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A HIEANN
A.1 Co-STEER S:IiZH

Joiit— iR Co-STEER SAEKIIMEEHLE], X BAHR e Gnxl) 57k
HEAHE Do

CHBERIES HRETTERZ RITERIGE ), DREARES [11) B8 BT OR
Bilg| SER L, E4ERE (CoT) [BH) HEBP R RIZAHEBIZE M, Reflexion [12) 5
Self-Debugging [73] MK EE IR EBIE; Self-Planning [74] WIS TS5 B35

Co-STEER A ESE— %, UFEE. M, RIRKIINNE S5 KHIR 28 E7F
—i, Y — NSy FTERENRE, IR AR ZR, R REAS 2R SOE A K 1
%o VAERRERIC LTSS AE K, BHRPRETEEEE N, EHRERESK
TREANASHEE SIS, JeifEisn, BRMITS, NESARSE SIS F2L,

® 4 BUWPRPRIEARITIERIA H, Co-STEER J2ME— SHRHMRBImM A K771, MES
VA —EE SR, HH DS SESIRE A, ERTHESZPE, DEdE
NHLR SR TR,

VAR psi

Jitk gy SN T LMY RN

MUK B AR B 55t PRisAINA
Few-shot [[71] X v X X X
CoT [35] X X v X X
Reflexion [72] X X X v X
Self-Debugging [73] X X X v X
Self-Planning [[74] X X v X X
Co-STEER v v v v v

T4 R FEMES | Co-STEER TAERAIEEEH A,

A2 ZHERIIAEZH

g po TR, FellHE M ARSI, bR SO SRR D TR0 SR X
PANTTIALZ [A] E G RO RE, T2 PRI AR At 2 2 i R B DU | N S . BB A H
HEFP— D DU R MR R, R B R T A 5.

1E56 ¢ #8, RGN 8 4ERM M EAHE RIS P& :

x; = [IC, ICIR, Rank(IC), Rank(ICIR), ARR, IR, —MDD, SR]' € R®

#or B BHAYSRIS S R IEARSS; BeREHE (MDD) BUAS, DAMETTA—E

ESR 1@ =0, P =721, FIENFIEMNERPRIE— DRI R AR, 75
SRTE NS x AR, FHEHRAERSIIEIE, BEEAAMER DI A3 2250
EE T
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B3k 1 Co-STEER: MR IITFEIEE SEEHITE 2

Require: (£55% T = {t1,...,t,}, HIREK
Ensure: SLHISEREIRIEAE {c1,...,cn}

1 HBCATATEIRE ¢ = (V,€), HF v =T
o M ¢, € T DA EIBEN R o, — 1
3: function UPDATETASKORDER(G, {¢;})
4: HWEABOA: X (i,5) € € B wij = i/
5 RIEEE w, EEEINT
6: end function
7: function IMPLEMENTTASK(t;, K, f(1))
8: BRMPUES: S; = {ti, € K : similarity(¢;, ) > 0}
9: Cref = Argmaxe, cx similarity(t;, tx) - cx
10 AR ¢; = I(tj, cref, K)
1 PUTHBRRB f;
12 BEFENRE: K« KU{(t,ci, fi)}
13: return (cj, f;)
14: end function
15: while 7 % do
16: 7s < UPDATETASKORDER(G, {c;})
17: for t; € mg do
18: (¢j, f;) < IMPLEMENTTASK(t;, K, fV))
19: if f; FRIAKIK then
20: EHERE: aj «—a;+6
21: BEHEAFF BT H R 7o
22: else
23: T+ T\{t}
24: end if
25: end for
26: end while
27: return {c1,...,cn}
B RILWIERARRIE AL X

i R RE LIRS T [9, B9, 78], FBAHERLGEHREE SOy — M NER FIR 5/
=4EikE, I0fF X e RVTF 128U IR SR B 251, & R SRk — IR 74
g, ) B Sk N REPEIII T = {1, T} NI, TR
IR RIS ¢, BURIIMBIRE i, WERF| p /£ P DA FEE LIE, SEE o) &

REE i ENZ ¢ B p DA FEUE,

X = {x&? ’ie [N], te{1,....T}, p € [P]} € RVXTXP,
BRI A IR T, FTDURHTAOIIS, T LURALERES), ks
o ¢ ROENEL, Bk () AR, m AT 195 3P x, . 10 BV 0 B
¢RI, £9) N AR T, B T 5 AR TOHE, EVEEE Tk

B 7 e RVXTx(Prm) g0y (i 1) fbabeEm e, R |,
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Bk 2 BTSRRI, T ER U S BRI 2 18] B & R,
(B : p@ =0, P@ =7r72])
1. BRI EFR & w e RS
2: fort=1%| T do

30 REGRIPRASHE x,
4: for all a € A do
5 RO~ N, (P) )
N \ " ~(a)T
6: R+ =8 x,
7: end for
8: R ap = argmax, 79 WIALN r,
9:  AKHE (x¢, ) FH Pl 5 plen)
1
P(at) — P((lt) + 72th:
o
—1 1
ue o (P) <p<at>u<at> . GQTtXt>
10: end for

O RYP S R, @ (ki) = (7 £0Y), (3)

K3

ziy = [xiy || Fiy] € RFF™F, = D (Xip—r+1:t)- (4)

BRBUREME A KX AR, IR BT s R HAERRE N, 55— D0 MRFIE
(RIRTETRE Z-score ML, WX (H), Hrp MAD Jrhfisientfm, « BIEMERERE
IR, B TRIIEGE + BIEIE) RN, atE s ).

(p) : (p)
o) Ty — Median; (xt)
xipt - MAD; (x(pt)) + € ’ ©)

T,y

{ ) = N a8, 5 0

Mean; (x(’,’f)) , otherwise.

PR AR IR S I ERIBN E AR, 120 o), A =1 ABHE, Tt @)
SR TR R, BUKRESERESIR, HERIES BRI Z-score ARk, HIIIEE]
HUBRERRS (00, 57

(1) Pi,t—i—T - Pi,t

Yiy = j2 ,  Pi. is the closing price of asset i at time ¢, (7)
it

(1) yz(Tt) - Meani(y_(;))
Yir = @
Stdi(y.;’) +e

; (8)

N TR 7 SR RN B OEEGEERE, HE g, S mINE fo 74,
EXHR ), Hrb o NAEIBH, SNSRI BN 2,,), RN
SR JEE R BYIR Ziy— 1., DA PEEHY,
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Uit = fo (Zi,t), fo: RE+™ R, 9)

BRI ZRAERTRIIE RS, FIRERE RIS/ ML %2582 £(0) (R (), fmssut

1 .
5(9)::‘ﬁ5;;;]kt > .(yif —ir) . (10)
ZIMAETE 5V MZDIAT - BEERIR, FHE LRE, AR 55801125, 5 RaD-Agent (Q)
HEZR F Y [A] - B AAE I W LI ER (bR B b A A HZ

C Skl
C.1 SPEE

WPEACEL, PrE SCREE— & THARSS %8 L5 IMIBCAUE Intel Xeon Gold 6348 CPU,
112 &%, HECPYUEE NVIDIA RTX A6000 GPU, H-E&ETF 48GiB, &1t 192GiB,

PRI R, FTE A ERE MR O BHEER 2 EVIZR SR, DAMFIE A, SR
BRI T K EESEOAM, H A AN R RBETURD PN B AR E 8, BATA RS
WREIRZER S EEIX R, MR E X AREAESE (ARR) WP, BELEMEERENZE
A, MAERRTTZE, XEIRAIZIEE; B A A RE R 5 B R E R0,

HEZRAC R, 5250 T ReD-Agent HEZR R&D-Factor HEN5EM A Fi% it 517, R&D-Model
AT T, & MEH A RSLIZST 6 /MY BEAHESS ReD-Agent (Q) TEFH Z[H
R, B 12 /b, ERFFBRRANSEE, DU RN EE N, Emtrss
HIEERE S | Y SOTA KT/,

SHECE, LRPHZIZM LLM API J5¥fi. GPT-40 55 GPT-40-mini FF/H IRz,
IREEEN 0.8, token R IR 4096, 03-mini. 03 5 GPT-4.1 XMHlmiHH, IR 1.0,
token FFRKTEF] 10,000, At API AR —H user A NHIE—MRIHER, BHIEH
JEVHIRE 3R —E%E, £ Co-STEER HibR (SZPf#A D) rh, ML, BU%S HEDHHIE LR
AH text-embedding-ada-002 T8, NIRUEARIEEIIIZAEE, Co-STEER MANEMAIIE
IME R F 5B TAERFPIRE B/ MES R 10 IR, BMESHSIRITR KIS
17 600 b, FUEFRITEAS 3600 F,

C.2 HEtk

AR ET B, BRI T Alpha 20 W3 B, K FHS08 A7 0BG SRR S P
ITIEEUE S AR EYE, 1TIHEIERTH https://github. com/microsoft/RD-Agent/blob/
nain/rdagent/scenarios/qlib/experiment/factor_data_template/generate.py ZbHYJ

BIAE R ARG AR, G, KSR SR, TR A,

72 6: R&D-Agent (Q) HH TR FAZHRE AR EHE TBL . 7€ Wind 23 (https://www.wind.
com.cn/mobile/WFT/en.html) AFIZFEAGE, BIAJESIXLEFER,

¥ iy
BRIRE N
ROE_TTM RS R (TTM)
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SR

BE

ROA_TTM

ROIC

EBIT_EV

EBITDA_EV

NET_ PROFIT_YOY
NET_PROFIT_YOY_Q

By R (TTM)
YNNI FES

EBIT / VL HME
EBITDA / /M ME
{10 ) E 1 O
FRIEE ELgE ()

NET PROFIT MARGIN R

NET PROFIT MARGIN TTM HFZ (TTM)

GROSS PROFIT MARGIN TTM  FEHZER (TTM)
A

NET PROFIT YOY TTM
OPER_REV_YOY TTM
OPER_REV_YOY
OPER_PROFIT YOY
OPER_REV_YOY Q
OPER_REV_QOQ
OPER_PROFIT QOQ
NET PROFIT QOQ

EST_OPER_REV_CHANGE_ 1M
EST OPER_REV_CHANGE_ 3M

ORISR (TTM)
B E (TTM)
ERILLONEil=: b

EMP AR e i
BRI e ()
=LA G A pus
ELAEEA e i

I illizEZNawpEs

—BEE D) (a1 H)
—EWUHE LAz G 3 A)

EP_TTM

BP

EP_FY1

BP_FY1
CFO_TO_PRICE TTM
OCF_TO_MKT CAP
OCF_TO_PRICE_TTM

Bk ®E (E/P)
i (B/P)

TR E A R
UK T T L
BB L
LENESPER ) BiE
SLETENB SRS L

PS5 8¢ 2
VOLATILITY 1M 31 B
VOLATILITY 3M T 3 Higah®%

VOLATILITY 1Y
BETA_ 1Y

i 12 AshZ
M5 Beta G 12 A)

IDIOSYNCRATIC VOLATILITY ST RIS
MRS 55 8¢ 2

VOLATILITY 1M 1 AEsh=®

VOLATILITY 3M 3 Higah®%

VOLATILITY 1Y
BETA_1Y

i 12 AshZ
M7 Beta G 12 A)



SR BE

IDIOSYNCRATIC VOLATILITY S SITRIEYIES
R
INTEREST COVERAGE F R RS AL
CFO_ TTM LEWESIE (TTM)
CFO_Q LENESIIER (BAF)
CFO_TO_OPER_REV_TTM ZEmahen / BWERA (TTM)
NET PROFIT MARGIN JEEy S| B
ASSET TURNOVER TTM BEFREEZR (TTM)
FIXED ASSET TURNOVER TTM [BEE&EZREHR (TTM)
SR AR
MID ORDER_BUY AMT B 2 B SN B A
MID ORDER_SELL AMT R A B S H BT
RATING UPGRADE SrHnImiEeg B
RATING DOWNGRADE IR N
ANALYST MOMENTUM SCORE  Z#iifish&H s
i
RETURN 1M 30 Hikm=x
RETURN 2M 60 HUzs=x
RETURN 3M 90 HUx#m=%
RETURN 6M 182 HUzm=
RETURN 1Y 365 HUkaZ
C.3 HERJiik

FEIaG A [R50 41— Light GBM #7564 —R A Alpha 20 K1,
BLERASIBRY,

o Linear B%: FEFMAVLNMERIFES, FRZIERHES BArZE R 2 RINEE X R, B
AIfEREtEsR, B EAR, FEYARIITNEE T AR SR,

o ZREAWL (MLP): HilBEMZEEN, 5P Z M RRMIEREZR, EEZIERHIE
Z AR R 2

o LightGBM [10]: BN TEMERAMER LIMERL, BRAETEFENSRTES
leaf-wise R IKME, YIZRtE, NEGHK, TSI https://github.com/microsoft/
LightGBl,

« XGBoost [45]: sEBIRAE BB BRI, SIS NSRS SRIZ THZ (L RE
H5E%EME, THEBUL: https://github.com/dmlc/xgboosts

« CatBoost [16]: THFEFIFHEIATRARER, B DAE 1R TH RIS R R T w22, i&
HTF BRI EBTSS, JRIBU: https://github.com/catboost/catboost,
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7 5: Alpha 20 FHZK A

ki e

RESI5 Resi($close, 5)/$close
WVMAS5 Std(|$close/Ref($close, 1) — 1| - $volume, 5)/(Mean(|$close/Ref($close, 1) — 1| - $volume, 5) + 1le~12)
RSQR5 Rsquare($close, 5)

KLEN ($high — $low)/$open
RSQRI10 Rsquare($close, 10)

CORR5 Corr($close, log($volume + 1), 5)

CORD5 Corr($close /Ref($close, 1), log(Svolume/Ref($volume, 1) + 1),5)
CORRI10 Corr($close, log($volume + 1), 10)

ROC60 Ref($close, 60)/$close

RESI10 Resi($close, 10) /$close

VSTD5 Std($volume, 5)/($volume + le~12)

RSQR60 Rsquare($close, 60)
CORRG60 Corr($close, log($volume + 1), 60)

WVMAG0  Std(|$close/Ref($close, 1) — 1| - $volume, 60)/(Mean(|$close/Ref($close, 1) — 1| - $volume, 60) + le~12)

STD5 Std($close, 5)/$close
RSQR20 Rsquare($close, 20)
CORD60 Corr($close /Ref($close, 1), log($volume/Ref($volume, 1) + 1), 60)
CORD10 Corr($close/Ref($close, 1), log($volume/Ref($volume, 1) + 1), 10)
CORR20 Corr($close, log($volume + 1), 20)

KLOW (Less($open, $close) — $low)/Sopen

« DoubleEnsemble [47]: M2 N FER FHEFEA R NS RAEEEYLHILSE &k
Xk, DIREEE S &M, RIS https://github. com/microsoft/qlib/tree/main/
examples/benchmarks/DoubleEnsemble,

RIES ST,
w38 PR 27 SRR,

o Transformer [49]: M2k BERIHUHHHIER H AR R, I TR
FEAI, ATy R TR

« GRU [22]: [TEMEIARITTSINERTTSEE], Ak TESEIAMEME, IZRR0eR
Wi, WM T RETR,

o LSTM [23]: KAHNCIZMLZIGIIHLEMLEH)—RAR, FEICTCEIT ST LI
KA, R R PSRRI TR —

« ALSTM [48]: LSTM HIM{sRhRA, BUAERIALS], ERRERETRHEIEY, Gk
P21 5 51 RFAE

o GATs p3]: EEREIMEHEER NG 2K L, v PAZIE AR F T Rz
NP

o [ i) 1 o RS

o PatchTST [50]: %7 Transformer RN RIFAIER, RADRGEEMIIER, KR
EBEIEENTNGS TR Y-S, TSI https://github.com/yuqinie98/PatchTST,
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o iTransformer [pl): 2T Transformer AN B ZIE A, & 55 I (8] /7 41 R N N
L& token, ZHBRGEBIEHEE E &, EERKPIEBMES. FHLA: https:
//github.com/thuml/iTransformer,

« Mamba [52]: FHETIEBREBAH —RKFFIEY, FEHTHRE, NEEREN
Sk,

- JBSE PR IMBIR,

« TRA [38]: 7£ Transformer Z4 5| Nt AYBIASES AL, (ERRYRE B & N 2 ST
I pEiat, Bt 2R S JRISUL: https://github. com/TongjiFinLab/
THGNN,

« MASTER [B9): PATi$7 80K Transformer B8 FH T 80 & % E AR 2 8] 1 B
IS AH SIS B I B G, TR e BB MRS 2, JRADML: https://github.com/
SJTU-DMTai/MASTER,

?Jﬁo

+ Alpha 101 [41]: WorldQuant FIFA 2015 FH2HAT 101 MARKRZ S alpha KN TFHE A
el EMENEIEEE, 2EAEMPRRE RTINS alpha KM,

« Alpha 158 [42]: HIf#K Qlib FIPAFRH, & 158 MESRBARIER (W1 MA. RSD), #%
AFEINEED @5, 10, 20 H) HEMETR,

« Alpha 360 [43]: K Qlib 2 EEFNEFE, & 360 NMAF, HIELHTHEFS]
F—fAIET AR, AT S RS B ) 2 A NHEL

+ AutoAlpha [14]: HIAE S BRBANMAASIICE TR, ek, HE, EE5E
RRASEHE,

C.4 PEAhNY
C.4.1 ek
FATRAFEIER: KT EHEEMMEE S, RIEEEBHESRE,

5 E R (Information Coefficient, IC), IC & MNHES 5 LIRS HES 2 R
BOEAMECME, EMMERAPMART, & XA

J—-E[g) " (v —Ely))
2(3) o) ty
" g 5 y 2RI mINHER R SSrHES, B[] AR, o() AbrEE, SPRiHEAH, 1C

HHWE, FEER R FFEMETR,

HEREEEIL%E (Information Coefficient Information Ratio, ICIR), ICIR

FEIC BN AR E M, & OB 1C FAIRSES REZE Z t:

IC:(

mean(IC)
std(IC)

ICIR 8%, #2525 HZ BIRTNHE & — 2,

Rank IC., Rank IC 5Tl 44 5 SRR HES 2 BIHY Spearman BRAHSG, B
FHERE, JCHIEM TR R EImER 21,

Rank ICIR, 5 ICIR 28, Rank ICIR & Rank IC Y RIASE 1 :

ICIR = (12)
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mean(Rank IC)

kICIR = —————~—=
Rank ICIR std(Rank IC)

(13)

R FHEFBRIRE G KR —8, FZHE Rank ICIR,
LS (Annual Return Ratio, ARR), ARR RMAZEHEMNE SERHKRK:

T 32
ARR = (H(Hm) ~1 (14)

t=1

Hrb o NBEYGERR, T N5 HEHK,

{5 lt#% (Information Ratio, IR), IR DAE—RE RS FEEE ELEY
HSPRMEZE Z b, i XURS 1A B 5 A R 2 -

_ mean(ry — rp)
IR = iy ) V252 (15)
Horr oy, ESENGR, AT IFEEETE B T B R . 5 ry BONTE XS ARR rpy IR
5 EEERES,
ASOLE 7 = 7y, BIR SEEHREEMAR, HETR, £ 20 & {nzle
ZIEFRIEE IR (SHR*),
BAB (Maximum Drawdown, MDD), MDD #i& ¥ P MIE(E 2 2 R Y B
K, ZIE N7 :

; P, — P,
MDD = max (maXle[l’t] t) (16)
te[1,7) max;e(,¢ P

Hrb P, N5 « HIHEEE, T NS,
L% (Calmar Ratio, CR), CR &8 NMTXE RS, € XN:

ARR

IMDD] (17)

Calmar Ratio =

CR i, iR ER A T ORI, DRI I 5 1A B E R i ) SRS

C.4.2 BN
SEREIAZ 5 RS A% U0 R 77 UL -
o RXHH t W, FAUE TN E RS AE HER T 57

o RGH t+1 RN, Z5ERM ¢ HRERQ, FHZIMPGEE 19HEF I HHEART 50
MR S, AR RIMRZER 5 .

o HEARPSR SRR SR AP, ISR RIERA LR,

o RGPITIATIRIKEIZEIE 0.095, MO HUELT, SEATER 0.05%, ZHBER 0.15%,
RERKZS M 5 TTARM,
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D fhrsss

D.1  SEUESEES 2o b
RHE—H KT R&D-Agent (Q) IARIESZALAET], FATEE CSI 500 5 NASDAQ 100 F4
W17 EAME T — AR,

W RS R A — BN E) 5 2008 €1 A 1 HE 2021 48 12 A 31 HH T4,
2022 F 1 H 1 HE 2023 4 12 H 31 HAHFRIE, 2024 £ 1 H 1 HE 2025 4 6 H 30 H
T, KESHER (LLM) J5ii%EH GPT-40 5 od-mini: AIFIIGEIREILET 2023
£10 H1H, 2R FIRXE; EESIET 2024 €6 H 1 H, L F28% AN
\Zﬁﬁo

CSI 500 28I AT CST 300 IR HIEE (WM [C.4.0). NASDAQ 100 M4 574
VR FHIA@HERT 20 HAEZE (CSI 300 A 50 H), BERZGHA 0.1% (CSI 300 A
0.5%), HAZFBAERE], FNTaIERINRINCEN T,

& 7 HIE 500 BUESE ERIREARSNLEREE R (XA 2024 £ 2025 4 6 A), ST
bR 5 s B bR, Altarie b ora: [, [RIE. B&F (3-5), d%% (6-10)
8% (11-15), DK &%E (16-19) .

CSI500
fam [RlF TR GE 146 RIS RBFERR
IC ICIR Rank IC Rank ICIR ARR IR (SHR*) MDD CR
LightGBM 0.0181  0.1271  0.0393 0.2783 0.0204  -0.3178 -0.2089  -0.1407
LSS XGBoost 00240 0.1675  0.0427 0.3054 0.0053 0.0634 01766 0.0300
) CatBoost 0.0241  0.1629  0.0390 0.2627 0.0111 0.1438 01799 0.0617
DoubleEnsemble 00248  0.1705  0.0423 0.2850 0.0227 0.2500 02094 0.1084
Transformer 0.0194 0.1355  0.0416 0.2884 0.0234 0.2898 01331 0.1758
GRU 0.0188 = 0.1022  0.0512 0.2711 0.0398 0.3716 01602 0.2484
RS LSTM 00219 0.1434  0.0401 0.2825 0.0560 0.6900 -0.1075  0.5209
[ GATs 0.0162  0.1013 0.0426 0.2731 0.0478 0.5168 -0.1569  0.3047
iTransformer 00161 0.1031  0.0383 0.2278 0.0102 0.0985 01496 0.0682
TRA 0.0260 0.1813  0.0464 0.3285 0.0504 0.6040 01461 0.3450
- Alpha 158 00192 0.1353  0.0374 0.2639 0.0199 0.2515 01771 0.1124
o Alpha 360 0.0195 0.1331  0.0308 0.2089 0.0191 0.2527 201270 0.1504
AutoAlpha 0.0184 0.1529  0.0175 0.1382 0.0397 0.5728 0.1006  0.3946
R&D-Factoraprao 0.0201 0.1709 | 0.0176 0.1404 0.1010 1.3730 0.0787  1.2833
R&D-Factoro s mini 0.0264 [J0126520 0.0345 0.3454 0.0849 1.0014 01215 0.6985
R&D-Agent 5] R&D-Modelgpr-ao 0.0259 0.1649  0.0532 0.3469 0.1039 1.0941 01367 0.7600
HEZE * R&D-Modelog-mini 00265 01825 00521 [IN0IBEI6NN 0.1160 1.4021 20,0735 | 1.5777
R&D-Agent(Q)epr-so  0.0241  0.1532 | 0.0555 0.3574 0.1358 1.4227 -0.0803 | 1.6903

mz [ 5% § FR, RaD-Agent (@) ERFTH, FRRIIKL LLM JI4E0RAE %
FORT B b, REASNEIIERREAE, Xk — S ElE T ARy M Bk S5 VA U
D.2 s
% [ 44 ReD-Agent (@) HEZAEMIFH LLM 53 (GPT-40 5 o3-mini) _LEi9¥ EIRILEE,

BAIEE R A A AITTRR, WS LR R =R SR BN, £ T LLM 5 L
Pl

HIFHM, SB35 (R&D-Factor), IC, ICIR. ARR #FEMT HMHEF 72
% (R&D-Model), IX/MEHIM: (i) IBITIERIZERN, KFIULIEER, REIZHEZ(E
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7 8: NASDAQ 100 5 FRIFEARSMEIREE R (KX Ay 2024 22 2025 4 6 H), FH
TSRS HNE R IERR, bR o4l [k, U, R4 (3-5), 1% (6-10)
w7 (11-15) , AR & (16-19) .

NASDAQ100
vl K7 HNRE S FER SRS RIERR
IC ICIR RankIC RankICIR ARR IR (SHR¥) MDD CR

LightGBM 0.0080  0.0652  0.0087 00842 | -0.0203  -0.2603  -0.1342 | -0.2183

HlasF->] XGBoost 0.0076  0.0527  0.0112 0.0841 0.0169 0.1544 -0.1211  0.1396
) CatBoost 0.0095 0.0614  0.0129 0005 | -0.0083  -0.0735  -0.1143  -0.0723
DoubleEnsemble 0.0047  0.0360  0.0086 0.0683  -0.0005  -0.0046  -0.1404 -0.0036

Transformer -0.0011  -0.0077 0.0092 0.0686  -0.0037  -0.0343  -0.1553 -0.0238

GRU 0.0064 0.0457  0.0147 01075 00347 02030  -0.1504 0.2307

RBEES] LSTM 0.0062  0.0409  0.0150 0084 00550 04526  -0.1204  0.4568
] GATs -0.0004 -0.0023 POIOT69M  0.1015 00677 05772 | 01491 04541
{Transformer 0.0076  0.0421 _ 0.0041 0.0225 00617 03612  -0.1991  0.3099

TRA 0.0058  0.0446  0.0098 0.0825 00505 04608  -0.1351 0.3738

- Alpha 158 0.0040  0.0324  0.0069 0.0624 00038 00303  -0.1140 0.0333
. Alpha 360 0.0042  0.0327  0.0086 00728 00756  0.5890  -0.1182  0.6396
AutoAlpha 0.0046 | 0.0265  -0.0052 00432 00154 00974  -0.1165 0.1326

R&D-Factorgpras 00070 0.0446 | 0.0039 0.0357  0.1497 10985  -0.0977 1.5335

R&D-Factoros mini 0.0166 01017  0.0050 0.0407 01603 11169 | -0.0650  2.6050

R&D-Agent 5] R&D-Modelgprso 00128 0.0831 [10:0215 01497 1| 0.1167  1.0742  -0.0842 13869
fEge * R&D-Modelot-mini 0.0081  0.0484 | 0.0213 01355 01367 12671  -0.0741 18444

e e e e o I —
55 (i) WERM, SOERHMEREE K TS, {H R&D-Model A& JZH I XU 1)y
Aok, WA 03-mini F MDD H{K,

BLIERL, AT, BEYLEERAERAER FACAR, BT LLM AR HEA T PR
&=, AFEMKAFRER A, Bandit JEARTE IC. ARR SARIEARE E—FES, U
FHE REERBEMERE(S S L VARG IR L,

BRE, RFnX2E5RENFERIR, HRS XY XERERS, Bandit JEE
PRNITERT RS B T Z IR IAUE — &, IRERE,

D.3 KTESH

@éﬁ&?’?ﬁ(%iﬂ?1ﬁi9ﬁﬁ@%¥é§%o fRI1IC (FH (a). (c)) Ak, FE (b). (d) &R
Rank IC [AfEFRESEF, VWiHH R&D-Factor NRIEME T4 FIMIFE &, IEBGE T B R 1
FIXTHER, Alpha 158 #J4Af R APBEE.: 2020 FEECA 03-mini HY Rank IC A57E 0.07 A
b, TASE KR R, Al MIEOR R RS aE (5 55mE S5 i HE P — 2t

Bitzgmmm (FE (e), 2018 FHIEEE T IEHE5E. R&D-Factor (158) AEAKHIEA
TGRS, #2020 FEZFEEE (NAV) @it 5.1, B#E R&D-Factor (20) HIALE
@it Alpha360, VERHRFEBURK G RLE G, EHRREFEZREFIURIESR, #ahmE;
R&D-Factor NIFERNIAIMIEZMITR, RINFER, BEMEER,

IXLELER WP T R&D-Factor TEWN T HILH: EEMER L, HAEADKHFERE S
IC/Rank 1C; W&E L, HEERMEMN, TIeMNRERTFELZSERFEER, BN
IERIB MR E IR ERE S, HIFRITAR, X4 RD-Quant /LIRS 245
AT R T 5
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7% 9: R&D-Agent (Q) MEZRMUTHAISLES, EBE80 R MIERL, 53 BI2¢ R 14 R e Bl
ARG N XS b RaD-Agent (Q) HHVBNEIERERNE : BEAL. BT LLM 5 Bandit, f&bn
BFEREFHIEE S (IC, ICIR) . REERIM (ARR. MDD) 574t (TL: SIEREL
VL: BXIEAREG; SL: SOTA EHRE; TRH: SRIsfTiH, AN,

HFMEEIfabr  RIERIFEHR PUTHERR
B IC ICIR ARR MDD TL VL SL TRH
GPT-40
vy R&D-Factor 0.0489 04050  0.1461 -0.0750 36 33 9
HIFHRD
R&D-Model 0.0326  0.2305  0.1229 -0.0876 23 12 5 6
R&D-Agent (Q)w/ FEHL 0.0318  0.2431  0.0914 -0.0782 36 18 7 12
HPIHA  R&D-Agent(Q)w/ LLM  0.0523 0.4172  0.0940 -0.0989 32 19 6 12
R&D-Agent (Q)w/ Bandit  0.0497  0.4069 0.1144 -0.0811 38 22 8 12
03-mini
v R&D-Factor 0.0497  0.3931  0.1184 -0.0910 28 16 6
HIFIERD
R&D-Model 0.0469  0.3688  0.1009 -0.0694 30 15 7
R&D-Agent (Q)w/ FEAL 0.0445  0.3589  0.0897 -0.1004 33 19 7 12
HILEA R&D-Agent (Q)w/ LLM  0.0476  0.3891  0.1009 -0.0794 33 20 5 12
R&D-Agent(Q)w/ Bandit 0.0532 0.4278 0.1421 -0.0742 44 24 8 12

D.4 Co-STEER HXEsr

Co-STEER J& R&D-Agent (Q) FFRMBIIZLAM, BREE @ HETE R&D-Agent (Q) HEZEA
(W EZIBAN, BATEAME T SRR IEHAE )y, BAREEREIE DUR PN Z3 R,
« RQ1: S5iEMAMARISA: IELAH L, Co-STEER NARIME 554 Al $h4T HiB SCIERIRIAR

, MR

« RQ2: BAWESZRE, SETEESRESIRFSSIRSCR S 7= H R R?

BiEtE, BAE RD2Bench [76] LPEM Co-STEER, JX/Z i [A1<E BT DA M FRUL
BRER ARG EHUE, & 271 DAEMA TS 13 DAAISEHREF, BHEAAE, &H5
=2, BNHETS AR, BREEDN S S REBERTRE S 2, FF R84
AT HATHY Python fXAS,

LR, FLRIERL Few-shot [71]. CoT [35]. Reflexion [72]. Self-Debugging [74] 5 Self-
Planning [73], 475 U2 @ Mo

fabn, BATTIAHIEMHESR: FEIPATER, FIIRAIERER, PR R R
Mo PESHITRE B HPUTRF IR, PUTH I EHREEEIC N 0, PR IER
R EAE RS NERFNE TR, Blang R B RS A, EEAE OO R ORI A= il
AR ES I 751 5 FUESS R Z RIR IR, 250k, MIRHMEMERN, B LLM
A2 B R F 5 SERR SEIRAE BRI R 2480, S KA SR B A it e 91 5 LB SR
[ EESEA N} T

TiEIEmEER (RQL,

% 1 sk R, £ 27 MILAGI L, Co-STEER HUSZIRAE S TEFT A R L HE95E,
HEKR BRI FISMRY RS L PR, Reflexion 5 Self-Debugging [FIFEF] A
BiRi (F D, BRH co-STEER RIZ UM BRI MRLEEA, DA ERBNNK
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(a) Yearly IC: R&D-Factor (based on Alpha 20) vs Baseline (b) Yearly RankIC: R&D-Factor (based on Alpha 20) vs Baseline

—% Alpha20 * —% Alpha20
0.07 0.07 ~
o~ Alphal58 AN o Alphal5s
-8~ Alpha360 RGN -8~ Alpha360
0.06 -0~ R&D-Factor_gptdo 0.06 °. \\:\\ —- R&D-Factor_gptdo
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0.02 < ° Yol PRE o
S~ 0.03 S~a
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(c) Yearly IC: R&D-Factor (based on Alpha 158) vs Baseline (d) Yearly RankIC: R&D-Factor (based on Alpha 158) vs Baseline
* o~ Alphal5s 0.09 - o~ Alphal58
0.10 A5 -8~ Alpha360 -8~ Alpha360
Sso —v- R&D-Factor_gptdo il 008] T~o —v- R&D-Factor_gptdo
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0.08 Ss B R e,
Ssol Ul -7 0.07 B SNl Tl e
Sao e g S~ . ey
2o06{ = h dad £o0.06{ © s~ S === T
061 B g O DLy 5" o
o TTe—o__ 4 ~
Bt 0.05 3 S el
0.04 o Teal S <o -
T Ly - 0.04 Scai =TT
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(e) Cumulative Return (NAV)
5| — Aphazo
Alpha158
—— Alpha360
—— R&D-Factor(20)_gptdo
4| — R&D-Factor(20)_o3-mini
—— R&D-Factor(158)_gptdo
R&D-Factor(158)_o3-mini
>
I
<s
2
1

2017 2018 2019 2020
Year

10: 7E CSI 300 - LightGBM T il &5 %f b Z2 B[R 7 /£ 5 R&D-Factor “E I AF,
R&D-Factor M Alpha 20 B{ Alpha 158 1%, f&HC GPT-40 B{ 03-mini B17, &£ LEN&
FIEBER IC H, A LEH RankIC {H, EEMETIGES8EE; N ESX RN RIS R
ezs (NAV),

R 10: JIIERIIREE R, FrEEREA LAERIIET GPT-4-turbo,

WARES EEPATR CEIE EIMEE EORMER M
Few-shot [71] 0.733 0.433 0.454 0.562
CoT [35] 0.833 0.433 0.336 0.538
Reflexion [72] 0.822 0.400 0.269 0.550
Self-Debugging [[74] 0.367 0.256 0.232 0.539
Self-Planning [73] 0.578 0.211 0.119 0.341
Co-STEER (A7) 0.889 0.611 0.646 0.887

1%, Co-STEER WIFEFFESZERERSEIEMIAINE, HVAHINS TR LRI Z R84,
ERIXERGULRIAIR RS RG], 1E Co-STEER 1R KL S HERBUS AT MHE o

BRPERESMT (RQ2) . BATERFZERAVIAGE R Co-STEER: ZREMAEAE AR
KRB, HE 40 Mok (27 DRI, 13 MRS BRI PEREMEI R, X
— VM BB LI, AR S SRR AL, 7% [ S g S, M
RER SRR T~ RGUR LAY T AL
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7% 11: Co-STEER EHCHENLIE fE A% 51 VA AR AURT EL, PR 4258 top-k (k = 5,10, 15,20)
FEREFEPUTAINER (exec.). BINIEMR (format), AN SEMBENMHEINE CEHS5HEKR),

Top 5 Top 10
7572% exec. format an. COorr. max. corr. exec. format an. COorr. max. corr.
FEALVEESS 0.522  0.400 0.211 0.444 0.567 0.289 0.417 0.655
THALAESS 0.765 0.259 0.280 0.515 0.815 0.358 0.519 0.778
Top 15 Top 20
FEALVEAESS 0.856 0.544 0.594 0.778 0.911 0.589 0.532 0.778
ELVEERS 0.856  0.556 0.584 0.872 0.878 0.567  0.792 0.987

© WULIARHRTHES MR, & U TR, BULEBERENTE top-k BIE HEBE T REHLEE
%o RUBTERERANESERE SRR, NMEEHRHHRITINE, 25125 285,
RGP T — R TRER, SIUCHRA 5B IESS, NESLBHATERA,
o Vi, iZfbdian, WRNAIN AE A A e, (EIE RIS AR E R, B
AFETT IR ERHEAT-G 1], B RNRE, TeRZRAM%, SR RIFLE T
2k, HTRSHGt, RS SLH AT, RIUEMEEE RIS IRLTHR N R ohiE
£,

D.5 JRABE

I [ T ERIB T K R GPT-40 5 03-mini Y token FF4Y. [N THESS GBI A E S,
KovERZ RGN, BN MEERIRGERIRIAER. KBS 2. BAHESSIERE
BB, SERg T B, JER D AT S BMESS I, GPT-40 55 03-mini HYHYE
WAL, RFE55 EEERR, JREAZ o3-mini HIEMMEHAVIRIZES 2%, M HAAT
REVHEZ R, KIS, AN BT, REFERXEESR, MAGHTE ReD-Agent (Q)
IR TR S AR EHITE $10 DA CURSR [C.D o PT D0 SHE SR S LA S R o R
B RIHTF

Total Token Expenditure per Experiment Group Average Token Cost per Loop
9.48 = o3-mini 0.41 . o3-mini
. GPT-40 .40 m GPT-40

8.11

8.0

Token Cost (USD)
o
o

IS
o
Cost per Loop (USD)

2.0

0.0 0.00 -
R&D-Factor (6h) R&D-Model (6h) R&D-Agent(Q) (12h) R&D-Factor (6h) R&D-Model (6h) R&D-Agent(Q) (12h)

11: ARIRHE SRR S0mAY token A (5 IRIAFEECFEY) o 72 BN RIB T AYE
JA (R&D-Factor /R&D-Model 4 6 /N, R&D-Agent(Q) A 12 /NI ; HEINEIERFE)
BRA, AR A LASETTIT,
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D.6 HIRMTEFE T

T HE— 218 rReD-Agent (Q) HEZRAYIE ), FATTHEZI T Kaggle LAY Optiver Realized
Volatility Prediction [77] 3%, JX2—WHINTEE, TR SR & REEE B E R
BRI R, S2EETH 10 2N EEARERER, Wl —4RERN TSI
R, BIRRSIM RSN AT, BRI TRE 7 EIRZE (Root Mean Squared
Percentage Error, RMSPE),

i [, RaD-Agent (@) 1EH 12 YR B RS, SRMERR, ZROhE
FIXFE—4 0L WRF RN EE AL RN EGNFREE, THRBREA AR REN LS F
g Rt . BARBGRRTE 5 #). 10 #b. 30 M NINEE LIRSS ZRIRSIIE ShRIEZE,
DA ZIE T OSSR BNSRHIE, B4R BB, MEE 3 HRUEAMILIL, FI%E 8 #. 55 12 42
AR F UL, RaD-Agent (Q) TERWIIAESRRPAIL: MNIX—ERESMNS, MEEELEM
ZSHINFRER NG, XA ReD-Agent (Q) REFEMZ AIREMYEIEIG IR FRIER, &
SCIEIEA AR S B W B R SRS, SR AR EER 7M. AP, R&D-Agent(Q) #E
RIS, RMFEFETE,

Optiver Realized Volatility Prediction

i
-

—e— RMSPE
Trend Curve

A
VAMH

2 4 6 8 10 12
Loop

Iy
)
!

°
©

o
o
)

o
9

o
o

I
n

Root Mean Square Percentage Error

[ 12: R&D-Agent TE Optiver Realized Volatility Prediction ) RMSPE HiZk5#l& Lk,

R&D-Agent £ Optiver Realized Volatility Prediction 3zZe - AR IIRIE (Generated

Hypotheses of R&D-Agent on Optiver Realized Volatility Prediction Competition)

Experiment Loop Index 1
Action: Construct Pipeline
Hypothesis: /

Conclusion: /

Experiment Loop Index 2

Action: Model

Hypothesis: Introducing a Gradient Boosting model, like LightGBM, with opti-
mized hyperparameters will outperform the current linear regression model and en-
semble strategy.

Conclusion: Failed.

Experiment Loop Index 3
Action: Model
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Hypothesis: Replacing the linear regression model with a Light GBM model and
using early stopping will improve the performance by capturing complex patterns
better.

Conclusion: Success

Experiment Loop Index 8

Action: Factor

Hypothesis: Incorporating features that capture the interaction between bid and
ask prices, such as bid-ask spread and order imbalance, will enhance the model’s
ability to predict short-term stock volatility.

Conclusion: Success

Experiment Loop Index 12

Action: Factor

Hypothesis: Incorporating features that capture the temporal evolution of bid-ask
spreads over different time windows will enhance the model’ s ability to predict
short-term stock volatility.

Conclusion: Success

\. J

E $dninikit

E.1 Mo
g b AR, BTG RTT R MO EAREIA A BUTAL So RIS TTHES EIRAE %
S AR DR SZAMITTS AT B. D. M, SEISATTNHRE D, F. M,
T AR SRA AR RIS N RS SERRE S5 S, B =Y, AR B JFEAER
YEBHIE,
LA A A SRR PR E R A2 e T,

Yot ~iE-mH A AT (Specification Prompt —Factor-Oriented)

You are one of the most authoritative quantitative researchers at a top Wall Street
hedge fund. I need your expertise to design and implement new factors or models to
enhance investment returns.

This time, I need your help with the research and development of the factor.

Scenario Background

¢ Name: Factor name.

e Description: Explanation of the factor logic.

¢ Formulation: Mathematical expression.

e Variables: All used variables or intermediate functions.
Clearly list all hyperparameters, such as lookback periods, window sizes, etc. Each
factor must produce one output using a static data source. Different parameteriza-

tions count as different factors.
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Source Dataset
daily_pv.hb
o Type: HDF5
e Index: Multilndex [datetime, instrument]

e Columns: $open, $high, $low, $close, $volume, $factor,

Output Format
e Python file executable via: python {your_file_name}.py
e Includes: import section, function section, and a main function named
calculate_{function_name}.
e Called under: if __name__ == "__main__"
¢ Do not use try-except.
e Output: Save computed factor to result.h5 as a pandas DataFrame with

index [datetime, instrument] and one column named by the factor.

Workflow Mechanism
1. Qlib generates a feature table from the factor values.
2. Trains models (e.g., Light GBM, LSTM, GRU) to predict future returns.
3. Builds portfolio based on predicted returns.

4. Evaluates performance (return, Sharpe ratio, max drawdown, etc.).

MYEHE R iA - HE AR (Specification Prompt —Model-Oriented)

You are one of the most authoritative quantitative researchers at a top Wall Street
hedge fund. I need your expertise to design and implement new models to enhance
investment returns.

This time, I need your help with the research and development of the model.

Scenario Background The model is a machine learning or deep learning structure
used in quantitative investment to predict the returns and risks of a portfolio or a
single asset. Models are employed to generate forecasts based on historical data and
extracted factors, forming the core of many quantitative investment strategies.
Each model takes factor values as input and predicts future returns. Models are
defined with a fixed architecture and hyperparameters to ensure reproducibility and
consistency.
Each model should include the following components:
e Name: The name of the model.
¢ Description: Explanation of the model logic and purpose.
¢ Architecture: The internal structure of the model (e.g., LSTM layers, MLP,
decision trees).
¢ Hyperparameters: All hyperparameters related to model structure.
¢ Training_hyperparameters: The hyperparameters used in training (e.g.,
learning rate, batch size).
¢ ModelType: One of "Tabular" or "TimeSeries" to indicate the input

format.
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The model must output one predicted return value. Different sets of hyperparameters

define different models.

Source Dataset
daily_pv.hb
o Type: HDF5
e Index: Multilndex [datetime, instrument]

e Columns: $open, $high, $low, $close, $volume, $factor,

Output Format
e Python file named model.py containing a PyTorch model definition.
e Includes the following parts:
— Import section: Import only necessary libraries (e.g., torch,
torch.nn).
— Model class: A subclass of torch.nn.Module implementing __init__
and forward.
— Model interface: A variable named model_cls must be assigned to
the defined model class.
e The model must follow these interface constraints:

— For Tabular input: input shape = (batch_size, num_features).

For TimeSeries input: input shape = (batch_size, num_timesteps,

num_features).

Output shape must always be (batch_size, 1).
— The model must only use current input tensor, no external data loading

or saving.

No other arguments will be passed; model must accept either:
(num_features) or (num_features, num_timesteps).

e Do not include any try-except blocks.

¢ Do not include any training, inference, or saving logic.

e The user will import the model class via: from model import model_cls

Workflow Mechanism
1. Qlib generates a feature table from the factor values.
2. Trains models (e.g., Light GBM, LSTM, GRU) to predict future returns.
3. Builds portfolio based on predicted returns.

4. Evaluates performance (return, Sharpe ratio, max drawdown, etc.).

E.2 ZiAMIC

EHME AT MTE TG, G BTl B S AWrE LR AR MR T i,
FHEBRIB R AN P AT RIBTFAESS

Ptk B AR R i O 1A 40 1
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Ri%sia e ~ia- A F (Hypothesis Synthesis Prompt —Factor-Oriented)

System prompt:
Background information ... (Received from Specification Unit)

The user has proposed several hypotheses and conducted evaluations. Your task is to
analyze these trials, identify why those labeled true were successful, and why those
labeled false failed. Then propose how to improve —either by refining existing
approaches or exploring a new one.

If a new hypothesis is already provided in feedback and you agree with it, you may

reuse it. Otherwise, generate an improved one.

Guidelines for Hypothesis Generation:

1. Each generation should produce 1-5 factors. Balance simplicity and com-
plexity; use all available financial data.

2. Start with simple, easy-to-implement factors. Avoid complex or combined
factors at the beginning. Clearly explain their rationale.

3. Increase complexity gradually. Introduce advanced or combined factors only
after simpler ones are validated.

4. If several iterations fail to outperform SOTA, restart with a new direction
beginning from simple factors. Optimize a given factor type from simple to
complex.

5. Record factors that surpass SOTA to prevent redundant implementation.

Output Format (JSON Schema):

{
"action": "factor",
"hypothesis": "The new hypothesis generated based on the
information provided.",
"reason": "Comprehensive explanation for the new hypothesis."
}

User prompt:

The former hypotheses and the corresponding feedbacks are as follows:

Trial 1
e Action: factor
¢ Hypothesis: Develop simple momentum-based and price-volume factors
using daily price and volume data.
¢ Reason: Momentum and price-volume factors are simple yet effective for
quant investment. They capture underlying trends and trading activity,

which can be indicative of future returns. Testing these straightforward
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factors will provide a baseline for performance and help identify potential

opportunities for more complex factor development in subsequent iterations.

Specific Factors:

— factor_name: 10_day momentum

factor_description: [Momentum Factor] The momentum factor cap-
tures the tendency of stocks with positive recent performance to con-
tinue performing well in the near future. Specifically, this factor calcu-
lates the return over the past 10 days.

factor_formulation: MOMy = me -1

— factor_name: 10_day_volatility
factor_description: [Price-Volume Factor] The average volume factor
captures the average trading volume over the past 10 days, indicating
the level of trading activity. Higher trading volume can signal stronger
price movements. factor_formulation: VOLyy = std(Ri—;), i =
0...9
Observation: The newly developed momentum-based and price-volume fac-
tors show promising results in the context of the given hypothesis. All imple-
mented factors consistently contributed to a performance that surpassed the
previous SOTA results. Specifically, improvements were observed in terms
of both the Information Coefficient (IC) and annualized return, which are
critical metrics for assessing a predictive model’s effectiveness. However, it
is noted that the maximum drawdown has worsened compared to the SOTA
benchmark.
Evaluation: The results support the hypothesis that simple momentum-
based and price-volume factors can enhance model performance in quantita-
tive investment. The significant improvement in IC and annualized return
suggests that these factors effectively capture underlying patterns and trends
in stock performance.

Decision: True

Trial 2

The SOTA hypothesis and the corresponding feedback are as follows:

Action: factor
Hypothesis: ...
Reason: ...
Specific Factors: ...
Observation: ...
Evaluation: ...

Decision: True

Last hypothesis and the corresponding feedback are as follows:

Action: factor
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¢ Hypothesis: ...

¢ Reason: ...

e Specific Factors: ...

¢ Observation: ...

¢ Evaluation: ...

e Decision: ...

« New Hypothesis (from the Analysis Unit, for reference): ...

¢ Reason: ...

Example Output:
{

"action": "factor",

"hypothesis": "Incorporate advanced variations and combinations
of existing momentum-based, price-volume, and volatility
factors. Introduce factors like cumulative returns, turnover
ratios, or volatility clustering measures to further refine
performance while potentially minimizing drawdowns.",

"reason": "The previous trials successfully demonstrated that
basic momentum-based and price-volume factors can improve
performance metrics like IC and annualized return. However,
the increased drawdown indicates a potential need for more
sophisticated risk control. By using advanced variatiomns,
such as factor combinations and new risk measures, we may
optimize returns and address volatility concerns. This aligns
with the feedback suggesting more complex factor formulations

for enhanced predictability and stability in returns."

54 a e R~ HAKE T (Task Synthesis Prompt —Factor-Oriented)

System prompt:

The user is trying to generate new factors based on the hypothesis generated in the
previous step. The factors are used in certain scenario, the scenario is as follows:

Background information ... (Received from Specification Unit)

The user will use the factors generated to do some experiments. The user will
provide this information to you:

1. The target hypothesis you are targeting to generate factors for.

2. The hypothesis generated in the previous steps and their corresponding feedbacks.
3. Former proposed factors on similar hypothesis.
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4. Some additional information to help you generate new factors.

Output Format (JSON Schema):

{
"factor name 1": {
"description": "description of factor 1, start with its type,
e.g. [Momentum Factor]",
"formulation": "latex formulation of factor 1",
"variables": {
"variable or function name 1": "description of variable or
function 1",
"variable or function name 2": "description of variable or
function 2"
}
i#
"factor name 2": {
"description": "description of factor 2, start with its type,
e.g. [Machine Learning based Factor]",
"formulation": "latex formulation of factor 2",
"variables": {
"variable or function name 1": "description of variable or
function 1",
"variable or function name 2": "description of variable or
function 2"
}
}
}

User prompt:

The user has made several hypothesis on this scenario and did several evaluation on
them.

The target hypothesis you are targeting to generate factors for is as fol-
lows:

Chosen Action: factor

Hypothesis: Develop simple momentum-based and price-volume factors using the
daily price and volume data available.

Reason: Momentum and price-volume factors are simple yet effective for quant
investment. They capture underlying trends and trading activity, which can be
indicative of future returns. Testing these straightforward factors will provide a
baseline for performance and help identify potential opportunities for more complex

factor development in subsequent iterations.
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The former hypothesis and the corresponding feedbacks are as follows:

Example Output:

{
"cumulative_return_30_days": {

"description": "[Momentum Factor] This factor measures the
cumulative return of a stock over the past 30 days. It
extends previous momentum factors by capturing a
longer-term trend of price movements.",

"formulation": "CR_{30} = \\prod_{i=0}"{29} (1 + R_{t-i}) - 1",

"variables": {

"R_{t-i}": "Daily return at time t-i, defined as (P_{t-i} -
P_{t-i-1}) / P_{t-i-1}"
}
1,
"turnover_ratio_20_days": {

"description": "[Price-Volume Factor] This factor computes the
average daily turnover ratio over the past 20 days,
representing the liquidity and trading activity of the
stock.",

"formulation": "TR_{20} = \\frac{1}{20} \\sum_{i=0}"{19}
\\frac{V_{t-i}}{\\text{Shares Outstandingl}}",

"variables": {

"V_{t-i}": "Trading volume at time t-i",
"Shares Outstanding": "Total number of shares outstanding
for the stock"

}

}
}
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SEIREE R iA]) - [ A A - AR SEEE. (Implementation Prompt —Factor-Oriented —Code

Implementation)

System prompt:
The user is trying to implement some factors in the following scenario:
Background information ... (Received from Specification Unit)

Your code is expected to align the scenario in any form which means the user needs
to get the exact factor values with your code as expected.

To help you write the correct code, the user might provide multiple information that
helps you write the correct code:

1. The user might provide you the correct code to similar factors. You should learn
from these code to write the correct code.

2. The user might provide you the failed former code and the corresponding feedback
to the code. The feedback contains the execution, the code and the factor value. You
should analyze the feedback and try to correct the latest code.

3. The user might provide you the suggestion to the latest fail code and some similar
fail-to-correct pairs. Each pair contains the fail code with similar error and the
corresponding corrected version code. You should learn from these suggestions to
write the correct code.

You must write your code based on your former latest attempt below which consists
of your former code and code feedback. You should read the former attempt

carefully and must not modify the correct parts of your former code.

Output Format (JSON Schema):
{

"code": "The Python code as a string."

User prompt:

—— Target factor information: —
factor name: ...
factor__description: ...

factor formulation: ...

[NOTE]

1. Ensure the computations are efficient. Prefer vectorized operations where
possible, and consider JIT compilation (e.g., via numba) for recursive calculations if
necessary.

2. Parallelization techniques (e.g., Joblib, Dask) are allowed if it improves perfor-
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mance.

Here are some success implements of similar component tasks, take them

as references:

factor name: ...
factor__description: ...

factor formulation: ...

# File Path: factor.py
<code>

Here are some wrong implements of similar component tasks, take them

as references:
factor name: ...

factor__description: ...

factor_formulation: ...

<code>

Example Output:
{

"code": "import pandas as pd\nimport numpy as np\n\n\ndef

cumulative_return_30_days () :\n...

System prompt:

The User will provide you the information of the factor.

Your job is to check whether user’s code is aligned with the factor and the scenario.
The user will provide the source Python code and the execution error message if
execution failed.

The user might provide you the ground truth code for you to provide the critic. You
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should not leak the ground truth code to the user in any form, but you can use it to
provide the critic.

User has also compared the factor values calculated by the user’s code and the ground
truth code. The user will provide you some analysis result comparing the two outputs.
You may find some error in the code which caused the difference between the two
outputs.

If the ground truth code is provided, your critic should only consider checking
whether the user’s code is aligned with the ground truth code, since the ground
truth is definitely correct.

If the ground truth code is not provided, your critic should consider checking whether
the user’s code is reasonable and correct.

Notice that your critics are not for user to debug the code. They are sent to the
coding agent to correct the code. So do not give any following items for the user to
check like “Please check the code line XXX.”

Your suggestion should not include any code, just some clear and short suggestions.
Please point out very critical issues in your response, ignore non-important issues
to avoid confusion. If no big issue found in the code, you can respond “No critics
found.”

You should provide the suggestion to each of your critic to help the user improve the
code. Please respond the critic in the following format. Here is an example structure

for the output:

critic 1: The critic message to critic 1

critic 2: The critic message to critic 2

User prompt:

factor _name: ...
factor__description: ...

factor formulation: ...

# File Path: factor.py
<code>

Execution succeeded without error.

Expected output file found.

The source dataframe has only one column which is correct.
The source dataframe does not have any infinite values.
The output format is correct. The dataframe has a Multilndex with 'datetime’ and

‘instrument’; a single column for the factor name, and the factor values are of type
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float32, which is acceptable. The result aligns with the requirements.

The generated dataframe is daily.

Example Outputl:

No critics found.

Example Output2:

critic 1: The main error arises due to the incorrect index handling
when applying the rolling function over the grouped data.
Specifically,
critic 2: The logic for handling empty or zero sums of volumes is
present, but the application logic in rolling apply needs

consistent indexing that matches the function's expectationmns.

System prompt:

The user has finished evaluation and got some feedback from the evaluator.

The evaluator ran the code and obtained the factor value dataframe and provided
several feedback items regarding the user’s code and output. You should analyze the
feedback and, considering the scenario and factor description, give a final decision
about the evaluation result. The final decision concludes whether the factor is
implemented correctly and, if not, detailed feedback containing the reason and

suggestion if the final decision is False.

The implementation final decision is considered in the following logic:

1. If the value and the ground truth value are exactly the same under a small
tolerance, the implementation is considered correct.

2. If the value and the ground truth value have a high correlation on IC or rank
IC, the implementation is considered correct.

3. If no ground truth value is provided, the implementation is considered
correct if the code executes successfully (assuming the data provided is
correct). Any exceptions, including those actively raised, are considered
faults of the code. Additionally, the code feedback must align with the

scenario and factor description.

Output Format (JSON Schema):
{

"final_decision": true,

"final_feedback": "The final feedback message"
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User prompt:

factor _name: ...
factor__description: ...

factor formulation: ...

# File Path: factor.py
<code>

Execution succeeded without error.
Expected output file found.

The source dataframe has only one column which is correct.

The source dataframe does not have any infinite values.

The output format is correct. The dataframe has a Multilndex with 'datetime’ and
‘instrument’; a single column for the factor name, and the factor values are of type
float32, which is acceptable. The result aligns with the requirements.

The generated dataframe is daily.

Example Output:

{

"final_decision": "True",

"final_feedback": "The factor '10_day_momentum' has been
successfully implemented. The code executed without errors,
and the resultant dataframe adheres to the specified
requirements. The factor values are stored in the correct
format and appear accurate given the nature of the momentum
factor."

}
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rirddsRial- A A F (Analysis Prompt —Factor-Oriented)

System prompt:

You will receive a hypothesis, multiple tasks with their factors, their results, and
the SOTA result. Your feedback should specify whether the current result supports
or refutes the hypothesis, compare it with previous SOTA (State of the Art) results,

and suggest improvements or new directions.

Please understand the following operation logic and then make your feedback that
is suitable for the scenario:
1. Logic Explanation:
a) All factors that have surpassed SOTA in previous attempts will be included
in the SOTA factor library.
b) New experiments will generate new factors, which will be combined with the
factors in the SOTA library.
¢) These combined factors will be backtested and compared against the current
SOTA to enable continuous iteration.
2. Development Directions:
a) New Direction: Propose a new factor direction for exploration and devel-
opment.
b) Optimization of Existing Direction:

— Suggest further improvements to that factor (this can include further
optimization of the factor or proposing a direction that combines better
with the factor).

— Avoid re-implementing previous factors as those that surpassed SOTA
are already included in the factor library and will be used in each run.

3. Final Goal: To continuously accumulate factors that surpass each iteration to
maintain the best SOTA.
Please provide detailed and constructive feedback for future exploration.

Output Format (JSON Schema):
{

"Observations": "Your overall observations here",

"Feedback for Hypothesis": "Observations related to the
hypothesis",

"New Hypothesis": "Your new hypothesis here",

"Reasoning": "Reasoning for the new hypothesis",

"Replace Best Result": "yes or no"
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User prompt:

Target hypothesis:  Incorporate advanced variations and combinations of ex-
isting momentum-based, price-volume, and volatility factors. Introduce factors like
cumulative returns, turnover ratios, or volatility clustering measures to further refine
performance while potentially minimizing drawdowns.

Tasks and Factors:

e cumulative_return_ 30__days: [Momentum Factor] This factor mea-
sures the cumulative return of a stock over the past 30 days. It extends
previous momentum factors by capturing a longer-term trend of price move-
ments. Implemented.

o turnover_ ratio_ 20__days: [Price-Volume Factor] This factor computes
the average daily turnover ratio over the past 20 days, representing the
liquidity and trading activity of the stock. Not Implemented.

Combined Results:

e 1C: 0.033412 vs SOTA IC: 0.027691

¢ Annualized Return: 0.097140 vs SOTA: 0.076871

e Max Drawdown: -0.133149 vs SOTA: -0.075444

Example Output:
{

"Observations": "The current results show a slight improvement
in both the Information Coefficient (IC) and annualized
return compared to the SOTA results. However, the max
drawdown has increased slightly, indicating a potential
increase in risk.",

"Feedback for Hypothesis": "The hypothesis is partly supported
as the introduction of advanced variations and combinations
of factors has led to a slight improvement in the performance
metrics, specifically the IC and annualized return. However,
the hypothesis also aimed at potentially minimizing
drawdowns, which was not achieved as the max drawdown
increased.",

"New Hypothesis": "Introduction of risk mitigation techmniques
alongside factor combinations could improve return metrics
while effectively minimizing drawdowns.",

"Reasoning": "While the advanced combinations have improved some
aspects of the performance, the increased drawdown suggests
the need to balance risk more effectively. Considering

risk-adjusted factors or incorporating strategies such as
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variance reduction or diversification could further refine
the improvements while maintaining or reducing drawdowns.",
"Replace Best Result": "yes"
}
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