sl ot 240
reward HE ALO[2| HE2| metric XM E HYSH= S S HEDUCE AW, §5.42| single-split
ValO| A sym-dsr2| Cohen's d7F 20} &= HHO| 7Ptz AN EOICH EM, §7.2.42| CPCV
multi-split 0 M= within-cluster Xt0|7} O E0{ & #HAO0| O 7477t2] EO|1 baseline CHH| <
| = ratio 3.55x 2 Z2HEICE AR, §7.3.32] TestOf A‘lE winner AHX|7} reversal 2FEFH(Val=sym
— CPCV=dsr — Test=pt). & B Al0|2Q| H2[e} & ZF "I} 2+Z0| 2t Mot

= == RL E0|E Ao #F I BAZE M 28 SA| A= A1tk

1. Single-split Val: variant2| g XM HZ 1} baseline FE2| X H.

2. CPCV multi-split: in-sample CtEZHO| M Q| robust 5. T splitl| 17t Al7|-E+4
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2IX| Letstlx] L&,

3. Sealed Test: distribution shift 2t40Al 00S St E. 7| Mo 197t & 28 KM= E
Z+ZICE,

M 2td REO0IM 5 variant 7t 1912HH 28 monotone S (ALEE[2 A), BHE Y CHE winner

2tH 2 =F9| AILI2|2 D(trade-off frontier)O|C}. THY 2HZA Q| ANE "X variant 7 best” 2
H

St e 2 =20 Mk 2ot M| 2t reversaldl H|F0 st&Mo 2 2260t

8.4 UWZZANEO|AM RL O0S St doz

§7.3.82] H5 (pt 2] OOS robust)= B=EX S 82 ME R X2 AIAFSICE Kahneman and
Tversky [1979]2] prospect theory= &l QIZF QJAIAE S| | 2|H[E HFSt= ZYO|H,
Oj 7 H==0| QIZt WE FHUS a ~ 0.83(Let LFd) 1} A ~ 2.25(5¢F &4 2|I|)O|CH(Tversky

and Kahneman 1992).

£ =20 Optuna?l 4742 RL M XA
o7t mERCHH 3¢t

- -

=
)
rE
-
rir

a=0.683, \=3.3030|H, = 4t 25

A
o
an

e a=0.683 <0.88: O &2t 254 0|0 CHat otA 2 & K|

e A=13.303>225 O &%t &4 2|IO|. £429| weighted Z =7} QZHELC}H OF 47% .

o\

FO| QIZHELCE HiHE.

S A{SHH, RL EMO| BTC 12|E E0]Y 2| 00S robust =2 F7& Iff "QIZHECH O H=

Hol" 2 & et=& MEiSt= A0 7e|dtCt= 2|0|0|Ct. 0= §7.3.52| "0 2 &2 holding(mean
1.4h) 2 2 sell-side timing risk 2|I[" Wz FHMZE 7|2t0|H, 217t E&f|O|E 7t BF ®ASH=

"profit-taking O] & WE" #F IHEO| 00S ¢ATd ST M= Le2|HYS AlAFSC

O] &2 F J7HX| eh=X 2to|E 7HEICY:
. HSANTO F=H U7 £ Q7 WFO| 7| = (descriptive) Ol fitE|H, XX HHUS It
Of 7 #H == CtE 5= QUCH

o RL2| reward designOl] ¥SZA|ste 28 ot+E 2FH A
XHERSEA|] 210 =0 @ O|O|H & hyperparameter EHAHZ HESICE
=29 H5= “Prospect theory2| RL reward AFZ0| OOS robust M S AESICH E S8
o|3s

= |
TFEQ ZES U source €& p < 0.0022 T 2QIBUC} (§1.2 contribution 4, §9 & X).

8

= =20 EAH2 Cha oA RIM GRS
(1) X Hel — BTC BHY. 2 =&2 BTC/USDT 1A[ZHE Y X

OO0S robust” 7t =4, Qlgh AR & CHE AN E dEEX = & H77F HoHA| =Lt
E¢| XAHEZ distribution shift 2| HEN7F CER2EE 2 (BTC 9| leverage cycle vs 49| ZAt
UH ATH ) 21t HHUZF Litet H4F0| ER5IL

(2) Test regime — Bull market TF. Test partition (2024-01 — 2026-04) = BTC 2| &gt
ST (842K — $75K, +78%) OICE pt2| OOS robust 7t bear (Of: 2018) EE-= sideways (Gl
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2019) regime O M= X QI O E|RACE & =F HHLEZ2 "2 holding O] sell-side
timing risk & 2|L|BFCF QIH|, bear A|ZOM hold AHX|7F =4 £8 RO O ABZ CIE
m7H L S0l 28g = ULt

(3) Slippage 2 — Single level 0.02%. §7.1= T &2|4|X| =F0 HIIZUCE 0.005%,
0.01%, 0.05% CHEEA| sensitivity 24 =dSHH pt 2| OO0S robust 7t E2|L|X|0f| HOFL} 7
DoHR] Hak 2olgt = ULCH 2 =20 AlZH H2F 4 single level & (Binance taker side

worst case).

(4) Domain Randomization (DR) O|™&. 3t& Al episode reset A| 0| S 2| X| /fee/ Al
Al 2 randomizeSt= DR 7|®H2 0O0S robust ™ ot&0| 2t&O|CE 2 =F2 DR2
HMESIX| 22 "naive” TS Z pt7F O0S robust @2 EF2LE DR ME A| CHE #H & (dsr)
ol 00s {7t 2|=E 7t5-d0| ULt Future work Ol Al ZE5HOF BHCE,

(5) & 20| — 1M Steps o= arlant o| at& ZO|7F 1M step (A EY ~ 2 4A|ZF CPU)
gt dM S 1| 224 (sym best 550k — final lM Sharpe 1.97 — 1.21)
418 Hf% 7|"_)H | ACE CPF 2 == best_checkpoint Zt

Future work. O|% C}A otA|Of CiEdt= &5 AT F=A:
o & =& H5E multi-asset (T4 ETF, 2|2h 2E0M HEB.
o CIYSt regime (2018 bear, 2019 sideways)= A|l=2{|0|M EE£ historical test 2 37

f

r

FAH
=.

\J

orr
0x
gm

e DR + meta-learning 222 dsr2| 00S 2Iff 2|5

. 2 =22 PPO Y L12|E0 AL, SAC, TD3 & CHE actor-critic 2HH A 22 reward
HS Hl W — algorithm 21F2| £2].

« Prospect theory2| CHE Of7H (a 29| A2t ZHH, reference point @] history O] ZF)E Y
St0 OOS robust ‘22| O§7i 4= sensitivity &4,

9

2 =22 BTC/USDT 1A|7t8 12|= E&0]|Y 2t (Env-v4) YI0IA 47HK] reward HE (sym,
asym, dsr, pt)2| IS Y 2 Val + CPCV 6-fold 15 paths + &2 SHM| Test 2024+2| Al
StE0M FE "l wRict Ok Yl 7HA7F 2 =22 O 2l H{A|X|OfLCt.

(1) Reward variant2| @& risk profile dimension2| trade-off 2 LIEILICt (Pareto
frontier; §5). 4 variant 25 ATR H|O|A2tQIS =S, EHY winner= SiCh 4 variant=
£ S HAH {sym, dsr} (aggressive) 2t {asym, pt} (conservative) 2 SAH2E F2|%|0] (within
|d| < 0.30, across |d| > 0.79, policy distance H|& 2.22x) Sharpe-MDD &EHO0| A Pareto-At
frontierS Y/ dBFCl T "X reward 7t best alpha” 2| single-metric 22 &L} multi-dimensional
trade-off2| FE&2t7l & =F9| contributionO|C}.

40



(2) TtY metric winner= 7} 2td4HE C2CH (M| 24 M winner reversal; §7.2.3,
§7.3.3). ValO|M& sym (1.871), CPCVO|ME dsr (1.413), TestO| A= pt (0.367/0.339 &
source P& p < 0.002)7F 19/O|Ct. B7t =td MEHO| "L EDt reward design”2| AE2 HH
Ct= AFE 2 Henderson et al. [2018]2] reproducibility $2{& reward HlW Ao 2 =S
ZA10|Ct, 2 =Z2 RL E&l[0|d o HE HII Z2EZZ M 28 SA| AHES HAASHT
(3) Prospect TheoryZl OOS robust MM MESICL (H5; §7.3.8). Kahneman and Tver-
sky [1979]12] prospect theoryE RL reward 2 &8 A2 HHM (o = 0.683, A = 3.303) 0| unseen
Test bull market Ol Al & source €2t 19](p < 0.002, Val—Test gap smallest) 2= & & 2 QIZUCE,
HAHLIE2 B2 holding(mean 1.4h, max 6h)= & sell-side timing risk 2|I| 0|, trajectory
=Moo 2 MW USERACHSE?.3.5). Ol= HESE '||°F°| prospect theory 7t RL X0 £0{5t=

00S Ot M S Hslst ZDto|Ct EBH Q17 EEZf (o = 0.88, A = 2.25) 2L O 4k &4
o|ojet o 259t 80[ RL 30 #72[5tC rE FeH 2H2 AT s FEUS RLY

JCHZ xHE4SHA] 20 =0 Ql HIO|H 2 7 Eotet = d4& 12 O[O0 ZILt.

(4) In-sample C}E2I2| 227} OOSs LAES BHSIX| =Lt (§7.3.5). CPCVOA 1

B E asrO| TestO| Al = &= Sharpe (exp032b source —0.122) £ =& 7} EICt. DSR 9 sliding-
window memoryZt O 7| holding= &7 &L HFHLISO| in-sample CtE 2 2HHE 0|
A= Z7H, 00S bull market 0| A= sell-side timing risk 3522 FE™O0| EICt & 22 reward
formulatzon_l #d2 ds 207 Bt 2hg0f et Bt 232 ZFS 0L “in-sample 99 «
OO0S robust” 2= trade-off AHX|| 7t reward formulation M E{Q| oF XS =2 H2F 2Ol MO|Ct,

Future Work
SM = §8.5 2 5 7 limitation-CHS future work &=, C|HA SME=L{7F 22 3 7 St
29

e Multi-asset @%: H5 (pt OO0S robust) & T4 ETF, FX, |XAIX| & distribution shift
SEf7 CHE SHE0M HF — E2-holding M7 L|E2| Ltz Hak

jo

A) 7 OOS robust &

e Meta-RL adaptive reward parameter: &= =& one-shot («,
| 85.

2hol. Al 2HH0|A online B Oi7N A7t =71 22|85 EEX

ro

o Domain Randomization (DR) & dsr 2| 00S A7t DR &&0AM 3 =& =X| &
— same reward 2| ¥HH0| DR £ & 7tSTHA| FE,

= =22 ZEQO|O|H, && Z1t= https://github. com/cosmicpotato2047/capstone-rl-trading
Ol A S 7HetCt.
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