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Computer
Vision

1 AlexNet ('12.9) - ZEE H|H

2 AlphaGo ('16. 4) - HIS
Artificial K= /4%t at& 7|4t Q17 Mm|od oA A
Inteligence
41
3 ChatGPT ('22.11) - Xt o] X2

EMA LM OFF[HA0f 7]2tote] HE 2hA| X



Transformer Architecture
Self-Attention Mechanism

I'IJ
I>

I O}7|ElX]

o CIO{(EZ) 2t 2A £X|3} (self-attention)

o LCHXIIA 298 0|3l (multi-head & multi-layered attention)

o FEI L ZE THO{E HlE 36t HH SA| X2| (parallel processing)

o
E &AL x2| g4 o) 8l i 2 ClolE Mol BHE ots




The The
animal
didn’t didn’t
Cross Cross
the the
street street
because because
it
was was
too too
tired tired

Xt=! Google Research

The The
animal animal
didn't didn’t
cross cross
the the

street

because because
it
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too too

wide wide



O p2 2bge 80Y

J|1E 24 =Xt A2

! fu M fu
L= AtTtE AL
Xt=: Wikipedia
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EATH: HE X2 ml
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— 5 - - : : Attention Value
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Multi-head & multi-layered attention

Decoding
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<start>

arrived

Je

Xt=! Google Research
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of2t0|E 5= S7F 3=0]

)

Vaswani et al. (2017.6)
6,5008+ 7l

GPT-1 (2018.6)

14 1,7002F 74

GPT-2 (2019.2)
159 74

GPT-3 (2020.5)
1,750 74

GPT-4 (2023.3)

OF 1X 7,600 7 (XH)



CH e 1|2 (LLM)

—e— LaMDA =—@— GPT-3 == Gopher == Chinchilla =—f=PalLM === Random

(A) Mod. arithmetic (B) IPA transliterate  (C) Word unscramble (D) Persian QA
° . ° . 50 50 50 50
"Emergence is when quantitative changes in a system result o o s
= S 7 5
in qualitative changes in behavior." = B ;
= 20 - 20 f 20 E 20
r\:‘ 10 T f 10 g0
(Anderson, 1972, More is Different.) 0 = m --—J a h--f -

0
e
1018 102 102 102

i
1018 1020 1022 1024

10‘18 10‘20 10‘22 10‘24 10‘18 10‘20 10‘22 10‘24
° = of = e} uthfu rounded mappings ulti-tas ord in contex
b N ] Pg(Emergence). Etél =N %7'.0.” [[|-: 0;||?_:|i| %ol_f 6E_=||9_| ;ll.ngi I:él'lo_:| . (E) TruthfulQA (F;)DG ded mapping 7(0G)M lti-task NLU  (H) Word text
60 LY 60
" o N " i 50 X 50 X 50 - -
o HF IR Y2 XS Bt 5 ai / S
£ 30 £ 30 £ 30
- - o o [ 2 i == —a" " Sl ____ /[ Sl
o S0t RO CHet B2t FE2 WEE 2AE Wd, JHE #ot7t= s < w % 4
R B I e R~
= F~ [ - ] [ o
CHat, 2= apA|of CHsh &aido] LiEtL= 22 ofd

Model scale (training FLOPs)
o HA FHEHH AXF SOA= Hds A LIEILIX] &3 XtZ: Wei et al.,2022, Emergent Abilities of Large
Language Models.
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News
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Analyst Reports
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m Social Media LLM Brain
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Automated
Reports
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Joining for coffee at a cafe

Taking a walk
in the park
[Abigail]: Hey Klaus, mind if
I join you for coffee?
[Klaus]: Not at all, Abigail.
How are you?

Finishing a
morning routine

Xt=: Park et al., 2023, Generative Agents: Interactive Simulacra of Human Behavior.

[John]: Hey, have you heard
anything new about the
upceming mayoral election?
[Tom]: No, not really. Do you
know who is running?

I'm planning a
Valentine's Day
party at Hobbs Cafe
on February 1l4th
from 5pm to 7pm!

e

I heard you're
planning a Valentine's
Day party at Hobbs
Cafe. That sounds like
a great event!

Giorgio

Tom

Eddy

Wolfgang

John

Ayesha

Klaus

Latoya

Speaking of which,
Isabella has invited
us to a Valentine's
Day party at Hobbs
Cafe.

I'm organizing a
reading night for the
Valentine's Day party
at Hobbs Cafe. You're
welcome to join.

I'm actually planning
on attending Isabella
Rodriguez's Valentine's
Day party as well, so
maybe we could talk
more then!

Abigail

Jennifer

Q



[Prediction & Analvsis]:

The price affected rationales are ranked as
follow based on the importance.

Baullish Rationales:

[Sentiment Analyst] The company announced a
partnership with ____ which enhance 1its product
portfolio and sustainability profile.

[Technical Analyst] The price has been above
the WV7 for most of the past week, indicating

[ would predict the MSFT s price According to the technical
would go up in the fiture based | |analysis strategy of all the alpha
on the strategy that the debias factors, the future MSFT price
sentiment news ratio is large than | | would most likely turn down
50% ...

Microsoft Corp is a leading
entity in the Technology
sector.. As of today, if hasa

market capitalization of
2774166.33in USD ..

o0 o0 L]
() =) (&)

Inference!
Expert Mame: Expert M Expert Name: o :
Sentm:rtﬁnai:;: Esepert Vst AﬂaI:sTE:pert Fundamentsl .ﬂ.na;'s.eis. Expert J@ (EEI)Hl] an upward trend in the short term.
Ao A R
b ol e G e o o) R s e g e b gl e A i s e i e B b o k
f 5 - ' .
11 [Company News]: 1 [Stock Factors]: d : t : Bearish Rationales:

I} [2014-12-25]: Microsoft is getting | [Alphal] EMA - Exponential Moving Average [Sentiment Analyst] The company announced a

N G
o —

i
]
: : support from the irish and enropean : EDIJ-}JUJ:*:_E“?;:P—:T'? CDUFD-E_} N FloutosGPT partnership with ... which enhance its product
1 : f;;:ﬁi;:] .lIF:-fT - playstation store , : ;zii:ilj;_ela:u:; :;Ez:;\t?z{:‘e]i:{;;:eﬁn;g i porﬂblm and Susmahd—‘ty pr':"fﬂe-
| : xbox site suffer disruptions ... : 1 Historical Values: 4487,4469,4436, 4479, 4436 - o .
7 P 1) [Alphal] ... Based on opimions from all experts, I predict
, g e that MSFT will rise by around 1.5% on March
e T =% Expert Inpm . 18th.
‘H ——————————————————————————————————— - T e — —
Quantitative Strategy Experts Pool Explainable Price Prediction Strategy

Xt=: Tong et al., 2024, Ploutos: Towards interpretable stock movement prediction with financial large language model.

o m mm m m mm mm m mm mm mm mw mw mw mw mm  mw mm mm mw omw omm omm
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5 g :
1 i
=] m-mo-q Earmng call istorical P :
- rices Targeted Web Search .

H Transcripts Hmmi o ‘ H

-
M b " ]
Fundamentals Agent Dynamics Agent Macroeconomic Agent

Recent Financial Pertormance Pertormance Metrics US. Market

» NetApp Al Gata sokulion » Revenue: $35.088 (24Q4) . mwn-:o;:lh « S&P 500 svong gains

= Accenture Al adopton * Netincome: $19.318 (24Q4) G 9"‘;"" o « Tight tabor market

» Dol Blaciwed servers « Gross Magin: T4.6% (24Q3) o Mm mszn' + Treasury yiekds taling

» Demmarks Gallon Al sysiers « Op. Cash Flow: $17.638 = Vil « PMI decine signals

Financial Updates Balance Sheet Health International Markets

= 53537 market cap « Cument Assets: $57.648 . ::ﬂ:’uﬂ“ « UK: Housing

-m‘;l:‘" o Curment Liabawes: 516 488 b e 'E“'mm

. ncrease « Swong kqusaty postion - = Japan yen ssues

et Chnonge « Stabie long-term debt ;:""""""""“"" « Crana: Maed recovery

» China ansirust probe iy « Orac: +64.1% N “‘m"m

= AMD GPU competiion s SYS—— + Delt +60.3% B

A A ey = Supply cham mprovements « Intet: Negatve retum + EM growth polental

‘Sennument » Biackwed archiecture lunct o Liiding Shaspe rasio « Green lech opponunites.

v Buteh o Al lterslp » CSP parinerships expansion Benchmark Analysis » Consumer resiience

« Srong growtn ousook o Paniun * S4P 500 +20.3% Rl Pocia

+ Vakuation concers . mmm + Outperioems peers Bils I —

« Geopolsical . market exposure « Higher volatity . forecast

hmacatcane = Supply chain consaints « Strong risk-adusted retums = Foregn capaal resance
I = MACIORCONOMIC ChaBEnges = MOMENtM reversals.
J "

At=: MarketSenseAl 2.0
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o] k2| 2| Zofolixe] EHARNO| HE

ZAEE| H|™ (Google Brain)

Vision Transformer (ViT) Transformer Encoder

MLP
Head

Transformer Encoder

\ |
-6 0N OO D o)

* Extra learnable
[class] embedding Lmear Pr0]cc110n of Flaitened Patches

amm ] "
EEE—*IIM%IWWE

Embedded
Patches

E#MAIZH 7|8t Vision Transformer(ViT)2| O|0|X| IjX| E&tE Est A|RA X 2]

4FAl2 CNN $HA| 35 9 ZAEE HIH 2o} &40 7|of

Xt=: Dosovitskiy et al., 2021, An image is worth 16X16 words:
Transformers for image recognition at scale.

L2 (MIT)

Output

Transformer Encoder

ETTTIT T
SHEhGER50

Linear Projection

ﬂ TITIT ﬁ
S f_alﬂ

i3

I -‘ " Patch Split with Overlap E ‘ gz ..

OrIQ AHERIUS AIFAZ HEs0] EHALDTL HElsts WAOZ S
| 1

A, 24 MY S QUL M| 2ol M ot &5 L=

re

Xt=: Gong et al., 2021, AST: Audio spectrogram transformer.
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AtH0] X2] 2] Fofof|AMe] ERHARY

2z &2

U Ug U3 Vg Us

vy
MatMul Uy
r— v3
| SoftMax | -
} Uy -~
¢ s 5
Scale Spatial Encoding ‘ 0
I I 5 Uy
_ _ _ = - @&
ILinead ] [Linear] ‘ [Linear} =" Uy
7 ) U3
e = v}l .
5
Edge Encoding
Node Feature Centrality Encoding
a2 Gl0|Efo] EMAZM OFF|EIX Ha| Y S ZH BES B 24 9 0% 28
AH U EYF, 25t £X S Ot 38 20 ME 7tsH

XtZ: Ying et al., 2021, Do transformers really perform bad for graph representation?

b pai epresentation

Corresponding edges c
ere) ina graph

ik

o 2R 7R RS P
i Vi ki K !
18 \\®// & o0& o e
o ®
B .{‘?r‘ .
e B
d o blocks 9 } e o
=== &
Lo o peons ’.rAY“I%ﬂi
ISl . 0 L et & fshoies: } 7 E A S
translations » % ZL‘/ a‘
Bmh‘ | \‘&/ .Q.yo;sw . '.;.u‘&xz,l-{-
mgnyan atthe m«; ) E:C:fg’ﬂ:"";a"’r;s 5 L;
AlphaFolde| ETHA R 7|8 HES St HHEE A X of| 52 27| dut
50 Of & MpstA| HRIRE XS] Al SHZ CHE Atz

Xt=: Jumper et al., 2021, Highly accurate protein structure prediction with
AlphaFold.
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SHl82 A

20

10 (o}

A0 o©°

-20
0

20

10 o_-

-0} ¢

20
0

Xt=: probmods.org

over-fitting

Test risk

under-fitting

~ o 'Training risk

sweet spot —

b e

Capacity of H

Xt=: Belkin et al., 2019, Reconciling modern machine learning
practice and the bias-variance trade-off.
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o TSR UXAtH Heh-24 EY0|EQIEE HO{M= MZ2 Tt

¢ 52 =2ENS 1T gold BYO| Fojtt 452 Mot 02X 27

o LCioH M Jh54(explainability)0l %otd HEo| 2t 2| E 0|sH3st7| 022
10
A = = N=40 ReLU features
8 £ —— N=4000 RelLU features
6k Iy under-parameterized over-parameterized
I
4 I Test risk
2 : 'f} “classical” “modern”
E regime interpolating regime
0
3 ~ Training risk
i « _interpolation threshold
= . i e
P Capacity of H
L [ L L L [ [
3 -2 -1 0 1 2 3
X

Xt=: Belkin et al., 2019, Reconciling modern machine learning practice and the bias-variance trade-off.
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Goyal & Welch, 2008, A Comprehensive Look at The Empirical Performance of Equity
Premium Prediction.
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Kelly et al., 2024, The Virtue of Complexity in Return Prediction.
. T
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=54l o

=
Volatility
6.00
500 t d
400 F !
3.00 | ]
200 t :
1.00 T -
0.00 ' : s
0 2 4 6 8 10
cq

Xt=: Kelly et al., 2024, The Virtue of Complexity in Return Prediction.
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Panel A: Sharpe Ratio
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Single Transformer Block

Output
TY) = F® (AR(Y))

*
I

Add Residual
FR(ARY)) = F(ARD)) + AR(Y)

I

Feed-forward Network

.IE)KL’[ qng
PIeMIOJ-Paa

F (AR(Y)) = max[0, AR(Y)W; + 1B ]Ws + b

Add Residual
AR — e
Multi-head Attention
AY) = T, 0(Y W, Y)YV,

Input
Y

Xt=: Kelly et al., 2025, Artificial Intelligence Asset Pricing Models.

) J@K;z[qns

U0}y

132712 &= #=& Anomaly

HE 22 U 7|E Hulad &

> >

J
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|1 BESS ¢
iy

Models
BSV 00 DKKM M Lin. Attn. s MIP B Trans.

>

w

[S%]

Sharpe Ratio
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DOl 377t 2EE £ E 240 4Ot 2

4.0
25| g -
o Ridgeless
E 3. z=0.01
n e z=0.1
QO 2 z=1 ™
E z=10
1 z=100
ﬁ 2. FF6
HXZ
1.5 sy
DHS i
1.0- BSWV
0O 10 20 30 40 50 60

Xt=: Kelly et al., 2025, Artificial Intelligence Asset Pricing Models.

Sharpe Ratio

4.6 1

e
N
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i
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e
o
1

4 6 8
Number of Transformer Blocks
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1. Market-Guided Gating

e —(ous

ol

X11

]

ZHH 0l A2ttA X (momentary and cross-time)

4. Temporal Aggregation

211

Z1,2

!

3. Inter-Stock Aggregation

Inm
hy 4

Ihu.z
Ihl'z
|

|

[ Feature Layer }

2. Intra-Stock Aggregation

>

T

YViz
time

Xt=: Li et al., 2024, MASTER: Market-Guided Stock Transformer for Stock Price Forecasting.
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5. Prediction

stocks
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Thank You!

2 K20l Hsligt FRES LR solo] 2O RHEARHT SIS ZAIMQ! e} ofd
£ UrElLICh w3t APESO| ol K2 2| U BHE, JHE WIS SR/t

The World's Leading Capital Markets Think Tank
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