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Joperation-level

Jsubnet-level
Jagent-level

ALHKRNRASE, SKRBNFHTEIEEEX

As you read, different parts of your brain handle different tasks simultaneously. Some areas decode
the words, others recall related knowledge or emotional context, and yet others help form an overall
understanding. All these processes feed into each other—your memory, expectations, and reasoning
all run in parallel, making sense of what you’ ve read and integrating it into your broader
understanding. It’ s a constant, dynamic interplay.

While some parts process the words and others tap into memory, other areas work on predicting
what’ s coming next, interpreting the emotional tone, or assessing whether the content aligns with

your goals. Simultaneously, some regions handle attention—deciding what to focus on more—and
others keep track of your overall comprehension. In essence, it’ s a symphony: prediction, emotion,

focus, and understanding all run in parallel.
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d AlphaAgent: LLM-Driven Alpha Mining with Regularized
Exploration to Counteract Alpha Decay



EEFERESP, SE—RVWEMESREUE, Bine I eEI TN AR AU
ISP RIAR, B Alpha BF. iIEXEEEXTUTZOLTE:

« BEKRS: S={51,...,5n}

« RHEIEO: 7 = {t1,...,t1}

o BARERERF: X € RVIP ) Heh D RIRFIRIFMERIHERE, FIanFF
2iN. WEM. IREF.

o BFIRE: BT fRHE—NZFED R X BRESATES 7441, BN
TR~ REE, BXAECRRA: f(Xi) = res




B FIZHBE X

f*=arg i L(f(X),y) — AR(f)

o F RFRMEAENEFRIALZIE,

o y RIMNELHRFNE, BN ground-truth future returns,

o L BTEERFROTINERME, FUEEIEE IR FHEEER.

o R REREFREFERAIHFAOEMMI, N SNEMEES ERENFEE




SI AT IZ RN B AR

fr= argr}lea% L(f(X),y) — AR,4(f, h)

L Ry(f, h) @—TE2FNEMNHIT, ERMXARTEFHNREXNER
2, RogdlEFSMinkir b RGN, AREREENTIREEFNRE!

. HF1ZBirEIEhAY, AlphaAgent KA T L 1 R, ZBRZZNR
wiE, HIIWSE R RURE.
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IEN LI SRINAI L F R

Ro(f,h) = a1 - SL(f) + as - PC(f) + a3 - ER(f, h)

« SL(f): #=KE (Symbolic length), BHEARKTGNKEZE,
o PC(f): BEHZEITE (Free parameters count, fIIRENERIKE),
BALESEGI A,
« ER(f,h): GEHMEEAFENIUE
¥3FE (Alignment),
RNTIHE ER(f,h), ECEERFRBBITMSIEER (AST) T(f), HE
X T AT EBNEIENR.,

FROFRFEYE (Novelty) AKS{ERIZAY

2t




BT FREENEREITEES

AT EREFHGT (Factor Crowding), RANITUTEMET f; SMEBREF f; WELUE, BU
B s BBETBALLRENNASTEM T(f;) WT(f;), REESKARFREITER:

s(fi, f5) = {1ti] 4 = ¢4

ti CT(f?) t; ““—T(f}

o t; M t; DalZE T(f;) % T(fj) 1, |t
b=t RETRTRESH L A,

b, BESMENEEREFE (AlphaZoo) Z = {¢1,¢s,..., 0N}, 8 Alphal01, #1TLE
X, BENZEFNREABMUESSD S(f), EAEHRZREIEMETIARIE:




BFEZEHeEETER

'g Human Observation: ... Last hypothesis captures
= Knowledge : profitable price patterns but with weaker
: predictive consistency and higher risk
= o h Knowledge: Stocks exhibiting simultaneous
g;— ESearch = contraction in intraday price range (high-low) lgl
== Report : and declining volume over a 5-day window
indicate latent momentum reversal ... dea Agent = |nitial h i B
_Market . Justification: ... as compressed volatility with . AT RPN U
: reduced participation precedes directional
'"s'ght . breaks ...
"Description: Measures persistence ofﬁ
O simultaneous range-volume contraction | Alpha
. : . ' by counting days where both metrics fall . N -
Feedback: Comprehensive evaluation do o} | b}élow thegir 5}jday moving averages Expression
of factor performance with tailored e ' within a 5-day window
& recommendations from Eval Agent Mo ' Expression: COUNT(( {sm Gh - Slow) < | Hypothesis Alignment
| TS MEAN((Shigh - $low),5)) && ($volume < | + _
\ TS I‘EF"I‘HS»XD]_UTE, 5}} 5) s Complexity Constraints
Tap (O/
Backtest elf-reflectio nalysis Feedback Factor proposal
Evaluation: The improved annualized return validates the core Eval Agent {f1, f2, ..., fm}

premise of latent momentum reversal detection through range-
volume compression.
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=1NEVERERE

Idea Agent

SIS E8E

ERNEZRIER, BSIETEEARTREARAR, HRIRSHHIZEEFRL
mizRix. BETEB%EE (Chain-of-Thought) HIEMZEGSSIONEBOHNAS

R SRWMRER. SHANRGRS. SFTRNEHEUELANSIEMTE.



=1NEVERERE

Factor Agent

B FERER

AFEERZIERRIRSEARAAZENINFR., EABTRIREMSTE
EEFXMAR, BREBRESHEANMAZRAN, HHAERFIRIN/IKK
BHEIIRAE, f8=MENMAYR, FENLEMALESF.




=1NEVERERE

Eval Agent

L& HEMR

T E e A TS A F RN ESSHEZE AR, FABELEGEAITZ EE LNTE( Y,
EEENE=7HE: FEENIEFR (W I1C. RankIiC). WImFMIEFR (WE
Uz AR) FIMBEIZEHIIESR (2&A<[ElHE MDD) .
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THEE MRS DR FRYIMERERIR, IRBIFEMRINRMEIAE, HRXEZINAIRR
ROBIRERE. XERRA—FTES T —HETMZRIRNACTIREFRIADNMML,
(ERFREBRIEMIZEMFFERABRER M,

B XM EF LG, AlphaAgent MYBEBZEMSETEF, BEEBEIFLEIEN
PREZN, BENAMEANTISFRG, AZREERNREENINHE
"




AST

Expr: (TS_MAX(shigh, 14) - TS_MIN(slow, 14)) x STD(sclose, 20)/ MEAN(svolume, 10) ¢]
AST: >
OP(/)) .
L - 1 g
OP(*) FUNC(MEAN) [0
|
T S . . — N
: OP(-) ' FUNC(STD) VAR($volume) || NUM(10) o
i [ . ] i e =
| FUNC(TS_MAX) FUNC(TS_MIN) | VAR(Sclose) || NUM(20) N
| I
I—I_l 1
i — 4 A
Il VAR($high) NUM(14) VAR($low) NUM(14) ||
'_______________________’___________________J Exp‘r: ((sclose -TS_MIN(slow, 14))/ (TS_MAX(shigh, 14) - TS_MIN(slow, 14) + 1e-8)) X 100 f
OP(/) NUM(100)
1
OP(-) OP(+)
1 1
: 1 (e eme—m - ——— EEss-reemsressessees=s a |
VAR(Sclose) FUNC(TS_MIN) : OP(-) {| NUM(1e-8)
I . 1 E [ : 1 E
VAR($low) NUM(14) | | FUNC(TS_MAX) FUNC(TS MIN) :
| I
= _——— |
| VAR(Shigh) | | NUM(14) | | VAR(Slow) || NUM(14) |
T T R . ¥




dQuantaAlpha: An Evolutionary Framework for LLM-Driven
Alpha Mining



ZOWME: BRNEHEFHR

AEIFAEIBIRNA AL, QuantaAlpha FE—REFiZEIEEX A—T
BRFWHIBFES T = (80, a0, S1,a1, ..., 8,), B sq @YIEWHIE (Wh

ESREMFET), a; EEAES ¢ TXREWIENIE, s, 2ESELN
G RVLIRIATS

MEZRAVZ OB iR S — T B AT LIRREE) (Terminal Reward)
HYSRHR :

f*= argr}leagﬁ( (X),y) — AR(f)



LFEAR

U

AR 7T BBIEE

SR, EREVLENMRASEE

BE, MERE—NSRUTMRTIAL ,

v RS E

R R .

YIRS

/NPES

X

EmERa]

_-F

e (%0 Alphal58 HRMEXIEFE) EAY]

(Initialization Agent) A%EZTETT%X*D =

‘ESZE%I\E’JrJiZﬂExlx, PUXoEMES .. KERE

. HEIE[S

AL <=

Dﬁ&kﬁﬁﬁ?ﬁ&ﬁﬁm AR, EEEENHEERER
UHTRES N BB OHNKE




RN EFEESZENR)

EH}H% BiER (AST) RN SEEHESEEEAES BRI
SHWHNE X iR, AR ERRENCRIZIERE (0 TS_MIN,
RANK =) 4%,=\§ﬂ”i)ﬁf§%§L_t FFEx ZET AHFRIEEN , X
FEE fE’JiJr’“’“ﬁE%ﬁ?Fu’éﬂ)ﬁﬁﬁ%?&é@ﬁﬁ 0
D—Eﬁl’fﬂﬁﬂ FE LLM fERIRIERE, BEEE “ThiaRig” .
A FRIAT” L,USZ “AIHRITAE” =FZ2EENEN —EIE, BLE
t_}ﬁ;J*EE/- *zo

QS ZERE ‘Eﬁr%f": E BERZ#HE UUNREREINGS
It E W TFEMNEF#HTESS
EIJ'L%‘%ELEE AT EMR “EFHHF (Factor Crowding) ” , &

F
F=~1m1d AST F R E X EHEFSESMBRAFENFTAAIL
5, 1 HEERBE

&
5

=]

limli




PR B BB

THHET (Mutation - EE@BIE) : LE—FURMERNLLEINE, EeEAETH
T'EBERAE", EUSHERHXMETHFERETR, AINENEZESREIR
Z. RARNZBEEEHRHITES BN, HIASEEN B RESRIITIZIANSTKE,
MARFFIBIERE o728 oim, MMERSERERIENERNERREMZE,

RXEF (Crossover - RHEH): RKAAIEMRINNFEN/LERXRNT, FENR
ANNERAER, WMARRIRIRER, WERISBERE, #TEH, XRBHTA
RENMMRARARRBABEHITESNEBERI, EEFMEMNBNDEED

EIVHRRAE LW HIHIIET NRINER, KIERA T

N

F IR SE A ATIE A



Machine Learning

Agent Baseline

QuantaAlpha (ours)

QuantaAlpha

ML Black-Box Model

(sealed 8) ‘—bw Mechoe L

YL ER L =] ,
— — - : | ——
(=] o =] o o o o o)

Stock Data

Unexplai nable

_ Hypothesis LLM Generator

Factor:
* o rffarlu-ic-:'f-ir_.';;l\. *
I ,".. i wvolume_Ta, Z0))
i 4 rank{std{ d, 20
r Fe | W& " - : —_—
@ ® © o © © { “i\\}‘?f/ F= ®» ®© @ © @ & Search Space
p—— Shrinks
Planning Self-Evolution
F Factor: 4 & Mutation Crossover
. . B |

i g
6‘. & % @ 8 ¢ @ @ 9 & @ \
W,

Seed Factor Pool

oL &

Trajectory I ] [ ‘

A B—Child
Traceable

Controllable
Search Space Expands

Cumulative Return

Cumulative Return

(a) CSI 500
QuantaAlpha Ve M
60% AlphaAgent "y
RD-Agent J
40% Alphal58 " Y
- Benchmark _"é;‘ Vo
20% ke AT ~ L
v [ Ay
0% . W W~ f
VA | , J
.\ F..""'.\"ﬂ:i ._‘?l‘\ . -%. “! :q_l.:‘s.-: .ﬂ?ﬂ'\! i r‘Il."'
-20% ok, e 1 T
Vo, Ty
- i Y,
40% :f. N
06 A2 06 A 06 A 08 Az
20227 9022 023 9023 9028 02h T 5025 02
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80% QuantaAlpha /%}.:M-,
AlphaAgent w8,
60% RD-Agent o e
Alphal58 I
------- Benchmark
40% o 0
_."I! :,'! i
20%
0% 1 1}
=20%

202

57

AT .00 Al .08 Al 06
2370003 10237 2 28 a5 2

20%



QuantaAlpha

Hypothesis Operations

A. Diversified Planning Initialization

Seed Library LLM Hypothesis ' 1 Hypothesis hl
$close/Min($low, 5)-1 Generator
$5td($volume, 5)/Me - 10 HYPDThBSiS h2
an($volume, 5) Q @ -
($high-$low)/$open ) ‘ i HyPOThESiS h3

B. Factor Realization
Factor Instantiationx3

Revision FBEdbGCk
Constraint Gate /
Backtest
& &
Consistency Complexity

SL=250|ER=6)

Redundancy ARR

D. Final Factor Pool

VASRF_Stealth_Accumulation_20D: e
*[CORR(c,v,20) * MEAN(TR,14) / ( (CORR(rng,v,10) :

+£) * (MEAN(c,14)+¢) )]

Stealth_Efficiency_Rank_15D:
*[RANK(CORR(c,v,15)) - RANK(CORR(rng,v,15))]
Volatility_Regime_Synergy_10D:
*[CORR(c,v,10) * ZSCORE(rng/(c+¢), 20)]

C. Self-Evolution

Combines volume -pres
sure x price-volume ¢

oupling and regime-da

0.0 R it with a volatility
lW -to-range filter, .. ;=

Parent!

Vaolidates a microstr
ucture efficiency re

Parent

¢ Targets overbought m
* ean-reversion by com
bining attention, RSI, i

nstitutional/fun dame.n_ r

tal deterioration, .../~
Farent o’

gime using range-volu
me alignment and ran
ge-per-volume cost, s

Strategy

Mutation
A=t

{targeted revision}

Crossover ?ﬁj

o

. L_\

|-.,_ A :

/{segment recombination}

ey

1 Parent = trajectory ()
2 Child = new trajectory (t+1)

Child?

Child

_ A signed return-volu

me momentum proxy
(not true ownership
coordination), ...

A minimal institutio
nal-momentum pro
Xy using price-volu
me-change correlat |
ion scaled, ... .



dTradingAgents: Multi-Agents LLM Financial Trading
Framework



TradingAgents

=

Market

G

Social
Media

I

News

=

Funda-
mentals

yahoo! i Al Wty

finance

X e reddit @; EODHD

Bloomberg % reddit
\.’ Hub

h D =
Company Financial Insider
Profile History Transactions

Discussion )

L

Risk Management Team

Buy Evidence

i

Bearish

Aggressive

. Neutral

. Conservative

& .

7

| @ Transaction

Proposal

Researcher: Evaluates risk/reward

;:QQ Analyst: Gathers market key points

Trader: Proposes trading strategy

Team Risk Team: Manages risk exposure

Overview Manager: Authorizes transactions

Execution




KA =R

IR — (Vend — Vstm*t ) % 100%

‘/start

- start %TH\H*}JE,]?“ gﬂ[:ln_ﬁﬁ\ia
¢ Vend REAR (REIERET) HRAHSEME.



FHR =

¥
AR = (( Vend ) - 1) x 100%
Vstart

Hr:

. N RRENESRESNER (B, NERENT 34 8, N
N =3/12 = 0.25).




S 5=

R — Ry
g

SR =

e R ETRIBBREASHTIMEALZEZR (Average portfolio return) .
o Ry RInFNPLFIZR (Risk-free rate, BEEREHERBERIENEEL),

o 0 RNIREBREASINEERNITEEZ (Standard deviation of the portfolio returns),
KRT RAAERZWEBDE DRGNP,




Peak — T'rough
Peak

MDD = max (
te[0,7

) x 100%

e Peak 2RTHEFETE FHIINES R

e Trough BiZRX FEkIRZEPHRER.

s AL, RARRPRNXEEER (N"RTEXZEEREMR") NSHmAYFIM3R
Z1TRE AL R




U TradeFM: A Generative Foundation Model for Trade-flow
and Market Microstructure (J.P. Morgan AI Research)



TradeFM

XIS T —#Z A TradeFM B4R ERIER (
Generative Foundation Model) , & JHEFMNZS
MHIHEAMEE, I T7TLHERES 2N SR EHEFHFSoH
558 KH9ZGEE




AREATIFE: 2HiFhREE” (UARRE) FEMR.
RZEM&R/NZHNAL (Tick size) EERE X, ATXLIER
FZH95Z 4k (Cross-asset generalization) , ARARFALE TR

EATYHIE , XA AFEESREGEBEZEIE a1~ a0 & B

#, MAHESEESTNEXXNEIERBER

LEASENE: EFENemEREEEE IS E R o TR
HNRRE, TradeFM SIAT—MEHANDELFR, KEEEW., =
BESEBENITER (Order flow) SRS A— R —HEE
%l (Unified discrete sequence) . X—#&IAIEER T £HXS
ISFERTHTEERENEX, FEH8ETUEERAZIKXIESIE

RIZER




%IV A

Q4RI Transformer 52/ : REKZOR—MAE 5.24 12

SH#HIER Transformer, 5

MBS IB R KRR SE1IL,
TradeFM BEEMNEIE 9000 RRENKTH{2XEXER ZH4HiH

1TFY, BUFYIE

= B B9 75 VT R SR AY T

iR

5 o




%IV A

AERREEH IR

vTradeFM HAZRIMIZETH, MeasS— MMaEENhinEIEs
BES, EXITRERH:

vTradeFM B E&: EA—MNEER “B87° mia, £ERGER
AE&F"IEE’JXT"HLTE-UH, (Counterparty order flow) .

VIEEERIER: S5 EREERITE, BETENEHEN S

?EE’J%%LJ’”’%?E MEEDM (Heavy tails) . iKs1&RE
£ (Volatility clustering) LARFTGEIRBEHEXMESE

v ﬁﬂléﬁégiikL T RESLAIE NI (Counterfactual
stress testing) , FIMIRRFEFFAMEXSIXIEREE R 10 2
NESEITER, SRV ERAS B 4 Y18 E MR IS 2 R 12 iR, DA TT
=l X s




A58 LA NFRGENS SE RN

>RWES (RL) 708 : RL HeeE T IEX ME i iE
SREXRZIRMBAETRERTERE, MNIRIVENRE
II:P u*ﬂ%gﬁmﬁg}ﬁgﬁzzk o

> ZEEAEERS (MAS): ERIBTUBAS M RGNS IR
ek, ARSNXENTENBUMERIT A BER
RYFEEN .

>IRRRHNESE5ERINFMEER (Participant-level

conditioning) #lfl, A#RAFMGARE_ EASHEAREEE
RS T R AR H B AR .




&RV R B [O])3 R 31 2 R0 R

AXRFEX (TradeFM) BERMHHEMUEHNER, ™
EXA—TMERNN B EIPFIIZRER (

Autoregressive Sequence Modeling Problem) .

AATIEKESER (Transformer) EEBIBRHINSE
EFRBERBIRESNEHIZSR, BXXAT—RIES
N EENTISMETR G L . UTRIFANKERERT




2O A BB S F R

¢ 1. RZBHFIISEIRD

X RN SRRIA— TN ERANEER 2475
E = (e1,ea,...,er) . BENZWMIN BIinERE ) FHMEDH $P(e_t| e

o 2. REBHFNZITITTAHART

PN

ERXMEP, 8THED t NETRZEH e FR—TER—EE, MHE™E
HEXA— TR MUMFHENTTA: er = (Ats, dps, ve, at, 8¢) o




2O A BB S F R

At;: BB E—1TSEENEEAREER (RAAT).

0p:: RENMBRE (BEUERERT).
V¢ - Q%H{Jﬁilﬁmu

a;: EMERE (WARIMTERSEUVEITE) .

S;- REITERELEAM (£ N/Bid 3 SEiH/AsK) .




ZIVEF RS %

AT EMRRGERLMEBHET RAERE (BB RAEIMEHNRIEER)

Y7218, 1B3R

17 A F=MXBIRNFZZHRGE:

o 1. EFHFREMNETT (EW-VWAP)

ERBFRA SO TMRRET, BT EEEEINETNIEHEN pe,
REETHRBFZFRATNE pi™e . FRNMRZREIMCFEIIN (VWAP) AT

erec

g pYWAP — RV B mss e r e R AR SRS T LM

Z:Eg Vi



ZIVEF RS %

N TEENTEIARIRZ Z B8R, 18X5|I A\ T BN ENNFEAMN (EW-
VWAP), Bid%#FoF N 198 D, NigHZsh T35 -

o MBINMEDF: Nt =a- (pf*c-v;) + (1 — a) - N¢_q
e BRENE: Di=a-v;i+ (1 —a)-D;_1

. BAMIHE: py VA = Bt HE, FEEF o BETHENESRR
E,mﬁmﬁﬁrWEtﬁh BRAIBURE




o 2. REATHFIEMEE (Scale-Invariant Features)

ZIVEF RS %

RNTHBFEABRE (SNBSS RIMLUR) ZERNESEEEZES, 15ER™S

RS N Fo E MRIERIE -

 WHRZE: ATERBMNERFEIMITRBETE, R
vy = log(1 + Vi), HERV, BRRIGRSZHE .

o A—EMIERE: HEITREMERN TG RENESRELR d, = © id

, MMEBRBXNNR/NENIMMU (Tick) RE .

A3 E TR

order __ amid
t Py

t

. ERMEATE: BTRIEBAMEER, X Ap, — 2P0 g, 2wk

Po

RIFFEM .




ZIVEF RS %

o 3. BEFRESHEIRSHDIEMET (Universal Tokenization via Mixed Base System)

Transformer FIERISZRET T B0 8 E REEFUN —T—4/) Token ., ATH LABE
EZNBEREENZTTIHETA (T, top, o, Ta, 1s) EEMBE—BH, BXEHLED
27 (Binning) RWEEZEBHNHU ARSI, ABRGWIHRE T —fESHBINRL
(Mixed Base Number System) .

RIFBTHIENES D (Bin) BEDHIN: sifEn, = 2. ARl ng = 2. &
ng = 16, XZE N, = 16, FAKE na; = 16,

it



AGREBTIHIIRNAERS I MARSHTI RS

ZIVEF RS %

PER—0L (Digit) ", FIRFEREEFFEAYRIEE
EEREFMNAAIINAY"EE (Base)" , EREASH Token iiq4. FIEFHS AN T

btrade = (Lo X Ms X Ngp X Ny X NAL) + (85 X Mgy X Ny X NAr) + (Lap X 1y

Fﬁ
IJ-I-

X —EZRGIG, SRS, SHENERRZER
— PN EEA/NA 16,384 H—4a;CRPHTT

tRERY B

O

£ER, FEENSRASE
3% R RAETT



Market Simulato
Tr*adetﬁl —1

Market
Simulator

TradeFM

\

append ! .
« Trade.,; | Price.,;



d FactorEngine: A Program-level Knowledge-Infused Factor
Mining Framework for Quantitative Investment



FactorEngine BFHRAIRFEA B FZIEIESE

XmIeX Rt T —## 2 FactorEngine (FE) B2 5 R ANRIEANRE F1ZHE1E
» JEGHNKEINEXTSEE (AREME) SiRZ AIFERIENERERS
Iﬂ%ﬂﬂ, FE REFEZREANERTENIERF (PythonfUid) #{tia)E,

ZFENROCIFE TSR T AWM - EHEL", ABI=TEE (2152
ESHMAER. LLME@BRS IHRERERE. LLMERS Attt BEE
7)) KRRNERAREIERNEFRE.

BAMS, XRIEXAER=T/OMERIIR




I 1. 5| & /¥Rt IR (Bootstrapping Module)

IZIRR TR R R R ST
_Ié.l_

AATRICHES, ®MWEH

ZEEPIEMSFEL:
il PRV OvE R EEIREUA S LHY JSON H LaTeX {ACHS,

TER, %

=

T=ERIHIRE T,

AAFEM M E R AN ERKIITHEFEAL A

MA—THHNZSEEARRSE, B "EERER"R

BaIKIBERSUE: BEEFACEBRRIAITEY Python RS, RAE

2RITS UENH,

e A FRIREM AT AT

ARZAEEEAIRE, FRTRY)

BETS B aliR B A2 E SR
ji: 8




I 2. FH{RIR (Evolution Module)

XEMEZRZOMELR, KARM-FHMRBE#HE (Macro-Micro Co-evolution)
M, E—TAHEAPREEHNEFEPARRNER, FH IR AU TER:

o TERi%1F (Program Selection): (FEFitBLR AT RZWEN, KA
W EREEXE (UCT) tnEXRFEIRE (Exploration) 57|/
(Exploitation), #EHHBIFREBNNTR ((KBER) #1TT—FTR,

o EMAREY R (Idea Generation/Macro Mutation): X2 LLM R¥FE{ERAN
frER. RASN LLM 12125845 (Chain of Experience, CoE), ElE1 S HIN
2005 MBI 2T, LLM £8X RIS B SIS RSt AT
R, HEEEFSHNAMBIEN (WZITHEIZE. 5IAFISE) Fi8
TSN ZTHE.,



o MMSLHES SE 1t (Implementation/Micro Mutation): I§S UM
LLM AUIEIERRIE, RREAMAIHEER (20 TPE BiE) HiT. X—ME
ERMBETZHEATITR, BMAREFNESE (ME0OX/M. X

H), WMARETIEAM LM NEAHER T SEBANBIRIN.

o RiR{EHE (Feedback Propagation): e dHEMHIZEGERINGE, &
REEENGITHE., LM 2248 XREENZO0NEENRNTS, ERIESETE
fri—EREMEBEFHNTREME (QEMIARLNAEIN), ESKENERA
[0,

o ZBISHHE (Multi-island Evolution): 7% LLM FEHL M S2E9E
WIRE, REHTEITZ THINEMAEIRE (BU5), HERRHRENIHERR]
3IMWMFBTEF, MMEFREGFEZFENENIMENRERNERE.




Z IR IR

I 3. BE1RIR (Integration Module)

IZIRIRATT MR EN AR

=R

P

Fithr

AmELBRT R, AT

alll
/i

o

SR Es

o NTREEITEEXERGERFIITERE, 1IBXRAT —MESRE

BB RELH

o RFIRT T —TEEENMEDE (Fitness Score, FS), 27 HERNEE T %
MEFNEES] (IC, ICIR) FMETHIFRIFMEES] (Rank IC, Rank ICIR) RINEE

MIREM .

« REBUREHRENTERFRESRESHRECHARE, KERMTBAZ

TR ZEFEI)RE (49 LightGBM) RERRBHERHES.




SEWREFIZRE DB EFENX

1. BT EIRE
- ﬂigﬁﬂ (UniverSE): S — {81$S2, - SN} @E N g
. SEBEEE: T = {t1,ts,....t7).

o FFESKE: EENEORKEN L BIER T, MARREFHNRIETIZFIEMETE
RRA=HKE X, 10 € RVEXM D Heh M OISMEN%EE (NFSEIK
& OHLCV),

« H3CH¥R (Ground-truth): 7E8J(E] ¢, AREMESTAIRFEW R DEN
Y = {yt?bytﬂ: o }yt,N} c RY,




SXEATF RIS FEX
2. BF SR MIE]

« H

AFBRET: — 1N E

-3;\

FREXA—TRFRE f, ERDHEFIEEORENLEN
1280 | SEOTUES riyy € RY, ARRTR:

f(Xt—L+1:t) —7 T4l

FRE: EXEA

i, SME—TEE K TE

FHIE

RS {frbior . EMR

BB — T RERE g (HlanzLtml)3s) LightGBM FHHEZ ML) HElS K
RANESTES 2

e =gl il K fpii), v LA E112))




SEWREFIZRE DB EFENX

3.

!
X

EMHEEERANESTIESS

REMIEB T

ahYy={Y:},_;.

o

| 1218 e SR F B in e B REAWE—HR AN

XHgEIHEIER R(Z,)Y) (BINERRER IC HEE

=80 Z = {2}, ], MRMESTIFES

Al

A+F, UEAMUITE

EERE),
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1. A CHBRCF TR

BB RIS — PO B RAI KRB ARSI MR, EX
Wed F = (P,E, )

o P: HPREHNERERZIE,
o & RIBMNRITSWIEME.
e ¢ KIBSHEE (Agent) HEIEH

dit

S ERASTILANIR,
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2. BME: BT UCT HIfE/1%#E (Program Selection)

ARNREEFHALARN —RERITESEEN, E8AHERRN, RATEILREF
RABIN'EFRFTR"BTER, A THEH"RERMN"MN'FEASHATER", BX
KATHOLREEXE (UCT) 23 HMEET S v #1739

In NV, parent(v)

UCT(v) = Q(v) + C\/ =

. Q(v): T A v MBI F R ERBERNDZSRTIRE (HEEES).

e Nu5 Npgrenso)! HIRTH v RERT REBIHEATERE.

o c: BRE-FHEN

BEH (EXHIRER V2),
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3. EME: ZIEEE21T (4 (Path Evaluation for Idea Generation)

NTRABE (LLM) RESRENEHRE, RASNSBNPIRIURIENEZK
P12 {p; )}, IREHAREE, N TRRIBMNEEREREBMERFTEES,
RABU FARGAIMEH LIRRR:

e BIEDEN (Effectiveness Score), EERIZP T REVFIHFEMEE:
1 1P|

Z Score(p;m)
m=1

Seff(p%) — |p|

o BEEROIWESEET (Coverage Score), H2RIERR p; 5YanHtis C

VEBREE HPP=p,nNC):
E’] *EE-,# ( p ) Scov(p'i) — ||§|| A ﬁ% Stotal(pi) — Seff(pi) — Scov(pi)
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4. ME: NHErSE{L{ (Bayesian Hyperparameter Optimization)

XRIZIEXN—ARR: FRBNBESHRAMNKCESREPRHFEHE, RHLE
AR I IH AR RIE A HhTERK

NTF LLM HE 7T REEEEN ((BSECRA) iEF P, MEAHEHZEZEE 0, X
=— TNER &AL I0) R

0" = arg max f(P,0)

RARA TPE (RHRG5H Parzen (&i188) SUMETEE, W EMRKHTHER
&, FETRAMAHIEN#H (Expected Improvement, El) KRS XUE L RIS EA
(MERE. T—HHNES):  pre) - / L mes( 5,00 2(ul0)dy
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5. AlFiIiE 5 EME 7 £ (Fitness Score)

ERMCLE L THER
TERITEESHEXMEE

(ST

AFfla, FEMEL"BRTR[ARALEI[D
FiH, IBXEXT —TRERIINPOER E 75 £

(FS), WEFHZHERINHAITREMREL:
FS = £(IC x 10+ ICIR + RIC x 10 + RICIR)

JTRE,

o ZNRNIASZERTEFIEEFMEESN (IC SENERENM ICIR) ARETFHR

AYELMFMEES (Ran
HE FS 8T 0.4 TR E

+ M3

KIC 5 RICIR), #

BT 24353 IC/RIC 5EEAT 10,
IRESHEET S E
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