fftpack5

NAME

FFTPACKS - aFORTRAN library of fast Fourier transforms

SYNOPSIS

Conpl ex Transform Routi nes

CEFT1I 1D conplex initialization
CFFT1B 1D conpl ex backward
CFFT1F 1D conpl ex forward

CEET2I 2D conplex initialization
CFFT2B 2D conpl ex backward
CFFT2F 2D conpl ex forward

CFFETM mul tiple conplex initialization

CFFTNVB mul ti pl e conpl ex backward
CFFTIMF mul tiple conplex forward

Real Transform Routi nes

RFFT1I 1D real initialization
RFFT1B 1D real backward
RFFT1F 1D real forward

RFFT2I 2D real initialization
RFFT2B 2D real backward
RFFT2F 2D real forward



RFFTM multiple real initialization
RFFTMB mul ti ple real backward
RFFTMF multiple real forward

Real Cosine Transform Routi nes

COST1l 1D real cosine initialization
COST1B 1D real cosine backward
COST1F 1D real cosine forward

COST™M multiple real cosine initialization
COSTMB mul ti ple real cosine backward
COSTIVF mul tiple real cosine forward

Real Sine Transform Routi nes

SI NT1| IDreal sine initialization
SI NT1B 1D real sine backward
SI NT1F 1D real sine forward

SI NTM multiple real sine initialization
SI NT\VB mul tiple real sine backward
SI NTIVF mul tiple real sine forward

Real Quarter-Cosine Transform Routines

COsQLl 1D real quarter-cosine initialization
COsQ1B 1D real quarter-cosine backward
COSQLF 1D real quarter-cosine forward

COosV multiple real quarter-cosine initialization
COsQVB mul tiple real quarter-cosine backward
COSQVF mul tiple real quarter-cosine forward



Real Quarter-Sine Transform Routines

S I 1D real quarter-sine initialization

SI NQLB 1D real quarter-sine backward

S F 1D real quarter-sine forward

SI NOM multiple real quarter-sine initialization
SI NQvVB mul tiple real quarter-sine backward

SI NQVF multiple real quarter-sine forward
DESCRIPTION

Library FFTPACKS contains 1D, 2D, and multiple fast Fourier subroutines, written in Fortran 77, for
transforming real and complex data, real even and odd wave data, and real even and odd quarter-wave
data. All of the FFTPACKS5 routines listed above are grouped in triplets e.g. { CFFT1l, CFFT1F,
CFFT1B}. The suffix | denotesinitialize, F denotes forward (asin forward transform) and B denotes
backward. In an application program, before calling B or F routines for the first time, or before calling
them with adifferent length, users must initialize an array by calling the | routine of the appropriate pair
or triplet. Note that | routines need not be called each time beforea B or F routineis called.

All of the transform routines in FFTPACKS5 are normalized.

Error messages are written to unit 6 by routine XERFFT. The standard version of XERFFT issues an
error message and halts execution, so that no FFTPACK routine will return to the calling program with
error return |ER different than zero. Users may consider modifying the STOP statement in order to call
system-specific exception-handling facilities.

FFTPACKS iswritten in standard Fortran 77 except for several instances where arrays of type REAL or
COMPLEX are passed to a subroutine and used as a different type.

References

(1) Vectorizing the Fast Fourier Transforms, by Paul Swarztrauber, Parallel Computations, G. Rodrigue,
ed., Academic Press, New York 1982.

(2) Fast Fourier Transforms Algorithms for Vector Computers, by Paul Swarztrauber, Parallel
Computing, (1984) pp.45-63.
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NAME

CFFT1l - initialization routine for CFFT1B and CFFT1F

SYNOPSIS

SUBROUTI NE CFFT1l (N, WBAVE, LENSAV, |ER)
INTEGER N, LENSAV, |ER
REAL WBAVE( LENSAV)

DESCRIPTION

FFTPACK 5.0 subroutine CFFT1l initializes array WSAVE for use in
I ts conpanion routines CFFT1B and CFFT1F. Routine CFFT1l nust
be called before the first call to CFFT1B or CFFT1F, and after
whenever the value of integer N changes.

| nput Argunents

N I nteger | ength of the sequence to be transforned. The
transformis nost efficient when Nis a product of
smal | prines.

LENSAV | nteger dinension of WSAVE array. LENSAV nust be at | east
2*N + I NT(LOG REAL(N))) + 4.

Qut put Argunents
WEAVE Real work array w th dinmensi on LENSAV, containing the

prime factors of N and al so containing certain trigononetric
val ues which will be used in routines CFFT1B or CFFT1F.



| ER O successful exit

2 i nput paraneter LENSAV not big enough
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NAME

CFFT1B - complex backward fast Fourier transform

SYNOPSIS

SUBROUTI NE CFFT1B (N, INC, C, LENC, WSAVE, LENSAV,
1 WORK, LENVRK, |ER)

INTEGER N, INC, LENC, LENSAV, LENWRK, |ER
COVWPLEX  C(LENC)
REAL WBAVE( LENSAV) , WORK( LENVIRK)

DESCRIPTION

FFTPACK 5.0 routine CFFT1B conputes the one-di nensional Fourier
transformof a single periodic sequence within a conplex array.
This transformis referred to as the backward transform or Fourier
synthesis, transform ng the sequence from spectral to physi cal
space.

This transformis normalized since a call to CFFT1B fol | owed
by a call to CFFT1F (or vice-versa) reproduces the original
array wthin roundoff error.

| nput Argunents
N I nteger | ength of the sequence to be transforned. The
transformis nost efficient when Nis a product of

smal | prines.

| NC | nt eger increnent between the locations, in array C, of two
consecutive elenments wthin the sequence to be transforned.



LENC

WSAVE

LENSAV

LENVWRK

Conpl ex array of |ength LENC containing the sequence to be
t ransf or ned.

I nt eger dinension of C array. LENC nust be at | east
INC*(N-1) + 1.

Real work array wi th dinmension LENSAV. WSAVE s contents
must be initialized with a call to subroutine CFFT1ll before
the first call to routine CFFT1F or CFFT1B for a given
transformlength N.. WSAVE s contents may be re-used for
subsequent calls to CFFT1F and CFFT1B with the sane N.

| nt eger di nension of WBAVE array. LENSAV nust be at | east
2*N + I NT(LOG REAL(N))) + 4.
Real work array of dinension LENVWRK

| nt eger dinmension of WORK array. LENWRK nust be at
| east 2*N.

Qut put Argunents

C

| ER

For index J*I NC+1 where J=0, ..., N1,
C(J*I NC+1) =
N-1
SUM C( K* I NC+1) *EXP( 1 *J*K*2* Pl / N)
K=0

where | =SQRT(-1).

At other indices, the output value of C does not differ
frominput.

0 successful exit

1 input paraneter LENC not big enough
2 i nput paraneter LENSAV not big enough
3 input paranmeter LENWRK not big enough



= 20 input error returned by |ower |evel routine
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NAME

CFFT1F - complex forward fast Fourier transform

SYNOPSIS

SUBRQUTI NE CFFT1F (N, INC, C, LENC, WSAVE, LENSAV,
1 WORK, LENVRK, |ER)

INTEGER N, INC, LENC, LENSAV, LENWRK, |ER
COVWPLEX  C(LENC)
REAL WBAVE( LENSAV) , WORK( LENVIRK)

DESCRIPTION

FFTPACK 5.0 routine CFFT1F conputes the one-di nensional Fourier
transformof a single periodic sequence within a conplex array.
This transformis referred to as the forward transform or Fourier
anal ysis, transform ng the sequence from physical to spectral
space.

This transformis normalized since a call to CFFTL1F foll owed
by a call to CFFT1B (or vice-versa) reproduces the original
array wthin roundoff error.

| nput Argunents
N I nteger | ength of the sequence to be transforned. The
transformis nost efficient when Nis a product of

smal | prines.

| NC | nt eger increnent between the locations, in array C, of two
consecutive elenments wthin the sequence to be transforned.



LENC

WBAVE

LENSAV

LENVRK

Conpl ex array of |ength LENC containing the sequence to be
t ransf or ned.

I nt eger dinension of C array. LENC nust be at | east
INC*(N-1) + 1.

Real work array with dinension LENSAV. WSAVE s contents
must be initialized wwth a call to subroutine CFFT1ll before
the first call to routine CFFT1F or CFFT1B for a given
transformlength N WSAVE' s contents may be re-used for
subsequent calls to CFFT1F and CFFT1B with the sanme N

| nt eger di nension of WSBAVE array. LENSAV nust be at | east
2*N + I NT(LOG REAL(N))) + 4.
Real work array of dinension LENVRK

| nt eger di nension of WORK array. LENWRK nust be at
| east 2*N.

Qut put Argunents

C

| ER

For index J*INC+1 where J=0,...,N1 (that is, for the Jth
el enent of the sequence),

C(J*I NC+1) =

N1
SUM C( K* | NC+1) * EXP( - | * J*K* 2* Pl / N)
K=0

where | =SQRT(-1).

At ot her indices, the output value of C does not differ
frominput.

O successful exit

1 input paraneter LENC not big enough

2 input paraneter LENSAV not big enough

3 input paraneter LENWRK not big enough

O input error returned by |l ower |evel routine

2
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NAME

CFFT2l - initialization routine for CFFT2B, CFFT2F

SYNOPSIS

SUBRQUTI NE CFFT21 (L, M WSAVE, LENSAV, |ER)

INTEGER L, M LENSAV, |ER
REAL WBAVE( LENSAV)

DESCRIPTION

FFTPACK 5.0 routine CFFT2l initializes real array WSAVE for use
in its conpanion routines CFFT2F and CFFT2B for conputing two-
di mensi onal fast Fourier transfornms of conplex data. Prine
factorizations of L and M together with tabul ations of the
trigononetric functions, are conputed and stored in array WSAVE.

| nput Argunents

L | nt eger nunber of elenents to be transforned in the first
di mrension. The transformis nost efficient when L is a
product of small prines.

M | nt eger nunber of elenents to be transforned in the second
di mension. The transformis nost efficient when Mis a
product of small prines.

LENSAV | nteger dinension of WSAVE array. LENSAV nust be at | east
2*(L+M + INT(LOG(REAL(L))) + INT(LOE REAL(M)) + 8.



Qut put Argunents

WBAVE

WEAVE

| ER

Real work array wi th di nensi on LENSAV, containing the
prinme factors of L and M and al so contai ning certain
trigononetric values which will be used in routines
CFFT2B or CFFT2F.

Real work array wi th dinmension LENSAV. The WSAVE array

must be initialized with a call to subroutine CFFT2l before
the first call to CFFT2B or CFFT2F, and thereafter whenever
the values of L, Mor the contents of array WSAVE change.
Using different WBAVE arrays for different transforml engths
or types in the sanme program may reduce conputation costs
because the array contents can be re-used.

| nteger error return

= 0 successful exit

= 2 input paraneter LENSAV not big enough

= 20 input error returned by |ower |evel routine
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NAME

CFFT2B - complex, two-dimensional backward fast Fourier transform

SYNOPSIS

SUBRQUTI NE CFFT2B (LDIM L, M C, WSAVE, LENSAYV,
1 WORK, LENVRK, | ER)

INTEGER L, M LDIM LENSAV, LENWRK, |ER
COMPLEX  C(LDIM M
REAL WBAVE( LENSAV) , WORK( LENVIRK)

DESCRIPTION

FFTPACK 5.0 routine CFFT2B conputes the two-di nensional discrete
Fourier transformof a conplex periodic array. This transformis
known as the backward transformor Fourier synthesis, transformng
fromspectral to physical space.

Routine CFFT2B is nornalized, in that a call to CFFT2B fol | owed
by a call to CFFT2F (or vice-versa) reproduces the original array
wi t hi n roundoff error.

| nput Argunents

LDl M | nteger first dinension of two-dinensional conplex array C

L | nt eger nunber of elenents to be transforned in the first
di nensi on of the two-di nensional conplex array C. The val ue
of L nust be less than or equal to that of LDIM The
transformis nost efficient when L is a product of snall
pri nes.



WBAVE

LENSAV

LENVWRK

| nt eger nunber of elenents to be transforned in the second
di mensi on of the two-dinensional conplex array C. The
transformis nost efficient when Mis a product of snall
pri nes.

Conpl ex array of two dinmensions containing the (L, M subarray
to be transforned. C s first dinension is LDIM its second
di nrensi on nust be at |least M

Real work array wi th dinmension LENSAV. WSAVE s contents
must be initialized with a call to subroutine CFFT2l before
the first call to routine CFFT2F or CFFT2B with transform
|l engths L and M WBAVE's contents may be re-used for
subsequent calls to CFFT2F and CFFT2B with the sane
transformlengths L and M

| nt eger di nension of WBAVE array. LENSAV nust be at | east
2*(L+M + INT(LOG(REAL(L))) + INT(LOE REAL(M)) + 8.

Real work array.

| nt eger dinmension of WORK array. LENWRK nust be at | east
2* L*M

Qut put Argunents

Conpl ex output array. For purposes of exposition,
assune the index ranges of array C are defined by
C(0:L-1,0: M1).

For 1=0,...,L-1 and J=0,...,M1, the C(I,J)'s are given
in the traditional aliased form by

L-1 M1
c(l,J) = SUM SuM (C(L1, M)*

L1=0 ML=0

EXP( SQRT(-1)*2*Pl * (1 *L1/L + J*M/ M)



| ER

And in unaliased form the C(I,J)'s are given by

LF M
c(1,J) = SUM SUM  C(L1, ML, K1) *
L1=LS ML=NB

EXP(SORT(-1)*2*PI *(1*L1/L + J*ML/ M)
wher e

LS= -L/2 and LF=L/2-1 if L is even;
LS=-(L-1)/2 and LF=(L-1)/2 if L is odd;
MS= -M 2 and MF=M 2-1 if Mis even;
M5=-(M1)/2 and Mm==(M1)/2 if Mis odd;

and

C(L1, ML)
C(L1, ML)

C(L1+L, ML) if L1 is zero or negative;
C(L1, M+M if ML is zero or negative;

The two forns give different results when used to
i nt erpol ate between el enents of the sequence.

nteger error return

successful exit

| nput par anmeter LENSAV not bi g enough

| nput paranmeter LENVWRK not bi g enough

| nput paraneter L > LDIM

| nput error returned by |ower |evel routine

N
OCuUTwnmMN O
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NAME

CFFT2F - complex, two-dimensional forward fast Fourier transform

SYNOPSIS

SUBRQUTI NE CFFT2F (LDIM L, M C, WSAVE, LENSAYV,
1 WORK, LENVRK, |ER)

| NTEGER L, M LDM LENSAV, LENVWRK, |ER

COMPLEX  C(LDIM M
REAL WBAVE( LENSAV) , WORK( LENVIRK)

DESCRIPTION

FFTPACK 5.0 routine CFFT2F conputes the two-di nensional discrete
Fourier transformof a conplex periodic array. This transformis
known as the forward transform or Fourier analysis, transform ng
from physical to spectral space.

Routine CFFT2F is normalized, in that a call to CFFT2F fol | owed
by a call to CFFT2B (or vice-versa) reproduces the original array
wi t hi n roundoff error.

| nput Argunents

LDl M | nteger first dinmension of two-dinensional conplex array C

L | nt eger nunber of elenents to be transforned in the first



WBAVE

LENSAV

LENVRK

di mensi on of the two-dinensional conplex array C. The val ue
of L nust be less than or equal to that of LDIM The
transformis nost efficient when L is a product of snall

pri nes.

| nt eger nunber of elenents to be transforned in the second
di mensi on of the two-dinensional conplex array C. The
transformis nost efficient when Mis a product of snall
pri nes.

Conpl ex array of two dinmensions containing the (L, M subarray
to be transformred. C s first dinension is LDIM its second
di nrensi on nust be at |least M

Real work array with dinension LENSAV. WSAVE s contents
must be initialized wwth a call to subroutine CFFT2l before
the first call to routine CFFT2F or CFFT2B with transform
|l engths L and M WSAVE's contents may be re-used for
subsequent calls to CFFT2F and CFFT2B havi ng t hose sane
transform | engt hs.

| nt eger di mensi on of WSAVE array. LENSAV nust be at | east
2*(L+M + INT(LOG REAL(L))) + INT(LOX REAL(M)) + 8.

Real work array.

| nt eger di nension of WORK array. LENWRK nust be at | east
2*L*M

Qut put Argunents

C

Conpl ex output array. For purposes of exposition,
assune the index ranges of array C are defined by
C(0:L-1,0:M1).



| ER

For 1=0,...,L-1 and J=0,...,M1, the C(I,J)'s are given

in the traditional aliased form by
L-1 M1
cl,Jd) = 1/(L*M*SUM SUM C(L1, M)*
L1=0 ML=0
EXP(-SQRT(-1)*2*PI *(1*L1/L + J*ML/ M)

And in unaliased form the C(I,J)'s are given by

LF M
c(1,J) = 1/(L*M*SUM SUM C(L1, ML)*
L1=LS ML=NB

EXP(-SQRT(-1)*2*PI*(1*L1/L + J*ML/ M)
wher e
LS= -L/2 and LF=L/2-1 if L is even;
LS=-(L-1)/2 and LF=(L-1)/2 if L is odd;
ME= -M 2 and M—=M 2-1 iIf Mis even;
M5=-(M1)/2 and Mm—=(M1)/2 if Mis odd;

and

C(L1, ML)
C(L1, ML)

C(L1+L, ML) if L1 is zero or negative;
C(L1, M+M if ML is zero or negative;

The two forns give different results when used to
i nt erpol ate between el enents of the sequence.

nteger error return
0 successful exit
2 i nput paraneter LENSAV not big enough
3 input paraneter LENWRK not big enough
5 input paranmeter L > LD M
20 input error returned by |ower |evel routine
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NAME

CFFTMI - initialization routine for CFFTMB and CFFTMF

SYNOPSIS

SUBROUTI NE CFFTM (N, WBAVE, LENSAV, |ER)
INTEGER N, LENSAV, |ER
REAL WBAVE( LENSAV)

DESCRIPTION

FFTPACK 5.0 subroutine CFFTM initializes array WSAVE for use in
I ts conpanion routines CFFTMB and CFFTMF. Routine CFFTM nust
be called before the first call to CFFTMB or CFFTMF, and after
whenever the value of integer N changes.

| nput Argunents

N I nteger | ength of each sequence to be transfornmed. The
transformis nost efficient when Nis a product of
smal | prines.

LENSAV | nteger dinension of WSAVE array. LENSAV nust be at | east
2*N + I NT(LOG REAL(N))) + 4.

Qut put Argunents
WEAVE Real work array wi th dinmensi on LENSAV, containing the

prime factors of N and al so containing certain trigononetric
val ues which will be used in routines CFFTMB or CFFTIVF.



| ER O successful exit

2 input paraneter LENSAV not big enough
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NAME

CFFTMB - complex, multiple backward fast Fourier transform

SYNOPSIS

SUBRQUTI NE CFFTMB (LOT, JUMP, N, INC, C, LENC, WSAVE, LENSAV,
1 WORK, LENVRK, |ER)

INTEGER  LOT, JUWP, N, INC, LENC, LENSAV, LENWRK, |ER
COVWPLEX  C(LENC)
REAL WBAVE( LENSAV) , WORK( LENVIRK)

DESCRIPTION

FFTPACK 5.0 routine CFFTMB conput es the one-di nensi onal Fouri er
transformof nultiple periodic sequences within a conplex array.
This transformis referred to as the backward transform or Fourier
synthesis, transform ng the sequences from spectral to physical
space.

This transformis normalized since a call to CFFTMF fol | owed
by a call to CFFTMB (or vice-versa) reproduces the original
array wthin roundoff error.

| nput Argunents

LOT | nt eger nunber of sequences to be transforned within
array C.
JUWP | nt eger increnent between the locations, in array C,

of the first elenents of two consecutive sequences
to be transforned.



N I nt eger | ength of each sequence to be transfornmed. The
transformis nost efficient when Nis a product of
smal | prines.

| NC | nt eger increnent between the locations, in array C,
of two consecutive elenents within the sane sequence
to be transforned.

C Conpl ex array contai ning LOT sequences, each having
|l ength N, to be transforned. C can have any nunber
of di nmensions, but the total nunber of |ocations nust
be at | east LENC.

LENC | nt eger dinension of C array. LENC nust be at
| east (LOT-1)*JUMP + INC*(N-1) + 1.

WSAVE  Real work array of |ength LENSAV. WSAVE' s contents nust
be initialized with a call to subroutine CFFTM before the
first call to routine CFFTMF or CFFTMB for a given transform
| ength N.

LENSAV | nteger dinension of WSAVE array. LENSAV nust be at | east
2*N + I NT(LOG REAL(N))) + 4.

WORK Real work array of dinension LENVRK
LENWVRK | nteger dinension of WORK array. LENWRK nust be at

| east 2*LOT*N.

Qut put Argunents

C For index L*JUWP+J*| NC+1 where J=0,...,N1 and
L=0,...,LOr-1, (that is, for the Jth elenent of the Lth
sequence),

C(L* JUMP+J*| NC+1) =

N1
SUM C( L* JUMP+K* | NC+1) * EXP( | * J* K* 2* Pl / N)



| ER

K=0

where | =SQRT(-1).

At other indices, the output value of C does not differ
frominput.

AP WNPEFO

successful exit

| nput paranmeter LENC not big enough

| nput paranmeter LENSAV not bi g enough

| nput paranmeter LENVWRK not bi g enough

| nput paraneters INC JUWMP, N, LOT are not consi stent.

The paraneters integers INC, JUMP, N and LOT are
consistent if equality

| 1*INC + J1*JUMP = | 2*INC + J2*JUWP for 11,12 < N
and J1,J2 < LOT inplies 11=12 and J1=J2.

For multiple FFTs to execute correctly, input variables
I NC, JUWP, N and LOT nust be consistent ... otherw se at
| east one array elenment mstakenly is transfornmed nore

t han once.
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NAME

CFFTMF - complex, multiple forward fast Fourier transform

SYNOPSIS

SUBRQUTI NE CFFTMF (LOT, JUMP, N, INC, C, LENC, WSAVE, LENSAV,
1 WORK, LENVRK, |ER)

INTEGER  LOT, JUWP, N, INC, LENC, LENSAV, LENWRK, |ER
COVWPLEX  C(LENC)
REAL WBAVE( LENSAV) , WORK( LENVIRK)

DESCRIPTION

FFTPACK 5.0 routine CFFTMF conput es the one-di nensi onal Fourier
transformof nultiple periodic sequences within a conplex array.
This transformis referred to as the forward transform or Fourier
anal ysis, transform ng the sequences from physical to spectral
space.

This transformis normalized since a call to CFFTMF fol | owed
by a call to CFFTMB (or vice-versa) reproduces the original
array wthin roundoff error.

| nput Argunents

LOT | nt eger nunber of sequences to be transforned within
array C.
JUWP | nt eger increnent between the locations, in array C,

of the first elenents of two consecutive sequences
to be transforned.



N I nt eger | ength of each sequence to be transfornmed. The
transformis nost efficient when Nis a product of
smal | prines.

| NC | nt eger increnent between the locations, in array C,
of two consecutive elenents within the sane sequence
to be transforned.

C Conpl ex array contai ning LOT sequences, each having
|l ength N, to be transforned. C can have any nunber
of di nmensions, but the total nunber of |ocations nust
be at | east LENC.

LENC | nt eger dinension of C array. LENC nust be at
| east (LOT-1)*JUMP + INC*(N-1) + 1.

WSAVE  Real work array of |ength LENSAV. WSAVE' s contents nust
be initialized with a call to subroutine CFFTM before the
first call to routine CFFTMF or CFFTMB for a given transform
| ength N.

LENSAV | nteger dinension of WSAVE array. LENSAV nust be at | east
2*N + I NT(LOG REAL(N))) + 4.

WORK Real work array of dinension LENVRK
LENWVRK | nteger dinension of WORK array. LENWRK nust be at

| east 2*LOT*N.

Qut put Argunents

C For index L*JUW + J*INC +1 where J=0,...,N1 and
L=0,...,LOr-1, (that is, for the Jth elenent of the Lth
sequence),

C(L* JUMP+J*| NC+1) =

N1
SUM C( L* JUMP+K* | NC+1) * EXP( - | *J*K*2*P| / N)



| ER

K=0

where | =SQRT(-1).

At other indices, the output value of C does not differ
frominput.

AP WNPEFO

successful exit

| nput paranmeter LENC not big enough

| nput paranmeter LENSAV not bi g enough

| nput paranmeter LENVWRK not bi g enough

| nput paraneters INC JUWMP, N, LOT are not consi stent.

The paraneters integers INC, JUMP, N and LOT are
consistent if equality

| 1*INC + J1*JUMP = | 2*INC + J2*JUWP for 11,12 < N
and J1,J2 < LOT inplies 11=12 and J1=J2.

For multiple FFTs to execute correctly, input variables
I NC, JUWP, N and LOT nust be consistent ... otherw se at
| east one array elenment mstakenly is transfornmed nore

t han once.
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Return to Main Contents

NAME

RFFT1I - initialization routine for RFFT1B and RFFT1F

SYNOPSIS

SUBROUTI NE RFFT1l (N, WBAVE, LENSAV, |ER)
INTEGER N, LENSAV, |ER
REAL WBAVE( LENSAV)

DESCRIPTION

FFTPACK 5.0 subroutine RFFT1l initializes array WSAVE for use
in its conpanion routines RFFT1B and RFFT1F. The prine factor-
| zation of N together with a tabulation of the trigononetric
functions are conputed and stored in array WSAVE. Separate
WBAVE arrays are required for different values of N

| nput Argunents

N I nteger | ength of the sequence to be transforned. The
transformis nost efficient when Nis a product of
smal | prines.

LENSAV | nteger dinension of WSAVE array. LENSAV nust be at | east
N + INT(LOG (REAL(N))) +4.

Qut put Argunents

WEAVE Real work array w th dinmensi on LENSAV, containing the
prime factors of N and al so containing certain trigononetric
val ues which will be used in routines RFFT1B or RFFT1F.



| ER O successful exit

2 i nput paraneter LENSAV not big enough




rfftlb

Return to Main Contents

NAME

RFFT1B - rea backward fast Fourier transform

SYNOPSIS

SUBROUTI NE RFFT1B (N, INC, R, LENR WSAVE, LENSAV, WORK, LENWRK,

INTEGER N, INC, LENR LENSAV, LENWRK, |ER
REAL R(LENR), WBAVE(LENSAV), WORK( LENWRK)

DESCRIPTION

FFTPACK 5.0 routine RFFT1B conputes the one-di nensional Fourier
transformof a periodic sequence within a real array. This

Is referred to as the backward transform or Fourier synthesis,
transform ng the sequence from spectral to physical space.

This transformis normalized since a call to RFFT1B fol | oned
by a call to RFFT1F (or vice-versa) reproduces the original
array wthin roundoff error.

| nput Argunents
N I nteger | ength of the sequence to be transforned. The
transformis nost efficient when Nis a product of

smal | prines.

| NC | nt eger increnment between the locations, in array R
of two consecutive elenents within the sequence.

R Real array of |length LENR containing the sequence to be
t ransf or ned.

| ER)



LENR I nt eger dinension of R array. LENR nust be at | east
INC*(N-1) + 1.

WSAVE  Real work array o | ength LENSAV. WSAVE s contents nust
be initialized with a call to subroutine RFFT1ll before the
first call to routine RFFT1F or RFFT1B for a given transform
| ength N.

LENSAV | nteger dinension of WSAVE array. LENSAV nust be at | east
N + INT(LOG (REAL(N))) +4.
WORK Real work array of dinension LENVRK

LENWRK | nteger dinension of WORK array. LENWRK nust be at N

Qut put Argunents

R Real output array R For purposes of exposition,
assune R s range of indices is given by
R(0: (N-1) *I NC).

The output values of R are witten over the input val ues.
If Nis even, set NH=N 2-1; then for J=0,...,N1

R(J*INC) = R(0) +
[(-1)**I*R((N-1)*I NO) ]
NH
+ SUM  R((2*N1-1)*I NC)* COS(J* N1* 2* Pl / N)
N1=1
NH
+ SUM  R(2*NL*| NC) * SI N(J* N1*2* Pl / N)
N1=1

If Nis odd, set NH=(N-1)/2 and define R as above,
except renove the expression in square brackets [].



| ER | nteger error return
= 0 successful exit
= 1 input paraneter LENR not big enough
= 2 input paraneter LENSAV not big enough
= 3 input paraneter LENWRK not bi g enough




rfftdf
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NAME

RFFT1F - real backward fast Fourier transform

SYNOPSIS

SUBROUTI NE RFFT1F (N, INC, R, LENR WSAVE, LENSAV, WORK, LENWRK,

INTEGER N, INC, LENR LENSAV, LENWRK, |ER
REAL R(LENR), WBAVE(LENSAV), WORK( LENWRK)

DESCRIPTION

FFTPACK 5.0 routine RFFT1F conputes the one-di nensional Fourier
transformof a periodic sequence within a real array. This

is referred to as the forward transform or Fourier analysis,
transform ng the sequence from physical to spectral space.

This transformis normalized since a call to RFFTLF foll owed
by a call to RFFT1B (or vice-versa) reproduces the original
array wthin roundoff error.

| nput Argunents
N I nteger | ength of the sequence to be transforned. The
transformis nost efficient when Nis a product of

smal | prines.

| NC | nt eger increnment between the locations, in array R
of two consecutive elenents within the sequence.

R Real array of length LENR containing the sequence to be
t ransf or ned.

| ER)



LENR

WBAVE

LENSAV

LENVRK

I nt eger dinension of R array. LENR nust be at | east
INC*(N-1) + 1.

Real work array of |ength LENSAV. WSAVE' s contents nust

be initialized with a call to subroutine RFFT1ll before the
first call to routine RFFT1F or RFFT1B for a given transform
| ength N.

| nt eger di nension of WSBAVE array. LENSAV nust be at | east
N + INT(LOG (REAL(N))) +4.

Real work array of dinension LENVRK

| nt eger di nension of WORK array. LENWRK nust be at N.

Qut put Argunents

R

Real output array R For purposes of exposition,
assune R s range of indices is given by
R(0: (N-1) *I NC).

Then
N- 1

R(0) = SUM R(N1*INC)/ N
N1=0

If Nis even, set NH=N2-1; if Nis odd set NH=(N1)/2;
then for J=1,...,NH

R((2*J-1)*INC) =
N1
2.*SUM (R(NL1*1 NC) * COS(J*NL*2* Pl / N) / N
N1=0

and



| ER

R(2*J*INC) =

N1
2.*SUM (R(NL1*1 NC) *SI N( J*NL*2* Pl / N) / N
N1=0

Also if Nis even then
R((N-1)*INC) =

N1
SUM (-1)**N1*R(N1*I NC)/ N
N1=0

| nteger error return
= 0 successful exit
= 1 input paraneter LENR not big enough
= 2 input paraneter LENSAV not big enough
= 3 input paranmeter LENWRK not bi g enough




rfft2i
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NAME

RFFT2I - initialization routine for RFFT2B and RFFT2F

SYNOPSIS

SUBROUTI NE RFFT2I (L, M WSAVE, LENSAV, |ER)
INTEGER L, M LENSAV, |ER
REAL WBAVE( LENSAV)

DESCRIPTION

FFTPACK 5.0 routine RFFT2l initializes real array WSAVE for use
in its conpanion routines RFFT2F and RFFT2B for conputing the two-
di nensi onal fast Fourier transformof real data. Prine
factorizations of L and M together with tabul ations of the
trigononetric functions, are conputed and stored in array WSAVE.
RFFT21 nmust be called prior to the first call to RFFT2F or RFFT2B.
Separate WSAVE arrays are required for different values of L or M

| nput Argunents

L | nt eger nunber of elenents to be transforned in the first
di nrension. The transformis nost efficient when L is a
product of small prines.

M | nt eger nunber of elenents to be transfornmed in the second
di nrension. The transformis nost efficient when Mis a
product of small prines.

LENSAV | nteger nunber of elenents in the WSAVE array. LENSAV nust
be at least L + M+ INT(LOX REAL(L))) + INT(LOX REAL(M)) +8.



Qut put Argunents

WEAVE Real work array wi th dinmensi on LENSAV, containing the
prinme factors of L and M and al so contai ning certain
trigononetric values which will be used in routines
RFFT2B or RFFT2F.

| ER | nteger error return
= 0 successful exit
= 2 input paraneter LENSAV not big enough
= 20 input error returned by |ower |evel routine




rfft2b
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NAME

RFFT2B - complex to real, two-dimensional backward fast Fourier transform

SYNOPSIS

SUBROUTI NE RFFT2B (LDIM L, M R WSAVE, LENSAV, WORK, LENVRK, |ER)
INTEGER LDIM L, M LENSAV, LENWRK, |ER
REAL R(LDIM M, WSAVE(LENSAV), WORK( LENWRK)

DESCRIPTION

FFTPACK 5.0 routine RFFT2B conputes the two-di nensional discrete
Fourier transformof the conplex Fourier coefficients a real
periodic array. This transformis known as the backward transform
or Fourier synthesis, transformng fromspectral to physical space.

Routine RFFT2B is normalized: a call to RFFT2B foll owed by a
call to RFFT2F (or vice-versa) reproduces the original array
wi thin roundoff error.

| nput Argunents

LDl M I nteger first dinension of the two-dinensional real
array R, which nust be at |east 2*(L/2+1).

L | nt eger nunber of elenents to be transforned in the first
di nensi on of the two-dinensional real array R The val ue
of L nust be less than or equal to that of LDIM The
transformis nost efficient when L is a product of snall
pri mes.

M | nt eger nunber of elenents to be transfornmed in the second



WBAVE

LENSAV

LENVWRK

Qut put

di mensi on of the two-dinensional real array R  The
transformis nost efficient when Mis a product of snall
pri nes.

Real array of two dinensions containing the L/2+1-by-M
conpl ex subarray of spectral coefficients. R s first
dimension is LDIM and its second di nensi on nust be at

| east as |large as M

Real work array of |ength LENSAV. WSAVE' s contents nust

be initialized with a call to subroutine RFFT2I before the
first call to routine RFFT2F or RFFT2B with lengths L and M
WBAVE' s contents nay be re-used for subsequent calls

to RFFT2F and RFFT2B with the sane transformlengths L and M

| nt eger nunber of elenents in the WSAVE array. LENSAV nust
be at least L + M+ INT(LOJ REAL(L))) + INT(LOX REAL(M)) +8.

Real array of dinmension LENWRK, where LENWRK is defined
bel ow. WORK provi des workspace, and its contents need not
be saved between calls to routines RFFT2B and RFFT2F.

| nt eger nunber of elenents in the WORK array. LENWRK nust
be at |east LDIMM

Ar gunment s

Real output array R of size LDIMby-M where LDIMis at

| east L. For purposes of exposition, assune the index
ranges of array R are defined by R(0:L-1,0: M1), and the
conpl ex Fouier coefficient array by C(0:L/2,0: M2).

L/2 M1
R(I,J) = SUM SUM C(L1, M)
L1=0 ML=0
* EXP( SQRT(- 1) *2* Pl * (1 *L1/ L+J* ML/ M)

L-1 M1



+ SUM SUM CONJ(C(L1, M))
L1=L/2+1 ML=0

* EXP(SQRT(- 1) *2* Pl * (1 *(L-L1)/ L+J*ML/ M)

| ER | nteger error return

= 0 successful exit

= 2 input paraneter LENSAV not big enough
= 3 input paraneter LENWRK not bi g enough
= 6 input paranmeter LDIM < 2*(L/2+1)

20 input error returned by |ower |evel routine




rfft2f
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NAME

RFFT2F - real to complex, two-dimensional forward fast Fourier transform

SYNOPSIS

SUBROUTI NE RFFT2F (LDIM L, M R WSAVE, LENSAV, WORK, LENVRK, |ER)
INTEGER LDIM L, M LENSAV, LENWRK, |ER
REAL R(LDIM M, WSAVE(LENSAV), WORK( LENWRK)

DESCRIPTION

FFTPACK 5.0 routine RFFT2F conputes the two-di nensional discrete
Fourier transformof a real periodic array. This transformis
known as the forward transformor Fourier analysis, transformng
from physical to spectral space.

Routine RFFT2F is nornalized: a call to RFFT2F foll owed by a
call to RFFT2B (or vice-versa) reproduces the original array
wi thin roundoff error.

| nput Argunents

LDl M I nteger first dinension of the two-dinensional real
array R, which nust be at |east 2*(L/2+1).

L | nt eger nunber of elenents to be transforned in the first
di mensi on of the two-di nensional real array R  The val ue
of L nust be less than or equal to that of LDIM The
transformis nost efficient when L is a product of snall
pri nes.

M | nt eger nunber of elenents to be transforned in the second



WEAVE

LENSAV

LENVWRK

di mensi on of the two-dinensional real array R  The
transformis nost efficient when Mis a product of snall
pri nes.

Real array of two di nensions containing the L-by-M subarray
to be transformed. R s first dinmensionis LDOMand its
second di nension nust be at |east as |large as M

Real work array of |ength LENSAV. WSAVE' s contents nust

be initialized with a call to subroutine RFFT2I before the
first call to routine RFFT2F or RFFT2B with | engths L

and M WBAVE' s contents nay be re-used for subsequent calls
to RFFT2F and RFFT2B with the sane transform |l engths.

| nt eger nunber of elenents in the WSAVE array. LENSAV nust
be at least L + M+ INT(LOJ REAL(L))) + INT(LOX REAL(M)) +8.

Real array of dinmension LENWRK which is defined bel ow
WORK provi des wor kspace, and its contents need not be saved
between calls to routines RFFT2F and RFFT2B.

| nt eger nunber of elenents in the WORK array. LENWRK nust
be at | east LDIMM

Qut put Argunents

R

Real output array of two dinensions. Only half of the
Fourier spectrumof R is conputed and stored as a

L/ 2+1-by- M conplex array. The L wavenunbers stored are
O through L/2+1. The | eading di nension of R LD M nust
be at |east 2*(L/2+1).

For purposes of exposition, assune the index ranges of
a conplex array C are defined by C(0:L/2,0: M1).

For 1=0,...,L/2 and J=0,...,M1, the C(I,J)'s are given
in the traditional aliased form by

L-1 M1



c(1,J) = 1/(L*M*SUM SUM C(L1, M) *
L1=0 ML=0

EXP(- SQRT(-1)*2*PI *(1*L1/L + J*ML/' M)

The complex C(I,J), 1=0,...,L/2 and J=0,...,M1 are stored
in the real array R as:

Re(C(1,J))
Im(C(1,J))

R(2*1 +1, J+1)
R(2*1 +2, J+1) .

| ER nteger error return

successful exit

| nput par anmeter LENSAV not bi g enough
| nput paranmeter LENVWRK not bi g enough
| nput paraneter LDIM < 2*(L+1)

| nput error returned by |ower |evel routine

N
oo wN O
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NAME

RFFTMI - initialization routine for RFFTMB and RFFTMF

SYNOPSIS

SUBROUTI NE RFFTM (N, WBAVE, LENSAV, |ER)
INTEGER N, LENSAV, |ER
REAL WBAVE( LENSAV)

DESCRIPTION

FFTPACK 5.0 subroutine RFFTM initializes array WSAVE for use
in its conpanion routines RFFTMB and RFFTMF. The prine factor-
| zation of N together with a tabulation of the trigononetric
functions are conputed and stored in array WSAVE. Separate
WBAVE arrays are required for different values of N

| nput Argunents

N I nteger | ength of each sequence to be transfornmed. The
transformis nost efficient when Nis a product of
smal | prines.

LENSAV | nteger dinension of WSAVE array. LENSAV nust be at | east
N + INT(LOG (REAL(N))) +4.

Qut put Argunents

WEAVE Real work array w th dinmensi on LENSAV, containing the
prime factors of N and al so containing certain trigononetric
val ues which will be used in routines RFFTMB or RFFTIMF.



| ER O successful exit

2 i nput paraneter LENSAV not big enough




rfftmb
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NAME

RFFTMB - real, multiple backward fast Fourier transform

SYNOPSIS

SUBROUTI NE RFFTMB (LOT, JUMP, N, INC, R LENR WBAVE, LENSAV,
1 WORK, LENWRK, | ER)

INTEGER  LOT, JUWP, N, INC, LENR LENSAV, LENWRK, |ER
REAL R(LENR), WBAVE( LENSAV) , VIORK( LENVRK)
DESCRIPTION

FFTPACK 5.0 routine RFFTMB conput es the one-di nensi onal Fourier
transformof nultiple periodic sequences within a real array.

This transformis referred to as the backward transform or Fourier
synthesis, transform ng the sequences from spectral to physical
space.

This transformis normalized since a call to RFFTMB f ol | owed
by a call to RFFTMF (or vice-versa) reproduces the original
array wthin roundoff error.

| nput Argunents

LOT | nt eger nunber of sequences to be transforned within
array R
JUWP | nt eger increnent between the locations, in array R

of the first elenents of two consecutive sequences
to be transforned.

N I nteger | ength of each sequence to be transfornmed. The



| NC

LENR

WBAVE

LENSAV

LENVWRK

transformis nost efficient when Nis a product of
smal | prines.

| nt eger increnment between the locations, in array R
of two consecutive elenents within the sane sequence.

Real array containing LOT sequences, each having |length N
R can have any nunber of dinensions, but the total nunber
of |l ocations nust be at |east LENR

| nt eger dinension of R array. LENR nust be at
| east (LOT-1)*JUMP + INC*(N-1) + 1.

Real work array of |ength LENSAV. WSAVE' s contents nust

be initialized with a call to subroutine RFFTM before the
first call to routine RFFTMF or RFFTMB for a given transform
| ength N.

| nt eger di nension of WBAVE array. LENSAV nust be at | east
N + INT(LOG (REAL(N))) +4.
Real work array of dinension LENVWRK

| nt eger dinmension of WORK array. LENWRK nust be at
| east LOT*N.

Qut put Argunents

R

Real output array R For purposes of exposition,
assune R s range of indices is given by
R(0: (LOT-1) * JUVP+(N-1) *I NC) .

The output values of R are witten over the input val ues.

If Nis even, set NHEN2-1; then for 1=0,...,LOl-1 and
J=0,..., N1
R(I*JUMP+J*I NC) = R(I*JUWP) +

[(-1)**J*R(I * JUMP+( N- 1) *1 NO) ]



| ER

NH

+ SUM R(1*JUMP+(2*N1- 1) *| NC) * COS( J* N1* 2* Pl / N)
N1=1
NH

+ SUM R(1*JUMP+2* N1* | NC) * SI N( J* NL* 2* Pl / N)
N1=1

If Nis odd, set NH=E(N-1)/2 and define R as above,
except renove the expression in square brackets [].

nteger error return
0 successful exit
| nput paranmeter LENR not big enough
| nput par anmeter LENSAV not bi g enough
| nput paranmeter LENVWRK not bi g enough
| nput paraneters INC JUWP, N, LOT are not consi stent.

A WN PR

The paraneters integers INC, JUMP, N and LOT are
consistent if equality

| 1*INC + J1*JUMP = | 2*INC + J2*JUWP for 11,12 < N
and J1,J2 < LOT inplies 11=12 and J1=J2.

For multiple FFTs to execute correctly, input variables
I NC, JUWP, N and LOT nust be consistent ... otherw se at
| east one array elenment mstakenly is transfornmed nore

t han once.




rfftmf
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NAME

RFFTMF - real, multiple forward fast Fourier transform

SYNOPSIS

SUBROUTI NE RFFTMF (LOT, JUMP, N, INC, R LENR WBAVE, LENSAV,
1 WORK, LENWRK, | ER)

INTEGER  LOT, JUWP, N, INC, LENR LENSAV, LENWRK, |ER
REAL R(LENR), WBAVE( LENSAV) , VIORK( LENVRK)
DESCRIPTION

FFTPACK 5.0 routine RFFTMF conput es the one-di nensi onal Fouri er
transformof nultiple periodic sequences within a real array.
This transformis referred to as the forward transform or Fourier
anal ysis, transform ng the sequences from physical to spectral
space.

This transformis normalized since a call to RFFTMF fol | owed
by a call to RFFTMB (or vice-versa) reproduces the original
array wthin roundoff error.

| nput Argunents

LOT | nt eger nunber of sequences to be transforned within
array R
JUWP | nt eger increnent between the locations, in array R

of the first elenents of two consecutive sequences
to be transforned.

N I nteger | ength of each sequence to be transfornmed. The



| NC

LENR

WBAVE

LENSAV

LENVWRK

transformis nost efficient when Nis a product of
smal | prines.

| nt eger increnment between the locations, in array R
of two consecutive elenents within the sane sequence.

Real array containing LOT sequences, each having |length N
R can have any nunber of dinensions, but the total nunber
of |l ocations nust be at |east LENR

| nt eger dinension of R array. LENR nust be at
| east (LOT-1)*JUMP + INC*(N-1) + 1.

Real work array o | ength LENSAV. WSAVE s contents nust

be initialized with a call to subroutine RFFTM before the
first call to routine RFFTMF or RFFTMB for a given transform
| ength N.

| nt eger di nension of WBAVE array. LENSAV nust be at | east
N + INT(LOG (REAL(N))) +4.
Real work array of dinension LENVWRK

| nt eger dinmension of WORK array. LENWRK nust be at
| east LOT*N.

Qut put Argunents

R

Real output array R For purposes of exposition,
assune R s range of indices is given by
R(0: (LOT-1) * JUVMP+(N-1) *I NC) .

Then for 1=0,...,LOT-1
N-1

R(I*JUWP) = SUM R(1*JUMP+NL1*I NC)/ N
N1=0

If Nis even, set NHEN'2-1; if Nis odd set NH=(N1)/2;
then for J=1,...,NH



| ER

R(I *JUMP+(2*J- 1) *I NC) =

N1
2.*SUM  (R(1*JUMP+NL* | NC) * COS( J* NL*2* Pl / N) / N
N1=0

and
R(I*JUMP+2*J*| NC) =

N1
2.*SUM  (R(1*JUMP+N1* 1 NC) * SI N( J*NL*2* Pl / N) / N
N1=0

Also if Nis even then
R(I*JUWP+(N-1)*INC) =

N1
SUM (-1)**N1*R(|*JUVP+NL* | NC)/ N
N1=0

nteger error return
0 successful exit
| nput paranmeter LENR not big enough
| nput par anmeter LENSAV not bi g enough
| nput paranmeter LENVWRK not bi g enough
| nput paraneters INC JUWMP, N, LOT are not consi stent.

A WNPEF

The paraneters integers INC, JUMP, N and LOT are
consistent if equality

| 1*INC + J1*JUMP = | 2*INC + J2*JUWP for 11,12 < N
and J1,J2 < LOT inplies 11=12 and J1=J2.

For multiple FFTs to execute correctly, input variables
I NC, JUWP, N and LOT nust be consistent ... otherw se at
| east one array elenment mstakenly is transfornmed nore

t han once.
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NAME

COST1l - initialization routine for COST1B and COST 1F

SYNOPSIS

SUBROUTI NE COST1l (N, WBAVE, LENSAV, |ER)
INTEGER N, LENSAV, |ER
REAL WBAVE( LENSAV)

DESCRIPTION

FFTPACK 5.0 subroutine COST1l initializes array WSAVE for use
in its conpanion routines COST1F and COST1B. The prine factor-
| zation of N together with a tabulation of the trigononetric
functions are conputed and stored in array WSAVE. Separate
WBAVE arrays are required for different values of N

| nput Argunents

N I nteger length of the sequence to be transforned. The
transformis nost efficient when NN1 is a product of
smal | prines.

LENSAV | nteger dinension of WSAVE array. LENSAV nust be at | east
2*N + I NT(LOG (REAL(N))) +4.

Qut put Argunents

WSAVE  Real work array wi th di nensi on LENSAV, containing the

prime factors of N and al so containing certain trigononetric
val ues which wll be used in routines COST1B or COSTI1F.



| ER

I nteger error return

0O successful exit

2 input paraneter LENSAV not big enough

20 input error returned by | ower

| evel

routi ne
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NAME

COST1B - real backward cosine fast Fourier transform

SYNOPSIS

SUBROUTI NE COST1B (N, INC, R LENR WSAVE, LENSAV, WORK, LENWRK,

INTEGER N, INC, LENR LENSAV, LENWRK, |ER
REAL R(LENR), WBAVE(LENSAV), WORK( LENWRK)

DESCRIPTION

FFTPACK 5.0 routine COST1B conputes the one-di nensional Fourier
transformof an even sequence within a real array. This
transformis referred to as the backward transform or Fourier
synthesis, transform ng the sequence from spectral to physi cal
space.

This transformis normalized since a call to COST1B fol |l owed
by a call to COST1F (or vice-versa) reproduces the original
array wthin roundoff error.

| nput Argunents
N I nteger | ength of the sequence to be transforned. The
transformis nost efficient when N-1 is a product of

smal | prines.

| NC | nt eger increnent between the locations, in array R
of two consecutive elenents within the sequence.

R Real array of |ength LENR containing the sequence to be
t ransf or ned.

| ER)



LENR

WSAVE

LENSAV

LENVWRK

I nt eger dinension of R array. LENR nust be at | east
I NC*(N-1) + 1.

Real work array of |ength LENSAV. WSAVE' s contents nust

be initialized with a call to subroutine COST1l before the
first call to routine COST1F or COST1B for a given transform
|l ength N. WSBAVE' s contents may be re-used for subsequent
calls to COST1F and COST1B with the sanme N

| nt eger di nension of WBAVE array. LENSAV nust be at | east
2*N + INT(LOG (REAL(N))) +4.
Real work array of dinension at |east LENVWRK

| nt eger dinmension of WORK array. LENWRK nust be at
| east N-1.

Qut put Argunents

R

| ER

Real output array R For purposes of exposition,
assune R s range of indices is given by
R(0: (N-1) *I NC) .

The output values of R are witten over the input val ues.
For J=0,...,N1

R(J*INC) =

N1
SUM R(NL*I NC)*COS(J*N1*Pl / (N-1))
N1=0

| nteger error return

= 0 successful exit

= 1 input paraneter LENR not big enough

2 i nput paraneter LENSAV not big enough

3 input paranmeter LENWRK not big enough

= 20 input error returned by |ower |evel routine






costlf
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NAME

COST1F - real backward cosine fast Fourier transform

SYNOPSIS

SUBROUTI NE COST1F (N, INC, R, LENR WSAVE, LENSAV, WORK, LENWRK,

INTEGER N, INC, LENR LENSAV, LENWRK, |ER
REAL R(LENR), WBAVE(LENSAV), WORK( LENWRK)

DESCRIPTION

FFTPACK 5.0 routine COST1F conputes the one-dinensional Fourier
transformof an even sequence within a real array. This
transformis referred to as the forward transform or Fourier
anal ysis, transform ng the sequence from physical to spectral
space.

This transformis normalized since a call to COSTL1F foll owed
by a call to COST1B (or vice-versa) reproduces the original
array wthin roundoff error.

| nput Argunents
N I nteger | ength of the sequence to be transforned. The
transformis nost efficient when N-1 is a product of

smal | prines.

| NC | nt eger increnent between the locations, in array R
of two consecutive elenents within the sequence.

R Real array of |ength LENR containing the sequence to be
t ransf or ned.

| ER)



LENR

WSAVE

LENSAV

LENVWRK

I nt eger dinension of R array. LENR nust be at | east
I NC*(N-1) + 1.

Real work array of |ength LENSAV. WSAVE' s contents nust

be initialized with a call to subroutine COST1l before the
first call to routine COST1F or COST1B for a given transform
|l ength N. WSBAVE' s contents may be re-used for subsequent
calls to COST1F and COST1B with the sanme N

| nt eger di nension of WBAVE array. LENSAV nust be at | east
2*N + INT(LOG (REAL(N))) +4.
Real work array of dinension at |east LENVWRK

| nt eger dinmension of WORK array. LENWRK nust be at
| east N-1.

Qut put Argunents

R

Real output array R For purposes of exposition,
assune R s range of indices is given by
R(0: (N-1) *I NC) .
The output values of R are witten over the input val ues.
R(0) =
0.5*X(0)/ (N-1)
N- 2
+ SUM R(N1*INC)/ (N 1)
N1=1
+ 0.5*X((N-1)*INC /(N 1)

For J=1,..., N2
R(J*I NC) =



R(O)/ (N-1)

N- 2
+ SUM 2. 0% ( X(NL*I NC) *COS(J*N1*PI / (N-1)) ) / (N 1)
N1=1

+ ((-1)**I)*X((N-1)*INO) / (N 1)
R((N-1)*INO) =
0. 5*X(0)/ (N-1)

N- 2
+ SUM R(NL*INC)*((-1)**N1)/ (N 1)
N1=1
+ 0.5%((-D)**(N-1))*X((N-1)*INC)/ (N-1)
| ER | nteger error return
= 0 successful exit
= 1 input paraneter LENR not big enough
= 2 input paraneter LENSAV not big enough

3 input paranmeter LENWRK not big enough
20 input error returned by |ower |evel routine




costmi
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NAME

COSTMI - initialization routine for COSTMB and COSTMF

SYNOPSIS

SUBROUTI NE COSTM (N, WBAVE, LENSAV, |ER)
INTEGER N, LENSAV, |ER
REAL WBAVE( LENSAV)

DESCRIPTION

FFTPACK 5.0 subroutine COSTM initializes array WSAVE for use
in its conpanion routines COSTMF and COSTMB. The prine factor-
| zation of N together with a tabulation of the trigononetric
functions are conputed and stored in array WSAVE. Separate
WBAVE arrays are required for different values of N

| nput Argunents

N I nteger | ength of each sequence to be transfornmed. The
transformis nost efficient when Nis a product of
smal | prines.

LENSAV | nteger dinension of WSAVE array. LENSAV nust be at | east
2*N + INT(LOG (REAL(N))) +4

Qut put Argunents

WSAVE  Real work array wi th di nensi on LENSAV, containing the

prime factors of N and al so containing certain trigononetric
val ues which wll be used in routines COSTMB or COSTM-.



| ER

I nteger error return

0O successful exit

2 input paraneter LENSAV not big enough

20 input error returned by | ower

| evel

routi ne
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NAME

COSTMB - real, multiple backward cosine fast Fourier transform

SYNOPSIS

SUBROUTI NE COSTMB (LOT, JUMP, N, INC, R LENR WBAVE, LENSAV,
1 WORK, LENWRK, | ER)

INTEGER  LOT, JUWP, N, INC, LENR LENSAV, LENWRK, |ER
REAL R(LENR), WBAVE(LENSAV), WORK( LENWRK)
DESCRIPTION

FFTPACK 5.0 routine COSTMB conputes the one-di nensional Fourier
transformof nmultiple even sequences within a real array. This
transformis referred to as the backward transform or Fourier
synthesis, transform ng the sequences from spectral to physical
space.

This transformis normalized since a call to COSTMB fol | owed
by a call to COSTMF (or vice-versa) reproduces the original
array wthin roundoff error.

| nput Argunents

LOT | nt eger nunber of sequences to be transforned within
array R
JUWP | nt eger increnent between the locations, in array R

of the first elenents of two consecutive sequences
to be transforned.

N I nteger | ength of each sequence to be transfornmed. The



| NC

LENR

WBAVE

LENSAV

LENVWRK

transformis nost efficient when N-1 is a product of
smal | prines.

| nt eger increnment between the locations, in array R
of two consecutive elenents within the sane sequence.

Real array containing LOT sequences, each having |length N
R can have any nunber of dinensions, but the total nunber
of |l ocations nust be at |east LENR

I nt eger dinension of R array. LENR nust be at | east
(LOT-1)*JUWMP + INC*(N-1)+ 1.

Real work array of |ength LENSAV. WSAVE' s contents nust

be initialized with a call to subroutine COSTM before the
first call to routine COSTMF or COSTMB for a given transform
| ength N. WSAVE' s contents may be re-used for subsequent
calls to COSTMF and COSTMB with the sanme N

| nt eger di nension of WBAVE array. LENSAV nust be at | east
2*N + INT(LOG (REAL(N))) +4.
Real work array of dinension at |east LENVWRK

| nt eger dinmension of WORK array. LENWRK nust be at
| east LOT*( N+1).

Qut put Argunents

R

Real output array R For purposes of exposition,
assune R s range of indices is given by
R(0: (LOT-1) *JUVMP+(N- 1) *I NC) .

The output values of R are witten over the input val ues.
For 1=0,...,LOl-1 and J=0,...,N1

R(I *JUMP+J*I NC) =

N-1



SUM R(I*JUVP+NL* | NC) * COS(J* N1*PI / (N- 1))
N1=0

| ER | nteger error return

0

Oh~WNEPEF

successful exit

| nput paraneter LENR not big enough

| nput par anmeter LENSAV not bi g enough

| nput paranmeter LENVWRK not bi g enough

| nput paranmeters INC JUWP, N, LOT are not consi stent.
| nput error returned by |ower |evel routine

The paraneters integers INC, JUMP, N and LOT are
consistent if equality

| 1*INC + J1*JUMP = | 2*INC + J2*JUWP for 11,12 < N
and J1,J2 < LOT inplies 11=12 and J1=J2.

For multiple FFTs to execute correctly, input variables
I NC, JUWP, N and LOT nust be consistent, otherw se at

| east one array elenment mstakenly is transfornmed nore
t han once.




costmf
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NAME

COSTMF - real, multiple forward cosine fast Fourier transform

SYNOPSIS

SUBROUTI NE COSTMF (LOT, JUMP, N, INC, R LENR WBAVE, LENSAV,
1 WORK, LENWRK, | ER)

INTEGER  LOT, JUWP, N, INC, LENR LENSAV, LENWRK, |ER
REAL R(LENR), WBAVE(LENSAV), WORK( LENWRK)
DESCRIPTION

FFTPACK 5.0 routine COSTMF conputes the one-di nensional Fourier
transformof nmultiple even sequences within a real array. This
transformis referred to as the forward transform or Fourier
anal ysis, transform ng the sequences from physical to spectral
space.

This transformis normalized since a call to COSTMF fol |l owed
by a call to COSTMB (or vice-versa) reproduces the original
array wthin roundoff error.

| nput Argunents

LOT | nt eger nunber of sequences to be transforned within
array R
JUWP | nt eger increnent between the locations, in array R

of the first elenents of two consecutive sequences
to be transforned.

N I nteger | ength of each sequence to be transfornmed. The



| NC

LENR

WBAVE

LENSAV

LENVWRK

transformis nost efficient when N-1 is a product of
smal | prines.

| nt eger increnment between the locations, in array R
of two consecutive elenents within the sane sequence.

Real array containing LOT sequences, each having |length N
R can have any nunber of dinensions, but the total nunber
of |l ocations nust be at |east LENR

I nt eger dinension of R array. LENR nust be at | east
(LOT-1)*JUWMP + INC*(N-1)+ 1.

Real work array of |ength LENSAV. WSAVE' s contents nust

be initialized with a call to subroutine COSTM before the
first call to routine COSTMF or COSTMB for a given transform
| ength N. WSAVE' s contents may be re-used for subsequent
calls to COSTMF and COSTMB with the sanme N

| nt eger di nension of WBAVE array. LENSAV nust be at | east
2*N + INT(LOG (REAL(N))) +4.
Real work array of dinension at |east LENVWRK

| nt eger dinmension of WORK array. LENWRK nust be at
| east LOT*( N+1).

Qut put Argunents

R

Real output array R For purposes of exposition,

assune R s range of indices is given by

R(0: (LOT-1) *JUVMP+(N- 1) *I NC) .

The output values of R are witten over the input val ues.

For 1=0,...,LOT-1
R(1*JUWP) =

0. 5*X(1 *JUMP) / (N 1)



N2

+ SUM R(1*JUMP+*N1*I NC) / ( N- 1)
N1=1

+ 0. 5*X( | *JUMP+(N-1) *I NO) / ( N- 1)

For 1=0,...,LOl-1 and J=1, ..., N2
R(I*JUMP+J*I NC) =

R(I *JUMP) / (N 1)
N- 2

+ SUM 2. 0% (X(1 *JUMP+* NL* | NC) * COS(J*N1*PI / (N-1)) )/ ( N- 1)
N1=1

+ ((-1)**I)*X(1 *JUMP+(N-1) *I NC) / ( N- 1)

For 1=0,...,LOT-1
R(1*JUWVP+(N-1)*INC) =

0. 5*X(1 *JUMP) / (N 1)
N- 2

+ SUM  R(1*JUVP+*NL*I NC) * ((- 1) **N1) / (N 1)
N1=1

+ 0.5%((-1)**(N-1) ) *X(I *JUMP+(N- 1) *I NO) / ( N- 1)

| ER nteger error return

O successful exit

I

= 1 input paraneter LENR not big enough

= 2 input paraneter LENSAV not big enough

= 3 input paranmeter LENWRK not bi g enough

= 4 input paraneters INC JUWP, N, LOT are not consistent.
= 20 input error returned by |ower |evel routine

The paraneters integers INC, JUMP, N and LOT are
consistent if equality

| 1*INC + J1*JUMP = | 2*INC + J2*JUWP for 11,12 < N
and J1,J2 < LOT inplies 11=12 and J1=J2.

For multiple FFTs to execute correctly, input variables



I NC, JUMP, N and LOT nust be consistent, otherw se at
| east one array elenment mstakenly is transfornmed nore
t han once.
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NAME

SINT1I - initialization routine for SINT1B and SINT1F

SYNOPSIS

SUBROUTI NE SINT1l (N, WBAVE, LENSAV, |ER)
INTEGER N, LENSAV, |ER
REAL WBAVE( LENSAV)

DESCRIPTION

FFTPACK 5.0 subroutine SINT1ll initializes array WSAVE for use
in its conpanion routines SINT1F and SINT1B. The prine factor-
| zation of N together with a tabulation of the trigononetric
functions are conputed and stored in array WSAVE. Separate
WBAVE arrays are required for different values of N

| nput Argunents

N I nteger length of the sequence to be transforned. The
transformis nost efficient when N+1 is a product of
smal | prines.

LENSAV | nteger dinension of WSAVE array. LENSAV nust be at | east
N2 + N+ INT(LOG (REAL(N))) +4.

Qut put Argunents
WSAVE  Real work array wi th di nensi on LENSAV, containing the

prime factors of N and al so containing certain trigononetric
val ues which wll be used in routines SINT1B or SINT1F.



| ER

I nteger error return

0O successful exit

2 input paraneter LENSAV not big enough

20 input error returned by | ower

| evel

routi ne
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NAME

SINT1B - real backward sine fast Fourier transform

SYNOPSIS

SUBROUTI NE SINT1B (N, INC, R LENR WSAVE, LENSAV, WORK, LENWRK, |ER)

INTEGER N, INC, LENR LENSAV, LENWRK, |ER
REAL R(LENR), WBAVE(LENSAV), WORK( LENWRK)

DESCRIPTION

FFTPACK 5.0 routine SINT1B conputes the one-di nensional Fourier
transformof an odd sequence within a real array. This transform
Is referred to as the backward transform or Fourier synthesis,
transform ng the sequence from spectral to physical space.

This transformis normalized since a call to SINT1B foll owed
by a call to SINT1F (or vice-versa) reproduces the original
array wthin roundoff error.

| nput Argunents
N I nteger length of the sequence to be transforned. The
transformis nost efficient when N+1 is a product of

smal | prines.

| NC | nt eger increnent between the |ocations, in array R
of two consecutive elenents within the sequence.

R Real array of Iength LENR containing the sequence to be
t ransf or ned.



LENR I nt eger dinension of R array. LENR nust be at | east
I NC*(N-1) + 1.

WEAVE Real work array of |length LENSAV. WSAVE' s contents nust
be initialized with a call to subroutine SINT1l before the
first call to routine SINTL1F or SINT1B for a given transform
|l ength N. WSBAVE' s contents may be re-used for subsequent
calls to SINT1F and SINT1B with the sane N.

LENSAV | nteger dinension of WSAVE array. LENSAV nust be at | east
N2 + N+ INT(LOG (REAL(N))) +4.

WORK Real work array of dinension at |east LENVWRK

LENWVRK | nteger dinension of WORK array. Mist be at |east 2*N+2.

Qut put Argunents

R Real output array. For purposes of exposition,
assune R s range of indices is given by
R(I NC: N*1 NC) .
The output values of R are witten over the input val ues.
For J=1,...,N
R(J*INC) =
N
SUM  R(N1*I NC) *SI N(J*NL*PI / (N+1))
N1=1

| ER | nteger error return
= 0 successful exit
= 1 input paraneter LENR not big enough
= 2 input paraneter LENSAV not big enough
= 3 input paraneter LENWRK not bi g enough

20 input error returned by |ower |evel routine
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NAME

SINT1F - real forward sine fast Fourier transform

SYNOPSIS

SUBROUTI NE SI NT1F (N, INC, R LENR WSAVE, LENSAV, WORK, LENWRK, |ER)

INTEGER N, INC, LENR LENSAV, LENWRK, |ER
REAL R(LENR), WBAVE(LENSAV), WORK( LENWRK)

DESCRIPTION

FFTPACK 5.0 routine SINT1F conputes the one-di nensional Fourier
transformof an odd sequence within a real array. This transform
is referred to as the forward transform or Fourier analysis,
transform ng the sequence from physical to spectral space.

This transformis normalized since a call to SINT1F foll owed
by a call to SINT1B (or vice-versa) reproduces the original
array wthin roundoff error.

| nput Argunents
N I nteger length of the sequence to be transforned. The
transformis nost efficient when N+1 is a product of

smal | prines.

| NC | nt eger increnent between the |ocations, in array R
of two consecutive elenents within the sequence.

R Real array of Iength LENR containing the sequence to be
t ransf or ned.



LENR I nt eger dinension of R array. LENR nust be at | east
I NC*(N-1) + 1.

WEAVE Real work array of |length LENSAV. WSAVE' s contents nust
be initialized with a call to subroutine SINT1l before the
first call to routine SINTL1F or SINT1B for a given transform
|l ength N. WSBAVE' s contents may be re-used for subsequent
calls to SINT1F and SINT1B with the sane N.

LENSAV | nteger dinension of WSAVE array. LENSAV nust be at | east
N2 + N+ INT(LOG (REAL(N))) +4.

WORK Real work array of dinension at |east LENVWRK

LENWVRK | nteger dinension of WORK array. Mist be at |east 2*N+2.

Qut put Argunents

R Real output array R For purposes of exposition,
assune R s range of indices is given by R(INC (N1)*INC).

The output values of R are witten over the input val ues.

For J=1,...,N
R(J*INC) =
N
SUM 2. *R(N1*I NC) *SI N( J* NL* PI / ( N#1) ) / ( N#1)
N1=1

| ER | nteger error return
= 0 successful exit
= 1 input paraneter LENR not big enough
= 2 input paraneter LENSAV not big enough
= 3 input paraneter LENWRK not bi g enough

20 input error returned by |ower |evel routine
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Return to Main Contents

NAME

SINTMI - initialization routine for SINTMB and SINTMF

SYNOPSIS

SUBROUTI NE SINTM (N, WBAVE, LENSAV, |ER)
INTEGER N, LENSAV, |ER
REAL WBAVE( LENSAV)

DESCRIPTION

FFTPACK 5.0 subroutine SINTM initializes array WSAVE for use
in its conpanion routines SINTMF and SINTMB. The prine factor-
| zation of N together with a tabulation of the trigononetric
functions are conputed and stored in array WSAVE. Separate
WBAVE arrays are required for different values of N

| nput Argunents

N I nteger | ength of each sequence to be transfornmed. The
transformis nost efficient when Nis a product of
smal | prines.

LENSAV | nteger dinension of WSAVE array. LENSAV nust be at | east
N2 + N+ INT(LOG (REAL(N))) +4.

Qut put Argunents
WSAVE  Real work array wi th di nensi on LENSAV, containing the

prime factors of N and al so containing certain trigononetric
val ues which wll be used in routines SINTMB or SI NTM-.



| ER

I nteger error return

0O successful exit

2 input paraneter LENSAV not big enough

20 input error returned by | ower

| evel

routi ne
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NAME

SINTMB - real, multiple backward sine fast Fourier transform

SYNOPSIS

SUBROUTI NE SINTMB (LOT, JUMP, N, INC, R LENR WBAVE, LENSAV,
1 WORK, LENWRK, | ER)

INTEGER  LOT, JUWP, N, INC, LENR LENSAV, LENWRK, |ER
REAL R(LENR), WBAVE(LENSAV), WORK( LENWRK)
DESCRIPTION

FFTPACK 5.0 routine SINTMB conputes the one-di nensional Fourier
transformof multiple odd sequences wthin a real array. This
transformis referred to as the backward transform or Fourier
synthesis, transform ng the sequences from spectral to physical
space.

This transformis normalized since a call to SINTMB fol | owed
by a call to SINTMF (or vice-versa) reproduces the original
array wthin roundoff error.

| nput Argunents

LOT | nt eger nunber of sequences to be transfornmed wthin
array R
JUMP | nt eger increnent between the |ocations, in array R

of the first elenents of two consecutive sequences.

N I nteger | ength of each sequence to be transfornmed. The



| NC

LENR

WBAVE

LENSAV

LENVWRK

transformis nost efficient when N+1 is a product of
smal | prines.

| nt eger increnment between the locations, in array R
of two consecutive elenents within the sane sequence.

Real array containing LOT sequences, each having |length N
R can have any nunber of dinensions, but the total nunber
of |l ocations nust be at |east LENR

I nt eger dinension of R array. LENR nust be at | east
(LOT-1)*JUWMP + INC*(N-1)+ 1.

Real work array of |ength LENSAV. WSAVE' s contents nust

be initialized with a call to subroutine SINTM before the
first call to routine SINTMF or SINTMB for a given transform
| ength N. WSAVE' s contents may be re-used for subsequent
calls to SINTMF and SINTMB with the sane N.

| nt eger di nension of WBAVE array. LENSAV nust be at | east
N2 + N+ INT(LOG (REAL(N))) +4.
Real work array of dinension at |east LENVWRK

| nt eger dinmension of WORK array. LENWRK nust be at
| east LOT*(2*N+4).

Qut put Argunents

R

Real output array. For purposes of exposition,
assune R s range of indices is given by
R(I' NC: (LOT- 1) * JUMP+N* | NC) .

The output values of R are witten over the input val ues.
For 1=0,...,LOl-1 and J=1,...,N

R(I *JUMP+J*I NC) =
N

SUM R(1*JUMP+*NL* | NC) * SI N( J* NL* Pl / ( N+1) )
N1=1



| ER

I nteger error return

0

Oh~WNLPEF

successful exit

| nput paraneter LENR not big enough

| nput par aneter LENSAV not bi g enough

| nput paraneter LENVWRK not bi g enough

| nput paraneters INC JUWP, N, LOT are not consi stent.
| nput error returned by |ower |evel routine

The paraneters integers INC, JUMP, N and LOT are
consistent if equality

| 1*INC + J1*JUMP = | 2*INC + J2*JUWP for 11,12 < N
and J1,J2 < LOT inplies 11=12 and J1=J2.

For multiple FFTs to execute correctly, input variables
I NC, JUWP, N and LOT nust be consistent ... otherw se at
| east one array elenment mstakenly is transfornmed nore

t han once.
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NAME

SINTMF - real, multiple forward sine fast Fourier transform

SYNOPSIS

SUBROUTI NE SINTMF (LOT, JUMP, N, INC, R LENR WBAVE, LENSAV,
1 WORK, LENWRK, | ER)

INTEGER  LOT, JUWP, N, INC, LENR LENSAV, LENWRK, |ER
REAL R(LENR), WBAVE(LENSAV), WORK( LENWRK)
DESCRIPTION

FFTPACK 5.0 routine SINTMF conputes the one-dinensional Fourier
transformof nultiple odd sequences within a real array.

This transformis referred to as the forward transform or Fourier
anal ysis, transform ng the sequences from physical to spectral
space.

This transformis normalized since a call to SINTM foll owed
by a call to SINTMB (or vice-versa) reproduces the original
array wthin roundoff error.

| nput Argunents

LOT | nt eger nunber of sequences to be transforned within
array R
JUWP | nt eger increnent between the locations, in array R

of the first elenents of two consecutive sequences
to be transforned.



N I nt eger | ength of each sequence to be transfornmed. The
transformis nost efficient when N+1 is a product of
smal | prines.

| NC | nt eger increnent between the locations, in array R
of two consecutive elenents within the sane sequence.

R Real array containing LOT sequences, each having |length N
R can have any nunber of dinensions, but the total nunber
of |l ocations nust be at |east LENR

LENR I nt eger dinension of R array. LENR nust be at | east
(LOT-1)*JUWMP + INC*(N-1)+ 1.

WEAVE Real work array of |ength LENSAV. WSAVE' s contents nust
be initialized with a call to subroutine SINTM before the
first call to routine SINTMF or SINTMB for a given transform
| ength N. WSAVE' s contents may be re-used for subsequent
calls to SINTMF and SINTMB with the sane N.

LENSAV | nteger dinension of WSAVE array. LENSAV nust be at | east
N2 + N+ INT(LOG (REAL(N))) +4.
WORK Real work array of dinension at |east LENVWRK

LENVWVRK | nteger dinension of WORK array. LENWRK nust be at
| east LOT*(2*N+4).

Qut put Argunents
R Real output array R For purposes of exposition,
assune R s range of indices is given by

R(0: (LOT- 1) * JUMP+( N- 1) *I NC) .

The output values of R are witten over the input val ues.
For 1=0,...,LOl-1 and J=1,...,N

R(I *JUMP+J*I NC) =

N
SUM 2. *R(1* JUMP+*NL* | NC) * SI N(J* N1* Pl / (N+1) ) / ( N+1)



| ER

N1=1

I nteger error return

0 successful exit

1 input paraneter LENR not big enough

2 input paraneter LENSAV not big enough

3 input paranmeter LENWRK not big enough

4 input paraneters INC JUMP, N, LOT are not consistent.

The paraneters integers INC, JUMP, N and LOT are
consistent if equality

| 1*INC + J1*JUMP = | 2*INC + J2*JUWP for 11,12 < N
and J1,J2 < LOT inplies 11=12 and J1=J2.

For multiple FFTs to execute correctly, input variables
I NC, JUWP, N and LOT nust be consistent ... otherw se at
| east one array elenment mstakenly is transfornmed nore

t han once.




cosqli
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NAME

COSQ1lI - initialization routine for COSQ1B and COSQ1F

SYNOPSIS

SUBROUTI NE COSQLI (N, WBAVE, LENSAV, |ER)
INTEGER N, LENSAV, |ER
REAL WBAVE( LENSAV)

DESCRIPTION

FFTPACK 5.0 subroutine COSQLlI initializes array WSAVE for use
in its conpanion routines COSQLF and COSQLB. The prine factor-
| zation of N together with a tabulation of the trigononetric
functions are conputed and stored in array WSAVE. Separate
WBAVE arrays are required for different values of N

| nput Argunents

N I nteger length of the sequence to be transforned. The
transformis nost efficient when Nis a product of
smal | prines.

LENSAV | nteger dinension of WSAVE array. LENSAV nust be at | east
2*N + I NT(LOG (REAL(N))) +4.

Qut put Argunents

WSAVE  Real work array wi th di nensi on LENSAV, containing the

prime factors of N and al so containing certain trigononetric
val ues which will be used in routines COSQLB or COSQLF.



| ER

I nteger error return

0O successful exit

2 input paraneter LENSAV not big enough

20 input error returned by | ower

| evel

routi ne




cosqlb

Return to Main Contents

NAME

COSQ1B - real, backward quarter-cosine fast Fourier transform

SYNOPSIS

SUBROUTI NE COSQLB (N, INC, R LENR WSAVE, LENSAV, WORK, LENWRK, |ER)

INTEGER N, INC, LENR LENSAV, LENWRK, |ER
REAL R(LENR), WBAVE(LENSAV), WORK( LENWRK)

DESCRIPTION

FFTPACK 5.0 routine COSQLB conputes the one-di nensional Fourier
transformof a sequence which is a cosine series with odd wave
nunbers. This transformis referred to as the backward transform
or Fourier synthesis, transform ng the sequence from spectral to
physi cal space.

This transformis normalized since a call to COSQLB foll owed
by a call to COSQLF (or vice-versa) reproduces the original
array wthin roundoff error.

| nput Argunents
N | nt eger nunber of elenents to be transforned in the
sequence. The transformis nost efficient when Nis a

product of small prines.

| NC | nt eger increnent between the locations, in array R
of two consecutive elenents within the sequence.

R Real array of |ength LENR containing the sequence to be
t ransf or ned.



LENR

WSAVE

LENSAV

LENVWRK

I nt eger dinension of R array. LENR nust be at | east
I NC*(N-1) + 1.

Real work array of |ength LENSAV. WSAVE' s contents nust

be initialized with a call to subroutine COSQLI before the
first call to routine COSQLF or COSQLB for a given transform
|l ength N. WSBAVE' s contents may be re-used for subsequent
calls to COSQLF and COSQIB with the sanme N.

| nt eger di nension of WBAVE array. LENSAV nust be at | east
2*N + INT(LOG (REAL(N))) +4.
Real array of dinmension LENWRK.

| nt eger dinmension of WORK array. LENWRK nust be at
| east N.

Qut put Argunents

R

WEAVE

| ER

Real output array. For purposes of exposition,
assune R s range of indices is given by
R(0: (N-1) *I NC) .

The output values of R are witten over the input val ues.
For J=0,...,N1

R(J*INC) =
N1
SUM  R(N1*I NC) *COS(J*(2*N1+1) *PlI / (2*N))
N1=0
Contains values initialized by subroutine COSQLl that

must not be destroyed between calls to routine COSQLF
or COSQ1B.

I nteger error return



0

1 input
2 1 nput
3 i nput
20 i nput

successful exit

paraneter LENR not big enough
par anet er LENSAV not bi g enough
paranet er LENWRK not bi g enough
error returned by | ower |evel routine
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NAME

COSQI1F - readl, forward quarter-cosine fast Fourier transform

SYNOPSIS

SUBROUTI NE COSQLF (N, INC, R LENR WSAVE, LENSAV, WORK, LENWRK, |ER)

INTEGER N, INC, LENR LENSAV, LENWRK, |ER
REAL R(LENR), WBAVE(LENSAV), WORK( LENWRK)

DESCRIPTION

FFTPACK 5.0 routine COSQLF conputes the one-dinensional Fourier
transformof a sequence which is a cosine series with odd wave
nunbers. This transformis referred to as the forward transform
or Fourier analysis, transformng the sequence from physical to
spectral space.

This transformis normalized since a call to COSQLF foll owed
by a call to COSQLB (or vice-versa) reproduces the original
array wthin roundoff error.

| nput Argunents
N I nteger | ength of the sequence to be transforned. The
transformis nost efficient when Nis a product of

smal | prines.

| NC | nt eger increnent between the locations, in array R
of two consecutive elenents within the sequence.

R Real array of |ength LENR containing the sequence to be
t ransf or ned.



LENR

WSAVE

LENSAV

LENVWRK

I nt eger dinension of R array. LENR nust be at | east
I NC*(N-1) + 1.

Real work array wi th dinmension LENSAV. WSAVE s contents
must be initialized with a call to subroutine COSQLl before
the first call to routine COSQLF or COSQLB for a given
transformlength N.. WSAVE s contents may be re-used for
subsequent calls to COSQLF and COSQLB with the sane N.

| nt eger di nension of WBAVE array. LENSAV nust be at | east
2*N + INT(LOG (REAL(N))) +4.
Real array of dinmension LENWRK.

| nt eger dinmension of WORK array. LENWRK nust be at
| east N.

Qut put Argunents

R

WSAVE

Real output array R For purposes of exposition,
assune R s range of indices is given by
R(0: (N-1) *I NC) .

The output values of R are witten over the input val ues.
For J=0,...,N1

R(J*INC) =
R(0)/ N
N- 1

+ SUM 2. *R(NL*| NC) * COS((2*J+1) *N1*Pl / (2*N) )/ N
N1=1

Contains values initialized by subroutine COSQLl that
must not be destroyed between calls to routine COSQLF
or COSQ1B.



| ER

| nt eger

error

0 successf ul
paraneter LENR not big enough

1 i nput
2 1 nput
3 i nput

20 i nput

par amet er
par amet er

error

return

exit

returned by | ower

| evel

LENSAV not bi g enough
LENWRK not bi g enough

routi ne
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NAME

COSQMI - initiaization routine for COSQMB and COSQMF

SYNOPSIS

SUBROUTI NE COSQM (N, WBAVE, LENSAV, |ER)
INTEGER N, LENSAV, |ER
REAL WBAVE( LENSAV)

DESCRIPTION

FFTPACK 5.0 subroutine COSQM initializes array WSAVE for use
in its conpanion routines COSQW and COSQVB. The prine factor-
| zation of N together with a tabulation of the trigononetric
functions are conputed and stored in array WSAVE. Separate
WBAVE arrays are required for different values of N

| nput Argunents

N I nteger | ength of each sequence to be transfornmed. The
transformis nost efficient when Nis a product of
smal | prines.

LENSAV | nteger dinension of WSAVE array. LENSAV nust be at | east
2*N + I NT(LOG (REAL(N))) +4.

Qut put Argunents

WSAVE  Real work array wi th di nensi on LENSAV, containing the

prime factors of N and al so containing certain trigononetric
val ues which will be used in routines COSQVB or COSQVF.



| ER

I nteger error return

0O successful exit

2 input paraneter LENSAV not big enough

20 input error returned by | ower

| evel

routi ne
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NAME

COSQMB - real, multiple backward quarter-cosine fast Fourier transform

SYNOPSIS

SUBROUTI NE COSQVB (LOT, JUMP, N, INC, R LENR WBAVE, LENSAV,
1 WORK, LENWRK, | ER)

INTEGER  LOT, JUWP, N, INC, LENR LENSAV, LENWRK, |ER
REAL R(LENR), WBAVE(LENSAV), WORK( LENWRK)
DESCRIPTION

FFTPACK 5.0 routine COSQVB conputes the one-di nensional Fourier
transformof nmultiple sequences, each of which is a cosine series
wi th odd wave nunbers. This transformis referred to as the
backward transform or Fourier synthesis, transform ng the sequences
fromspectral to physical space.

This transformis nornmalized since a call to COSQWB fol |l owed
by a call to COSQW (or vice-versa) reproduces the original
array wthin roundoff error.

| nput Argunents

LOT | nt eger nunber of sequences to be transforned within
array R
JUWP | nt eger increnent between the locations, in array R

of the first elenents of two consecutive sequences
to be transforned.

N I nteger | ength of each sequence to be transfornmed. The



| NC

LENR

WBAVE

LENSAV

LENVWRK

transformis nost efficient when Nis a product of
smal | prines.

| nt eger increnment between the locations, in array R
of two consecutive elenents within the sane sequence.

Real array containing LOT sequences, each having |length N
R can have any nunber of dinensions, but the total nunber
of |l ocations nust be at |east LENR

I nt eger dinension of R array. LENR nust be at | east
(LOT-1)*JUWMP + INC*(N-1)+ 1.

Real work array wi th dinmension LENSAV. WSAVE s contents
must be initialized with a call to subroutine COSQM before
the first call to routine COSQW or COSQWB for a given
transformlength N.. WSAVE s contents may be re-used for
subsequent calls to COSQW and COSQWB with the sane N

| nt eger di nension of WBAVE array. LENSAV nust be at | east
2*N + INT(LOG (REAL(N))) +4.
Real array of dinmension LENWRK.

| nt eger dinmension of WORK array. LENWRK nust be at
| east LOT*N.

Qut put Argunents

R

Real output array. For purposes of exposition,
assune R s range of indices is given by
R(0: (LOT-1) *JUVMP+(N- 1) *I NC) .

The output values of R are witten over the input val ues.
For 1=0,...,LOl-1 and J=0,...,N1

R(I *JUMP+J*I NC) =

N-1



WBAVE

| ER

SUM  R( 1 *JUMP+NL* | NC) * COS( J* (2*N1+1) *PI / (2*N))
N1=0

Contains values initialized by subroutine COSQM that
must

COSQMVB.

or

not be destroyed between calls to routi ne COSQW

I nteger error return

0

Oh~WNEPEF

successful exit

| nput paranmeter LENR not big enough

| nput par anmeter LENSAV not bi g enough

| nput paranmeter LENVWRK not bi g enough

| nput paraneters INC JUWP, N, LOT are not consi stent.
| nput error returned by |ower |evel routine

The paraneters integers INC, JUMP, N and LOT are
consistent if equality

I 1*INC + J1*JUMP = | 2*INC + J2*JUWP for 11,12 < N
and J1,J2 < LOT inplies 11=12 and J1=J2.

For multiple FFTs to execute correctly, input variables
I NC, JUWP, N and LOT nust be consistent, otherw se at

| east one array elenment mstakenly is transfornmed nore
t han once.
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NAME

COSQMF - real, multiple forward quarter-cosine fast Fourier transform

SYNOPSIS

SUBROUTI NE COSQVF (LOT, JUMP, N, INC, R LENR WBAVE, LENSAV,
1 WORK, LENWRK, | ER)

INTEGER  LOT, JUWP, N, INC, LENR LENSAV, LENWRK, |ER
REAL R(LENR), WBAVE(LENSAV), WORK( LENWRK)
DESCRIPTION

FFTPACK 5.0 routine COSQVF conputes the one-dinensional Fourier
transformof nmultiple sequences within a real array, where each
of the sequences is a cosine series wth odd wave nunbers. This
transformis referred to as the forward transform or Fourier
synthesis, transform ng the sequences from spectral to physical
space.

This transformis normalized since a call to COSQW foll owed
by a call to COSQWB (or vice-versa) reproduces the original
array wthin roundoff error.

| nput Argunents

LOT | nt eger nunber of sequences to be transforned within
array R
JUWP | nt eger increnent between the locations, in array R

of the first elenents of two consecutive sequences
to be transforned.



| NC

LENR

WBAVE

LENSAV

LENVWRK

I nt eger | ength of each sequence to be transfornmed. The
transformis nost efficient when Nis a product of
smal | prines.

| nt eger increnent between the locations, in array R
of two consecutive elenents within the sane sequence.

Real array containing LOT sequences, each having |length N
R can have any nunber of dinensions, but the total nunber
of |l ocations nust be at |east LENR

I nt eger dinension of R array. LENR nust be at | east
(LOT-1)*JUWMP + INC*(N-1)+ 1.

Real work array o | ength LENSAV. WSAVE s contents nust

be initialized with a call to subroutine COSQM before the
first call to routine COSQW or COSQWB for a given transform
| ength N. WSAVE' s contents may be re-used for subsequent
calls to COSQW and COSQWB with the sanme N.

| nt eger di nension of WBAVE array. LENSAV nust be at | east
2*N + INT(LOG (REAL(N))) +4.
Real array of dinmensi on LENWRK.

| nt eger dinmension of WORK array. LENWRK nust be at
| east LOT*N.

Qut put Argunents

R

Real output array R For purposes of exposition,
assune R s range of indices is given by
R(0: (LOT-1) * JUWMP+(N- 1) *I NC) .

The output values of R are witten over the input val ues.
For 1=0,...,LOl-1 and J=0,...,N1

R(I *JUMP+J*I NC) =

R(I *JUMP) / N



N-1

+ SUM 2. *R(1*JUMP+* NL1* | NC) * COS( (2*J+1) *NL*PI / (2*N) )/ N

N1=1

| ER | nteger error return

0

Oh~WNLPEF

successful exit

| nput paraneter LENR not big enough

| nput par anmeter LENSAV not bi g enough

| nput paranmeter LENVWRK not bi g enough

| nput paraneters INC JUWP, N, LOT are not consi stent.
| nput error returned by |ower |evel routine

The paraneters integers INC, JUMP, N and LOT are
consistent if equality

| 1*INC + J1*JUMP = | 2*INC + J2*JUWP for 11,12 < N
and J1,J2 < LOT inplies 11=12 and J1=J2.

For multiple FFTs to execute correctly, input variables
I NC, JUWMP, N and LOT nust be consistent, otherw se at

| east one array elenment mstakenly is transfornmed nore
t han once.
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NAME

SINQLII - initialization routine for SINQ1B and SINQ1F

SYNOPSIS

SUBROUTI NE SINQLI (N, WBAVE, LENSAV, |ER)
INTEGER N, LENSAV, |ER
REAL WBAVE( LENSAV)

DESCRIPTION

FFTPACK 5.0 subroutine SINQLI initializes array WSAVE for use
in its conpanion routines SINQLF and SINQLB. The prine factor-
| zation of N together with a tabulation of the trigononetric
functions are conputed and stored in array WSAVE. Separate
WBAVE arrays are required for different values of N

| nput Argunents

N I nteger length of the sequence to be transforned. The
transformis nost efficient when Nis a product of
smal | prines.

LENSAV | nteger dinension of WSAVE array. LENSAV nust be at | east
2*N + I NT(LOG (REAL(N))) +4.

Qut put Argunents
WSAVE  Real work array wi th di nensi on LENSAV, containing the

prime factors of N and al so containing certain trigononetric
val ues which will be used in routines SINQLB or SINQLF.



| ER

I nteger error return

0O successful exit

2 input paraneter LENSAV not big enough

20 input error returned by | ower

| evel

routi ne
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NAME

SINQ1B - real backward quarter-sine fast Fourier transform

SYNOPSIS

SUBROUTI NE SI NQLB (N, INC, R LENR WSAVE, LENSAV, WORK, LENWRK, |ER)

INTEGER N, INC, LENR LENSAV, LENWRK, |ER
REAL R(LENR), WBAVE(LENSAV), WORK( LENWRK)

DESCRIPTION

FFTPACK 5.0 routine SINQLB conputes the one-di nensional Fourier
transformof a sequence which is a sine series with odd wave
nunbers. This transformis referred to as the backward transform
or Fourier synthesis, transform ng the sequence fromspectral to
physi cal space.

This transformis normalized since a call to SINQLB foll owed

by a call to SINQLF (or vice-versa) reproduces the original

array wthin roundoff error.

| nput Argunents

N I nteger length of the sequence to be transforned. The
transformis nost efficient when Nis a product of

smal | prines.

| NC | nt eger increnent between the |ocations, in array R
of two consecutive elenents within the sequence.

R Real array of Iength LENR containing the sequence to be



LENR

WSAVE

LENSAV

LENVWRK

t r ansf or ned.

I nt eger dinension of R array. LENR nust be at | east
I NC*(N-1) + 1.

Real work array of |ength LENSAV. WSAVE' s contents nust

be initialized with a call to subroutine SINQLI before the
first call to routine SINQLF or SINQLB for a given transform
| ength N. WSAVE' s contents may be re-used for subsequent
calls to SINQLF and SINQLB with the sanme N.

| nt eger di nmension of WBAVE array. LENSAV nust be at | east
2*N + INT(LOG (REAL(N))) +4.
Real work array of dinension at |east LENVWRK

| nt eger dinension of WORK array. LENWRK nust be at |east N

Qut put Argunents

R

| ER

Real output array R For purposes of exposition,
assune R s range of indices is given by
R(I NC: N*1 NC) .

The output values of R are witten over the input val ues.
For J=1,...,N

R(J*INC) =
N
SUM R(NL*INC)*SIN(J*(2*N1-1)*Pl/ (2*N))
N1=1
| nteger error return
= 0 successful exit
= 1 input paraneter LENR not big enough
= 2 input paraneter LENSAV not big enough
= 3 input paranmeter LENWRK not big enough
= 20 input error returned by |ower |evel routine
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NAME

SINQ1F - real forward quarter-sine fast Fourier transform

SYNOPSIS

SUBROUTI NE SI NQLF (N, INC, R LENR WSAVE, LENSAV, WORK, LENWRK, |ER)

INTEGER N, INC, LENR LENSAV, LENWRK, |ER
REAL R(LENR), WBAVE(LENSAV), WORK( LENWRK)

DESCRIPTION

FFTPACK 5.0 routine SINQLF conputes the one-di nensional Fourier
transformof a sequence which is a sine series of odd wave nunbers.
This transformis referred to as the forward transform or Fourier
anal ysis, transform ng the sequence from physical to spectral space.

This transformis normalized since a call to SINQLF foll owed
by a call to SINQLB (or vice-versa) reproduces the original
array wthin roundoff error.

| nput Argunents
N I nteger length of the sequence to be transforned. The
transformis nost efficient when Nis a product of

smal | prines.

| NC | nt eger increnent between the |ocations, in array R
of two consecutive elenents within the sequence.

R Real array of Iength LENR containing the sequence to be
t ransf or ned.



LENR

WSAVE

LENSAV

WORK

LENVWRK

I nt eger dinension of R array. LENR nust be at | east
I NC*(N-1) + 1.

Real work array of |ength LENSAV. WSAVE' s contents nust

be initialized with a call to subroutine SINQLI before the
first call to routine SINQLF or SINQLB for a given transform
|l ength N. WSBAVE' s contents may be re-used for subsequent
calls to SINQLF and SINQLB with the sanme N.

| nt eger di nension of WBAVE array. LENSAV nust be at | east
2*N + INT(LOG (REAL(N))) +4.
Real work array of dinension at |east LENVWRK

| nt eger dinension of WORK array. LENWRK nust be at |east N

Qut put Argunents

R

| ER

Real output array R For purposes of exposition,
assune R s range of indices is given by
R(I NC: N*1 NC) .

The output values of R are witten over the input val ues.
For J=1,...,N

R(J*INC) =

N1
+ SUM (2. *R(NL*I NC) *SIN(((2*J-1)*N1*PI/ (2*N)))/ N
N1=1

+ ((-1)**(J+1)) *R(N*I NO)/ N

nteger error return

successful exit

| nput paranmeter LENR not big enough

| nput par anmeter LENSAV not bi g enough

| nput paranmeter LENVWRK not bi g enough

| nput error returned by |ower |evel routine

N
oOwmnNPEFLO
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NAME

SINQMI - initialization routine for SINQMB and SINQMF

SYNOPSIS

SUBROUTI NE SINQMI (N, WBAVE, LENSAV, |ER)
INTEGER N, LENSAV, |ER
REAL WBAVE( LENSAV)

DESCRIPTION

FFTPACK 5.0 subroutine SINQM initializes array WSAVE for use
in its conpanion routines SINQW and SINQVB. The prine factor-
| zation of N together with a tabulation of the trigononetric
functions are conputed and stored in array WSAVE. Separate
WBAVE arrays are required for different values of N

| nput Argunents

N I nteger | ength of each sequence to be transfornmed. The
transformis nost efficient when Nis a product of
smal | prines.

LENSAV | nteger dinension of WSAVE array. LENSAV nust be at | east
2*N + I NT(LOG (REAL(N))) +4.

Qut put Argunents
WSAVE  Real work array wi th di nensi on LENSAV, containing the

prime factors of N and al so containing certain trigononetric
val ues which will be used in routines SINQVB or S| NQVF.



| ER

I nteger error return

0O successful exit

2 input paraneter LENSAV not big enough

20 input error returned by | ower

| evel

routi ne
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NAME

SINQMB - real, multiple backward quarter-sine fast Fourier transform

SYNOPSIS

SUBROUTI NE SINQVB (LOT, JUMP, N, INC, R LENR WBAVE, LENSAV,
1 WORK, LENWRK, | ER)

INTEGER  LOT, JUWP, N, INC, LENR LENSAV, LENWRK, |ER
REAL R(LENR), WBAVE(LENSAV), WORK( LENWRK)
DESCRIPTION

FFTPACK 5.0 routine SINQVB conputes the one-di nensional Fourier
transformof multiple sequences within a real array, where each
of the sequences is a sine series with odd wave nunbers. This
transformis referred to as the backward transform or Fourier
synthesis, transform ng the sequences from spectral to physical
space.

This transformis normalized since a call to SINQWB foll owed
by a call to SINQW (or vice-versa) reproduces the original
array wthin roundoff error.

| nput Argunents

LOT | nt eger nunber of sequences to be transfornmed wthin
array R
JUMP | nt eger increnent between the |ocations, in array R

of the first elenents of two consecutive sequences
to be transforned.



| NC

LENR

WBAVE

LENSAV

LENVWRK

I nteger | ength of each sequence to be transfornmed. The
transformis nost efficient when Nis a product of
smal | prines.

| nt eger increnment between the locations, in array R
of two consecutive elenents within the sane sequence.

Real array containing LOT sequences, each having |length N
R can have any nunber of dinensions, but the total nunber
of |l ocations nust be at |east LENR

I nt eger dinension of R array. LENR nust be at | east
(LOT-1)*JUWP + INC*(N-1)+ 1.

Real work array of |length LENSAV. WSAVE' s contents nust

be initialized with a call to subroutine SINQM before the
first call to routine SINQW or SINQWB for a given transform
| ength N. WSAVE' s contents may be re-used for subsequent
calls to SINQW and SINQVB with the sanme N.

| nt eger di nmension of WBAVE array. LENSAV nust be at | east
2*N + INT(LOG (REAL(N))) +4.
Real work array of dinension at |east LENVWRK

| nt eger dinmension of WORK array. LENWRK nust be at
| east LOT*N.

Qut put Argunents

R

Real output array R For purposes of exposition,
assune R s range of indices is given by
R(I' NC. (LOT- 1) * JUMP+N* | NC) .

The output values of R are witten over the input val ues.
For 1=0,...,LOl-1 and J=1,...,N

R(I *JUMP+J*I NC) =



| ER

I'n

t

2

e
0
1
2
3
4
0

N
SUM R(I*JUMP+NL* | NC) * SI N( J* (2*N1- 1) * Pl / (2*N))
N1=1

ger error return

successful exit

| nput paranmeter LENR not big enough

| nput par anmeter LENSAV not bi g enough

| nput paranmeter LENVWRK not bi g enough

| nput paraneters INC JUWP, N, LOT are not consi stent.
| nput error returned by |ower |evel routine

The paraneters integers INC, JUMP, N and LOT are
consistent if equality

| 1*INC + J1*JUMP = | 2*INC + J2*JUWP for 11,12 < N
and J1,J2 < LOT inplies 11=12 and J1=J2.

For multiple FFTs to execute correctly, input variables
I NC, JUWP, N and LOT nust be consistent ... otherw se at
| east one array elenment mstakenly is transfornmed nore

t han once.
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NAME

SINQMF - real, multiple forward quarter-sine fast Fourier transform

SYNOPSIS

SUBROUTI NE SI NQWF (LOT, JUMP, N, INC, R LENR WBAVE, LENSAV,
1 WORK, LENWRK, | ER)

INTEGER  LOT, JUWP, N, INC, LENR LENSAV, LENWRK, |ER
REAL R(LENR), WBAVE(LENSAV), WORK( LENWRK)
DESCRIPTION

FFTPACK 5.0 routine SINQW conputes the one-di nensional Fourier
transformof multiple sequences within a real array, where each
sequence is a sine series with odd wave nunbers. This transform
Is referred to as the forward transform or Fourier synthesis,
transform ng the sequences from spectral to physical space.

This transformis normalized since a call to SINQW foll owed
by a call to SINQWB (or vice-versa) reproduces the original
array wthin roundoff error.

| nput Argunents

LOT | nt eger nunber of sequences to be transfornmed wthin
array R
JUMP | nt eger increnent between the |ocations, in array R

of the first elenents of two consecutive sequences
to be transforned.



| NC

LENR

WBAVE

LENSAV

LENVWRK

I nt eger | ength of each sequence to be transfornmed. The
transformis nost efficient when Nis a product of
smal | prines.

| nt eger increnent between the locations, in array R
of two consecutive elenents within the sane sequence.

Real array containing LOT sequences, each having |length N
R can have any nunber of dinensions, but the total nunber
of |l ocations nust be at |east LENR

I nt eger dinension of R array. LENR nust be at | east
(LOT-1)*JUWMP + INC*(N-1)+ 1.

Real work array of |ength LENSAV. WSAVE' s contents nust

be initialized with a call to subroutine SINOM before the
first call to routine SINQW or SINQWB for a given transform
| ength N. WSAVE' s contents may be re-used for subsequent
calls to SINQW and SINQWVB with the sanme N.

| nt eger di nension of WBAVE array. LENSAV nust be at | east
2*N + INT(LOG (REAL(N))) +4.
Real work array of dinension at |east LENVWRK

| nt eger dinmension of WORK array. LENWRK nust be at
| east LOT*N.

Qut put Argunents

R

Real output array R For purposes of exposition,
assune R s range of indices is given by
R(I' NC. (LOT- 1) * JUMP+N* | NC) .

The output values of R are witten over the input val ues.
For 1=0,...,LOl-1 and J=1,...,N

R(I *JUMP+J*I NC) =

N-1



| ER

+ SUM (2. *R(1*JUMP+*NL*I NC) * SI N(((2*J-1) *N1*Pl/ (2*N)))/ N
N1=1

+ ((-1)**(J+1)) *R(1 *JUMP+N*I NC) / N

nteger error return
0O successful exit

I

= 1 input paraneter LENR not big enough

= 2 input paraneter LENSAV not big enough

= 3 input paranmeter LENWRK not bi g enough

= 4 input paraneters INC JUWP, N, LOT are not consistent.
= 20 input error returned by |ower |evel routine

The paraneters integers INC, JUMP, N and LOT are
consistent if equality

I 1*INC + J1*JUMP = | 2*INC + J2*JUWP for 11,12 < N
and J1,J2 < LOT inplies 11=12 and J1=J2.

For multiple FFTs to execute correctly, input variables
I NC, JUWP, N and LOT nust be consistent ... otherw se at
| east one array elenment mstakenly is transfornmed nore

t han once.
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