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Transformer?
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Transformer?
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Transformer?

EfMAZN= 7|A HY = ?0) 2AEALH, A = FE22 Ll

ENCODER IN
TRANSFORMER
NEURAL NETWORK

1Y
0

Self Attention Feed Forwar d
Layer er




1. Transformer 3. E3Lto|= ONECLICK Al

Transformer?

2=EE HOolHs HAE ofX|2, HAFHe AR ZOtH =L}
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[Tt MAES X2 BEE=0|, 0|2 E3LO[F0[2ra okLf,
https://gihak111.github.io/ai/2025/08/29/Al_basics_1_upload.html
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Transformer?

Ol 2XE siHZst7| fIsh, }1Xl 212 Y (Positional Encoding)= %

Tho1o] of Ot HE of, Tho12] " K| S E Tt
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InputVector = TokenEmbedding + PositionalEncoding
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Transformer?

PE (10s,2i) = Sin (pos/lOOOOZi/dmodel)
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Self Attention
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Self Attention

7|1Z0| ofEl M
Query (Q) : LI7 X2 2& 233 2,
o

Key (K) : =AM 20 Rl= 2= HMO| 7[R

Value (V) : Mol '&X| LHE".

015“ 12

) LH Query2 2= Key9f FAIES H WSt

2) FALEPHE X7 =2 KeyQ| Value(2 A LHE)E 7HH et

(3) 7t5e5t Lo A & = Ot=OtEd e E OteE = 0EO0|CE
Self-AttentionOf| A Q, K, V& 25 Xp7| XS 20| A L=C
Query (Q) - "&&E" "bank"7 X410 ZU A o0& 'E'é'é.*a ot7| 2[5l CHE THO{E0|Al B X|= EEZO0|LC}.

O1| OHEO|- L} '‘bank'@10|, LIE "=(money)' 2tA =l T

CHOl QUL|, OfL| ™ 7+(rlver) 2tA =l THO QU7
Key (K) - "ZtEt": CHE 2= THO|(Rp4l ZEh7t XAl xﬂﬂ’é% 235H= 7| E ' O|LC}.
"I

Ofl: "I"= "Lt "river's '&'0|2tE 7|FEE WAL
Value (V) - "2&™ & TO{7t 2K 2 7tX[2 Rl= 2|0 E= "§& ' O|C}.
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Self Attention
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Self Attention

e gt

. QK"
Attention(Q, K, V) = softmax %4

Jax

1. QKT (S+ALE Al4h):
Query A Z 1 Key B E= LHH (Dot-Product)HLY.
‘bank’2| Query(qpank)?t river' 2l Key(kyiyer)2t L& ECE.
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Self Attention
2. \/T_k (2AHYLE - "Scaled"):

d,= Key HIE{ Q| X2l (==0( A= 64)0]|C}.

O|F: dy7t AETE, KT LHE ZH(FAIE B=)0| HEFE HKX|= BH0| UL

O| gf0] LB 3™, CtS THA QI Softmax &0Al 22iCIHET} 00f 7I7HY K=

Z 3} HY(saturation region)2 £ =0{7} H2IC}

JeHE[AEZE 00| £ REO| st&2 HEA ElCH(Vanishing Gradient).

[2tM d, 2| ME2(V64 =8)2 2 LIHECEMN 22 CHHJIA|F &r&0| |ESHA | =& STt

3. softmax(...) (=X H1=2h:
Ot 2tEl FAFE B0 Softmax &+& M EotL}.
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(O: "bank" - I: 0.05, ... river: 0.7, ... )
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Self Attention
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Self Attention
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Self Attention

Attention VS Self Attention

A2 9I%]

Q K,V
=X

Alignment) I+<}
F2 Q130-C3AE #x9| O

AL 22 (Cross-Attention)

Q (Query): E} AJ3EA (C|2G

=)

K,V (Key, Value): &2 A|#A

CEEES)

RNN 7|8t Seq2Seq 22 (7| Al

Mo EI (Self-Attention)
StLEC| AR A L5 o] A (2) Lot

FZ o3AM 8 C3AH WE (Intra-
Attention)

Q, K, V: S8t A2 (A1)

Transformer, BERT, GPT S 30 2 &
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Multi Head Attention
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Multi Head Attention

MultiHead(Q, K, V) = Concat(heady, ..., head,,)W?°

where head; = Attention(QWiQ, K WiK, VWiV)

1. ZEZHMM (Projection):

h7H(oll: 87H)2l il = 2tztoll Chall MZ CHE JHEX| B W%, wi wY)s THIsch /&2 Q K VE 0
S0 &l 4 ol=ES ?Iet MAHAOl: 64XHH)2| Q4 K;, V g E=0

2. HE OHIM:
87H9| olE7t 42 =2 ZE, SA0|(HEE) Scaled Dot-Product Attentions =3 2HC}. (head; ~
headg A1)

3. ¥ & (Concatenation):

8712 S| =0 A L2 64Xt3 =8 HEHESS 25 HASIY CEA| 512X+2(8 x 64)

4. XE T2 HM.

O A=l A0 £ CtE 7I5K HE woE &5t Z

o°I*
ru|o
O

MHA 2282 Y=Lt

ORX
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Multi Head Attention  ©f xiA|3| Lot Xt
1CHAH|: M3 Bi3} Ol BHE ofEllM 28
=

[ M-

. % B3 (Projection): Y22 £0{2 H2| (Query), 7| (Key), Z (Value) HE S 0]2f 7§2| BIE (Head)

1 3
=0F 2gotrt
- 3| ()= SEHQ MY WE ISK A w0 wr w!)S ALYt Q K VE B A2 Koz &Y
ohCt
_E|Oélf% S0, 22 X2 dpoge® AHESHL SIE = HE AFESICHH, 2 S| 22| X2 dy, = dpyogel/H7T
Q; = QW% K; = KWK, V;, = vy
2. SEHYU Ot E Ald: 4 FE ()= FEE Q,K,V,E AHESHY ZutHel AHYE G =Z2HE OfHIM

Vi
(Scaled Dot-Product Attentlon)% E2lMo g2 Susict

. QiKLT
Head; = Attention(Q;, K;, V;) = softmax V;
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Multi Head Attention O XtA|3| Lot& X}
2THA|: Z1 Z¢e (Concatenation)
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MultiHead(Q, K,V) = Concat(Head, ..., Head ;)W ?°
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Multi Head Attention O X}A|3| 2ot}
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Feed Forward Network
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Feed Forward Network
FFN2 5 7H°| Dense Layer 2 &[0 QULC}

15HA|: 2% (Expand)

2= MH x= A HW Dense Layer(W,)E St
O|m &= X dpyoqei= E& 481 O 2 X3 df 2 2 (Expand) (O: 512 - 2048)

07|10l ReLUR 22 H|UH 23t 27t HE &L

z = ReLU(xW, + by)
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Feed Forward Network

FFN2 5 7H°| Dense Layer 2 &[0 QULC}

2t M 2l HIE| z= 5 YR Dense Layer(W,)E St

"
0| 2 XU Yaholq_ .

FFN(x) = zW, + b,

StLtC| F(Layer)O| OIL|2t 5 7H2| Dense Layer= O|FO{%l %t

|2 H4(Contract)A|7{ =H

2 Y E 2|3 (Sub-network)
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Add & Norm

QALY C|AHO BE S HIPS Zhct

2l E(MHA, FFN) F=2/0l= "Add & Norm'0|2t= & 74X| &X[7t H== F0{7
Input — Sublayer(MHA or FFN) - Add&Norm — Output

Add (ZFHX} H A, Residual Connection):
Output = x + Sublayer(x)

188
ol

orel 52 YH x& o

9| &3 Sublayer(x)0| A2 E{SH|=CF.
0| 7

I s E7f A2 O S22 MEL s A5 2 IS othh S0 67H 1271, 1007012 Z O X| G2t
= A= 90} I]H° H2 BHEO| g5S 7lsot of= e EXO|Ct

£ dE7} A4 (Vanishing Gradient)&|= A2 9
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Add & Norm
Norm (A5 @2l Layer Normalization):
Output = LayerNorm(x + Sublayer(x))

O| &

'Add'2 5Tl k=2 2 0| Ef= A

+ HiX| Mt 3HBatch Norm)= 2% Z 0|7t
Zt EZ HE Q| Ed(d_{\text{model})= 7|

]

A ZICE,
gt = O, HiX| 272 F2SHA|
T3t (Layer Norm)E ArE3$tCt
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Encoder Layer
QA= 6702 S Y% 20|02 THEIH, 2 2|0]of= 2712 3t9 & 7HEICE

. Multi-Head Self-Attention (Q K, V7} 25 QIZEHO| O|™ & =&)
. Add & Norm

. Position-wise Feed-Forward Network (FFN)

. Add & Norm

0] 258

XE =52 "UY 289 ZE 2YS 2AHSHA olslist HE 52| 2 AEM22)7t £l T
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Masked Multi-Head Self-Attention

CIRE O] K WA o9 5. 7| 2Ol HE| IS MI O{HMIL XS 2| ZX[T,

— 1 - =

ot 7tX| St M|ef AtQl OfA A (Masking)O| F7HEI Lt

= H
ClREo 922 =85 =AH 22 oL ddst= A (0f: "Li=" CHS0f "i&"S 0l=).

st 2ol 27
EUATOE P AMS 28 >

orof OpAZJO| GICHD, C|ZE = $1X) 0| ZoHOf & CHoj(EIR) AT A Aket o,
o|o| A0 E#HEl Dj2jol TS (Tt Al O|Z)Itx| 2 Ert

ME = (Information Leakage):

Dj2fo] SEE D2] €1 0F5t= A2 €59 £ WL{0[H, ZHO| X A
M |
(@]

9| ,
M M2 &SR] %A QL
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Masked Multi-Head Self-Attention
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Masked Multi-Head Self-Attention

: Masked Self-Attention2 C|AEH7} & 117} °4IH AlE
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Multi-Head Encoder-Decoder Attention
CIZEO| &= HKY 5t 5L =, "L 'HY ™ ogt2 Shht
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Multi-Head Encoder-Decoder Attention

A

IS U4 K ve X 22
=
o

O] SUM= Q K, vl X7t 25| Z2| =lCt.

1. Query (Q)2 X (C|2H):
Q= HT T (Masked Self-Attention2| &), = C|AC{2| ZH0|AM 7t 2Lt (EHZ

2. Key (K)2t Value (V)2 EX (2132 H):

Kol ve QAL £|F &5 HE M 7MH2CH (a2 29| 2HE5| O[5 = =)
3. OfEIM A Ak

C|ZECO| QE 212 H2| K2F =[St Of Hi

Ol 7I=X[E QIR Q| vo| B850 7tEgt

|'_(')_I- B

—_——
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Multi-Head Encoder-Decoder Attention
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ONECLICK Al

Decoder Layer rizcz 6742 S st 0/0f2 TAE|D, 2t 3[0]0f= 3742] &}

Masked Multi-Head Self-Attention

Add & Norm

Multi-Head Encoder-Decoder Attention (TI%} "t ").
Add & Norm

Position-wise Feed-Forward Network (FFN)

Add & Norm

SO hAWN =
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Output

1. 652 L|ZHE Sutet 2[F #E 7t L20

— o

2. O] HIE{Z Linear Layer(Dense Layer)0l S1tA|ZICE Of 2[0|0{= R2[7F 7tEl M| 0%
(Vocabulary, of: 32F 7i)e| 2 7|BtF 2| =8 S 7tEICt.

3. SoftmaxE & &5t0], 30 7 THO| 2FZ10f CHet &E FXEE Y=Lt
(Odl: student: 95%, teacher: 2%, ...)

4. 75 2 50| 52 studentE LIS EHO| 2 MEHSHC}
O| "student"= CF2 AHI(t tep)°| C|3GE Y=o Ml =07t C|24 =
‘<END> (&% )EEL% o’éi W77t X| O] Mt ™E= 'f'i ot}
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2

OF

g2E

Tokenization -> Encoder -> Encoder -> Encoder -> Encoder -> Encoder -> Encoder
-> Decoder -> Decoder -> Decoder -> Decoder -> Decoder -> Decoder -> Output

Encoder

1. Multi-Head Self-Attention

2. Add & Norm

3. Position-wise Feed-Forward Network (FFN)
4. Add & Norm

Output
1. Dense Layer
2. Sodtmax

Decoder

1. Masked Multi-Head Self-Attention:

2. Add & Norm

3. Multi-Head Encoder-Decoder Attention
4. Add & Norm

5. Position-wise Feed-Forward Network
6. Add & Norm
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ﬁ
RNNS| =X Atho(n)E2 AE & 7|8te] B3 AL O(1)2= THM UL
O|= GPU ol 2 H3otE|N, 7|& RELELE AN WEA 2 HO[HE st5d = U ULt
2. UoYES 2 siZ
RNN2 HE7t nEHAE AMOF HX[ZHO(n) BR), EMAZHE Self-Attentions Sdll 22| &
C 23 A OIC}
H=2 T AL

=20 = T ot Hojl(0(1) B2) HE HEst HAE &
3 (Scalability):

Ol & 7IX| &8 H&0, 2o A7|(Tm2t0]E =)t H0|He| 27|& s3+F d50| XHH
oz ghetk|= AU HE(Scaling Law)O| 7HS3H A L
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Of EZHAZI Of7[HN = 0|2 7|7 HYET OfL|2t, 2&2| 2|0|E O|5lish= BERT (AZH &)
ot 285 ddot= GPT (KIRH &8)2] 7|80| £[Rlel, 52 227t Ot BE _*_71EH Al(LLM)
of 2Z+O| Z| ALt

https://huggingface.co/gihakkk/Transformer
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