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X|ul 2™ Al (Governing Equation)
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Loss function
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Wang, S., Teng, Y., & Perdikaris, P. (2021). Understanding and mitigating gradient pathologies in physics-informed neural
networks. SIAM Journal on Scientific Computing.
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Transformer
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https://arxiv.org/abs/1706.03762
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Transformer
AHE OO|H = HIAE B}X|0FH HAEEE= DX HE Z7H0|AM Q] HALS £=3HTiCt
2t BHAEE =XI2 HE=|, 0|4 EALIO|A 0|2t i,

Apple > [0.9, 0.1, -0.5, ..]]

OfHld HAHLIZS2 "A7t BS MFICH" 2 "B7F AS WRICH" & [EH2 ET2= 24
=M 27 A2 7] =2 0| LY.

https://gihak111.github.io/ai/2025/08/29/Al_basics_1_upload.html
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Self Attention

Self-Attention0|A Q K, V= 25 Xt7] XL 28 0j| A Li=CF.
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: LHEO]) o (B WS
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Value (V) - GEQ} ZE banke #HE H7F 7 =2 money?| BEE 4 ESHH 2Lt

bank= moneyZt 7t "a@&, dM|"2t= H-d(Value)= ArelQf 2|0]0f =L
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Self Attention
Q K, V= OCM =712

Aol Y HIHx AN S5 7tset 7HSK| dBw,, W, Wy & oA 8 0t

q; = x; - Wo(Hl iH1W £HOf x, 2 ZEE5t= 8-S Hi2C0h

ki =x; - Wi (LH iR CHO| x, 2 2QIst= B2 HY-2LCh

v; = x; - Wy (LH iHR]| B0l x, 2 EEZ HE= HE2 B 2L

Ol W HEESO0|0tEE EHAZVI 2T 1PPH0f|A| et&55= Sl M Oo|LC}.

Dde o HEEQ=2 9MN0F 2 metof Felohx|, oE ZHHHK)S LHZ 0 Of St=X| = Hi-2Ct.
XE Attention 40| 25t MZ CHE o] HIE R HES| == 715X
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Self Attention

42 G4 2Lk
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Attention(Q, K, V) = softmax \/d_ %4
k

1. QK" (FAE Al4h:

Query HE 1} Key HBZ LI SICY
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Self Attention
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Self Attention
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Attention VS Self Attention

Attention
s = AEA Zho| 2| mpef
=T

QK VEAN Q Ef A|[ERAC|RE =8)
K, V: 228 A|ZAQIZEH =3)
HE =g RNN 7|8t Seq2Seq
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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, KW¥K, VWL-V)

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. B3 OoHIM:
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 AZE ZEHM

Of & HZEO &£ CHE 7ISX| 4B wOE &or0] £

o°I*
ru|o
O

ORX

MHA 2282 Y=Lt
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Multi Head Attention O X}A|3| 2ot}

1CHA|. M Hat Sl HE ol =3
1. Y43 2 (Projection): YHOZ S0{2 HE| (Query), 7| (Key), & (Value) HIHE 2] 719| = (Head)
+=0tE Zotct
-ZHYE () SEHQ MY #HE TS W wl wkw))S AH850 Q K, VE O A2 Xtez &Y
oL}
_EIOﬂf% =0, 28 XH dpoge= AFE0HL SIE = HE AFESICHH, 2 8| 22| X2l 2 dy = diyogel/HZt
= C
Q; = QW,°, K; = KWK, v, =vw)
2. SEIHQ ofHIM ALk 2 S E ()= FEE Q,K, V& ArESH0 YHEIAQI AHYUE Gt Z2EHE OfHIM

| Vl
(Scaled Dot-Product Attentlon)% E2lMo g2 Susict

. Q:K;'
Head; = Attention(Q;, K;, V;) = softmax V;
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Multi Head Attention O XtA|3| Lot& X}
2THA|: Z1 Z¢e (Concatenation)

- 4 S E0M SEHLZ ALt HHel = 4f (Head,, Head,, ..., Heady)s HEl8l diy g0 AHE 22 SRS
£I5ll stL= o]0 EQICt
Concat(Head, ..., Heady)

=2}

[ -

bt
R
rx
oot
rE

3EHA:
- 0|0 &0l X|F 200 &£ StLte| MY Hel 75X 88 (w02 5510 x|F &=dH2 =0 WLt

MultiHead(Q, K,V) = Concat(Head, ..., Head ;)W ?°
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Feed Forward Network

Multi-Head Attentions S1totH ¥2 W YES ot ¥ O HMAX o= HESI D FHSH]
#9185 £0|= HZO|CH
2 E29f f[X|Ojtt SRIHoE HELX= EEN R UEY(MLP)O|LY,

1 Dense Layer Ot 717
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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}

N
L
2

|: =2 (Contract)

gatel HIE z= & BW| Dense Layer(W,)S E1t

H|
O] B2 AHHZ 2H2l d i pqe B Fa(Contract) A7 £

FFN(x) = zW, + b,

Input Layer € R* Hidden Layer € R Output Layer € R*

StLtQ| & (Layer)O| OtL| 2t 5 7H2| Dense LayerZ O|FO{%l =2 | E 2|3 (Sub-network)
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Add & Norm
OIFEHLQt C|AEHO| B E I S(MHA, FFN) =20|= "Add & Norm'0|2t= & 7tX| &X|7F €2 S0{ZtC}

Input — Sublayer(MHA or FFN) - Add&Norm — Output

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

T Oo—l H /i
xef= BN eV OAMZE O F 522 MEEe 152 AdYS oCh 50| 671, 127, 100712 O X[HEf
T MEJ AMEE Z{S SOt IfQ Ze B &S JHSBIA| SHe Al &X|O|Ch

yd
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Add & Norm
Norm (A5 @2l Layer Normalization):

Output = LayerNorm(x + Sublayer(x))

Ol &:

'‘Add'ZE %l gf=9 A L0l Ui = AS YX|St stE5S OtH A ZICY

+ HiX| H3HBatch Norm)= 2% Z0|7} ZFHE Ol NLPOA SQHEE 4= QO, HiX] 27|2F BF&SHA
Zt EZ HEHO EHE2 7|FELE 3ot AE Er=t(Layer Norm)E AHEStCE
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Encoder Layer
QA= 6702 S Y% 20|02 THEIH, 2 2|0]of= 2712 3t9 & 7HEICE
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. Add & Norm

. Position-wise Feed-Forward Network (FFN)
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Transformer vs PINN

Transformer PINN

Input Data Input Data

token coordinate

The A ZHE AT TransformerOl| 2=CF off HE2|H 030 J=0f o 85 of55HA| Z5HA #l Lt

Transformer-PINNO|AM = Y HETHO| A 2 H CHE © 20| 250}
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Fourier Feature Mapping

AES 1Ag S B7HO2 IS Transformer?t Of82t & Q= HEf(E23ha SrECt
gamma(x) = [cos(2mBx), sin(2nBx)]
o zHHO| /X 212 YPositional EncodingE H8% M, Ctet FM4=9| sin,cos &
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Fourier Feature Mapping
of AlZht 7F (I=0 =5 2 == UST?

1. H&H Y4 like FEKO
t=02 MO 222 ¢t = AtE AN, JAE CHA| t = 2AtE A A= &=XA BES (Loop) BF A O| L,
deffM 82 572 (x,2)TF 0710, A2 B=F(for loop)2 = X E2|THCY,

2. PINN Al (Spatio-Temporal Domain)

PINN2 A|ZZHSpace-Time) MH & $F HO|| St55}
HER/I= u=f(xzt)ete &5 AHE ARSI
Z, HERITOA ZE (x,2)0M AlZh e e ST AT|E &)0| L0Otof?
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Fourier Feature Mapping
1. 4%} Co]E| g2
Jtfol miakE S QHH|LE oA SZH0fA, &2e| of = =i 2L

CHHILF 2™ X (x = 0.5,y = 0.2,z = 1.0)0| M 2| HAZ|EES &1 22 &

ol0+

U WE] x (Shape: 3 x 1)

= [0.5,—0.2,1.0]7
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Fourier Feature Mapping

2. 7t A|QF 2T W B AA
2E E (r,y,2)5 FARE H0M Ot I 22 HSO0{HO}
StEE|X| i n™E d2 EFX}EO|CH HE 07|M 3 * 64 A2 2 SEICHSHA| T O
7| = 2K tH e = 2HSHICT
[1.5 — 0.5],
MatrixB = |[0.2 1.0],]

[—1.0 0.5]
1 x 220 S & 715K
2A:: y ZtH 0| S5 E 7HSXK| F K| St &= 2PH O[T}
3. z X HO| SoHE 7K
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Fourier Feature Mapping

3. HA
QU HIEQ A BE HoHC}.  xTB E= BTx HEZ AL
[1.5 —0.5],
_ (T .
v=2n-(x"-B) x = [0.5,—0.2,1.0] MatrixB = |[0.2  1.0],
[-1.0 0.5]
LH & Al At
MR EXLE: (05%1.5) + (—0.2x0.2) + (1.0 x —1.0) = 0.75 — 0.04 — 1.0 = —0.29
= B EXZL (0.5 % —0.5) + (—0.2 x 1.0) + (1.0 X 0.5) = —0.25 — 0.2 + 0.5 = 0.05

2m 2A Y E

vy = 21 X (=0.29) ~ —1.82 v, =21 x0.05 ~ 031 ——>  y= [—1.82, 0.31]



4. Transformer PINN 1. Embedding ONECLICK A

Fourier Feature Mapping
Felof £ o

7Ol & vaxOfl sin - fcos = 44 HEo0] MHE 28|= SEILE

y(x) = [sin(v), cos(v)]

sin(—1.82) = —0.97

COS((_1_82)) 0 y(x) = [—0.97, ~0.25, 0.30, 0.95]
sin(0.31) =~ 0.30

cos(0.31) =~ 0.95
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Fourier Feature Mapping
5. ERHA R QHT
At Ol Al= 4 XHO|AX|TH 128Xt 0|2t X| 10 O|O{L}7} EA.

O[X O] 128*xt& HEH= =28 ?X| SEE B2 ot E22 = Fg&lCh
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H(O) = RNX]12£83

N : B E(Point)2| 7H4= (Gil: 10,0007H)
128: 20| 24 XA (dnoger)

O|X| O] == =2 ?IX| EE B2 otL2l EEZ(Token)O| &0 AZEHZ SO0{ZIC} /



4. Transformer PINN 2. Encoder ONECLICK Al

Multi Head Attention
2 ZRrES0| M2 FE|H 2 (Correlation)E A4t

O Itd H=0| MLP EC} =X d5= & =+ UL

1. Query, Key, Value
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Multi Head Attention

KT
Head; = Softmax (Ql L >Vi

Ja

QK! HHWN xN)= BE HE Alo|e| A ZE LIEHHCE
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Multi Head Attention

Ol2] ol =0 Li2 ZatE ™A, et =i+ Tt

MHA(H) = Concat(Head, ..., Head,,)W®°
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Add & Norm
RE0| ZOME 50| & &

H' = LayerNorm (H® + MHA(H©))

Add : HO + ...
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Feed Forword Network

Attention => ZF & 7| 2| 2| ZtA|
FEN => & XtN 2| 2| g+E ZAletL}.

aT =

FFN(X) = ¢(XW1 + bl)WZ + bz

Linear — Activation — Linear
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Add & Norm 2
oA 2 0|0{o| OtX|gt
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4. Transformer PINN 3. output

Output Projection
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Loss Function

L= Lppe+ Lpe
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Do clist 3
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