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Attention?

=0 += OO|Ho| 22 HAH™ LA BiCt
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https://arxiv.org/abs/1706.03762
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Attention?

UHIH o 2 (E 5| Attention0| T2 AR E|= Transformer0| M) HBEZ O Z 0|20 FIC}
Q (Query &) (N, d;) - N, 70| #2| B H

K (Key EZ): (N, dy) - N,7H2| 7| BIH

V (Value & 3&): (N, d,) - N,/i2| HE HIE

Transformer L2 0| M Self-Attention= AFESIHA E|=0|,(CtSF O E), H7|AM=

QK V7l BEF gt U= xO| 42 T2 7tSX| dZ Wy, Wy, Wy S
Q=XWy, K=XWg, V=XW, Q7| w HBE=2 x& LtE 7[H =&
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Attention? H|S
A2 Ci=aF 20 V = ZAE0| Qe RE Mol LY 1 KA
KT K=2& M| H=, 7|/E
Attention(Q, K, V) = softmax (Qd )v Q = Lto| B|ZE FH| (10|t ZEHE HAp)
vV %k

1CHA|: F AL A4t
Scores = QKT

& Q (N, dy) FEIF K| ™ X|(Transpose) W& KT (dy, N2l =

af: scores E (N, Ny).

0| ST ZO| AT} Scores;= iMM 2| HE q,0F jHA 7] HE k0| LF{0|Ct,
Scores;; = q; * k;

HEf WX b= |lal||1b]] cos(6) = F HE{2| SALE (Similarity)S SHBHC}
g2 k7t YO B E|0f QUEX| (0| H|XBHK|)E LEEHHTH

A
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Attention?

1E: QARE A
Scores = QKT

BE Q9 BE KE # HO| HIESHE 012 B8NQl Y
M2 HEl Qo BXIS S8 7127} & Fh2HE K

Scores;; = q; - k; Lh M-S sHof LofL}
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OFO|QF B El A
Ah)
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ool BEE

—_ -

s A



1. Attention "3 ONECLICK Al

Attention?
2CHA|: 71&E K| AH|4AF with Softmax

Scores
A= softmax( )

Jax

Aib: 2AHILE: Scores WE| HE QAE |/d 2 LEEC]
Ol= A 20| UEF HMAM Softmax2| 7|Z7[7t 00| k[= A5 YX|SH7| 2ot &=t FX[O|LCT.

M£=90)7F HE A ™, Softmax”ZF "O| 24 100%, LIHX| 0%"H & {F S EHX Ol ADt7} L2t
Jde G| HEHO| Xt@h)2te e 2 M52 LR A, B XI0|& TI-™A|7| = eHdst HX]

(0l: 90 - 9.0, 15 — 1.5)
Softmax: 2H L2 &l Scores Y| Zf 20| CHSH Softmax & H-E L}

(9.0, 1.5) - (85%, 15%)

A0S FAF MO 85% EESH, =& Mo|= 15%2 HSotete et Sk A[D7t 2SO T
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Attention?
2CHA|: 7F5 K| A4 with Softmax
A} A (Attention Weight dE) (N, Ny).

Softmax= 4 W2l 4i(q;7t ZE k2t Z= wAE =)= 01 1 ARO|2] g2 Ft=iot,
Zt dof gto] 10| T[=&F T=Ck= AS 22|= O|0] FARULC,
X

= - = — A=
Ay 19 FHe[7F e BR ot ESolof 5t=X| = LIEtU = Z&H 7I5X[ 7t = O
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Attention?

3THAI: 71S X Al 4k
Output = AV

AHLE A (N, N) BBV (N, d,) BB &,

: 2 S0 BHE ESE Y AL (Sofrmax =)
AN ™Mol LHE=

== &otBE /IS 8o= =0

<J>

Outputi = Z AUU]

DA0|o AL LHE 85% + T E 15%

O

= 2¥0[et= tHolel 2| & =& 2E A 18iot0] S5otA Aol 21t=0| L2t
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Attention?

O|Z 0| o8l el xF Z1r=0|LC},
Output2| iHM A Output;= V BB Z= A v,(BF HEH)S2| 715 B (Weighted Average) 2 2 A|4HEI T,

Ny
Outputi = EAUUJ
j=1
=, (BT H2(g)0l ThEH ST Output)2, qiotel BRE(4,)7 52 BEw)= 20| JHen M
7t 22 BRs HA 7Nt B X HEe| g HiHO|Ct
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Attention?

2=

1. QL )7t KZIHE)et SOFL; HI2HK]| B 07|22 (1EHAL: QKT)
2. 0| 3 & HEL HE(%)= Hetot 7 2T A Softmax)
3. Ol HHE(AHZ v(2X tiE=)as H0M Mz2 T FE(Output)E HE= b
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Attention?
A=
HEIMZ2 L& (Dot Product)2 Sl A= E F74ot1, O] FAIEE 75X a0t dE 52 Sl

tsetE AlLtdt=, 012 7tstt 8
DE JIM0| s3] gAto B ML

o

HEO| HE SANX|O))S sl 21 7| 2]=/(Long-Term Dependency) EXHE 2 £23}7| {ISHA Z=X|tCt
EdlAZN % 0|22 OI7|HH UM == AL SO

Ct= A|ZHOf|, Of |l o] M H QI Self Attention, MHA, CLS EZ2 5& ¥0t& AO|LC}.

Lot &AE Al SDPA, earge 7t =0, Ol HE2 U5 EMAZN SfHA 20t= ZO|Ct.
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AutoEncoder

Ho|E{e] &% 0l Y= H B (Representation) S5 9%t H|X| = sH&0|C}
CHEA QN URTE F2ef A2 HZA(Skip Connections)= <A

AT (4% FE)
Q2 GlO|Ef x2 Y220 BN HAIAQ BA| HE 22 A%
fRH (B EE)

A=El z2 R EH A= xQ 2ot RAICHRE =

—

[0

https://dl.acm.org/doi/10.5555/1756006.1953039
https://arxiv.org/abs/2102.08012
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AutoEncoder

a2 HE (Bottleneck)z
z/t x5 285 S/ = U2 HqH, z= x°| 71 Footd EEHQ E%(essence)THE B UA =Lt

e

=> the 252 90 H0|H2 7|X0f Z&l OjL{EE (manifold)S

I}

oA El=AL.
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Manifold?
SIOICI2 L2 E & "BIO|E|7F M2 Mop7hs £74T MY B2 & GlO|E{o] 2EHQ 72 (Rule)

3D &7t & A4 EX|E 77 T= 50| RUCH = I,
—7{%l F0| #EO[ HtZ 2D OjL{ ZE0|C}.
Ho[E]: 2|7} 7}Z HIO|E = o #£74%l FO| 2|02 Kol 8=0|Ct.
O|A & ZOILf 3Xr& &7+e| HIO|H = 37Kh2] &= ZHEICHH, W, Q)

3
Hl0E| 3D B7H0| ZO{X Q= 24K E HO|X|BHIAFE), MK 2L 2D Z0| B ofL
Zc)olats AA'S WaD ULt

I
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Manifold In AutoEncoder?

2™ (x): '7*AZI SO fe ot £ 9| 3D ZHE (x, y, 2).
(01| MNIST O|O|X| 78471 &’d &)

Q1A (Encoder): O| 3D XHEE E1, '7FAHTI ZO'E Z Al O] HO| el S0
O{Cl0f| AR=X| 2D ZHE (u, vV)E rLHEr
B YWE (z): Q27 ZOtH S 2D EHE (u, v). O|AO| HIZ H|O|Ho| ' &
(essence) ' O|LCt.
C|ZE (Decoder): 2D Xt (u, v)& 21, 0|5 M E CfA| AN O] 2| 3D
IE (x, y, 208 SR TC}

X
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Al
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AutoEncoder

x € R4 8 HIE (O Flatten=l O|O]X|)

z € R*: X 22 (latent vector), z7| ®IX[|2t S7t= & SZk(Latent Space)O|2t £ =L

S N|2F (Bottleneck Constraint): &2 k « d (undercomplete)O|Lt.
Ol= Z&0| x& thed| FASH= & TR =xF H*= A= X5t
oo|o|st Aot 0|-7<-'-|_E§ ZER| St

ReR: MY =9

- oln
0

6 =W b}, ¢ = (W™, bWy OIAC|Q} ORI Q| 8t JHs S MitO|E (7HEX| X B
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AutoEncoder

1. 2120 &= ™ Hole HAI

X € REHXW  — _flatten——>x =vec(X) ERY, d=C-H-W

Of: MNIST 28 x 28 x 1 - x € R784

O|D[X|& 1AIZ ZA| HC}

OI-J

M 21| (spatial hierarchy)?}l X| ¥ d(locality) @E27} &4
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AutoEncoder
2. Encoder ze= Y8 HO|H x7t {2 7He| '&f = 2{[0]|0{(Dense)'E &4I5tH THE0{T %|F 29 HH
L 7i2| Dense 2i|0|0{7F SO0{7A| T h” =x e R®, dy=d

h® = 5, (W,h© + b,) € R®
h(z) = 09 (th(l) + bg) c ]Rd2

- W, € R¥Xde-1 d, < d,_; — X &L

- 0, : RelU, Tanh, Sigmoid S2| H|M¥H 2/ d3} gt
- OFX|9} 2f|0]0= z7} HEA QI gtol HRE 7HE =+

ueEs UrF gdst g7t (AL D) TanhE ALESE
7| &= St
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AutoEncoder

2. Encoder

? Dense Layer2 O{E A X3S ZA51L1R7

Ch= 20102 =ES E0HIH

Epoch7t TAE[HA F2 4's 15|

AXE b EE2HQ HEf@EA 2
50| gict

—

= e L

f OO MO0 00 000000

z= 'SAI='0| OtHl "7ty wol0jot SE'E == ZA =t
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S5 808
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AutoEncoder

2. Encoder

orof R = 2hdsl g o7 MY(F, o(x) = ox)O|2tH, L7H2| 20|02 =l QA fox) A=
W, - W;x+ Db’ SiEfO| £t M3 IO = =OFE|C}

L7H2| 2{|0[0| & HOot: A= 17H2] |00 F & At = Zo} FIct
fo(x) =Wgx+bg  g4(z) = Wpz + bp

X = g(p(fg(X)) = WD(WEX + bE) + bD == (WDWE)X + (wDbE + bD) =W'x+ Db’

Ol= &4 °+¢§ MSES At8E 8%,

HO|HE 71 & E&'OP" kXHRIC| ZHEHE A= PCATEE M) 5Ll Rt
H M 243t &= AEZF PCAS HO

2N O 2EEID P 6 MY LSS SaE & U st ao|ct
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AutoEncoder
2. Decoder bt =7 e & Ol 327 2X+2 O 256742 BAR|"0| Ch3t =28 320,
RO — o) (WIRO b)) e RO o] oAA| Bty S S8 Q0| Lt
&:O—Out( / Ml—l—b’)GRd
2 FE2 gH

L& = (Mirrored Structure): 250 = CIAGHE QIALS L2 E Hel
(d - 256 —»32 A2H 32 - 256 > d)E 7L
olAL 7

(Tied Weights): Mlj = C|REHO| 7I5X| & )
F7| = 2iC} O|= Hi2t0|y =& MU E =0

715X & S X9 MX|(transpose)Z A H s}
= Mefw, =w! ,, )= WpAerE WSt O =

Sol gy,
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AutoEncoder

2. Decoder

1XtE BE{E 2D O|0|X|= =& ot 2,
24 xO| AA 0 et Z™EICE Z0F0F Hlwg 5= QUL
t=l O|0]X]) — Sigmoid (O: M 3tEl = Hi)
12 — Tanh
2= OO|e) - dd (282 gls) (O -5.4, 102.1)
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AutoEncoder
(1||x—§<H§ = ézd:(:ci — &) MSE() =
L% =4, - hassEae
é Z zilog & + (1 — x;) log(1 — ;)] BCE()

1. MSE (L2 Loss): M 7+’d 2X7t 7} A|Qt &2 % (Gaussian distribution)E [tECt0 7HYSH= A f 2L}
=, p(xlz) = M (x|gy(2), 021)E 71831 LikelihoodE Z|CH2}5t= At 2L
Ol= A<= Zt(real-valued) H|O|E{0f| X tSICt,

7847 25 MG 112 Hludi (22 =M . 22| =
Myo| W@ QEE WLt
2Nl A= 4 HIOIE (O 2], =7hof Mgt

yd
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AutoEncoder

2. BCE (Cross-Entropy): &2 HIO|E{ xO| 2} Ml x. 7} H| 20| &2 (Bernoulli distribution)(%, 0 = 1)& [}
2ctn Jpgste Aot 2t
Ol T4 20| [0, 1] 9 (FER 3§4{)Ql O[Tl 0|0|X|Lt Sigmoid &0l XetsiLt

J

o, B (=)0

-

4 O|O|X) "O| Lol 2l M =50] 0.9
A= 7:[|.
T = T

B 10 772 '=HE e O ARESHEL (Of:
O] 1(2lA)O|Lu|? Z3HO{."EfL

—

oz (ot

Sigmoid& ARE¢t [0, 1] E®[2| O|O[X|0f Mgt
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AutoEncoder

1}
2 g Le 2ot 6, L3 02 ¢2 ZE LEtO|H (IS A, HEhE HO|Eor0 LA ES AHwt

—

b BT
=

_I-

> 18

1 -

. &% 5 |ag :"’—L (Ao DjC|HE)T} A At
2. O] J2fE|E= CIZEL| OrX[Er 0|0 wyFH @2 = [N ¢ (E|2E 7F5X)E YHIO|E

0L 0L 0%
oWy, 0% OWy,
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AutoEncoder

3. JEfC|PIEL kK| Eatsic) %L

L

4. z0| =Eor JiC|HE= O QIZEHE o= StotH ¢ (212 H 7I=X))& YOOl E St
9L _ oL Oz
OWL 9z OW,

SGD/Adamli} &2
7

£d2 5E IDFOIHL 0| AZHCIPIEE AR
otof mtEtO|E S Al
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20| o] = =3 (A2 H| 3

AutoEncoder Input > Q= 0|0|X| (K, 0], 1))

[cite_start]2D O|O|X|Z 1D HIH £ H [cite:
101, 103]

Flatten

(Encoder)

[cite_start] X B 245
111]

Dense 1

RelU 1 [cite_start]H| M & 25} oF=~ [cite: 116]

Dense 2

5 [cite_start]z (Rf A} B, B 5) [cite: 93, 115]
z

(Decoder)
Dense 3
RelU 2

Dense 4 HIE XjQo=z=

Reshape c 1D #IE{ & 2D O|0|X| 2 X4

[cite_start] X (=2 El 0|0]X]) [cite: 158,
159]

Sigmoid
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AutoEncoder

Of| Hl: MNIST Dense AE (784 — 32 — 784)

https://huggingface.co/gihakkk/AutoEncoder/tree/main
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AutoEncoder

OfL| o 2fAM 2= O|D[X[eh AXFE =T et
C|l=7{ OtLl7tR?

|'O|'_9_ :LEHA'I CNN AutoEncoder7f Nu:i I—l El’

https://arxiv.org/abs/1611.09119 /
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CNN AutoEncoder

ogt
A0

CNN AE

2 1D HE [B, D] 4D HIM [B, C, H, W]

St A= A (Flatten) Al & 28

AR LA R BLEE ) SU =M WyH
+ ME S7HEE FF)

utgtole S (Fully-Connected) &S (Parameter Sharing)

AL  WHH T e =

1. Ii2}0]E] 3] (Parameter Sharing) : StLE2| ZE{(W, )7t O|0|X|2] B E X E
=2 M)2 ZX[StCE O|2 QI8 Dense AEECH If2f0[H =7} &M MOl 228 0|10 1t

(Tr
g2t 5“1. Ol= &t X*EE E’%P" o EIH HHotLt.

O L "1 O
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CNN AutoEncoder

DenseO| M Flatten W X|2H 017|*1 a7 gio| HtZ S0{ZtCt.
HFZ o|0|X| 7} Encoderi =0 7t=HCt

Encoder= CNN 1 XN 2,

2|7t Of = St QU= [Conv + RelLU -> Maxpolling ]& BH= -> Flatten -> Dense -> z
Decoder Y4{0| O{2{ 717} AU=0,
MHFE U-Net & I E ConvTranspose2t

Upsampling + ConvZ} QIC}.

https://gihak111.github.io/ai/2025/11/13/Upsampling_Conv_upload.html
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CNN AutoEncoder

o ®|: MNIST CNN AE

https://huggingface.co/gihakkk/AutoEncoder/tree/main

Ml&E HO| ConvT 2{|0|0{= A At0] H=tg|
28x282 EOX|E HE/AERO|E/Ii Y
= X745l oF oLt

glofof
Input
Conv1
RelU
MaxPool
Conv2
RelU
MaxPool
Flatten
Dense
(Decoder)
Dense
Reshape
ConvT1
ConvT2

Sigmoid

¢]
2

[1,28,28]

[1,28,28]

[16,26,26]

[16,13,13]

[32,11,11]
[32x5x5]

800

32
[800]
[32,5,5]

[16,11,11]

[16,26,26]

[16,13,13]

[32,11,11]

[32,5,5]
[800]

32

800
[32,5,5]
[16,11,11]

[1,28,28]

[1,28,28]

3x3, pad=0, C: 1-16

2x2, H/W: 26—13

3x3, C: 16-32

2x2, H/W: 11-5

3x3, stride=2, pad=1 (=& &)

3x3, stride=3, pad=1 (=& &)

(\hat{\mathbf{X}})
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CNN AutoEncoder

o ®|: MNIST CNN AE

C:\Users\yeonj\OneDrive\HI & 3t H\AI 72| = 8 \6. Attentiond} AutoEncoder>python CNN_AutoEncoder.py
&2 O O|EF (x) shape: torch.Size([64, 1, 28, 28]1)

& =E X BEH(z) shape: torch.Size([6Ll, 321)

3 & HolH(x_hat) shape: torch.Size([64, 1, 28, 28])

A AbEl & 4 (BCELoss): 0.694730281829834

oHm o2

wn

ers\yeonj\OneDrive\H & 2} H\AI 7 2| 2 & \6. Attentionil AutoEncoder>python Autoencoder.py
Ol O] B (x) shape: torch.Size([64, 784])

X ® H (z) shape: torch.Size([6LI, 321)

Ol O] B (x_hat) shape: torch.Size([64, 78u])

dr Qi O
40 Hi riz é
[

2= & (MSELoss): 0.9956663250923157
2tz

19
rxr>
FElrn
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CNN AutoEncoder

O 204 CNN AE OPE Z 2 25 Attention A0
O| 4 AutoEncoderZ} M LR ?

2§ M Attention AutoEncoder?} &L CH

> oofttE, ofal E30|A =els) =AML
https://www.proquest.com/docview/26182692337sourcetype=Scholarly%20Journals
ol Chdot LEQIAEHYE 5oLt H?
https://gihak111.github.io/ai/2025/11/13/many_Autoencoder_upload.html
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