IR SEPH edge SHEANAETI: SPX ODTE Donchian
RITRIEHY 19 AEAEAR MR

EF#k (Vincent Wang)
2026-04-22

T,

ARAE R T —IR5EE4 1) SPX Donchian channel Z3H SR B4V i 53 AR, WS EUL LR FE A AP
UEfh, 1 3.1 FERFEAMNE T (2023-02-27 & 2026-04-02) b, Ffi 1% H—4> "rider” Bl & (30 %
#h Donchian channel, 50 fR K £&[01 328, #3) 1- 47, §i—H VIX > 18 I JEE%),7E SPX E/=4 T
+687 FEEUSHT 2.35 WYFL 5 LL (profit factor, PF), F#J51E MES futures |8 B SR IE DASS IEHA T
BEAATM, B ELZ B % $24.92 (95% CI [$8.67, $40.54]) —— $% [ 1 52 8 12 19 b e 75 2
STRONG_GO HIiE, {H4FRAITE 19 FHIFEAIME T (SPX 2004-2022, 1 73%h Mode C K £k, &
§4.4 JGUE N 1 ) rider ORI EERHR) _IBTT—1 460,800 FiZH A 25 28 PRSI, 12240 8 BE D 7
ZHLEAE 460,800 A & HHES 309,069 (H T 67% 4347),19 4 ST -238 £1,PF 0.95, MW
IR 133 55,17 29.8% MIEH & ZF], 2004-2022 HEZRTFI I G B — 1> 22— 5L A
(monoculture, 50/50 i T tf=15, 1b=20), H1E 7] edge #HFE 2021 A1 2022 F4E (Fifk T 19 FHH
NEUREY 67.5%), PUDERY (2009, 2010, 2012, 2017) A top-50 ZH & 230 H i, R X Lk
FEES T EEBIESIR 2GR EE VIX SEERIEE S (PnL) FIMHXERSS (Pearson
p =0.288, R2 = 0.083, n=18), FATKJE AN STRONG_GO H| & s hy MU 1 5 15 -4 WT (post-
selection inference) /=¥, L@ FEA WL RIS TS84, 1888 5 BRI — 1 EHI, A&
BRI 7T AR I, T AR SR Y

1. 515

1.1 Zhpl

SPX FJZRAK (breakout) TR 1L 22 55 & BY 4% iy 52 v bl >k € K, 18 22 R SR A U] I R) 458 06
Donchian channel FH Richard Donchian 7£ 1950 EfX42HH. 1980 F/XHE Turtle Traders 1 A F 7t
f)—/ME R 2n H X EEE—Z2 2 EMES RGE B IR E 2 SZ N — NG S, HKk
SIS L RNH R EIER R K 2. BRIBIBIIK BN A REL AN B S8 A2
312 B ARk [a] 3 HUE SRR HEEAS I R P, IR R0, Donchian XU HY RAAE 2 R BRERZR IR
(Sullivan, Timmermann, & White 1999; Lempériére et al. 2014) PAN MV FHI[EII (backtest) H 5z & HIEH,
Ve B 5 2 N o e R v

IE4E SPX F HEIH (0DTE) A4 ——HAE SPX HARUMZE & H Y o5 e 2023 4R 1 40%,2024
FEER I BRI 50%——BETHRES T —ME H NSCERF MR B IEE IR AV 57 A] @ — M B A SPX
Donchian A RES 1E R — D EAIAT H N SR 752, HAE T Al R 2 BRI A I 2 5 3 T (venue)




7 EF| ODTE B LAZRIRT7 M2 & 20X D U ARAisE R, WERE R 2 Al B BH &4 IR A
XNRIBIE— N FEWMRES SRR EARRETH M, 7T IR E . RE R M1 2T E
Z5# X ODTE 77 [AIPE RIS RERUER HE— DM 5E,

AR & IR FET RSATRE — N EMITE R EE FIRRE, Bl M8 7 — N ERER 1 #hk
ATRERLES, A ST KRN 7 (AR TR K £k FAERES. RAE 1 U bk Mz, Ml
OISR, 1 — N2 4F SPX BB (2023-02-27 F 2026-04-02, 777 N5 H) Eidii—1&%
P RREIMAEEZR (grid search), IHAIH — 1R H _E B A58 edge BYEIERC B (30 7% Donchian, 50
MREIEEHA 5i—H VIX > 18 I JE8S, #ah 1L 1%, H1E MES futures _E5EAK T HATZHY sanity check,
FIRHE BIRRIN . BATIEIEIL E X PR A A A -edge 73 (friction decomposition), HEFR T 8™ HH ] fiz
1#3% fli——SPXW ODTE HIFUS IR delta Y ITM_mild H#, TEFRAMTBEEEM T — N EHEAR L)X
Mkl BB TR,

B f B AT HE F] —MNECE T E— 19 FEAIFEARSE (out-of-sample, O0S) & 11 _F 455 —TCffr3k,
ASCTF T IX BN Wi, DTk TE RIS A B ——FA iR & A2 — DM R——mfE T 777k
A — MR RAVEALLS — DRI ETC# Al i AP T B I UE, 2 a0 [m 7= A2 H— MR A A A
SMRETEALE ) VNI TR HERIRHIE . BATA WX BGEER S IE S KOy ER = MEE AN AT
RHIE: (i) 460,800 FPEH S TEFEAINEHE LAY SEEE IMASHUFEAECR B, 186 S a1, 1363 vl DU B R
AR EHEATGE T & (1) FEAR N BB HRI—— RS R ARSI MG I 2 BiTSL R EE MES _E#(%E Path
C AR R SR ——A W A2l A I TR B, AR B IR 1B 24 (1) HUAT IR SRUERY AR (Databento ZfE i
He, THEEE) TE §5 TR, X = MRHEI FELEFRATTRA] USTE: R 2 S5 PR, A~ 2 TR
TR SEPRA R A B R,

1.2 W5
PATIERIC. (pre-registration) HTE AR ), FATIAY RIETA =1

1. —/ N A S E /7R (regime) 8288 MEK SPX Donchian channel 280, £ H
SERY 1 #YH NPT N, RESTEIR FAEE (2023-2026) L= AE IEHIEE(E?

2. WIS AT DA AR R BC B RS R — D BRI AR BRI AR (MES futures) b 2SI IRE— D E(E
X [A] (CI) TEEZ % edge?

3. W15 (1) 5 (2) #8572 "2 IBAIX edge BEGHE 2| — M FUS FE MR UL AU BE AL A (SPX
2004-2022) 2

BMPEZEZ 1) 2. Q& B)G—IFKItIE 3) HES. HIMEHIEXRN )5 12"
FELEF_E E MR R 7 IS e, IX NS RHIEA BB e B 5B 77

1.3 A5 SR

ARSI GE T [ —AF [ — EUE _EA R 2 M ELE, R 3 S e fa e RO SR &
—TETRMSC R A — RYIFREFR, E1F data snooping. JEIEFEHEWT (post-selection inference) 5
[ 1S (backtest overfitting), Lo & MacKinlay (1990) 55 Leinweber (2007) J2 [ [A] MV 5 ) H 81
R, IERST T AR T White (2000) [ reality-check 5 Hansen (2005) F¥J superior-predictive-



ability (SPA) 4 ; N # #ON B "— BN SRIE 23 (A vh I A W — ML T e B TR R 15, 0 23 A1 K/ M
1E 4 &%, Sullivan, Timmermann, & White (1999) # White ¥ reality check i F %] Dow Jones I
7,846 SRAAARIZ G RN b, & IRARLETE 1897-1986 1IIZhEE B LA AT HLINILTE 1987-1996 FEAFMEL
B ERETHRIT EEFM, Bailey, Borwein, Lopez de Prado, & Zhu (2014) JEZAL T IR 5 RS IR 2R
ARANA] 5 75 B9 B /ME A A Sharpe FL3 (Sharpe ratio) Z [BIY < &, deflated Sharpe ratio (Bailey &
Lopez de Prado 2014) 5 [A]i]id #1& ME 2 (probability of backtest overfitting, PBO; Bailey et al. 2016)
TRAL TR e 22 I AT 7] A S M HE Ao

AT RALT [F— S S EAE — DR EREE LA A EBA T2 2 RIS TE R — R A R
TR T4 MR — D ERIELERN A regime FX Rl — DNEHRA SO BT RE— D EAKNE
COVID. 5 ODTE, & ESLMIKEIRMTIZIRE (regime)(2021-2022),%f Fb— M1 52, regime £
FEAL RIS (2004-2020 filT 2022-2026), HERIHLHIAS ZE LI 75 2258 X (FEAR R EIAE X 223 (8] °F
IR G ) T2 regime BRH . — DHIHITERLE T IZEEM N AL, TR —LE RIERL Mg - R
AIGUFEE T EH ML B, Harvey, Liu, & Zhu (2016) #5518 7% 7= @4 K E i _E— a5 2510
1 22 AE ZZ VISR I HATE SR IR 7, T REAE regime VIHAN [ s, FEFRATTAYME] 7B, i regime Y] #
/2 ODTE JX3/J Y dealer-gamma ¥ 555 19 FL R ——W1 SR AR D IR 55 0]V edge T RE (A9 ; 40 SR A (]
IH,edge thAR<2[E3K, reality-check 5 deflated Sharpe ERFEEME IEIXFE .

BT E RN > PO s o T 2588 1t 25 5 75 SR SCHR (Lopez de Prado 2018, 58 6-7 &) Hid
W2 ek R Y (purged) SR EHA (embargoed) Y15 ARSI R (walk-forward) 36E, FAl]
FCRYSE R 1516 /2 Lopez de Prado &85 1 AUARRM AL MEARFIN HE S BOLE R, WIIESFILH. W
gt BRE TR EFEAR (holdout), FRATERTEAERERY TAEIR (85.3 5 §6) IE2A— XAV E
RN

1.4 ALk

1. — e RRIE TR 2E S F% SMER BT W P RS S R, 2 TR IR IIE, 2
KPS AEDh, 2 REH —ELE 1 #) SPX 5 MES #dE L — S,

2. —MNMERE, AIEIIEIIE LR (Python 2% 5L + Rust X &5 2, J@id PyO3 + maturin Xf$%),
FERGESE 1 RO IE R E G K & RS S, 1F 1 OISR U, IR N2
HEbT, I DEARTE R SRAY session Al L IEAd, BEHUAHS, BLE S 2F 460,800 1145 RHEEN
AR R RMAR S, A SR S T G i 3 ] s B R

3. & BIUEE——ME 1. top-50 ZEH — S (monoculture), BESHE. VIX [HIH, PAK
Phase 4 T %A 4 PnL E#—RIAFEAR N EHZ Y IE edge 7F 2021-2022 FE AR
H7 (regime-concentrated), 25 HIX PR AEREAS BT

4, —BDASE— APPSR SIS AR LA 15 R ARLE L AR 28 A 45 R F S Eimise e iV B IR TUR,
JCHZ RN 2023-2026 FEAH T2k, diEd 5 kit

1.5 A &5

B2 UHIABIEE SRS, B 3N AANR S EI E— MES $1F, 1] sRFEA AT N
2%, BB 4T 19 EEEARIMELK, 55 T EIEREEWIIE S IR 3 TS 4 2 R ERR,
TR —Z N ERIZITERE, 5 6 1A —BREARAMMSOZ T A SEERE IR R,



2. B 5 75k

2.1 EPEii

SPX 1 F) K £k, FrIEN M7 42K H Interactive Brokers Y SPX 1 #) OHLC K £&, A% H parquet X
R ET data/spx_1s_data/parquet/, @4 SPX_1s_YYYY-MM-DD.parquet, ¥ B
4 (date, open, high, low, close, volume, average, barCount), A& [EJEH = h0EF
i X WA (&% -06:00, 22 -05:00),fEH ARG —I1—%] America/New_York, IEH 5B
AR E] 09:30:00 F 15:59:59, 78 7 [HIE5 E 2004-03-04 & 2026-04-18, = R E NG S
K £k (Im. 5m. 15m. 30m) TEAZOUN MIZ 1 FDECE TR B RAE AR i S 2= B IS ECH B JE AR S
VIX B HPI ¥, Cboe 1Y VIX & H i M data/vix_data/vix_history_2005-10-03_2026-
04-18.csv F A, [FIUEAAT—22 % HE VIX (Evid jEaim A, AR FF R SR

VIXID 1 47 % i .  Chboe MY VIXID 1 % # & ¥ (2022 £ 4 H # H) N
data/vixid_data/VvIXiD_imin_full_history.parquet # A, VIX1D fEA X HTE Task 1 b
5 (& 4, §4.1) FHILIXE — DN HIZIRSTRE M AVKE I, A 2 SR BT TR A i A

MES 1 77505 1 #» K £k, Databento f{) MES.c.0 (EL:FH) K £, 78 3 2023-02-27 £ 2026-04-02,
I F 8.4 M Path C BiE, FF 5K AR, BX session X 75. PAMN KR KA 75 #1E
scripts/options_validation_stage2_*.py FIALHE,

2.2 FEARE
ENHEHAMDNEAESNE:

o FEA (in-sample, IS), 2023-02-27 & 2026-04-02, 3£ 777 225 H (809 ™ H &\ H I 32
PNEETHRE SEIERD), rESEukst, IssiEst, LRI zE 0 LT,
4R HI%LE VIXID #EH 2 5. 2020 £ COVID 3% regime 2 J&, MEIFAEATE S ODTE 1
R T2 = X 2 "B,

« FEAAP (00S), 2004-03-04 & 2022-12-30, $£ 4,736 MR 5 H, & DL ERE AF 84 1Y
FEARSMG I < Bl 1A T2, I IEEREH I RS 1 2004-2022 HIEMTEE R,

2.3 Bifls |8

gl & s O™ B OW 1 MW o ol X, % OB M oE W
spx_donchian_high_fidelity backtest_sgs_sds_vi_0.md HAbREELR:

LESRECKEM KL L, EEERTNGES KL A2 5HE 51 Donchian & H, 580
E55 K LUELI IR,

2. SR AN, FEURERERS R T F=E 915 54— PENDING_ENTRY; $UATHE T 250 F—1 1
FOFFEL AT

3. B TIREMIRE, 1B (D). 1B (tp). BBNIEHA (ts, trailing stop). R IEHR (time stop) HY
fik RAE 1 AOERANT EDEAY . TE2R ¢ POURER A% J5 42 i PENDING_EXIT; HUATTE t+1 FOIT4%



4. AP NERIRHENT, FATAH 1 B E/ARCRIEN sl 5 tp WENE—FPN "Fedh —IX 2
WaRAE B bR, il & 2 il &2, A e Eo

5. W# - (EOD), WNERAE 15:49:59 WKELINH 5 &, MILEIZ UK EL U 42 % PENDING_EXIT,TE
15:50:00 FF AL T,

6. ~IRHRF—@, e, ~HIK. WARFRPD et mEHAT" .

7. FFREE (re-arm) A CUE K £k b, 3752 5, 775 AV Z SRR 0056 7E ELUR
FWEE K & LEH R 2mEE NP N E AR LE,

8. BRI IERN . HIEARTEE S K &N DAL, R NI 2 s REE . VIX AR —
5 HUE T, DR ("daily range %") M 09:30:01 &2, fEEUE 1 #) K £ ERSIHER
session Ja B AL, A session FFELHTIH—1k,

AR BB AL BB B — 2% 20 FEXIIIC 3%, H A entry_decision_ts 5 entry_exec_ts #HZ|&E
53 BB, DA Tk & BTN 1 22, E 2L PnL DA SPX 58Uk &5; F MES HYZETT PoL %
i $5/ /5 %L,

Python &% 5| %2 IEWMERYH A Rust §7RIBIL PyO3 + maturin Zs 3, 9 A& RAZ L2 50 5053,
FHE—NEMXEHRIE (W tests/parity/). X T IR HELSAIH A Rust []H = H
RustEngineFiltersNotSupported (i JiE#s XA 52— MEHIFE55), MM 4H & H Python 5124k
H,

2.4 TR
5N ERR G4 R A

- Mode B (W), P AASHE (K K &I, F—IFaL, TR fou & SRRy
R A — AR,

- Mode C (92), FAstE F—F0IF4, ARIMIEZN 0.5 AR (A 0.5 + Hi5 0.5, &1 SPX
FHIR 1.0 SEEBSRA), T F 5 B R LIRS RERE Mode C.

Mode B {E9NHE sanity N FA7LE; BRAE 55 A BEIH, A SCRTE #0742 Mode C, 1

2.5 ZEA3 0|
SERLIY RS A

o tf (S ENFEE®, timeframe): {1, 5, 15, 30, 60} 735,

 1b (Donchian [F[22#], lookback, PA K £k11): {5, 10, 20, 30, 40, 50, 60, 80}
o sl (1L, E): {off, 15, 25, 40},

o tp (IBE, SE: {off, 20, 40, 60},

o« ts_act (RahIEHEGERIE, =SEO: {off, 5, 10, 15},

o ts (BahIEHEE RS, HE: {off, 10, 15, 20, 25},

o time_stop (INTEIIEHE, 735): {off, 25, 45, 90},



« vix (HTH VIX TFFREE): {off, 15, 18, 20, 25},
o dr (daily-range NBREIH, %): {off, 0.5, 1.0, 1.5},

iSRS FBR — YN S & KT BME R S SRENT, BN B Ao P ik A il 5]
# (M 83),

3. FEA ST (2023-2026)

ATEFRAEREARNE O (777 35 H, 2023-02-27 £ 2026-04-02) £, F 2026-03-16 £ 2026-04-22
PUTHI LN R E RN RS — DM HUTERIE (Path C), SCHRRYEHR YIS T80 5 A X —[F{R B
results/ H3%.

3.1 Phase 1 Scalper &I

Phase 1 £ —NBEIZ 1 73%F scalper #2&R, HIZTEEIKRAE ., NiEiipRA iEdN. HE: tf=[1],
lb=[5, 10], /NEEMK SL/TP M#%, JC trailing, & VIX/DR, %558 9,504 Fhe &2 % — 1AL E
tf=1, 1b=5, sl=5, tp=10, ts=off, time_stop=25 7f 15,086 £33 5% Lr=4 T +3,319 s, &
75 Ik 1.0, & K [H # 563 ( W 3,
results/run_20260420_162326_full _grid_phasel/metrics.parquet),

Figure 1. Phase 1 (2023-02-27 to 2026-04-02) parameter-stability heatmaps
The 'best-corner' signal at tf=1, Ib=>5 (a) motivated Phase 2 — but note how sharply median PnL drops as lb moves from 5 to 15 to 25 (1388 — 671 — —114), a warning sign we did not heed.

(a) Median total PnL by (tf x 1b), colour clipped at 400 (b) Median total PnL by (sl x tp)

off 25 74 -74 -34 -15 -17
PR 1355 535 671 JEINBSUERVRRT MR 362 525 421 266 400 200
?
g 300 5
g S -~
£ 200 )
=1 100
% 5 35 109 134 16 202 PAIN 119 171 68 77 100 <+r| a 10 37 58 14 54 53 51
5 N
g 3 & “
I 0 g 2154 u3 80 34 65 97 110 0 8
3 & 2 2
,g 15 4-165 -87 95 99 -101 -85 -39 53 57 16 27 86 -10075 2 90 o1 67 29 53 84 90
= 2008 @ ~100
g ~300 254 94 69 45 55 85 77
o
+ 304160 83 124 117 82 89 73 134 72 96 93 74 400 -200
- 30 75 63 26 53 56 61
5 10 15 20 25 30 35 40 45 50 55 60 off 10 20 30 40 50
1b (lookback, bars) tp (take profit, pts)

Phase 1 ZEFEEMERE, 72: 19 AN PoL Y tf x 1b YA B2 BB HE T ES 1b € [5, 10]
SR & RS tf=1, 1b=5 ALY sl x tp VI, o — S8 B A sl-tp ZHERIX M7

K 1 E/RM5K Phase 1 V&IV, WSk IEIAY A B AR S L1575 S scalper A MG a1 22 HA AN _E
BN IE, R 24 5 1K3 PF > 1,{HRN 4259 (BMERLFIIMS T B PF HHEEHTE 1.05-1.15), HiX 4L
HERX 1 280 Hll e AU 52 EEARTIR S, §4.4 BRI B & 0 -5 M AE OC: — MK 1 2 Bhk
ITHEIE Y scalper, £ 1 FYNTE SN B S MFINED 2 B, 1T N 2Z SR E R,

WSS, £ SPX s EFE—MEUEMIER scalper; F—2 & M1 H 37 40 3 5 %) BE H2 1) BIURK
&,

3.2 Phase 2 —— H37%it



Phase 2 TE Phase 1 F:fii EANARE SN IEH (ts_act, ts) 5 H BRI A] (EfAMIE, EE 2 tf=1,
lb=5, sl=5, tp=40, ts_act=3, ts=5, time_stop=25, 17,262 2£%5 %5 +5,732 ., &5 Lt
1.16, BahEFER THRGREL iR E Z ARG, JUHZ 2023-2024 F4F, Phase 2 W ZEFEH
{7 HAEEE (expectancy) 4 +0.33 f (AIEFT 1 £% SPX 1 #) K kX [A)——iX K B %2 — NES
S5 RN RISH SR E S PITE R tick [AER, it AIE s T/ S, 3174
& A PRICIX — G AR FEAR I,

LINMISSE,  Scalper 59RTFE, M HA% trailing 245 7. MIAEBIA T,

3.3 Phase 3 5 Phase 4 —— Rider Z I 5 I JE 2% R

Phase 3 {84 & Y B % rider N [A]EH] (tf=15, 30, 60, 1b=20..80)HINFEE—TEME, ZHIK
BOERAYEC B S %, Phase 4 1F rider #12 A VIX 5 DR id €25,

Phase 4 AU F—— M ZE A IO R—F:

tf=30, 1b=50, sl=off, tp=off, ts_act=10, ts=10,
time_stop=off, vix=18, dr=off.

EFANGE D B XNEESET 129 225 +687 &, & 75 b 2.35, & KB 93 A (& 3,
results/run_20260421_033134_full_grid_phase4/metrics.parquet), 3% 2 H B (H
+5.33 f,IX 52— rider ok, RRED. BEREIHRBE——-5 Phase 1/2 1Y scalper 15X
B EA ], 2

WIS IS, SPX ETEE—MEHIS eSS rider, HZ 5 b5 [BIEES B AT Phase 1/2 )
scalper, ELAT—H VIX > 18 14 JE28H E W AT AR (XSRS, F305% 5 A 5 IEH),

Phase 5 (N B AEHR &, AN B A M H AL E) 2 F %% Phase 4 7ot ZE M — S BURME I KA £
+1 PN B, VIX B{ETE {15, 18, 20} Z A2 5, it ZELE KA TIE BRI — D iR L # LR R78
JE;VIX=15 fEF R 5 AR SR B A, VIX=20 7£ 2023 F5IFR T K2 5 Ay, Kt
VIX=18 1y "#H s I IE AR B —— X DA ERTESE 4 17 SR ™ R A

3.4 Path C —— MES T B RAE

Path C [A]HY/2: rider fTEIISEH TR FREA 217, FRATTHIE T =AMEk . (i) SPX I ER (FEEUR,
KAl B RE3E5);300) Rl delta R4ALAY SPXW ODTE HAX (ATM 5 A~ 0.70 Fff i #Y ITM_mild);(iii)
MES futures (PASZE 10 55055 ES). FRE— MUK BT IE 7R B (T 404 MES,

3.4.1 Stage 1 —— SPXW ODTE ATM /|M#E

Stage 1 J&Jd Databento JJj 5 tick {7 B! SPXW BBO & /1, fl T Phase 4 rider %2 5 {£ 2023-2025
VIX1D [ 2748 (115 ZE rider 225, 5 11 2RI A S HIBIRNTEAE A TH B BLE 60 FDA
— XS T AT e T4, rider BT EE TR E IR A OMIE (115 £ &1
+$34,835, {# i scalper #£ SHUEER),{H n=11 1Y CI LA E K/ HELANE 53T, Stage 1 E &
SRIUTE Phase 2 1 scalper I, i3 rider: #2[F— BS A ESZZEM [EIJAMNH T 16,407 2 scalper 28
5 A5 E LSS I8 51 -$545,890 (Xf Lk BS S =6 +$93,935 SN LA 1t +$5,732), KB K & /2



322 $5 i) ATM ODTE SLEAIEZ) $39 FYTEIRINT 2, scalper #5415 T 5 Phase 5 TAE
#7019 67/33 scalper-E G A B, WAREFRATHAT — LAY rider & WTHBX PABE . —™ CI 2K
Al B rider  #| & (results/options_validation_20260421/report.md,
results/options_validation_20260421/report.md,
reports/task_a_1m_validation.md),

3.4.2 Stage 2 SPXW ODTE ATM CI RHiEi

Stage 2 U 2P FEF 105 ZEBCAT Y rider 225, 105 ZEATHAE S $450; FFEELIEM 95% bootstrap
CI 5%, X377 : Phase 4 rider /£ SPXW ATM ODTE AR E — BRI edge, Tz A
FHIATEH edge 1HFEFAR (results/options_validation_20260421/report_2.md),

Stage 2 TE2T57 2 e FER 53 /2 BE #8453 iR (friction decomposition), FXATFER— 105 AL 5 L
T=121E

1. Points (JCEE#R): [55 774 +$42,002 (B pnl_points x $100 HJA, $100 2FA1HFIH—1k
1Y) Black-Scholes HAFBUREZFNT),

2. BS_ATM (A7 I YL ATM I, 56 2 Hi11%): +$38,465, 5 Points K ZFE /2 theta:
$3,537, i5i Points-PnL [ 8.5%,

3. Real_ATM (CBOE A5 Hi7ESZ BBO H47): +$450, 5 BS BIZER 2 2%: $38,015,
Points-PnL [ 91.5%,

Fff DA PEEE ) 8.5% S theta, £ 91.5% &L 3RH % (bid-ask spread), X Huf] 2z Fi AS NENS A
Z 2R [ T "ODTE 75 A SRS = BEH4A theta” [ W% 76 ATM A4,0DTE MM 25 A A
SRR

Figure 2. SPX ODTE ATM friction is 91.5% bid-ask spread, 8.5% theta
Rider point-level edge ($42k) is destroyed in execution (—$41,552/N=105 - +$4 per trade net)

Points x 100

(pure directional edge) $42,002

I
$3,537 = 8.5% of gap

BS ATM
(direction + theta)

spread cost
$38,015 = 91.5% of gap

0 (barely visible at this scale)

Real ATM cross-net
(direction + theta + spread)

0 10000 20000 30000 40000
Total dollar PnL across N = 105 rider round-trips (2023-02-27 to 2026-04-02)

SPXW ODTE ATM HJHUTIZEEIR 3R, /o =212 (Points, BS_ATM, Real ATM) 7EHE = y 4
LRIKEEZ R A 8 Points — Real ATM HEA B 4% 75 27 LEVA R T theta (8.5%) S22
(91.5%),



3.4.3 — GBI FENES ITM _mild 38 X F24

A T IR 7 22 0E I R HIA T NS 2 delta SRR ODTE HIAXY edge, 37 THIEHE (exit-
design benchmark) £ 709 £ JBIEHF WL 5 Ll 7 A M EFEA LA (EL-E9, W
results/exit_design_benchmark/), 7E 27 (regime x & it) /75,2 17774 T 95% bootstrap CI
REEFRLER,; —FHH BT short_1b regime (Ib=5, 2818l scalper), &F A IE I B G F 8 PEAG 56, HLAS A
JE DAHERY Stage 2 IHIE, AUHIE B AER: Task 1 [ MFE S804 R B B 5 10 BB SR B4
3.4 /NI A BE A JE R IX R PR IE H b & kb 2 5, 1 2% 18 3 XA 22 ODTE theta
(reports/exit_design_benchmark.md),

ITM_mild f7BUr $ i (2026-04-21 Y Stage 3) £ A~ 0.70 FIFSHL (opt_strike BE ATM +25 5) _[if
1 Databento $iZ T 66 ZEFC A 22 B tick, FRI%ZJE: IR delta B ELI=R/D theta #i R (JESL: 0 [b
ITM/ATM = 0.46x, 512 0.3-0.5x W) &), RN 47 2 B 7 LR FEAHIE (J8 52: ATM 4.30% of mid,
ITM_mild 4.44%), #(HEZHR: ITM_mild FESEHE $58, 1H 95% CI [-$75, +$187] 5% B EFLE
PR (4 A 2 4F 1TM BRI T ATM). VLN ARIE 2, 1 22 MR ("HE IR delta AT DAY L
edge") WHHERY (reports/itm_strike_validation_v2.md),

Stage 1. Stage 2, HIAIHEIES ITM _mild 22 XK IR G HIE 2: BIERIZHE 0DTE-SPX A
B I G, A A TN B 17 77 e IR FRATHE MES futures E 9 F—1 (WE&HE—1) %
A ——F HN theta, £ 0.25-0.50 FEEURYSETZMN 2 ($1.25-$2.50 FF MES &4Y). 24/7 IRE
e,

3.4.4 Stage 2.2 / 2.4 —— MES futures

Path C Stage 2.2 ! Phase 4 & 4= R £ R ahHIfE MES.c.0 1 238 K £k _EF 2023-02-27 £ 2026-04-02
HP, S5 123 BRG), FEF $26.69, 95% CI [$9.63, $42.94] —— CI NEEZ, Stage 2.4 1E[F]—42
AN LI 1 ) hybrid AR (£ 5B RG (LF] $24.92 (CI [$8.67, $40.54]), N HE, 121
B ILHY Path C #e2hrifE——PUFERE A IE. BEYE >0, CIAEZE, 5 SPX BN FREL >
0.8, edge filfifk3% > 90% rider T4 H1J&IT (results/path_c_stage2/summary_2_4.json 5
reports/path_c_stage2_5_verdict.md), ¥ FH Stage 1 7£ SPY 1 # LR XS (N=114, 5
B +$36.23, CI [-$1.59,+$69.44]) 1E55 —NbAP LIS T 79% BIHLHIHER, INGE T MES HUI5254,




Figure 3. Path C Stage 2 on MES: 4/4 in-sample years positive, aggregate +$24.92/trade

.g 95% CI [8.67,40.54], N=123; 3 of 4 per-year ClIs straddle zero (* below) — a visible warning
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Year (2026 = YTD through 2026-04-02)

Path C Stage 2 MES.c.0 _FAUZRERFZENF PnL (2023-02-27 5 2026-04-02), T ARFEIIE; BN
95% bootstrap CI, & f1: 1 #) hybrid SABAR (), K th: 1 BRI, R SHIED CI A EBE,
PY4E2HAIE,

K 3 41 7 MES BREMFEYES Cl, B4 2023, 2024, 2025 5 2026 (YTD) & A 1E;HH
2023, 2024, 2025 =4[ CI REEE, 123 B Z X SPX & PnL AL AHKX RECN 0.922, RE
edge iK% (MES/SPX_points) 7 99.1%, HKZE| ES ($50/55, MES 1 10 £%5) EKE FEHIE $269,
FHIS AR AT 09 $9,380 (2023). $6,483 (2024), $12,485 (2025). $4,768 (2026 YTD), - $8,279
BHE, X—HEFE 454 Phase 4 FEAMRY PF 2.35 5 MES | CI [$8.67, $40.54] % 7 FAI4E 2026-
04-22 5~ STRONG_GO H[E 4 fHE, 2 2 4 17 i BT,

MINIILEIE, rider EAETT Y LR ESM, £ MES L AIRI1T, FRATEHZIL paper-trading 54,

3.5 FEAR NI/ NS

attribute Phase 1 Phase 4 Path C Stage 2

Sample window 2023-02-27 - 2026-04-02 2023-02-27 - 2026-04-02 2023-02-27 - 2026-04-02
Instrument SPX index (points) SPX index (points) MES futures (USD)

Strategy family scalper (tf=1, 1b=5) rider (tf=30, 1b=50) rider = Phase 4 verbatim

N (trades) 15,086 129 123

Mean per trade +0.220 pts +5.328 pts $+24.92 net

Total PnL, +3319 pts +687 pts $+3066

95% CI / profit factor PF 1.08 PF 2.35 CI [$8.67, $40.54]

Max drawdown 563 pts 93 pts —

Verdict (at the time) promising exit grid EizONG candidate with STRONG_GO (venue-viable)




7% 3a. ZHFFEIN EHIIEAR AL 4511 2 Phase 1 scalper (2023-02-27 % 2026-04-02, SPX 4%), Phase

4 rider (JA/& 1, SPX 5%). Path C Stage 2 MES (/A% [, MES futures L), 777 N5 H.,
attribute Phase 4 champion on OOS Top-50 champion on 00S Grid-wide

Sample window

2004-03-04 - 2022-12-30

2004-03-04 - 2022-12-30

2004-03-04 — 2022-12-30

Instrument SPX index (points) SPX index (points) SPX index (points)
Strategy family rider = Phase 4 verbatim rider (tf=15, 1b=20) rider (tf<{15,30,60})

N (trades / combos) 940 trades 2,615 trades 460,800 combos

Mean per trade -0.253 pts +0.812 pts -133 pts total (median)
Total PnL -238 pts +2123 pts 29.8% of combos positive
95% CI / profit factor PF 0.95 PF 1.18 —

Verdict (at the time)

REGIME_CONCENTRATE

top-cluster anchor

prior distribution for §4.3

D_REJECT

# 3b. Task B2 7F 2004-03-04 £ 2022-12-30 (4,736 N4 H) _EHIFEARSNZHE 55 (i) Phase 4 71 E )5
FEE X (PF 0.95, 940 210 JE38 5 & 11 -238 5 —— AR XXBIZ /L UF4); (i) 14 19 4E & 11 PnL HE# Al
50 19 "L E" B E (tf=15, Ib=20 [ PF 1.18, +2,123 /5 —— 5 Phase 4 7F 9 TN#iHH G 8 ™AL 1
[A] B ED); (iii) 55 460,800 FAHEHIMIFE I (H17 -133 3, 29.8% HIF)o

AW Phase 1-5 5 Path C, FRATITE 2023-2026 FEA L HY — DA & &R 45 A 7 — D77 WA FE—1
rider P &, H edge #idt BEARIY 0, Bl HIE, A SPXW 122, H MES #2477 — /B (X,
CI NIERIRI 2R 5 i,

FATE— I A ), 2 X ESBUREINT IS R MR UL R EdE A e,

4. FEARAMEE R (2004-2022)

4.1 VIX30 vs VIX1D TSkt Task 1

TEIBAT e BEREAR SN 2 BT, 3R ATTIA) 77— A)RE: Phase 4 3 IE3R AT AHAVAT—H VIX B2 52—
TR P s _HERRRE TR SHEFR?VIXID (1 H B5E0 75 72,Chboe T 2022 4F 4 A5 A\) A PABEZ
BEAERH M regime B EERAERNBEARRRIGMENRTH NT 19 FRIREARINE O, 3ATH
ALY 30 K VIX /EAHREE,

Task 1 [7]: XN 2 A — B0 2 S 2 PALE—NME 2023-2026 VIX30 AR E B T 2%, 15 R
regime FRAEHE B B (VIXID NMELER) i, & 4 ¥ HE vIX30 (& H Y E) X HE vIX1D
(M 1 735f K L8 RAE H B IED) AR —hr R L B Y 747 MR E RN S H, RED
FHEMEAHSE (KF LAY Pearson 0.72), B EEZE,HE Z A1 3 R —ME ——F X TEZ Mk
BT "regime = =" 8" %E G M Jaccard EE & —1F VIX=22.5 BI{EALIAF|IE(E 0.43, Jaccard
0.43 BEIRE: EP—NFHIARN "5 regime" B3 5% H, R H 43% SN #5 — NFHIR A &

regime",




Figure 4. VIX (30-day) is a poor proxy for VIX1D (Jaccard = 0.429 at VIX (30-day) = 22.5)
The Phase 4 filter (VIX1D = 18) cannot be back-tested pre-2022 via VIX (30-day) without large classification error

|
Both below (n=606) | VIX (30-day) = 22.5 °
o Bothabove (n=65) i (Task 1 peak Jaccard) °
709 @ VIX (30-day) low, v1x11§3 high (n=72) °
©  VIX (30-day) high, VIX1D low (n=4)
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VIX30 (#if H W) % VIXID (M 1 2 s S RAER H D), B 55 AN e S RN AZ AR 747 A
5 H (2023-04-26 5 2026-04-18), & rA#AHX VIX30=22.5 5 VIX1D=22.5 NZREE, "&T
BIE" 5 REE S Jaccard EHBTE VIX=22.5 AKX EIE(H 0.429,

fiRisz: BN FEFIEN regime bR IEA AT B H—H% VIX30 bR &R H F, 5 8¢ VIX1D broh &Y
HF AR 2R, X3 AT B S 2 KA Phase 4 VIX > 18 JTIE RS G INA T iEE 2 " IEEsIH
BT — R 5 TR I S regime”, T FEIX M regime Mg 2 8], B AR BI/E —
DL ERIRRIAR—8, —/ME 2023-2026 DA VIX30 brE i €SS, A58 2 B2 5 VIXID FRiE
AR regime & S AX bt — TR E5 A9 M A F2 € 56 2 PALE FRATTIN AT AR A i "VIX i 8 88 A & 1S
regime 5K IRFFINEE,

4.2 Task 2 —— Rider JCidJERS, SPX 2004-2022

YE4 Phase 4 5 Task B2 2[RI — M2 EALIT ¥, Task 2 £ SPX 2004-2022 52%% 1 7 #PEdEsE a7
Phase 4 rider FC &, vix = of f (A I IER), M BER G, FiR: N=2,237 EX 5); &
EEYS(H -0.120 £;95% bootstrap CI #5F [-1.08, +0.77]; B4 70 il B AY 2022 FE—4ERL -172 £1,2008
Q3 -117 55,2020 Q1 -86 fi—— XL AR o 2 TATEEAR NIIAEUE rider AN IZMNHIRF], HH5E
I rider & E THMA AN RS E RN RN G EME X MEMGE ARSI, X2RK
T — N EARRREARIMLESS (reports/task2_spx_long_history.md).

4.3 Task B2 —— 460,800 41511 rider WFSLE 2004-2022 |

Task B2 #2 rider Z2E023[H]: tf € {15, 30, 60}, Ib € {20, 30, 40, 50, 60, 80}, sl € {off, 15, 25, 40}, tp
€ {off, 20, 40, 60}, ts_act € {off, 5, 10, 15}, ts € {off, 10, 15, 20, 25}, time_stop € {off, 25, 45, 90},
vix € {off, 15, 18, 20, 25}, dr € {off, 0.5, 1.0, 1.5}, & 460,800 Fh¢H & & —FPHBTE SPX 2004-2022
Y 1 738 Mode C K £k L=, 18 3d Phases 1-5 i Y[ —> Python 2% 5[#I81T (1 71T R4 §4.4
[ Task A e 1E N AT SERY 1 #D rider fR3E: Mode C 1 72 ##HXT 1 #) ground truth 7EJCILJE rider &1t
U +0.6%), FEMT: 16 worker 7% 8.1 /NI ISR (results/task_b2_rider_grid/).



4.3.1 PIt& 1

Figure 5. 67% of 460,800 rider configurations outperform the Phase 4 champion
on a 19-year out-of-sample replay (SPX 1-minute, 2004-2022)

1
hase 4 / Path C champion rid median Top 1% (854-2123 pts)

P
17500 91 rank 309,069/460,800| 133 pts
= 33th percentile from bottom
(67% of configs score higher)
15000 4 total -238 pts, PF 0.95
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Number of parameter combinations
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Mode C 19-year total PnL (SPX points)

460,800 Ffi rider [A%LH & 7E 2004-2022 (19 4F) _E Mode C &1 PnL E A B, H -121.9, H{7
-133.0, Hrf1 29.8% NIF, £ faszekbrt Phase 4 /%207 B -238.2 15 (rank 309,069/460,800, H ik
33 L BNZE T W& H 67% HIHE). BRIACEHIARH A& HZ PoL AT 1%, EZE ZEZE(ILTH
17,460,800 FIECEHH 67% HHEE Z Fo

& 5 7~ 460,800 FEH & Mode C 19 FEFHINE T E, A LEEEZTLAR: ME -121.9 &, #
ff -133.0 mi, ¥ 29.8% HI4H & N 1E. Phase 4 i F1E -238.2 mAbiRth (T EH & %), HE 4
309,069/460,800, 2t H K 33 7347, BIZ T AN E 44 X _EMH#EHRET 67% HIMHE, Mode B (&
W) FEIEHES 7L (-167.7), (BRI,

"309,069" X MU FHFFEHHL— o Phase 4 HYIEREREE: VIX > 18 Sl L trailing 22— AR
ST regime I & + I E MY REHET . BRI A — N WIER B e A 2 B
ME IR IR /. FLBMHER: 2R, B2 EF KT AL EESEAE 2004-2022 Y
A2 A, 1 HLEL M A B R A AR IR 2 22

4.3.2 Top-50 H— i (monoculture)



axis Phase 4 champion Top-50 2004-2022 modal
tf 30 15

Ib 50 20

sl off 15.0

tp off 60.0
ts_act 10.0 5.0

ts 10.0 20.0
time_stop off off

vix 18.0 15.0
dr off 0.5
2004-2022 mode_C rank (of 460,800) 309,069 1
2004-2022 mode_C total PnL (pts) -238.2 2122.7

7 2. Phase 4 FEARNTLEX] FE 2004-2022 Mode C 19 FE 41 PnL HES BT 50 ZHEH " A" Z801H,
9 ™M H 8 NMA (H A time_stop_min = off HE5),IX/E §4.3.2 "top-50 monoculture" F &/
2 7F 2023-2026 EHIFIZEAT A5 1F 2004-2022 JEHHIZEH &, A IFE LG HE AT, rank 77X EE
PN B E 460,800 ZH A P15 HHHIHES: Phase 4 fiE 309,069, top-50 FASH EHEHA 1,

1% 19 /A1 PoL HE T 50 RIE ST — MR I ER 2K
e 50/50 £ H=E tf=15 5 1b=20,

o SL{HZRAE sl € {15, 25,40}, TP ZR1E tp = 60 B¥ tp = off, trailing Z1E ts € {10, 15, 20, 25},
o VIX ITHERSE 2, 15 B2, of f;DR IIEESE L 0.5 B2, off,

XA RN RN G, X2 — AN RS F B e s A & A 5 e B R = SR s — R —— F 2
Phase 1 7£ 2023-2026 FEA EIRFNMIFE—DNAE, £ 1 EMRERGH 10 #HE;3 2 @ Phase 4
45 top-50 "FEAR" SEEMOS L,

4.3.3 L FE



Figure 6. Phase 4 champion sits in an isolated sub-optimum, not on a plateau
Slice through (tf=30, sl=off, tp=off, ts_act=10, ts=10, time_stop=off, dr=off) on 2004-2022
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Phase 4 champion — rank 309,069 / 460,800

AT 19 4EA T PoL 19 (b, “vix") Y1, [E % “tf=30, sl=off, tp=off, ts_act=10, ts=10,
time_stop=off, dr=off’, ZLHEARH] Phase 4 7% (1b=50, vix=18) ff -238.2 ri, WERLLE, H. bk
FifIRE TR 22 M6 A (1b=40, vix=18) H AR +211 £, FBFRIELE 460,800 MRS H ) 2 RHE
H—— AR 1b=40 5 1b=60 <0)F 7 FIHAEL] #60k 5 #43k, LLieE % B CHY #309k 4F = —1MK
BT B 2 RS I B = 5 2K

&l 6 T R{E Phase 4 jof 25 [E & HUE N AUZEEEMIAS (b, vix) PVIho REFAE (LLHE) FEAE— DM
B, 2 b #EIK 10, BT VIX BUEEE 7T A —4, K24t PaL; A 1b=40, vix=18
BIAPRAY +211 /o HEANZ— A, T — MR SEORE R — MR,

BATEEE 19 451 oL He4 AT 20 IHE B T — 4 SRR B KK (neighbor-cliff test), X &
AFFECE G BN £1 RS (A8 RS, S —) 23 F IR, 20 D2 E8IE0 diff
F—/DH A 1 BaHEE 19 4 PnL ik 28-65%, (HARE AR 1A PoL (1Y
86%, FA TIXFEMRTSE: B AhBURMER S (ARSI S EE) EHE 1Y tf=15, 1b=20 MA%FEN—
MXIHIEBEFRE, top-50 FIIE— MELLXI, M B HEIIRIE, 5 top-50 monoculture & P& FH
K IX A5 S regime SEFFAHZ, M4 LA (overfitting); {HBARIE 1T N A B 2 K BRI PTAA]
AR S AR R R — &

4.3.4 IFE R

72 1 (reports/paper/tables/tablel_topl0_per_year.csv, 30 5, K%ELIENIREI) 1% 19
A1 PoL HEZ T 10 FIH AL HIBAE PoL, 2 X H/NGE top-50 &, top-50 [AEEEHAL Pl 457

£ T 2021 (+429 ) 5 2022 (+901 1) Tk T 19 FEPM AT 67.5% (1,330.2 /1,970.9 £), E

FIX AR, 19 SN S TR E] +640.7 s 4 2004-2006 CBIL K £R%E0R, §4.4) H Z15 2021-2022,

BT 14 FEHPAA

AU top-50 23 M 2009 (H -52, I 100%). 2010 (7 -118, 100%), 2012 (FF47 -82,

100%). 2017 (7 -1, 100%), IXVYETE 55 7 C S 8h 2 1 52 8470 FEl—— 2009 VIX £ 31, 2017



VIX 2] 11 ——H top-50 F&A EA— M ETEIX MY EREE —F H = A ER4EE PnL, X2
regime £ HHIEHE U,

4.3.5 VIX SREFT

Figure 7. Annual VIX explains only 8% of top-50 rider PnL variance (R? = 0.083)
Multiple elevated-VIX years (2009, 2010, 2012) produce negative edge; 2021-2022 dominate the positive total

n = 18 years (2004 excluded: no VIX; 2005 partial) |@
Pearson r = 0.288

Spearman p = 0.290 2022
70LS R? = 0.083
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—— OLS: slope = 10.1 pts/yr per VIX point, R? = 0.083
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FERE VIX BMERT top-50 4EEHAZ PnL, n=18 (2005-2022;2004 [& VIX 5 A2HER), ZltEils
AR 101 f2/E VIX 5, R?=0.083, =30 =5 2005 (F5 VIX i) y=100 FI7KFL/E R
WES%, 2009, 2010, 2012, 2017 M TFZSELLA R RE VIX 5 11-31;2021 5 2022 125 H F,
Pearson p=0.288, Spearman p=0.290,

LHIAERE VIX P{ERT top-50 4EEEFRZ PnL (n=18, 2005-2022;2004 K VIX & 5 A4 HIZ4E top-
50 HHHE 13/50 HETAER G HHERR), PAIGLRAIZRL] 10.1 /8 VIX &, Pearson tHX 2%k 0.288,
Spearman 0.290, R? = 0.083, VIX {E top-50 b "fi#ke" (4R PnL /7 ZAE 9%,

G BIMESIER S 4%, 2009 (VIX 2 31): top-50 100% 5 1, FHAZ -52 .. 2010 (VIX 2 22):
100% ?ib\, FRfZ -118 o 2012 (VIX £ 18): 100% 5 #, HH7 -82 £, 2017 (VIX £ 11): 100% 75 i3,
FRAL -1 55, IXPUESESRE = 7 RATREAR SN VIX W) 4 5650 B, i AE PU4E B — top-50 Bl &
5, %_‘ﬂﬂ'_‘%, 2021 (VIX 2 19-20, Bi7) 5 2022 (VIX &) 26) BRI BI18 +429 5 +901 ——
1El 2009 (VIX £ 31, HEAR N @) BOREMER . &AM ERIE VIX SUNGE E 2700 X e
Rl XS "regime HH, MIE VIX £ IRUERIEL: 2021-2022 22— DN EAKTi5 854, AU —
Ex.% VIX HFHA,

4.3.6 i F

N T IEEER 19 EHPUBE A E FRAIM Task 2 5 5 51| & e $ TERFER S LN T —
H VIX > 18 I 828, Task 2 JLIFIEARHY 2,237 £, 951 ZEiEid I IE#%,19 FF A1 -257.0 i——

5 Task B2 1 Mode C #& F# &5 19 -238.2 stk (/NEFETE T Mode C 1Y 0.5 578 53 LA vs Task 2
PSS, BE 2020 4K, % 21 55 Pl A F|— NS EBlg(E +78 s ——FF 2020 AR K
BT IZRIG I 528 A AG BB A "PMENIE s #2 R oRMAEHE +78 2B K 2022 FE RV AT
2 -248 pi: HEAE 2021 5 2022 FEAHT T4 325 5, i EZIXF4E top-50 monoculture 7= H 7 H:



2H8 19 FIEATH. BED I "% AE 2021 5 -125 i, 2022 5 -201 2 —— XWERLE #
77 top-50 monoculture FYAE, EEZEFHIEFIZTE 2004-2022 FRERIE, T2 ELARHIAE AR RS e — i
HSEHERN T 2%,

Cumulative PnL (SPX points)

2000 4 Top-5 B2 combos (cumulative)

1500
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Figure 9. Cumulative PnL 2004-2022: top-50 combos concentrate gains in 2021-2022
Phase 4 champion ends the 19-year series at =—250 pts despite a positive 2007-2020 path

2021-2022 window (67.5% of top-50 19-year median total)

=== Top-50 B2 median (cumulative)
=== Phase 4 / Path C champion (reconstructed with VIX = 18)

champion end-2020:
+78 pts

champion end-2022:
-248 pts

T T T T T T T T T T
2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
Year (cumulative to end-of-year)

2004-2022 21t PnL HHZk: B2 top-5 & (AIKLL). top-50 HAz (FHI). EEEENY Phase 4 i 4
(£1), top-50 HHHZ M 2004 FI| 2020 FEAFE (%, 2R J51E 2021-2022 2 JH |1 Phase 4 i ZE M 2004
FI| 2020 HEAFF b, MTE 2021-2022 *4k&52 &>, ABEE E5iEk T monoculture 19 £EIEA T
2 mMEEFASY,

9 U E it paL &k BfE —, HERIZLM 2004 F| 2020 FEA £ ERIE, 2021-2022 4652 R4,
top-50 H AL HIZk M 2004 F| 2020 1 EE AR - ffw % (E1E 2021-2022 28 i —AR B b hAg Ak
monoculture 19 £ IE AR, MHEE S 5HE B,

4.4 BRRRER



Figure 8. SPX 1-minute bar degeneracy drops sharply after 2018; 2004-2006 exceed 40%
2021-2022 (the years driving top-50 PnL) have essentially zero degenerate bars
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20% threshold (unreliable mode_B intra-bar logic)
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% of 1-minute bars with range < 0.1 pts

FEAEGY 1 5380 K Z&76H] < 0.1 $500R (MBIL") IE 7 b 20% BIME (B£R) /28 PR AT &1
TR, 2004 (55.3%). 2005 (53.7%). 2006 (42.2%) JZ =T BI{E;2007-2017 1£ 3.4% %] 27.8%
[A];2018 Z JG MK T 0.5%, 2021 5 2022 (3¥3] top-50 19 F1EAH IR ) BRI ELFIH 0.0%,
2010 (4.0%) FXFEARJE (2009: 12.2%; 2011: 27.8%) {wk, S BLiZ H Pi4E AVl tick 172210 B 28 1k,
HT 2010 E.7F 20% A FEHEEIE DA, BA T I E ISR T AER E B IE R,

K 8 BoRIZEMET IR 1 238 K Zebb B, & CONTuHE < 0.1 F88URM K £k, 2004-2006 53 714
55.3%. 53.7% 5 42.2% #BEE = TERATRAM 20% FTEEMEEI{E, ARJLAE Mode B HIFDNIZ
BB, AT EAC R AR E, EERINEIL A 1 2004-2006: HIFRIX =4F 58 T
) 16 FEFEA (2007-2022) H,top-50 FHAZ & THAHX 2021-2022 5, Y24 f) (2009, 2010,
2012, 2017) 2EAR B E V) 77500,

M 2018 EE, IBfb K ZeLLFIERKT 0.5%; X5/ monoculture 1E-5 1Y 2021 5 2022 F4E, IB{LLL]
9 0.0%, Pt DMZC R IRAS 2 5L P s B B = )

— A SCEGIE (Task A) HiiA: 1 7080 BHLUTE rider )% L2 1 FVBHIAY— AT S, {H1E scalper
Rtk b Fx¢. Mode C 7E 1 78012~ XN TEILIE AR rider A THHEXS 1 #) ground truth F A +0.6%; i
scalper [] Mode C 8% 1 #) ground truth {i@ -54.9%,[K N B #EH ts_act=3, ts=5, sl=5 BLETE 1
BN 2 N ICIEERR AT, IR IR T TEREARSMR &5 Phase 1/2 BIJREAL: (X scalper Y 1 73815
1 PO ZE SRR Gt 2% L {7] regime {55 (reports/task_a_im_validation.md), —> scalper
AIMEIE T 25 rider FEAIMERIFIRRY 1 FOALIE A2 5 h— MR R TR & 25—l
S TAER

4.5 Path C [ PR32

§3.4 i) MES STRONG_GO fEN— P IERIEY M AT SR RKAZ: rider FSEAE 2023-2026 F T &2 MES
R T B $24.92, CL AEE, 84 RIANK NN 2. rider 2023-2026 K edge /&
2021-2022 regime @IS T A L5 RFELM: (ODTE 2014, dealer-gamma EAV, J5 COVID KZ1%)




PAEMRE] T HTA, — EAEARYNE 4 regime 8 EE B[] 2004,edge FLTHK T #2752, Path C Stage
2 FFEEN +$24.92 MES (FR1 T +$249.2 BT ES, 1% $/55 %R 10:1 K 5H C1 REERHIE, H
INT—NECER AITERTTIHE XN ECER 45112 edge 72— NFER R,

5. Wi

5.1 BB 1 12, k5 712

TEW IR R Z BT, B SEAE I U FAMREE B0 7 3 R, B0 |28 503 T RV IERAYE EAR: Python 2
S Rust SEELR S MNAE Aom 25, 1 FYRRE P 2R EHT,VIX 5 DR g _TE
B K M58 L1 SR B a1 A S R IN RIS AT B, §3.4 MPUTE DR
— 11 91.5% 1Y SPXW-ODTE EEIHE T2, Hit 8.5% IH[E T theta SEEATTRR DL — X
N2 BMERZ A PnL JMIE, SPX ODTE HiRUy 2 — NG BIIEFTZ W,

RIGHRIFFINA L . FEATE RIS — AL =D B IRE:

1Al A HES —ANUR B, 3.1 519 2023-2026 & [ [F] I #% FH 75 2 B0%E £
(Phases 1-3), JIJE#SIZEEE (Phase 4), Hi371% 1T (Phase 2 trailing, Phase 3 time-stop), PA M Path
C Bk . 7EE R Path C STRONG_GO WHE—ZI, & B AL T EFEARIMRE . £ MES
futures [ "IGIUE" (§3.4) B> dbh X AGE, A2 FEA R XA ——RIENZZ 5513
YR RAE R — 4t 780 K _FikH kA, TAVRIENE "F—MZBERREL R CLNIE", iR
B "NEFEARFIANIX LR ok B — PN EIHEE S,

2. BAT UL DR ERAY "R PR e SFEMSR BT, Phase 4 it VIX > 18 I JEAR7E rider
R LS T & b A THUX AR DE AR PR 2 H 5K regime AVIEHR, 52 L AN RIBEHH
F—PMHAERAER — MEAR &R, P ABS A A& FR e M FUR BOA I B, X R A IMR
EMERE T Y, B 7 fEAEARSN B VIX-PnL 55 09FH % (R2 = 0.083), A AR 78 5
VIX 270 EI 2 AEG AR BATMRZE R AR DA RS,

3. MEPEXTIRATIA AU, FRATTEEASE B 7 RIESER, Path C A 7 RA— BB E =24 E——
MNMERBE I LA R 5 riders AT RKBLE T STRONG_GO X%, ARKIEE Task B2 HYK
73 58 AR R T BB A BB R — T ek & B A 1% A 1L paper-trading T
(EATER 7 AELEE ORI, FEARIMEIEH Y B T — DN FE, A2 — D —HE R

IX LR Z R RERVEE 1R, 2 BB XA 5 18 B HE T 2 (White 2000; Hansen 2005; Bailey, Borwein,
Lopez de Prado, & Zhu 2014), ‘Ef 2 —MHFTIAGERIE™ i R EEHIE LN G —5 & EG 5
HRFL A AE W SR 2004-2022 TEHE 2 BT, FATTM AT 2023-2026 AL FEBEIRIE LI AT A0 SN 7T Ko
Phase 4 i EAEREARSNNFS_EHES 309,069/460,800, 14142 — MNESEZAE Y regime FFEFEA ik Y
top-1 HE TERKEARZSIEMUIEARINP RSB RIRGE R, XAEIN X BIRFEIUE

5.2 Regime 3:H1 vs Al {015



NEBATNERAWN DR IESH aid S FERNSERELEE] 2023-2026 H RIS ST TEAT:
KR EEASHE) 5 regime B (rider & —MNE 2021-2022 FI B KT 1 regime A 77
£, FEHERNPAFEENES edge), IEHERF regime £EH, MAEALS 15

e 2004-2022 top-50 52— monoculture (50/50 1\ T tf=15, 1b=20), 172523 A B BEAL B
MR EFELE BATHEEARFEAR LB ARRER TR,

« 2008 (+181), 2018 (+148), 2020 (+131), 2022 (+901) #B5 S5 PR s 2R e A O ——
Xf top-50 FINE N IE, 5 JEHLH (dealer FEXHIH SR AR SR BB AE(H) & I EE,

o 2023-2026 HFEHIBE(HE (+5.3 A, n=129) & 7E top-50 K 2021-2022 73 i NES, N ERF
B,

¢ 2009, 2010, 2012, 2017 B E VIX BTG S i B4Ry —— X top-50 &
7, B I e A AN b, I PE AR A IR H X regime,

HE SO BATRE ZE MR 2R 2 — PN ESEIRFRIIR, BN "— DR A2 AR S P
regime E#RORFFIESIER(ERIMIN, &R —1 FAFIN ) RO, B 22 R REAE N — D EIR I H a5 A PR
SRR A EUE N,

5.3 BDFEAR MR A RIACHT

ANERIRATLE Phase 1 R4 2 BTHLIE 2004-2022 FEAH I FLAFE (40 2018-2022) R B — AR Ak S (1
holdout, #If Z, Phase 4 7 28 H#AE 2021+2022 [ -257 s AEFRAT# Path C Z HiHL 2 AT WL, EEA Path C
TAERM S — A0, A DA/ D AEAR SR B BT E 2 Phase 2-5 fill I Path C Stage 1-2 HY 426
AR KL 51 T (researcher-weeks) fill_E—{X $5.50 [ Databento i/l —— #k "E2
2 AL B (IR E M, Databento ES 47 BB HEL (Fx#IE Task 4, $20 i) 7 2026-04-22 U
F| Task B2 &5 R 5 # i scBOH: ALHIZ A R E SPX 1 P RESE Lok, B S R B FIA R
SAEHE E AT BT R — M AR

FERATZ BRI, —ME LIS Z:

1. 8 2004-2022 43— &k H I (2004-2013 &) 55— REFEAR (2014-2022), 1RFFHREIFE
ARAS

2. ANAEIZR5 1 _EIB1T Phase 1-5 5 Path C, BHIfZE IE & B R LR AUFERR,

3. TE Phase 4 / Path C Z5 9N X R BAREAR R FH —1> M Id sz b, Hlan: &2 mqE > 7/9
REAFEARFEAy = IEFSE PoL, HA > 5/9 fFUZE CI A5, HIRFEFEA LY Sharpe
1E 95% /KF _EAEEE, " Nl - SRIRHHE BT - HEALREE,

4, LEHE 2 5, ¥ AR PoL SHUEICHI R BEAEAR PaL A0S bk 5 1E M PoL 2E(KT
REFEAR I, iR B E R,

XN R ETHE + BRI EFE A (walk-forward + embargoed holdout) ¥ 11 (Lépez de
Prado 2018, 58 7 %), HA & A EMH ARV, FA XA E AR R T 2B A B MERsa N, 1471
H O A RN B O, T2 ERRAR A BRI,

5.4 {t 4 Path C %A KW G



XF §5.1 AUFEAI— D H AR B IE: "Path C TEA A fff_L H0e 56 UE——BB A mt /& — MEARSME SR I 2
I8 IXA X BT,

P5 (AP IR IIE (cross-instrument validation) 22 Y2 [F]—f3 M. SPX XIS 2 ] %2 5 &4 (MES B¢
ES) %2 5538, tEHT BRI N 2R edge, BRI "FRATTRE DARI RS2 A ZE 50 & 152"
BT, BERRE KEES2ELNIE 1y #5i7 KE, 580 RSERNZ—5 #i
RGN, K B IEE MR REIL IEGE,

FATIHY Path C 2751135 2023-2026 FEA NI JE#RIZE HIAYIF —Ht 129 £ F);MES HIZ TE#THY A
ARG IX 129 ZEEHTEN . XFVEFTENE = NE FAER (BN, 5 SPX fHMEE. edge i
IREL] 99%) (HEATHN A VG B HIFEARIMIENME, FHAEARAIN 129 22 5K H—1" regime 4§
TE A, IR 2 MES BEHTEM G 129 ZEARK H1Z 010, RNNRZ B AR Gt 2R —it, IXELEH B2k
LLF4E "FREIEITJE bug” (Path C [BIZFAYIAIR) 2 24 /F "FRAVEIMATHET ™ (A FRE AR GERI Y A
H)o

BATIAESE Path C BIERIUER) 2 ZHAFE 57 50 EHEBR T RS AR, EAREMILES
AR, 8 Path C 52 WITH H I A BES 1E T 2R TR A — DI I HIREA SR B A A

ok
HEo

5.5 JaI bR M:

o BHULREE, Mode C Y 0.5 il U2 — DAL, X rider £7r (20-45 7381 1 & sl )N;
%} Phase 1/2 scalper K%, — WG IERFST (reports/task_a_im_validation.md) Z/R 1 %)
PIREAR MBI scalper i +15% X BT AEREARS MR & Phase 1/2 B— N EIA,

o —BFEARSD, FEARIMEIRINTE SPX FEEUA B T, FATRATE MES futures FFEAR
Ah (Databento S A AN $20), L HZE SPX 1 #V 2[5 5 HIARETR, §3.4 19 MES BN 102
ERERIATE, AR 55 AR,

o JCIE reality check K3, FATHR & T —HECEAE 460,800 1% P& HIHES, DA top-50 1%
BAEREFE e M, (H3%E N IEM Superior Predictive Ability #%%: (Hansen 2005) &Y,
deflated Sharpe ratio (Bailey & Lopez de Prado 2014), T ZHENEH EEHAEB T 67 77
Az, WIFg Az -133 /), BATN AN IER R 2 HlE, (e S TEE e & L ERE,

o Scalper HIHEARIEFEARIMKIR:, Phase 1-2 scalper & Z1E 2023-2026 b 5i PnL N IE (+5,732
), B SPXW I Z{H#E, MES EE#EE /N, {H scalper \ARTE MES _E#INIAIE (HARTE 2004-
2022 DA 1 MOREE AT ), scalper FEASMG K ML TER; Task A B/ 1 73 BRI
AR, Task G LRGBSy RE AT E AT BECER 3= H17E FY TR AT,

o TR IESRFETERER, BATMY N2 FEMD 558 VIX BT IRUES JE %A IR
HHARE regime, (HIZA OB IL— M BRI JESFSEE EFEPR, B ™M TIEm <2, filan "2
3K top-N HETE > 15/19 5 _LNIE HHAL > 0" 1ENFEARSME RS2 hn i, N TE ] —
BB BRI Z il

o Regime HHIA G RH)GN, "2021-2022 dealer-gamma / ODTE a4 A& MIBE DR
SR, AR IEICH, — NMEOERIETAAR TN S ERT S RIS TE regime X WA " Z i
St (PASRTAIMEE 7 2X) € X regime U5 ——7 | "edge /& HSZHY, ‘B AE regime X HHHI A"
AE RS EIER 2 FRE R, MBS BEH IE R ASCIITR, AT AR DX — A,




DAIBEL A §5.2 ) regime 2SI 1 "I 2021-2022 S PRI LR BN B R 1)
SBATIE.

6. 451

FAURE— NGRS — DR E, —ME 2023-2026 £4E Ei%EH Y SPX Donchian Z38 rider
—— AT —H VIX 88 5 IRF trailing 117, IF1E MES futures ERFIN T SnF Al 1T —JCiAAE
19 FFEARIMER 217, H 2023-2026 HY edge 72— regime £EH T 2021-2022 15 & B i [A) 4E
1, SER B EREARSMEAR EHER BT 67 73, H 243 JEESAE R, 78 2021-2022 PR4E 5§,
B4t LU R WE AL E 2% B — 580 5 8 ATH CAR — B EAURTE 2 M2 SR T H
AL R

L ARAEATIEREE B2 0, e WS ICREARSME 1, N T78 H B S H NEWE LI21T. regime EFER
JEEAE 722 0 S B 2 b A SRS, A ] DAPE D — > AT Y 3 AT AEL AN T AL AT REAR IR R T 7
Z5K4 regime RN BE KB 2742,

2. AEPRR AR ERGIE edge, A EAE— AR E R —FEARNZZ G HIR A F it ERE, TR
X K5y (SPX — SPXW — MES) e lERYZ B, AZ edge, M AREE; HA B —1iU2 H Al
RE BRI R,

3. B A TR E SR AHLAEREARIMG S |, AR PTERIRE L. FA715 R Path C STRONG_GO
HIBERR FIER (MES 1 BESR]#28) 75 5 A2 1R FPER (edge /2 regime FFERY), 1X ]
TEA B> AR 2

4. BB IERAETERH bR IE,  — D AMTHIBRIA (FE9EE s AR S IE RN /2 2R HE4
SERTHIRCETE R /D 75-80% HIFEARSMESY L= A IE4EFE PoL, H CI AEEE, X1 EHFARLE
WD BUEEHIREE ) monoculture,  FLARBIE R LR TSRS IR 01 5 & P regime & %%

I

MNARSCFTIRF AR E, TAERE XA, T — RIS S 2004-2022 SPX 1 FUFEA T HIE#E
TEIR I —ARNEARIAE 2 BATE— IRz, 7] DA T — IR LA ARIME I R I, AL E
R R SRR

IEHPIEEE: MGEIER T — 3.1 IR PIERING ™= 1 7 — Mk, — R5NHTE R UERE
PR T RRE R, — DR DTSR AR IME I R AR B Z B A R T HE . B NIRRT
i, £ $5.50 Databento $7HX, A1_EFEARSMAAET 8.1 /NI B, BT RE—4— regime £+
HIEC & J5 3 paper-trading, 15 R —IX T iA&E M VL & I E SR —— B8 LM E D, EX MR
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Interactive Brokers, Cboe, and Databento for data. The simulation engine was built in Python with
NumPy, pandas, and PyArrow; Rust parity uses PyO3 and maturin; grids were parallelized with
concurrent.futures.ProcessPoolExecutor.
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Phase 1 &% (§3.1, 7 3)

results/run_20260420_162326_full_gri
d_phasel/metrics.parquet

Phase 2 i 4 (§3.2)

results/run_20260420_235118 full_gri
d_phase2/metrics.parquet

Phase 4 i % (§3.3, % 3)

results/run_20260421_033134_full_gri
d_phase4/metrics.parquet

MES Path C Stage 2 (§3.4, & 3, 3% 3)

results/path_c_stage2/summary_2_4.js
on

BRI (83.4, B 2)

scripts/options_validation_stage2_co
st.py it

VIX30 vs VIX1D (§84.1, & 4)

data/vix_data/,
data/vixid_data/VIX1D_1min_full_hist
ory.parquet

460,800 ZHEMIA% (84.3, B 5, % 2)

results/task_b2_rider_grid/metrics.p
arquet

Top-50 monoculture (§4.3.2, 7% 1)

results/task_b2_rider_grid/report_ta
bles/top_mode_c_by total_pnl.parquet

TEZEARIA (84.3.3, [ 6)

results/task_b2 rider_grid/metrics.p
arquet

R top-50 (§4.3.4, & 9)

results/task_b2 rider_grid/report_ta
bles/per_year_pnl_top.parquet

VIX [H])7 (84.3.5, & 7)

results/task_b2_rider_grid/report_ta
bles/top50_year_loss_summary.parquet

K &7 (§4.4, & 8)

results/task_b2 rider_grid/bar_quali
ty.json

THERFEE (§4.3.6, E 9)

Task 2 trades + VIX K B 1
reports/paper/generate_figures.py
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Task G £%5 (84.5, 85)

reports/task_g_synthesis.md

IR : src/spx_donchian_hf/ (Python %) 5 rust_engine/ (Rust Xf%5), EFEAK:
reports/paper/generate_figures.py 5 reports/paper/generate_tables.py,
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2. &, "Phase 1 " 45 tf=1, 1b=5,
sl=5,

sl=off,

15 tf=1,
tf=30,

1b=5,
1b=50,

tp=40,
tp=off,

sl=5,
ts_act=3,

tp=10,

ts_act=10,

dr=off. BRAESA VI, =FIHH Mode C ZZ, €

ts=5,

ts=off,

ts=10,

time_stop=25; "Phase 2 L %"

time_stop=25; "Phase 4 it E " F5

time_stop=off, vix=18,
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