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® 10] ChatGPT —R OJPIFEE M 50 1F 128,000 &= ( context window ) ?
® 7310] ChatGPT BEIBEREZEHES ?

® =510] ChatGPT EHE4JZE ( hallucination : —ZAN1E& M ERER J\18 ) ?

® SAl " /% , HY Prompt - &IMEE " BRIR 1 WEARBIZBFEIR
A ? ( (AIE A Manager Today) EB#HE : AREFEER2EBEEZII
rmRie - CIEmEBogERA - SERWLENE ? )

® S{o[a —EfE=E - ChatGPT BRAAHIZSZRANEAE ?




® ChatGPT E9E T8%4 , 15?
— PEmNCcChatcPTER ARAFTHELEIMEESEZNE ?

® ChatGPT ERYAEE "7, 1§ ?
— ChatGPT BV prediction @R HIZRK - =2 78R N —1E& token ?

® ChatGPT =2 "3BfE , AEES
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C | AEEE (W) M ngiEs
oo | ANSREE (HI) FEIE ChatGPT SEHES ?
Reed Chang 3l A . i

" Search Google for "reedjoe"

e e e | @ ChatGPT ASTESIAR ( pretraining ) & - 1§25k
BB R % — R BB ChatGPT ASTREIAR ( pretraining ) & - F£ 3K
ChatGPT MIEMEBRRZE - . - A= PHRINGR - KEEBEA D
| Cauliflower Sky - * -+ ( semantic direction ) B ABNEBEERE

( clusters )

® THERAZEM ( embedding space ) & - 2R —
FalfEMxmEBRBANEZER RE ——
Cauliflower Sky
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® ChatGPT : 5 tiZER K ZE ( Cauliflower Sky ) %
fZ - £EREES  MEEZHERABRIL -




BE2A O] LAZ{E ChatGPT £
SUES{NRF/UAS

e

el

.]Ifén

e Tk g
O mH

A3k
I

-

|
|
&

> 1 >

B uur I}
I

/

e

~J

(1) ChatGPT M2 EES
How Does ChatGPT Learn Language?

(2) ChatGPT BYTEHRSFEE KR ZE
ChatGPT' s Cauliflower Semantic Sky

(3) {8 ChatGPT —HXE2TEZE
Learning English Like ChatGPT



ATEZE (Al) = AFEEE (HI)

fazN 4R U ZE % (Pretraining Preparation)

FE:)I4R (Pretraining) [Attention + FFN] «== 3t (Inference)
4 R I0 Al (Generative Al) «= {CIEI{ Al (Agentic Al)

(mn

1EZ Al ANLEEE HI

ATEE 15 15k - AFENEE




1 Y854k B 2E & (Pretraining Preparation)

1. BB EEZE R (Data Collection)

ChatGPT Il A2 H #ERlE ZEAFRAES (Internet) -

Bt FENIELAHSREREREEARAENFEIR (text corpus) + AU :
e Common Crawl ( XEVHFERIEERE )

«  Wikimedia Foundation Wikipedia ( ##E B #! )

« %5 (Books)

«  FEXE (News Articles)

o IR0 44 (Technical Documents)

- BgE R (Academic Resources)

« 72TV (Source Code)

o NFHMIEBZIAE (Public Discussions)

HrREZ Y —EE % EZRIFES A (language corpus) °
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JREEE R (raw corpus)mnBE 2= AR5 -

R LG WA /RETT

® EREIE Cleaning

® =1 Filtering

® X 1€ Deduplication

o A

FRIgE i o] se 2 A% 4V 13 JE tokens - {F

CEA B #){E%23E Curation

m

i

1 (Cleaning and Curation)




3. #E1E4Y 3 JK Tokens ETFEE)I 48
(1) mEBELEHEREE : WIFMEENEERAEE - 8

® SmEEiE
® Wikipedia

® IS IF

® S o{EEAG

(2) it 2 3B [E E 18 (Over-representation)
(3) 5 & B & (Computational Cost)

(4) BB RHCEL (Data Mixture Optimization) : &/ &R E FE S & LL] -

* QRERBIIMEENSE D - (FRFEEIER (Pretraining) AYFE -
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3 JE Tokens T=EAZ K ?

BE% :

- 5 8B A4 A oI ED 1,000 1@ Tokens

- BXEEEFIE] ( Double-sided Printing )

« HRAAEE 4V 0.1 mm
3 JK Tokens

2 EIHEFEZR : 1.5 % 10° X 0.1 mm = 1.5 x 108 mm

#9 150 2 E

® 3JkzcllAd (B 0.1 mm ) EE5I
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ST 8% s

3% & Tokenizer Training + 340 :

———
1

Vocabulary Table Embedding Matrix
* BPE

Token-Index Mapping Embedding Layer
* WordPiece Index Token Index Vector
* SentencePiece 0 ) “ L1205, 2072, .

[0.23, -1.10,...]
Embedding Matrix = .(123 -

2 Pretraining 22 E1E KAV -
#9818 %5 random values
%0 : & [0.003, -0.001, ...]

Symbol Mapping Semantic Representation

12



BT
=

IT
[

® Z4EEIE (cleaning ) ~ En#E ( filtering ) EAZEIE ( curation ) £ « A4 13 JK
tokens HYFET}

® 7548 Tokenizer Training 217 Vocabulary Table ( FAE3* ) - EF4IEIZ 100,000
3375 (tokens ) - BLEEEIE E 0% 250,000 ELLE -

® A1E X R IL Vocabulary Table 15K EE A A tokens °

® REMETRFIA ( pretraining ) BIEP - BRAZFEZ Embedding Matrix ( 88 AZE
fE ) - EEE token B S EMFEEFRR ( semantic representation ) —

a7 %< 2! (token representation) — [1.2, 0.5, 2.1, 0.5, -2.1...] & #£12,288 #f

® Tokenizer Training Z= 4 Vocabulary Table ; Pretraining 22 Embedding
Matrix °
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T8:ll4k (Pretraining) [Attention + FFN])

1.Self-Supervised Learning ( EEEEH )
2.Teacher Forcing ( ZEMi&38 )
3.Causal Masking ( AIRIES )

A= I =N

HAE 7 - B1ck - 1641 - F1EH ° (B2 | ground truth)

Step 1
Causal Masking ( AIRIEE )
&XxE 7 -

838 F —{E%37T ;. Next Token Prediction
EX3 7 - = I
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Step 2
Teacher Forcing ( EEf5R38 )

e |

FHIERERYEZRECE - B1E

¥838 F—{&E 33 7C : Next Token Prediction
EXE7T - 1§

Be &KX

Step 3
Self-Supervised Learning ( BEE E 83 )

ZXH Teacher Forcing TRt =2 - B LEE ~ BIE -




FEZ)I|ZE : Attention + FEN

Attention : T =/

Feed-Forward Neural Network (FFN) : Bi B8 {28 48 B

Causal Masking : A RES -

F—1E token RERIH ELE 7 % (relationships) F1{i#& (dependency)

Attention - Relationship Attention FFN - Semantics
MBFERE=SAZ [ B ] 1 - MBEEREESAZ [A] 7 [ & ]
REXER [ & ] HIIR - [1.2,0.5,2.1,0.5,-2.1...] [1.4,0.7,1.1,-0.5, 2.3...]

fEBEANG - B [E] 7 -

=l P Aa A xEl'zE [ 3 ] B - _ _
PEEHNE [F ] & - FERHENE [ #l] E - [ 8 ]

= [ fal = _iEr e [2.4,1.6,-3.2,0.7, 1.5...] [2.6, 2.6, -1.2, 0.5, 1.8...]
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FE:l%k : Attention + FFN

Attention :
WezBi s 2 [BEAVEA % ( relationships ) Efik%8 ( dependencies )

FFN :

EUH%E%EEEE/‘]%%E_tLﬁﬁ}E 27934

%S|+ (attractors ) ~ BFEE ( clusters ) BAZZ I ( basins ) °
Causal Masking

o F—1E& token REeBERABIE S LIRA token - WEBRERBRAIEE % ( relationships ) E244¢
¥8 ( dependencies ) ©

e % & Transformer 9 - Lﬁ%ﬂﬁ?ﬁlj} ( Multi-Head Attention ) M2 = 5[0

( semantic directions ) + /BB RIEEFP A4S ( Feed-Forward Neural Network, FFN )
?ﬁﬂ:lﬂﬂ%ﬂ*ﬁ@ﬁ%ﬁﬁ‘t
ELE -

o FA|PEx1E—{E token AIZZFEL ( representation ) XL EFRIN SR - 2= BIEIEAR
25 ( current active state ) + {E&HE® (inference ) N —1& token RVAERS -
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TREIRE RV ER A ZEE (1)

BB TNE  RMERLT -

 FEASER

SEBEIET ] BB T E  RMESE%T . sa =A@ ( Semantic Direction )
mBWKR]  ERATHE  RMESXT - &t ( Passage of Time )
 RELIEEEER | - EBIRE S NE - HMEEET -
HmAZE] ERE ST BRBZEEE T - Parallel Basins
B&R ] NE - BPEEET - _ _—
EHOAE ] BRBTAE  REABTET - TTE e ]
| B, 903 4 "(Passage of Time ) passing [ Y2 IUAT |
A L \l/
quickly [ BEA04E ]
I ITOPNGEN | 52157 ] fleeting [ Byt HlR 50380 ]
e oo 2
£l Bl SEAESHR ] irreversible [ FFIGIEIFRE ]
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TG BAIBR A ZEE (3)

The engineer designhed the turbine for the aircraft engine.

Step 1 : Attention 3= E Semantic Direction
SHEAGES .

The engineer designed ...

Semantic Direction

Aerospace Engineering

(MXLE)

Parallel Basins
Engineering

—— Civil Engineering

—— Electrical Engineering
—— Mechanical Engineering
L — Aerospace Engineering
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TREIRZAYER A ZE (4)

Nested Basins

Engineering
}

Aerospace

!
Propulsion

!
Aircraft Engine

Parallel Basin

Alrcrzft Engine AL
e m )
SHISAESISISSRE Parallel Basins
—— Combustor .
, Turbine
—— Turbine
HPT
—— Nozzle
LPT
—— Gearbox ,
Cooling
Aerodynamics
Materials 21




T8 5l 4 12 B9 BR A ZE 8] 98 40 57 $8 K50 #

Engineering

L'].ﬂle]:ospaLce

L Propulsion

L-Aircraft Engine

EiRE it

nested basins

Aircraft Engilne
—— Compressor
—— Combustor
—— Turbine
—— Nozzle

L Gearbox

v

|

Z{TR ith
parallel. basins

Turbine

—— HPT

—— LPT

—— Cooling

—— Aerodynamics
L— Materials
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28 Pretraining 72 BX Bx 42 BYEmbedding Matrix

FRR R A B

Vocabulary Table Embedding Matrix

% E Tokenizer Training » 330 :
*BPE m Token

. 0 the
*WordPiece

*SentencePiece o s

ndex | Vector
o n [1.05,-0.72, ...]
casnndp - [0.87,1.35, ...]
- [0.23,-1.10, ...]

- J

Embedding Matrix
#% Pretraining fiZ BX & 42 HY

Symbol Mapping Semantic Representation

Embedding Matrix
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Elegance is an attitude
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