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Pease FFT	on	n	elements,	folded with w	ports

Pease FFT	on	n	elements

Motivation:	Folding	FFTs

We	generate	switching-optimal	Verilog	designs	for	these	permutations
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Design	domain Linear algebra domain

Read	off

Viewed	as

Overview	of	our	method
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? Matrix	factorization	problem

Problem	is	phrased	as	a	matrix	factorization
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Bit	reversal	is	a	“linear”	permutation
Bit	reversal	on	8	elements
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A	permutation	is	linear	if	it	maps	linearly	the	bits	of	its	addresses
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A	streaming	sorting network	(M.	Zuluaga et	al.)

Other	linear	permutations
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Other	linear	permutations

✔ Identity

✔ Bit	reversal

✔ Stride	permutations	(perfect	shuffle,	matrix	transpositions)

✔ Hadamard reordering

✔ Gray	code	reordering

Most	permutations	used	in	signal	processing	algorithms	are	linear
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Bit-reversal	on	2n	=	8	elements,	2t	=	2	cycles,	2k	=	4	ports

Blocking	the	matrix
Bit-reversal	on	2n	=	8	elements,	2t	=	4	cycles,	2k	=	2	ports
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Theorem

A	lower	bound	on	the	number	of	switches

Considering	 such	that	P1 is	k	× k,

Proof:	see	paper

P =

✓
P4 P3

P2 P1

◆

Implementing	P with	2k ports	requires	at	least	2k-1	rk P2 switches.
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Bit-reversal	on	2n	=	8	elements,	2t	=	2	cycles,	2k	=	4	ports

Blocking	the	matrix
Bit-reversal	on	2n	=	8	elements,	2t	=	4	cycles,	2k	=	2	ports
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Requires	1	switch

Requires	2	switches

This	bound	is	sharp!
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SNW/RAM/SNWRAM/SNW/RAM
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SNWMemory block Memory block

RAM bank 0

RAM bank 1

RAM bank 2

RAM bank 3

RAM bank 4

RAM bank 5

RAM bank 6

RAM bank 7

SNW SNWMemory block

RAM bank 0

RAM bank 1

RAM bank 2

RAM bank 3

We	use	the	same	blocks
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Temporal	permutations	–Memory	banksSpatial	permutations	– Switching network

Building	blocks

SNW Memory block

RAM bank 0

RAM bank 1

RAM bank 2

RAM bank 3

We	need	to	decompose	a	general	matrix	into	these.

Implementation	uses	2k-1 rkA switches Total	memory	capacity:	the	dataset	size
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General	linear	permutation
SNW/RAM/SNWRAM/SNW/RAM
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SNW SNWMemory block
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In	both	cases,	an	optimal	decomposition	can	be	computed	in	O(n3)

2k-1 rk P2 switches	 2k-1 max(rk P2,	n	- rk P4 - rk P1)	switches	
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Example:	bit	reversal:	1	switch Example:	bit	reversal:	2	switches
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Results
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RAM/SNW/RAMRAM/SNW/RAM

Conclusion

¢ Exact	routing	complexity	of	streaming	linear	permutations

¢ Two	architectures:		

SNWMemory block Memory block

RAM bank 0
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SNW SNWMemory block

RAM bank 0
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§ Always	switching	optimal

§ Uses	a	memory	capacity	of	twice	
the	dataset

§ Almost	always	switching	optimal

§ Uses	a	memory	capacity	equal	to	
the	dataset

Online	generator:	acl.inf.ethz.ch/research/SLPGen


