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Initialize:

Wy € Rvoeb sizexd _ RvocabsizexT68  yolen embeddings
Wp € Rmax input lengthxd _ R512xT68 1 ositional embeddings

h € {l,... Nheads}> Mheads = 12

Le{l,... Nayers}, Nayers = 12

W,?l € R — R78%64  query weight matrices

W,ﬁ € R¥de = R78x64 " key weight matrices

W,Y , € RP¥da — R768x64 " value weight matrices

Wi e RIXdrinn — RT6$X3072 foedforward layer’s weight matrix
bl e R¥Xdrimn = RIX3072 feedforward layer’s bias vector

Wpeet ¢ RAsnnxd — R30T2XT68 - gutput layer’s weight matrix

bt € RV = R™78  output layer’s bias vector

Jyfinal ¢ Ridxd — R768XT68 " final layer’s weight matrix

1% input length : indi
c NQ max input length _ N(l)X512 ...input vocab indices

I - (ila PPN ,7;512)
T = lookup(Wy, I) € Rmax input lengthxd _ Q512768 4yt token embeddings
X =T + Wp € Rmax input lengthxd _ R512x768  ip)5ut embeddings

Z():X



Forward algorithm:

for (1 =1; I <npgyers =12; I ++) {
for (h=1; h < Npeaas = 12; h++ ) {

Qn) = Z,_lwfl € Rmaxinput lenxdg _ R5I2X64  (yery matrix

Kh,l — Zl—lw}fi c Rmax input lenxdy, __ R512X64 o key matrix

Vi = Z)_ WY, € Rmaxinput lenxdy _ R512x64  yalye matrix
h,l l h,l

Qh,lK}Ile

Vdy,

Zhl —_ Ahlvhl c Rmax input lenxd, — R512X64

Ah,l — Softmax( ) c Rmax input lenxmax input len __ ]R512><512

Zl _ concat(ZLl, o Znhcads,l) € Rmax input lenx (dy-Nheads) R512><(64~12) _ R512><768
Z, = LayerNorm(Z;_; + Zl) € RO12x768
Zlffnn _ maX(O ZZI/Vlffnn + b{fnn) € [R™ax input lenxdypn, _ [R512x3072
5
Zout _ fonnWout + bout c R™max input lenxd __ R512X768
l - l l -

7, = LayerNorm(Z; + Z{") € R>12x768

}

Pass tanh(W/meZ, = 10,:]) to the final Softmax that predicts the class,
where Z,

niayers U5 1] 18 the hidden state corresponding to the first token.



