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Vocabulary Table
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Token—Index Mapping
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Tokenizer Training ‘ "ex o = =2
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ChatGPT Y2 FES
How Does ChatGPT Learn Language?

1 FEFII&R (Pretraining)

1.Self-Supervised Learning ( EEEEH )

Y@L TSk 2.Teacher Forcing ( ZEMi&3E )

3.Causal Masking ( AISRIES )

4. Attention » [EFICRIZ 7 UEAENRR - IAEIALIL - IZ=AEUBI - 1 (2
5. FEN . uth : EREVT - ETEH - HIEA - F15AE - )

Causal Masking ( AISRIEZS )

l, tEEwg oo,
State

B [ /] 89 state : &R N —{EzI7C ( Next Token Prediction )
[FIXRIZNC ,




[3][95][5'11[7]“5? ]

— gL =
Output Probabilities PN (LRI T IR - IURICEIALIL - NENENEN - ) (=
| — 38 : ground tfuth : FXE Y - BTER - BETEAL - F1ER ° )
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Self- i
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(Semantic direction)

Feed Forward Network (FFN)

(Attractor enhancement /suppression) BQ{EE
Self-Attenti L B4 52 ) | AU
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Embedding Matrix
Context-so-far representation Embedding Layer

Current Active State

[EXRIENTI B & a5

[1.6, 2.3, 1.05, 0.7, ...]

& ENrYreT

[0.9, 1.6, 0.85, 1.5, ...]

Token Embedding + Positional Embedding [0.5, 3.6, 0.97, 2.3, ...]

Prompt / Previous Tokens



IBfZ - Attention + FFN

Attention : J¥ = /]
Feed-Forward Neural Network (FFN) : Al 88 18 48 44 I
Causal Masking : EIR#ES - 5—{E token R B RIE E1E ZEf{% (relationships)

- FFN - ;8= Al{C I ZE &

Attention - 8= 750 (semantic direction) : T
(semantic consolidation)
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ﬁaﬁéiﬁiiﬁ E/‘JIE [ EJ = . [2.4,1.6,-3.2,0.7,1.5...] [2.6, 2.6,-1.2, 0.5, 1.8...]
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a5 == [0 ( Semantic Direction )
& #h ( Passage of Time )

Parallel Basins
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F & 3% (100,000 -250,000)

Vocabulary Table

Token—Index Mapping

Index Token
(o) the
1 dog

2 is

HR A ¥BPeE

Embedding Matrix

Embedding Layer

TR G AR 12
R A #Bfe

Embedding Matrix

Embedding Layer

[1.6, 2.3,1.05,0.7, ...

Index Vector
(1:05, =072 ...

[O'87, T35, .. -]

[0:23;, —1.20,..--1

[0.9, 1.6, 0.85, 1.5, ...

[0.5, 3.6,0.97, 2.3, ...
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Output Probabilities

Feed Forward Network (FFN)
(Attractor enhancement /suppression)

Self-Attention
(Semantic direction)

Feed Forward Network (FFN)
(Attractor enhancement /suppression)

Self-Attention
(Semantic direction)

Feed Forward Network (FFN)
(Attractor enhancement /suppression)

Self-Attention
(Semantic direction)

Current Active State
Context-so-far representation

[BIRIEN 0

Token Embedding + Positional Embedding

Prompt / Previous Tokens
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ARSI (RN T IR - IOBRIEIALIL - IS - 1 (=
5 FEN £ : ground tfuth : HXET - BTER - IEA - FTEA - )
Causal Masking ( ERIEE )
§ mmEr—

[ /] #Y state : 8B F—1@7IJT ( Next Token Prediction )
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B2 B4R (HRAGERE ) 0 PRIE

8§ — B = Loss
Embedding Matrix

Vector

[1.6, 2.3, 1.05, 0.7, ...]

& RElRTHY
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BRAZEPRE / 23]

[0.9, 1.6, 0.85, 1.5, ...]

[0.5, 3.6, 0.97, 2.3, ...]
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Embedding Layer
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[1.6, 2.3,1.05, 0.7, ..

[0.9, 1.6, 0.85, 1.5, ..
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Nested Basins

Engineering
!

Aerospace

!
Propulsion

!
Aircraft Engilne

Parallel Basin

Aircraft En 1b:
—— Compressor .
P el Basins
—— Combustor .
_ Turbine
—— Turbine
HPT
—— Nozzle
LPT
—— Gearbox .
Cooling
Aerodynamics
Materials
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Engineering
kg

Aerospace nested basins

Propulsion

Aircraft Engiline

Ifl

LT8R M
parallel. basins

Aircraft Engine
—— Compressor
—— Combustor

—— Turbine

F—— Nozzle

L— Gearbox F—— Cooling
F—— Aerodynamics

> L Materials




IR — IHEAREA pY

Inference — Understanding and Generation

Inference Navigation in Cauliflower Sky ':

A greedy snake winds forward,
locally moving up and down (radius-wise)

HiIRMAMBR 20, RVEEH, BBLT (FEHP) BH

+ | @ Radius (Terrain Specificity)
How spe

E (RZMPILIRE)
EAEAWPI{L / MAR{LIRE. -

zed / concrete the region is.

® Depth (Attractor Strength)
How strong / stable the basin is.
REE (TRS 3% )
RIGAYIRS 3R / PREFRA .

® Trajectory (Inference Navigation)

The path actually taken by the inference. |

WEF GRIRWAR)
B ANTERS MAB A P MR T IERVRETE. -

High.cr Radius
75 24

Middle Ring

Lower Radius

WEE

More Specialized (Outer chiqn)

BWPE (HhEREE) ¥

.,’

Current Active State

AT E R AR

Shallow Basin

* Every radius region has shallow

and ;!ccp basins.

S—EFTERPESRITEOZE,

A navigation may make radial excursions;
it need not be toward a higher region.

W OTR T RS RMEE.
F—EWE W w WP,

A navigation can enter a deeper basin,
and it may simultaneously move outward
to a higher-specificity region.

BB AR RN,

30 BT AEB)BF CEIMS BHEY B8 15 P (L A, -
Forward progression with local

radial excursions.

R, PR BB B EIE.

BRI
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Inference — Understanding and Generation

What did the engineer do?

The engineer designed the turbine for

[What] [did] [the] [engineer] the aircraft engine.
[do] 2

Embeddlng Matrix ® [turbine:l 2l (Sesr:;fr-\gztgir:tei;?on)

. [th&] H= a Feed Forr:/vardNetw?rk(FFN) :
ttractor enhancement /suppression
Embedding Layer d : d e e
(Semantic direction) /
Vector ° [ ESIgne ] K x

Output Probabilities R R b o
| e [engine.] X . o
. 4 > ‘ [dO] State | igher Radius

"'" o [a Irc raft] { Feed Forward Network (FFN) \
HA i (Attractor enhancement /suppression)

® [t h e] Self-Attention

i (Semantic direction)
Feed F d Network (FFN)
9 [fo r] W= (Attraifor ecr’mrt:::rcemgnt 7sruppression) Middle Ring

[1.6, 2.3, 1.05, 0.7, ...] e [engineer] i I Ta ot
Context-so-far representation
[0.9, 1.6, 0.85, 1.5, ...] o [The] ¥
.5.3.6. 0. . DR Token Embedding + Positional Embedding .
[8:5,8.5,0.97, 2.3, -] > , Current Active State
Prompt / Previous Tokens




Decoder-only Transformer for ChatGPT-style Token Generation
ChatGPT salscE Rk AY4EEZESEE Transformer

| Output Probabilities l
* ﬂ

i L B it A

Soft .
S Output Layer (Discrete)

3
Linear / LM head
1

r~ T ™ 3

T
Add & Norm

A
Feed Forward Network (FFN) T
(Attractor enhancement /suppression)

*
Add & Norm (EE
Z ) E
Masked Multi—l—!eac_i Self—Attention I - Nﬂﬁl ( Hldden Layer
SEMITE SlEeten (N=96 Transformer Blocks)

HiE
(Continuous)

+
Add & Norm

I Current Active State
Context-so-far representation

| /

T o

[ Token Embedding + Positional Embedding H""'RA ,ﬁ.‘ ﬁﬁﬂﬂ
=

! ] [ Embedding Layer (Discrete)

[ Prompt / Previous Tokens 21
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Thank You

Elegance is an attitude
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