
Computational Frameworks
for the Fast Fourier Transform

Charles Van Loan
Cornell University

Ithaca, New York

siam .
Society for Industrial and Applied Mathematics

Philadelphia

D
ow

nl
oa

de
d 

09
/0

4/
25

 to
 1

93
.2

06
.1

01
.2

 . 
R

ed
is

tr
ib

ut
io

n 
su

bj
ec

t t
o 

SI
A

M
 li

ce
ns

e 
or

 c
op

yr
ig

ht
; s

ee
 h

ttp
s:

//e
pu

bs
.s

ia
m

.o
rg

/te
rm

s-
pr

iv
ac

y



Contents
Preface	 ix
Preliminary Remarks 	 xi

1	 The Radix-2 Frameworks	 1

1.1	 Matrix Notation and Algorithms 	 2
1.2	 The FFT Idea	 11
1.3	 The Cooley—Tukey Radix-2 Factorization 	 17
1.4	 Weight and Butterfly Computations 	 22
1.5	 Bit Reversal and Transposition 	 36
1.6	 The Cooley—Tukey Framework 	 44
1.7	 The Stockham Autosort Frameworks 	 49
1.8	 The Pease Framework	 60
1.9	 Decimation in Frequency and Inverse FFTs 	 64

2	 General Radix Frameworks	 76
2.1	 General Radix Ideas	 76
2.2	 Index Reversal and Transposition	 84
2.3	 Mixed-Radix Factorizations	 95
2.4	 Radix-4 and Radix-8 Frameworks 	 101
2.5	 The Split-Radix Framework	 111

3	 High-Performance Frameworks 	 121
3.1	 The Multiple DFT Problem	 122
3.2	 Matrix Transposition	 125
3.3	 The Large Single-Vector FFT Problem	 139
3.4	 The Multidimensional FFT Problem	 148
3.5	 Distributed-Memory FFTs 	 156
3.6	 Shared-Memory FFTs	 176

4	 Selected Topica 	188
4.1 Prime Factor Frameworks 	 188
4.2 Convolution	 205
4.3 FFTs of Real Data	 215
4.4 Fast Trigonometric Transforms	 229
4.5 Fast Poisson Solvers	 247

Bibliography	 259

Index 269

ix

D
ow

nl
oa

de
d 

09
/0

4/
25

 to
 1

93
.2

06
.1

01
.2

 . 
R

ed
is

tr
ib

ut
io

n 
su

bj
ec

t t
o 

SI
A

M
 li

ce
ns

e 
or

 c
op

yr
ig

ht
; s

ee
 h

ttp
s:

//e
pu

bs
.s

ia
m

.o
rg

/te
rm

s-
pr

iv
ac

y


