F2 S

S twiddles parallel pipeline shuffle kernel

D'

D'

T

T Cslow Cfast F 2 S

S twiddles frame-wise cyclic rotations parallel pipeline shuffle kernel

T

T S

6 4 2 0

7 5 3 1 F2

3 2 1 0

7 6 5 4

6 4 2 0

7 5 3 1

3 2 1 0

7 6 5 4 stream frame pipeline segment

kernel shuffle twiddles stage 0 kernels stage 1 kernels stage 2 kernels

stride-by-4

shuffle stride-by-4 shuffle (a)

(b)

(c)

(d) varying frame-wise cyclic rotations varying

0 1 2 3 4 5 6 7