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olgd X I'_)|_'_|-_EE. o 1=l

=3 - mE2st | | @YUy | | @€Y | @ SelfAtention ®NELE | | ©USE2 S
0|7 MM [ eol/7H MH/2] 2t ES . U L E2712] 27 AN (HF= xN) 221} 90%

¢ 2= 0| 6THIE A= 23l ELICt. @ Attention 0| 5HO[20|E.
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Token - Embedding
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MM Al 7[8E RAG X} 2P - Session 2 - Transformer O[3H: Attention 2] 2= A EX:Day1 ) ( Transformer O[3}

E 83— 2Ag "0 KL}

o=
EZOo|gt INLX7F EZS YOHof o= O| &+
o LLM 2 Et0{7} OfL[2} EF THR|= X2 e HIEO0| EE == IZFE (SXt == X)
o AF M=HHoE =St EE EE HOE 02 22 — MES|{E(BPE) e context window = EZ St (0l: 128K)
e ZHEZN 1R MID > HE2 D LIES UHOZE HIF e YUH+= EZO| H=E HOoH A2
e {1 EZ = 43Xl = 0.75 T - 3122 O A WA (EE M) o Z2 9|02t Bt=0{= E3 2~4Hl > H|E-ot0f 2 Z
Gl Al #2 Session 4 0|A tiktoken S AlM| E2 £=.H|E2 - AlAkeiL|CL.

"ChatGPTL ZZE5iCt"
- [Chat][GI[PTI[=]1[ =£]1[=]1[3CtH]
> X4 ID [13319, 38, 11571, ...]

5/19



MM Al 7|8 RAG ZH X} 2 - Session 2 - Transformer O|dH: Attention 2| 2= A Zx:Day1 ) [ Transformer O|&}

=8> EZ-> D> |

| SUBWORD TOKENIZATION (BPE) & EMBEDDING PIPELINE |

fThe unusual character was laughing. ]

v
STEP 1: PRE-TOKENIZATION STEP 2: VOCABULARY z-»[ STEP 3: EMBEDDING LOOKUP ]
& BPE SPLITTING MAPPING EMBEDDING MATRIX
TOKEN ID SEQUENCE v
l i l VOCABULARY TABLE (Learn able WEIghtS)
[ ] [ ] [ I D TOKEN 101| 25 |182|456|711|300| 88 ——>
[The] [was] | [ [laughing]
C —>( 101 [The] ID indexes a row, —» —
» 25 [un] extracting a driom
Common words = whole aulryes (USRI matrix
he was aughing] | ~
([thel ] (Iwasl] ([Daughing] ] > 456 | [char] EMBEDDING VECTOR —>
e (e.g., d=512)
Rare/long words == split > 711 lacter]
300 [was]
: N~ DENSE VECTOR
|[un]] [[usua”] [[cha,]] [[acter]] 88 | [laughing] REPRESENTATIONS
Example rind vectors lort of over
% embedding vector, (e.g. d=512)

NOTE: TOKEN EFFICIENCY VARIANCE

Same meaning in Korean uses significantly more ¢ Unusual character was laughing.

1 token 1 -1 tokens

subword tokens than in English (BPE often creates VS,
shorter pieces for non-Latin scripts), leading to higher =z0ye| cizst 22 aauc.
context window usage and generation costs. 1token 1-12H4)

\. v

=8 > ME/E EE > = ID > gHlld #lE - E20| ¥=-25-HHEAES| 7|= B
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o J2fM EZ ID > TAF HIE|(0]]: 1536X12) 2 tHst

e O|O0|7} H|Z:6HH HIE|E TP}

o "ZOIX|" > "I" = 7F41, "ZOX|" > "2AH"2 H

o|o| ZZt(Semantic Space)

o TIO|-ZZ0| ZHEZ H{X|El Z7t

He| = 2|0] FAE

EX: Day 1 Transformer O]

ZO}X|
e e ="
112F0 HIH S = 2% Of X}

42 0] 2H[=I0| 2 RAG 2| ZM QT Session 7 0|AM =& cosine @ Z|AFg!
L|CF.
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'0] £F{= Ofoliot={H, O{C|= 2tOf SfLf?"

N i
=1 L
' E22 212 AuC SfLisIE T1210| I|24| 0|t AL
o "IZS O[SHBIEH? > "EE"S Hlof &t
| . 0.7 (&5tA) 0/1 2
e Attention = ZF Tt0{7} CHE EHo{0f]| HOtLt =FEX| 7+E K| AH|At
|%§;€§%| 1 7 |1 |II|{E}|

/2 BE Ho7t E= TS SAlof| HZEICE = Self-Attention.
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Attention(Q,K,V) = softmax(QK"/vdy)V

SCALED DOT-PRODUCT SELF-ATTENTION (SINGLE HEAD)

Output Z
ATTENTION d
WEIGHT MATRIX T -

( 1 | |<«—{ maT™MUL ]
- 4. 2 : N
MASK | —»( soFTMAX }—3 N

— (applied row-wise) :

MASK 44 4 3 44

(Optional for decoder)

2. [ SCALE T
N=4 - ATTENTION(Q, K, V) = SOFTMAK(Q A )v

(divide by /dy) Vd
+

+ Attention Scores
1.( matmuL ) &K

dF W A v

Nl W | e ] e
Input ) Tdk:dv:ﬁ“ Tdﬁdﬁﬁ“ Tdk=dfﬁ4
Embeddings LINEARLY PROJECTION ]
+ Positional \
Encodings T 1‘ T T
(dmoge=512) 'THE' '‘QUICK’ ‘BROWN’ ‘FOX’

Al o{EIM Attention(Q,K,V)=softmax(QKT/Vdy)V - Q-K SAIEE VE 75 A (HE[F|E HEH)

£X: Day 1

MULTI-HEAD ATTENTION BLOCK

T dinodel

LINEAR | W,

F

 CONCATENATED |

J?t ] h=8

[
appandh 1 J
%

[ HEAD 1 [ HEAD 2 UJ HEAD h U]

Transformer 0|5}
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Query Hi7H = E4of "X|Z 0] Eto{7t it He"
Key MOICH 22 Ml EfD nZh CHo{ 7} 74RI 2pel
Value Mol MY LHE IS AR K
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=

EX: Day 1 Transformer O]
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A

Attention gt tHO| OIL|E} — "S(layer)"2=E &=L}
o 5(2E) olofl=

1. HE|4||E Self-Attention — THo{77|2| 2HA 54

tot

2. FFN(Feed-Forward) — 2t E22 JHE H

()
(residual): == =20 Hsll & »> 0= <5 QF - el (LayerNorm): 7f2| Z7|E 124

HA—
S L

FER - £ B D5 S + FESER 2 - FH

| -

r

¢ 230/ C|1ZH: olsH(&7])al

22 =SS HEA =

£X: Day 1

ST
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HE|H| =

Self-Attention

Transformer 0|3}
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dd = L3 EZ ol= > 0]o{=20[7] » ¥t= (X}7[=|7, autoregressive)

S5 2I0|M O{EAH D21} = temperature 7t =& (Session 5)

HIT

2 temperature > 2 2EH0| EZE MEH > HO|XN/E0MH

9 "&Z}(hallucination)"2| t2|: DS ApAlO] OfL|2} O™ =S Cte EZ'S n2Ct > J2iA RAG 7+ 2R (Session 6).
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SHAl 771K]

1. |4 2= X2 E33) > dH|Y > 9IX| 212L
. U4 HIE = ojo| |, J772+5 H|Xet 2|0] > RAG 2| HiE
Self-Attention — 2= TIO{7} 2= THO{E SA|0| ==
.4 Q-K-V — Query-Key £ &%, Value £ 7158 (=AM H|R)
4 HEIS|E — Q-KV & 02 €2, of2] 2AIE ¥E 1%t 5 o4
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