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softmax

def softmax(x):
X_max = x.max()
x_exp = torch.exp(x - x_max)
X_exp_sum = x_exp.sum()

return x_exp / X_exp_sum
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Algorithm 2 FrasHATTENTION Forward Pass

Require: Matrices Q,K,V € R¥*4 in HBM, on-chip SRAM of size M, softmax scaling constant 7 € R,
masking function MASK, dropout probability pdrop.

1: Initialize the pseudo-random number generator state R and save to HBM.

2: Set block sizes B, = [%],Br = min ({%1 , d).

3: Initialize O = (0)yxq € R¥*4, £ = (0)y € RY,m = (=c0)y € RY in HBM.

4: Divide Q into T, = [Bﬂ-l blocks Qu,...,Qr, of size B, X d each, and divide K,V in to T, = [Bl-‘ blocks
Ki....,Kr. and V4,..., V7., of size B. X d each.
Divide O into T, blocks O, ..., Or, of size B, X d each, divide ¢ into T, blocks ¢;,...,{r, of size B, each,
divide m into T, blocks ms,...,my,. of size B, each.

o

6: for 1 <j<T. do
7. Load K;,V; from HBM to on-chip SRAM.
8 for1<i<T, do
9: Load Q;, 0;, ¢;, m; from HBM to on-chip SRAM.
10: On chip, compute S;; = TQ,-KJT. € RB-xBc,
11: On chip, compute Sg?“ked = MASK(S;;).
12: (?n chip, comPute mij = rowmax(Slf‘}?aSked) € RE, 15ij = exp(S?}aSked —1;;) € RBr-*Be (pointwise),
¢;; = rowsum(P;;) € RBr.
13: On chip, compute mP®¥ = max(m;, fi;;) € RBr, {0V = eMi=mi™" ¢, 4 ¢Mii =M™ ¢, € RBr.
14: On chip, compute 13’;.11.“’1’136‘:1 = dropout(P; 7, Ddrop)-
15: Write O; « diag(£2*™)~!(diag(&;)e™ ™" 0; + eﬁ'ff—m?”ﬁg.‘"wedv ;) to HBM.
16: Write €; « £, m; « m;°" to HBM.
17:  end for
18: end for

19: Return O,¢,m,R.

o 1-5[TTITTITIIIT]

e 6-7[110 KQO VIO Outer Loop[]

e 8[II1 QI (Inner Loop)

e 91111 QKVIIIIID SRAM (Copy Block to SRAM)
e 10[IT1 Sij (Compute Block on SRAM)

e 11[T1] Sij mask (Compute Block on SRAM)

e 12[TTTITD m,I[TT] (Compute Block on SRAM)
e 13[1T1T] m,I[1T] (Compute Block on SRAM)

e 14[] dropout (Compute Block on SRAM)

e 15[TT] OiJI HBM (Output to HBM)

e 16[1] li,mi[]] HBM (Output to HBM)
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