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Figure 2 | Overview of NSA’s architecture. Left: The framework processes input sequences
through three parallel attention branches: For a given query, preceding keys and values are
processed into compressed attention for coarse-grained patterns, selected attention for important
token blocks, and sliding attention for local context. Right: Visualization of different attention
patterns produced by each branch. Green areas indicate regions where attention scores need to
be computed, while white areas represent regions that can be skipped.
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65536/(128 + 8 x 512 + 4096) = 65536,/8320 ~ 7.88

1. tokens[[] [TTTITTTITITIOTIIOIIIIITIOIIIIT

1. W_K cmp = torch.randn(l, 1) #MLP: W2[1,4l1@(W1[4l, [J@XII, d])
W_V_cmp = torch.randn(l, 1)
W_pe = torch.randn(l, dim)

K_cmp =[]

V_cmp =[]

foriin range(max_idx):
cur K=K[:,i*d+ 0:i*d+1,:]+ W_pe.unsqueeze(0)
cur V=V[;,i*d+0:i*d+1,:]+ W_pe.unsqueeze(0)
cur_K = cur_K.transpose(1, 2) @ W_K cmp
cur_V = cur_V.transpose(l, 2) @ W_V_cmp
K_cmp.append(cur_K)
V_cmp.append(cur_V)

K_cmp = torch.cat(K_cmp, dim = 2).transpose(1,2)
V_cmp = torch.cat(V_cmp, dim = 2).transpose(1,2)
print(K_cmp.shape) # torch.Size([1, 4, 16]) # (II] 32->4
print(V_cmp.shape) # torch.Size([1, 4, 16]) # (II1 32->4

2. tokens[[] [T

1. idx slc_start =idx *d

idx_slc_end = idx *d + |

K slc = torch.randn(batch_size, t, d * select_top_k, dim)

V_slc = torch.randn(batch_size, t, d * select_top_k, dim)

for i in range(batch_size):

forj in range(t):
for k in range(select_top _k):

K slcli, j, k*d: k*d + 1, :]1 =KI[i, idx_slc_start[i, j, k ] : idx_slc_end[i, j, k1, :]
V_sicli, j, k*d:k*d + 1, :]1 = V[i, idx_slc_start[i, j, k 1: idx_slc_end[i, j, k 1, :]

print(K_slc.shape) # bs, seq_len, select kv, dim, 1,32,16,16, [T] t[ITI11T] select_kv

print(V_slc.shape) # bs, seq_len, select kv, dim 1,32,16,16, [T] 11110 select kv
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1. # built sliding window attention

def get_window_mask(seq_len, window):
mask = torch.ones(seq_len, seq_len)
mask = torch.tril(mask)
win_mask = torch.ones(seq_len - window, seq_len - window)
win_mask = 1.0 - torch.tril(win_mask)
mask[window:, :seq_len - window] = win_mask
return mask

print(get_window_mask(7, 3)) # test

window_mask = get window_mask(t, 8)

4. 1110 T T (1,32, 16] [TIITT]

1. o list=[o_cmp, o slc, o_win]
o_star = torch.zeros(batch_size, t, dim)
foriin range(3):
o_star += gate[:, :, il.unsqueeze(2) * o_list[i]

print(o_star.shape)
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Figure 3 | Kernel design for NSA. The kernel loads queries by GQA groups (Grid Loop), fetches
corresponding sparse KV blocks (Inner Loop), and performs attention computation on SRAM.
Green blocks indicate data on SRAM, while blue indicates data on HBM.
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