-1- Pl PELI NED FAST FOURI ER TRANSFORM PROCESSCquOOKZ' 7
‘The present invention relates to a pipelined Fast Fourier Transform (POS
processor as is described in the non-characteristic part of claiml.

Such a pipelined Fast Fourier Transform processor is already known in 5
the art, e.g. fromthe published European Patent Application "Pipelined

Fast Fourier Transform processor"”, publication nunber 0478128A2 .
Therein, a pi pel i ned Fast Fourier T+&nsform processor is described,
i ncl.udi ng a cascade of. four Butterfly Arithnmetic Units, abbreviated
with BAU in the prior PEHPELINED FAST. FOURIEREERANSFORMSPROUESSOQROCESSES
data received at its Tnput poris and generates a pair 10 _ of output

signal's, which are cdhsepigsenteinyentipn ireltites e fee pipalimedpbest sFafrier hEransform
‘stage, or in case of the,fi nsldfo rth stﬁae, t 0..meno <¥f Iloca ions via a
mul ti pl exer. Processoygs f5qessubed jhfhe norreh [ﬂcﬁ?ffs*'gip&ﬁé sclaimydt or e bei ng
delivered to the next Id o | | negLsters.
Two of the cascaded usrtl’lk’!!?scIt %llp a?ﬁ%d E??foﬁéﬁﬁ%@ﬁgféﬁﬁ?gﬂéégg_Ead;!%zsﬁ%gﬁ] i
consi der el ashe cart,esgonfdomg theo publisHed Eurapedins Potend ASplicatioht tRipéfireduFost of

the present invention, whereas the four registers included in the
first stage (ﬁ%‘-’f’ﬁé fﬁPFifP"ﬁrP’,’océﬁﬁP’be rublisptien cwwmberc Q4782848 ng Thereimea

scratch : Y [ ' ri Jransf or rocessor
Che i nvent | ot PoIeeFdét FelfieP TR di8Stesb W ifferbell MBI Eaerah.to
the prior ar tfothBuiérly cithirietidt¥nits, abbréViatedewith BAW iRRHEE BHYr didAoedRidnt.
Wi thin the Fast Faqurier Transform processor of 20 the invention.

The units of Bagk gfthese unils prpersses dataaraceivadiaidle inpe portscand gedénades a pair
bl'ocks f peLf 1.N radi x5t wo- oper at j.on Fast. Foqurj er. Tr.ansf or

her eaf t e?b o oqgg%irsggﬁ%ts’eg b‘ﬁz’ gﬁfg%sﬁfgf’*éﬁq%ﬁ%he %ife’e r“%%‘ﬂeﬁ?rih‘\/@%hﬁ)ﬂ?’d
data, as is QidYeridnes chse of the firld1Fobfth Yfadd, to Fe&H i i or
sonme appl i cat ?éo@n_s, sugh _ag fgr l [ ns?ance c|‘gn¥ V%ry H@hggﬁé?js via @ mghgllthg,’:
Subscri ber LiWihinregebninit ithe ocatpit sigraily |, hgfarechding delivered tpdhatnexieahit, k&,

Is to be perforned in.lesg.than 1024 clo cygl.es, whereby durjing each
cycle one 'rer.npagqrgy iﬁrﬁé P SOV R LREFIPGm ﬁJP(ﬁ"é’ ﬁéfh% W%ﬁ&ﬁdﬁ?‘r@p‘?g et Briemert
first arithnYdcGmént lcanhus be cdrsidétby @QW?reQ%‘oﬁdiﬂ " &Ohe Mirkd Gfld bR
art, performng a 512 point real FFT in 30 act  corPesponds to periormng
a 256 poidt coripnetic BAIT of thek present imvaniionynivhereas tisofourabgistes irliededim theese
expl ai ned for. i.n tancc; Ln the US Patent nr., _ . '
first stage of the prior arf, can be considered as corresponding to the scratch
" memory of the pipelined Fast Fourier Transform processor of the invention. The
multiplexer together with the memory locations of the prior art thereby constitute
the memory arrangement included within the Fast Fourier Transform processor of
) 20 the invention.

The units of the prior art processor all include the same building
blocks for performing a radix-two-operation Fast Fourier Transform, hereafter
abbreviated by FFT, operation on their respective input data, as is explained in
the prior art document.

25 For some applications, such as for instance in Very High Speed
Digital Subscriber Line transmission and receiving modules, a 512 point real FFT,
is to be performed in less than 1024 clock cfycles, whereby during each cycle one
data point is read from the memory arrangement into the first arithmetic unit. As
is well known by a person skilled in the art, performing a 512 point real FFT in

30  fact corresponds to performing a 256 point complex FFT, taken into account

some changes such as these explained for instance in the US Patent nr.

.



-2- : 5,633,817 "Fast- Fourier Transform Dedicated Processor".
sHowever, when performng a 256 point conplex FFT using the
architecture of the prior art processor, too much nultipliers are
needed for obtaining the target timng restrictions. Indeed, for
performng a 256 point conplex FFT, 8 of the prior art 5 radi x-2 type
BAU s have to be passed. Using only two of these BAU s or stages I n
cascade, while passing 4 tines through theppipeline, already consunes nore
t han 4X256 clock cycles for reading input data fromthe nenory arrangenent
to  the ig zs8 gRHU~rggt FQbFi?nl yl'r@Mfsr’rqy DRUTRASH NBrolcB& ol ar 9 flovievat, NYrhen
restrictions. erefore, or conplying wth the timng restrictions,
mi ni'mum t hr epedforiies @ BAE pointecdMplexr BRI usty tthe barchitéctine bhehe gsiadert
Since each prior art BAU includes 4 nmultipliers, as, is clear from
figure 2 of PFECeSFPIrtogr My areliipliers nareringeded ufory oblinipgpthee farget timipgy e

to be included.,i.n.the ocessor. (Jaken h er..i.nto t af.

the o Cart reymtianst RSO0 perPRAMG Pen Sontl trBERIAT, SL66 1 RS- 8h

i nventions arb@ka) type BAU's haveMd bk Rdsséd WGl ohBEMId of thele IBAU‘L ¥rGfages
integrated circuit area. 15 An obj ect of the present invention

is to provi dénzafeste, Pdulei pussing 4 fimes#irovgh the qupsling, alfeadiconbowves loneren
type but which s ds in . conpr.om.sing, hoth restrictive timn S

Wl | 25 i nt oghan A8255 losi{ Crsles for eOTing fup R The memoy arkhgeteftto
According to ' o0 | ] I: ' : 20
RS0 21109 L 0ok RACT Mol Ml iy AU ik ol
char act eri st ifer complyipgrwittofthe ltimhimglrestrictions, minimum three tdfi these\BAW anare

dédi cated arithnetic units_are provided, a smnaller one, ,only adapted
for perf®Pni igagred toake pyhin theraserde, tines epch prigr em%lmq?leﬁiﬁﬁ moltipless) o

| cast one. sechnd Tenchert far BL7 P herRar aR b, RTIDE) PR 12/RGHeREs"

t hus usiHeyeltdbransludedsn ithe peddessor. Takem hbywel@oin®s atdwunt alie stateofthe a
smal | and a | arge one. This solution defini tEIV\}{ requires less chip
area with resptef theointegrafed eircuit techaelogy sitdbe dime ¢f the inveptien, @ dotehef 12

s, o SRR PR e B T B Y

expl ai negisnore into ggt albjedtnoft ther pheenPahdehtriN-is Tiee prdVil@Ja i BasthBsurier

within the timng specification. S
Transform processor of the above known type but which succeeds in
compromising both restrictive timing as well as integrated circuit area
requirements. _

According to the invention, this object is achieved due to the fact that

20  said Fast Fourier Processor is further adapted as is described in the characteristic
part of claim 1.

In .ihis-wqy, two dedicated arithmetic units are provided, a smaller
one, only adapted for performing .Gf least one type of butterfly FFT calculations,
and a larger one, adapted for performing, besides the aforementioned type, at

25 least one second type of butterfly FFT arithmetic calculations. In stead of thus
using three stages in series, now only two of fhém are needed, a small and a
large one. This solution definitely requires less chip area with respect to the prior
art solution. With respect to the timing, for performing a 512 point real FFT, this
solution only requires 3 possés through the cascade or pipeline, as will be

30  explained more into defcil. in a further paragraph. The timing is thus within the

timing specification.



-3 The above nentioned object is also achi eved as

sdescribed in the . characteristic part of claim2 which is a.
straightforward alternative of claim1 and wherein the first
arithmetic unit in which the input data are first treated, may as wel |
be the smaller one, whereby the second arithmetic unit which is to be
‘passed 5 In the pipelined structure, is the larger one.

Yet a further characteristic feature of the3present invention is described
in clains 3 and 4. For sonme applications, it may be .
desirable to first byghesabdee fhértioned obpkt tisirglés adhived ad tdescribbed lint the
second arithnetic unit in the pipeline will execute 10 the first FFT

rel at ed oper atcherctetisticipestes clain 2eahich s astraighifaswoee alterictive of sleim. 1 and

menory arrangenent. i bt ai ned, .especi al | en_t he,nunber,. of butterfly FFT
operations to“f! rﬁ'@r*ﬁﬁ&ﬁéﬁ”ﬁﬁ@%‘é "E\”i ‘f’h‘ﬁ}é%ér\gﬂﬁr\??gf ?é}cn%rﬁ-fg\sfetﬁ?&sg' me¥ Be
expl ai ned ”Dr-%véllnélé’ﬂ{é%rﬁbﬂer' dhd, RihelSi5\F HePddc¥Rd RiFthmetic LRIt wHIGE IsMBMe passed
Still a further characteristic feature of the present invention is

descri bed 85 ihthepipelinéd structure, is the larger drfe. after the first pass through
‘the pipeline, the final FET fesult is not_yet obt ai ned, .a second., pass
will be necessary. Thivetelfurt Wa?ﬂ"é'&"teé@“% featurenef thegepsent inventionig dgs

to be foll owed_ ip.: Arg direction, fromthe first arithnetic unit to the
second, afterqﬂﬁ&éﬁgaé' menory arrangenent is adapted to deliver the 20

internedi ate FFT resulFos dome& dpplitdiors, ristmay ibehdesirablenot fiahdbypasoihe Hirsis |
Is the direction which was also followed in the prjor _ art FF]
processor. arithmetic unit, aftenwhichrthersecand arithmetic ueitinthe gipaling willexesute

I nventi on,ks sgrib i cl.ai 6 ,and 7. . . . Thi S
that the &Pr egﬁ?gﬁ“oﬁf%@@sPﬂﬁrmof‘gﬁ:ﬁrtfﬁgsepiaﬁé’ll'ﬁféo%saﬂ sﬂ)'g_p% cc?n?%ojecgfg%
after each paspembhydsrtingethdiit i€ lobifined h8sgeRiifySwheRfthé Mnsbdrestt boferdy tRRT
each pass results in a sinpler mam)rg arrangement. | ndeed, since the nenory
arrangenent i rependigenss toreoed peifoamed by dbe i wntbnfedic woits isngonrgyen, dist awilt debe

del [ Vereq L0 Lle L3t AL AT o B eCh et Lcatans for stori g
20 ancommet| O DI BR8N s
second ar ilShnahickinmnb: , ' : '
If, after the first pass through the pipeline, the final FFT result is not yet
obtained, a second pass will be necessary. This claim indicates that the pipeline
is always to be followed in the same direction, from the first arithmetic unit to the
second, after which the memory arrangement is addpted to deliver the
;;' | 20 intermediate FFT results back to the first arithmetic unit and so on. This is the
direction which was also followed in the prior art FFT processor.
Another characteristic feature of the present invention is described in
claims 6 and 7.
This means that the direction of processing within the pipeline can be
25 reversed after each pass through the pipeline. The reversal of the direction after
each pass results in a simpler memory arrangement. Indeed, since the memory
arrangement includes some dedicated locations for storing input data, to be
delivered to the first arithmetic unit, and dedicated locations for storing
infermediate results delivered by .the second arithmetic unit, re-use of the
30 connection betwéen the second arithmetic unit and the memory arrangement

through re-use of these intermediate FFT results by this second arithmetic unit,



-4 , definitely results in a sinpler arrangenent conpared to the case

swher e addi tional connections need to be established between the

‘'l ocations for storing these internediate results and the first
arithmetic unit. Further characteristic features of the
present. invention are nentioned 5 in the appended clains 8 to 11.

The basic conputational steps executable by both arithnmetic units
thereby consist of a-radix-4 type Fast Fqoufier Transform step, whereas the
extra alternative steps, executable by the largest of both arithnetic

units consis . radi x- e 'Q’Q“E,E [ f t

radi x- 2 typ’eaﬁg@{éﬁoﬁerslugsr '%rzﬁ(\ssﬁgﬁj}rﬁ?lgﬁ eg’g 10??@%@%yfyz’an%§d %’seu%fll?%'gt
step, and a additiondl typeedtiopt deedr iccbe Bstilikhédnbetween Hiee fodatieas dedstdyingn
add/ subtract step. Al real and conpl ex Fast Fourier Transf orm as

wel | as al | these inisemediale essultn goddbe fisstarithmetie unitr ansf or s on. an

Conbinat 1 ons. of t hes UM FE ety eyt o (8 PretnginvPrian Brq Rertiondd
speci al i sd {pbthel dpgarfed Gaints 8¢ 1fi el d. Fromthe same literature it is

al so known that radix-2 type as well as radix-4 type arithnetic units
both can be realisedThetlbasierehyputational steph téxecutabte by bbtm dritlemetis tunits

Bt TN ON LT VTR R TR
it hmeti , : ' . 1 t I
ST YR S0 8 el oAb P IR

Transform  radixf2 hpeskast Fowri8r Temshiorndatep)id ebdixt DWe FGIFdUrRr MrbAsfont
sol ution, - The above and ot her mlﬂ_ect s and features of the
i nvent i ol wi Flepfeliewed by an addésubliest #ap. and a radix-diepe iFost FeuriarTransforme

best under st farping to e ol | opi ng,deseription of  t .
enbodi nment s ?%Eeﬁ}[eld;?gggn})kn%? i%#)\%f P“af*héiefs 'Rwa'@g!)n%r}ﬂﬁﬁ H&plafaﬁﬁt'g.souner
wherein:  Transform as welFagall Yedle@id e QinYERGTYst Solfiet YainBfdPRIs| S1E N
Fast Fourier Transform Processor FFTP according to the invention, and
Fig. 2 represmmustofs phintatdauabitoaaspewieymff @ wand therely rbe ireelisetl tsieg a
pi pel i ned Fast FkFourier Tfrﬁ,l‘nsf orm,Pr Qcessor FFTP clE:ordi ng to the . .
nvention. 3p°mbinations of these mentfioned steps, as is well known from e.g. specialised
15 literature in the field. From the same literature it is also known that radix-2 type
as well as radix-4 type arithmetic units both can be realised with merely 4
multipliers. Within the most complex arithmetic unit these four multipliers may be
shared since only one of the 4 mentioned sets of butterfly Fast Fourier Transform
“arithmetic calculations is to be performed at a time. Therefore the total amount
2 20 of multipliers needed within the subject pipelined Fast Fourier Transform
Processor is 8, being definitely lower than the prior art solution. .

The above and other objects and features of the invention will become
more apparent and the invention itself will be best understood by referring to the
following describﬁon of two embodiments taken in conjunction with the

25 accompanying drawings wherein :

Fig. 1 represents a schematic of the pipelined Fast Fourier Transform

Processor FFTP according to the invention, and

Fig. 2 represents a schematic of a straightforward alternative of the

pipelined Fast Fourier Transform Processor FFTP’ according to the invention.
30 |
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-5 A Fast Fourier Transform Processor FFTP according to

«the present ~invention is schematically depicted in the Fig. 1. This
processor includes a menory arrangenent MA, adapted to receive
successi ve sanples of input data, denoted datain, froman input

termnal (not shown in Fig. 1), to tenporarily store 5 t hese successive:
sanpl es of input data, before delivering themto a first arithmetic

~unit ALUO, to tenporarily store internedi.sge or final Fast Fourier

Transform . results, received fromeither this first arithnetic unit

ALUO, ‘or from a secondFast Foudér TRiFaFdn WHokedSbHIFFTRNEcdRIRG 1o dhe IhiBsdrtnal
Fast Fourier Transformresults as ©successi ve out put. data, denoted

dat aout, to énveotibpuis sahematiablly depicdedwn the Figy. 110 Thislprocessor includes a

This menory arrangenent MA therefore not only includes the nory
| ocati ons as M&BATY BUHENGEHENE %/#R*Jé‘? FeeR'Ye §U<§ﬁas"é%§%rﬂ?ﬁgy? nigput data,

ati o _ _ BEA GUSEAES 1 ERMPy P P
ar rangenent s gt S6ERE (R ERCRRLORCARRA AR HOWT I FpL]) W PRI store

W 'l ther®f oleesaGiuckssHesafipieofliaput daf, drtcrel ddiinedifg theld el GERTE arithmetic
In the Fast Fourier Transform processor depicted in Fi %ﬁgil the first

arithmetic uwinit ALUG) itaclentsdarilyt store Frtppmedidie dor diop Feuteuireasfermt he
menory arrangenent MNA. ver_.pt her. di.ents exis erein ALUQ is

onl'y Sdapt oo SN RS Ed FoHh eiter dus; Vet Aemeio prALI] Ch RS RSERE o
Fig. 20 1, ofttieti® VRHORIPE, &Ad 16 dlivEr & RhbN EasErElterar raREBPRE FisuMA o8
first set of -~ first arithnmetic unit input data, denoted datai nALUQ for
per formi ng t kecassivepetput datayfdenoted dbtamutnig doubuiut terntifdl @oi showt i Fig.

cal cul at 'cgns: either a radix-2 type cal culation, a radix-4 type

cal cul at1'9n, % radix-4 type cal cul ati on preceded by an add/ subt ract

t ep, dix-2t |, atJ )
The radix-2 type oal SAEnHY BleABekitc YR hHUicRE RRFRRIRLAAES 13 Bitmory
radi x-4 Idaemiens adb sLeh,i bot bisoardddyokitel aiveLig aadi acktonpumnyiraglirsdd /write

preceded by an . add/ suptract %t ep by a bl ock denoted decomtR4, and the
radi x- 2 typeofdressingd encoding/dgroding/ sisuitaet Syelap negmant| @ERNgrmsRisd are

SPEci2, L by SRR Bde e iy S5 AS A Batfeg
time forisreatbrdetaihiomigdodahént. The figure may in'this _
In the Fast Fourier Transform processor depicted in Fig. 1, the first
arithmetic unit ALUO included within FFTP is bidirectionally coupled to the
memory arrangement MA. However other embodiments exist wherein ALUQ is
only adapted to unidirectionally receive data from MA. In the embodiment of Fig.
) 20 1, ALUO is adapted to receive from the memory arrahgemenf MA a first set of
first arithmetic unit input data, denoted datainALUQ, for performing thereon one
of the following butterfly FFT arithmetic calculations : either a radix-2 type
calculation, a radix-4 type calculation, a radix-4 type calculation preceded by an
add/subtract step, or a radix-2 type calculation followed by an add/subtract step.
25  The radix-2 type calculation is performed by a block denoted radix2, the radix-4
type calculation by a block denoted radix4, the radix4 preceded by an
add/subtract step by a block denoted decom+R4, and the radix-2 type followed
by an add/subtract step by a block denoted specR2. It is to be remarked that all

these functional blocks need 4 multipliers, which may be shared since only one

30 function is used at a time for treating incoming data. The figure may in this



- 6- -~ respect be m sl eading since sone ci rcuitry, for exanple 4

smul tipliers together with some adders/subtracters, are shared by the
4 different blocks. The result of either one of these 4
arithnmetic cal cul ati ons, perforned on the set of first arithnetic
unit input data, datainALUO, is denoted 5  dataoutlALUO and is delivered
by the first arithmetic unit ALUO to a scratch menory denot ed SCRRAM
I n some enbodi nents ALUO is al so adapted t@-. nmerely bypass its

i ncom ng data so that dataout 1ALUO in this case corresponds to

dat ai nALUO. respecf be misleadin }j;%.rﬁsr@rﬁéﬂ dreURfy %fbﬁ eﬂgﬁ'{ﬁl@di %I*I@F@?‘Qr@{;éimr

store these data 1 dat aout™LALUO del 1 vered for delivering™t
during a fol Im/shrsgn‘tel mrbders/subtrstiem,methereddmwmfé zadlffdwmtbloclmlt ALUL1 of

t he Fast Fourier Trangform Processor ALUL is adapted to either
bypass these incom ngﬁ&lfﬁs toof; eithareans: of *hese 4 QF'F’Hﬁg%éﬁkUmon&r pedormed

performa rad Yy T I on.its I ngQ at a.

result of eithér%%e?egt gnﬁ?sg § %e{gg}daﬁgo'qﬁUL\L%ﬁm’ é’f?'EAbgﬁrVEr e%era; ‘15
ALUL to tise nesrRout BXUIUMERE Rt dbvered by the first arithmidtici Snit QUG 39ta tseratch
mention that the Fast Fourier Transform processor FFTP of the present -

i nvention furmesoryndénated SCBRAWL dn serne, em‘IbOdheehiSQALUOdsnoisedodop’red thy
CU, for controlli,ng the nchr anous beh ur . of se arts.
or der " Bterel} byblis B Abang atp 56 thoh Byt ALHD B IR e diasPenels om

the control up daiclhad@o.towards the different parts are however not shown.

This control unit CU al so controls the operation of the nenory
arrangenent MA itsel fThe .seraftherrtelmmnyglsofadap’red toe tethpgrottikg astdrieo thésee dafgput

AT AT G C UG B St wq&mmrﬁ?gd%e?ﬁ%%&?ﬁme
and to be ret;fégwsqhé 58%8nd a?fp(.\ﬁéﬂ.c Bt LA B8Rk, ngfﬁ&.@fgr%e{fogﬁtﬁowggds

25 ot her | ocat1 ons W e Mmenory | e con srgn

fromthe FEEmtAlcm usiidddpteditd seithee bmpmes thesd amaenipgt dbtd tdeke anahl
the menory arrangenent MA to determ ne whether_data received fromthe
arithnetic unq:nfrgngemen’;q{\_/m gndo medprmearedie 4 dype FFT eglcudatioropn nﬁsmcmg er

Transformres S t her._t.hese are e t e, nesul
whi ch need toaéésg ﬁ?sé"tljf of ¢ %Aﬂ% g@emfborb'élqaeﬁg*ﬁﬁ?ﬁuw&lﬁﬁge Cf?tdei‘r VPESThRY i ¢
unit ALUQ5 t haLi9tratld ﬁg@%ﬁ%mw\ and the second arithnetic unit

ALUL, once nore. .The control signals fromthe
' It is important to mention that the Fast Fourier Transform processor

FFTP of the present invention further includes a control unit, in the figure denoted
by CU, for controlling the synchronous behaviour of the diverse parts. In order
not to overload the drawing, the different control signals from the control unit CU

20 towards the different parts are however not shown. This control unit CU also

", ;

controls the operation of the memory arrangement MA itself, i.e. the timing of
reading data from the input terminal, writing data o the output terminal, the
addresses and locations within the memory where data is to be temporarily
stored, and fo be retrieved from , as well as internal reallocation of data towards
25 .other memory locations within the memory itself. The control signals from the
control unit tfowards the memory arrangement further enable the memory
arrangement MA to determine whether data received from the arithmetic units
ALUO and ALU1, consist of a final set of Fast Fourier Transform.resulfs, or
whether these are merely intermediate results, which need to pass through the
30 pipeline formed by the first arithmetic unit ALUO, the scrofch. memory SCRRAM

and the second arithmetic unit ALU1, once more. The control signals from the



-7- control unit towards both arithnetic units ALU0O and ALUL _

<det erm ne which of the previously nentioned different operations are
to be perforned by these arithnmetic units during the consecutive tine
steps in order to performa Fast Fourier Transform on a predeterm ned
nunber of points, known by the control 5 unit. . : The control
unit CU further controls the operation of the scratch menory in a
simlar way as for the nenory arrangenerit. 7Si nce the scratch menory is
however much smaller, and only includes a |imted nunber of menory

Losarions. | .aHg) ﬁﬁ#%lwﬂatbémrarhmbﬁ%mé&w@ommg1%@%.@%.@@@m@

512 | ocati ons %0 € nenory arrangenent he control logic from CU

towards the Ssredbobly memantivned wiffdrehessperatiphs cateedo be performed by Rbese
passing through this pipeline a second tinme, two variants are
possi bl e. | n arithmetic Watsl d‘plltmg Hbepﬁqmleilvfé’el imeqaieRs fip| Prsige doi PeFeiEn <& host

possi bl
ooy 18 dRHRErARTORR e PcPiadETa R Koo g Knoh, B e BlEP, |

ALW for g second pass through the pipeline. This may be repeated,
until the fi naq FFT result I's obtained. This is the cl assi cal
sol ution, used by noskhepicpatroheatitpQlbrfugher conirobr @I@@scmﬁrghorsmfefhe SC"G'fCh

enbodi ments of the pipeli n d process f the invention 1 PEH h 03

one depi ct ed MEMKINY.IN1a Frg! ﬂbMePsa{gédBEdeH‘% ﬁfﬂ%@iﬂ‘ﬁ& i Hacq & ? ﬁér %‘
opposite dire t h S 0 C.
ant ALY 8 bW AT muck® Snfte?, GRORAl icluda o e e of
MA, a set Of memor$ ¢SRINGn8/ int dreeeimbodivnent fmuhsfdataB?deompedEdjm ﬁprnna’rumcm n

case dat aout 1ALUL Is an i nternedi ate result nALU(%! i° ont
the sane 18at a5h2 locationsahidihel mamery Argngeman pMAf'o CRA Yo oG %

radi x-4 type "gfli‘-lc-’ﬁ SEbe 5%%*%;5%%']‘%%'3 péég%gﬁ,.pqﬁgf Lion on dataout 1ALU1,

t her eby gener secon arrthnetic unit output data,

denot ed dat aout 2ALUL, F@@assin fﬁl&iug'rer’rlslstbuﬁéhﬁeto tsevoridl Sinhdie ves nafricintsremer y
SCRRAM The latter further delivers

I s data, durlng ﬁ furth%
ti mestep, towpessiblentn pifisst varinohthe pipelinetis magn fallewad in the rechoR

of dat aout 2AL ex one of t 3
FFT-related c ?E\JIAquOZrTQ gﬁfrghe 8’ eqn l%.*tz gq@érga%wg%n Al_j.?fqo Qhe phemory
add/ subt nact  grrangéMehPNB ¥ delivérédbdck bpthe ﬁfen@csryaﬁeuregaaﬁémb Awo oved
by a radi x-2 type step or

second pass through the pipeline. This may be repeated, until the final FFT result

is obtained. This is the classical solution, used by most pipelined prior art

. processors. Some embodiments §f the pipelined processor of the invention such

as the one depicted in Fig. 1 are however adapted to use the pipeline in the

} 20 opposite direction after each first pass through it. The second arithmetic unit

ALU1 is thereby adapted to receive from the memory arrangement MA, a set of

second arithmetic unit input data; denoted datainALU1. In case dataout1ALUT is

an intermediate result, datainALU1 thus contains the same data as
dataoutlALU1.  ALUT then performs either the same radix-4 type FFT .

25 calculations or a bypass operation on dataout1ALU1, thereby generating a

second set of second arithmetic unit output data, denoted dataout2ALU1, and

delivers this set towards the scratch memory SCRRAM. The latter further delivers

this data, during a further timestep, towards the first arithmetic unit ALUO, which,

upon receipt of dataout2ALU1 starts executing one of the already mentioned

30  FFT-related calculations, namely a radix-2 type, a radix-4 type, an add/subtract

followed by a radix-4 type, or an add/subtract followed by a radix-2 type step or



- 8- a bypass operation, depending on the control signals fromthe
scontrol unit CU. _ The resulting set of data, denoted dataout 2ALU0 is"’
delivered again to the menory arrangenment MA. The latter is again
adapted to determ ne, under- control of the control unit CU, whether
this received set: of- data dataout 2ALU0- 5 are internediate or final FFT
data. 'In the former case, this data is again delivered either as a
new set of datai nALUO towards the first argthmetic unit ALUO, or either

as a new set of datai nALUL towards the second arithmetic unit ALUL. |In.case

dat aout 2ALU0 iy p&és”ébeﬂé‘ﬁ@ndﬂhﬁen&igg SR ¥odirbiad) RGIEWFcirHG}lf%_‘E%rnﬁol bRecdata

as the follow ng dataout set towar the output te&rm na .
Remar k t hat iThe aetultihg sevndfi datd,odenatbdpdaricu Allii@ uighdélivergd pejdimeto the
are possible, nerely depending on the control by thg control unit, although
not  al Imgmamerangepeaic MAallhe lgtteniis qagipeadapire topideirrprng under
~approach, of i | y. er ' di rectians . off t o
advant ages cocr?cnérrc‘rllicsr;:;“:]g &Dl']’?'%|‘1;'rl1’%(1 'e*%gr Ww%ﬁr'lﬁé}gthﬁgaﬁacfévﬁgn%fo?f cﬁ@ %@%pﬁwo

arrangenmegt . dre infepieditité dnfidal FET d8ta. IMihe Rdrnitticasar thisd b s agﬂirﬁdélivéﬁéd
part of the nenory arrangenment MA, then for executing a 256 point FFT,

3 posses are ¢itheded d newrsetof datag#ilUhtowardslthe fisst writhmetic unibédLeiploaieitber i n
t he next paragraph. If, the, sel e, ALUQ- ALUL/ ALUL- ALUO/ . . -ALUL is
chosen, the r%sﬂl?e"i?egf’gpéﬁ“'ﬂzfgﬁs@&v&%@s Qfé?tseS‘P”%t‘?éA'lﬂ?f@ﬁB? ynit ALOY. - cose
arrangenent di L ;,.{g)%,f' : 20
.arrangenent , %ﬁtﬁé%{%&%ﬁt{ﬁaﬁfgfkggﬁo,}’Yglearﬁet a dr?tr) Nt éftrdggé%/gﬁpee *(E;*rb
recei vi ng nevas thedollowingadataoThsst logtsfthe autpatitagmimall writi ng data to and

frbm the nenory arrangenent .is in this case also |ess conplex. . .
Wth thi 40 educed sotkesma @%améawaqlrsﬁmb'mfmsyo{ passing; fhrpyg! thapipeline

, di x5 / , X
227 ot oned g RIREbIE) BEFP Sepladiig®0h 1fié Robftel by Y68 cofb ff Ghisdatt HBE
Fast Fouill esf Thewas fave mpradiidalevirat s Webpedt Fihe “pivg-poal oappestchn of

anount of real and conpl ex data _constituting a power of 2 , can be
realised. |nd&&dinupesly celipingting direplionsareffersrthepoest: iaslygnisiges santrrning N

001, L BBl SRISY e o of 1SS AP s e
| FFT resabt s iafial dese oté atdrkdhial dtfest f@it N theZméhfiry lorrdridemher Maditker? fo¥PE
operation is to be perforned, followed by mtines a radix 4 step. The
radi x-4 executing a 256 point FFT, 3 passes are needed in order to get the result as will
 be explained in the next paragraph. If the sequence ALUO-ALU1/ALUT-ALUO/
ALUO-ALU1 is chosen, the result is stored in a second part of the memory |
arrangement directly coupled to ALU1; while the first part o_f the memory
20 arrangement, directly coupled to ALUO is at that moment already free for
receiving new incoming data. The logic for reading and writing data to and from
the memory arrangement is in this case also less complex. _
With this reduced set of FFT calculations, namely radix-4 type, radix-2
type, a radix-4 type preceded by an add/subtract step, and a. radix-2 ffpe
25 followed by an add/subtract step, all real and complex FFT and inverse Fast
Fourier Transform, abbreviated with IFFT, calculations on an amount of real and
complex data constituting a power of 2 , can be realised. Indeed, for complex
FFT and IFFT operations on a number of N points, for which N constitutes a
power of 4, say4", n times a radix 4-type step has to be performed for obtaining

30 the final FFT or IFFT results on these 4" points. For N = 2.4™, first a radix-2 type

operation is fo be performed, followed by m times a radix 4 step. The radix-4



9 ~and radix-2 types slightly differ between the FFT and the IFFT in

sthis sense that for I nstance for decimation -in -tinme radix 4 or
radi x-2 steps, an addition is to be performed for the FFT, whereas a
subtraction is to be perforned for the | FFT For real FFT's

for which N constitutes a power of 4, say N = 4[err], n-1 5 tinmes a
radi x-4 type is to be calculated, followed by a final "special" radix-4
type, consisting of the radix-4 typeogpreceded by the add/subtract
step. For N= 2.4[err], first a radix-2 type operation is to be

perfornmed, fo i X Aty £ Opde t
"speci al radi%%wﬁ)ﬁ?f Wgsééﬁlgwk@ﬁe't Béfween the FF'P%ngJIr'\Qr'T?J |nIOIIIIQ:i:_T' S fe?r{mv]\c/?fch

N consti t ut esinatapaador decination Nn=tibferadlix 4 iarsoddO2 steps, ioni odditichpisetecla”
consisting of a_radix-2 type_buiterfly foll owed by an dd/ su act
step is to bePekemadipr ffﬁmFFBweEewsa! suhiractionts iebe gerfermey tor tie 'Ektd

by e 1 time & radix 4elyey Bk e whidl RLEDnafUERh 4008 oPASRERN kepnl?

to be per f or med, ara pé ca I on!

Renmark that afimes badix-4 fypd Bit6 belédtesiared, fdltowatby aFidd? “bsedialr fradies type,
slightly differs fromthe "basic" radix- 15 2 to be perfornmed, in this
sense t hat agednsistingi of thesradin4gpe @recasded by the add/sublnachsteipofror N= 2.47,

TR RNy S ey PTG S
mul tipliers, operc_’fioﬁ?ﬁoﬂﬁ%é%ygé’rH@“’%ﬁé‘&cﬂrédix\M%c—?’@ér&ﬁbrﬂ' fferent basic

circuits for realising t our bl ocks,” nmul t'i pl exers have to be
i nserted. The cont r ol Fof redhéfFfits farpihiehSN constituteac posies abt4 say bt s dhgfirst

nubtipl exers incluyded,in these subhl ocks is again, taken are of b

t he cgnt rﬁ uﬁﬁ‘t'”@lﬂﬁ prescan C°"5'5“'"9|ﬁ?F‘? grad-4 é)tﬂeai%ﬁ’ﬁﬁrfb? vfﬁﬁ%wed E’Y dn
alternative F ' h FZOLL f : r '

the 1 nvent  orood BBt 83's J0bE eifcuted, foloBR3 WY S HARIERRR LARFRY folldhld
present in thiy fi-Nstim@rhoetidiedt typee ForcNade2ld™n#iistl this “prescanfresigs Vs to be
arrangenment MA', a Sg%ﬁ,l(:h menory, SCRRAM , a control unit CU, and

Ctwo arit hnet i erfermedgiotowadthy nAimes aamgixnd urre colsslagiony Remark teat elsgi for

t t On P - . (] . . . dat 4 |
i hdat ai v, S gy R FR2E T BRnarfortrR, o] SRR BREMElRRT Ml
unit, ini3 g.22beengedbifed, Thithis3SensePHRftea§hiRd adlifiBNEBMayOBS| @hldtedt Be

radi x 4-type operation, performed by building bl ock radi x4', but may
as wel | consisibtrsictigndypass operation as was al so the case

A person skilled in the art is adapted to realise detailed embodirﬁen’rs
of all 4 different radix-2 type and radix-4 type blocks by means of multipliers,
and adders/subtracters. When sharing different basic circuits for realising these

20 four blocks, multiplexers have to be inserted. The conirol of the multipliers,
adders/subtracters and mulﬁpllexers included in these subblocks is again taken
care of by the control unit CU.

~In Fig. 2 a straightforward alternative FFTP’ of a Fast Fourier
Transform Processor according to the invention is depicted. The same basic

25 blocks as these fhlct were present in the first embodiment are included, namely a
memory arrangement MA’, a scratch memory SCRRAM’, a control unit CU’, and
two arithmetic and logic units, ALUO’ and ALU1’. The only difference with respect
to the first embodiment is that the incoming data, denoted with datain’, is now
first processed in the least powerful arithmetic unit, in Fig. 2 being ALUO’. This

30 processing step may consist of the radix 4-type operation, performed by building

block radix4’, but may as well consist of a bypass operation as was also the case



- 10 - for the first alternative FFTP. First perforning a bypass

:operati on may have certain advantages, with respect to the control of
t he nenory arrangenent, for i nstance if a non-even anount of
operations is to be perfornmed on the incomng - data. In stead of

bypassing the final result through the second arithnetic unit 5 ALUL' or
ALUl, it may be nore advantageous to first bypass the first arithnetic
unit ALUO or ALUO and to end at the secopgl.arithnetic unit ALULl' or ALUL
before delivering the dataout. This is depending on the different steps

whi ch need - tor e S BHEARIRECHETR. ° Figf LALAARRS B5pail bERRondHid) hove

sol utions wl emented’i con epends on t he ‘anount

of basic. FFT &rkids ddoaRiigel, withksspeeidio thei contid! lof hies enemeheafrahgereht)€for
foll owi ng exanpl e: I n_an enbodi nent used for very high

speed di gi t alinsigpse ifi hopntéves amount phaperationsis tenle petforwied pmihwuinegming
wher ei 512, poi nt . FT and | EET to b f d, .both. first
and second al 8Pnin iR efpuraRunghe sl rert #rdush P seoPRcorthistiss uoi,
Processor sar eAmePRQ%;ﬂ FiTRal bt iddfvahidgebas to EPWB)E{aséL%e st /iphent

fi
whereas FFTP' is used for the'inverse Fast Fourier Transform This

means that, idnifi LUQ" bs ALbIOzrurad td leedr af iheesecondi grithendtiarunihaLUAt airl AW 1T i n
LTt b no AR Rind TR cRFSmAIHG e deamelina < HHO B Wieh gesd
butterfly FFT, _calc | re e e a b '

tabl es , \/\/ner’ré)b?/tJ eDtHfS%éssggﬁeﬁ‘abqoreé\ﬁ%i gshql#egrc ezéNﬁan‘é‘%fné?ﬁgﬁsP ?lﬁi-gtnlgmeﬂ},?lga%%

DI F stands f oimplesieARid Pithe BorirélfBiedepends on MdJ@mount of Basiél FFT steps 18LbE
-ALYO DT DT DT

ALUO ALUL
DT 10 exegriedpihis willjpegeme clear fram thefollowingdexeraple : 1 adi x- 4
radi x- 4 DT radi . Table 1. overview of .the seguence of
operations to be per?'ﬁrﬁ@de'BROd'men.ft H%eqaﬁ%roﬁf?fgg'@z't 5?e?%f‘ﬂ%£ﬂ?fs§§)ﬁ1grh%eraﬁ%iz
real FFT, wheighyniséien tHPretefing modiiles 8ae&din § BN 2 ebinttréal FEINbnHNFPTghe
this table. Reference is to be nade to Fi g. 1 25 for the I FFT
fol | owi ng butioebé¢ IperioFmedalboth dirstomsd seeorek ebietradives FFTP and FFTP’ of the Fast
Fourier Transform Processor are combined. FFTP is used for the Fast Fourier
15 Transform, whereas FFTP’ is used for the inverse Fast Fourier Transform. This
means that, if Fig. 1 is taken as the reference figure for the dataflow, in the FFT
direction, the incoming data enters ALUO, whereas for performing the IFFT, the
incoming data enters ALU1. The following butterfly FFT calculations are executed

as shown by the following tables , whereby DIT is the abbreviation for

i 20  decimation-in-time, and DIF stands for Decimation -in-frequency
ALUO TALUT  |ALUT ALUO ALUG  [ALUIT
DIT DIT - DIT DIT add/subtr+ | bypass
radix-2 radix-4 radix-4 radix-4 DIT radix4

Table 1 : overview of the sequence of operations to be performed on
the incoming data, for performing a 512 real FFT, whereby the data are

processed from left to right through this table. Reference is to be made to Fig. 1

25 for the IFFT following butterfly FFT calculations are executed : |



ALUL ALUL

ALUO ALUO ALUL ALUO
sbypass DI F radi x2 DT DT DT DT
+add/ sub radi x-4 radi x-4 radi x4 radi x4
Tabl e 2: overview of the sequence of operations to be performed on
I ncom ng data, for performng a 512 real |FFT, whereby the sequence is from
| ef t to right through this table and reference is nmade to Fig. 1. 5

In the FFT transformdirection the data thus-enters ALUO -and the fi nal
FFT result is delivered via ALUL, to the nmenory arrangenent, whereas the
opposite direction is used for IFFT. Nevertheless a | ot of other

conbi nati ons passible wherehy the control unit is to he adapte
each tinme foyAkldlisi npAtHE AbBIX i cul grAldElquencgsALUD. ALUO A
further HEP-N =Y :nnnrh- o nada |c +l'-a+ faor hnri’rrm nn t

re LLIAZLIL)
radi x-2 type BYRESS adi x|

DI g&féng

&Erat i ons

DWhe deci

me?iTon- i n-} PHe st eps

may be repl aced p 0 |n- ugncy |[s and ersaj
Al so for perform ng con%lctg‘ﬁﬁﬁ $ ang ‘PF r5§9< DT }&i)%‘ell 'lqgeﬁfy
bui | di ng bl ocks may Dbryple €. bled v S HE B MBSt

fidhstPb& YeidPmed
paragraph, whereby even the DIT and DI F bl ocks may becrln xed. E’ am eron

sol ution is hiogemeng dota pﬁonapenfoahmgrml 5012l deat rﬁFﬂ'eWbeeeHyahellsgqthmwcesedrom left

As al r eady rrentl rson skilled in EFT trans algorithns is
3 ThioyarOBisoP aSphy
further adapt@d9y throughdbisdoblenad referanceiisem r'gp rformng these
di x-2 di th
1[ng ;(he DT asr\?ve: f( 4184H_Q£W]9gdrr%lf%ﬁn@gf.>écva“ an‘?‘?"q tﬁ‘é’ Lél,—{ ﬁ"{)gf gb&ﬁﬁé ﬁB

gst a nul tiFFT ceduliois slelivered via ALU@x&6uthed mdrabhyo whdinggnisme/ SRk AL HheN
whereas this sequence is reversed for the DIF variant. Since

such real i sat ?Ef?%s”ﬁ@" estionigiesed forsiEfhe Neverthieless acloiehother combingtiean ater
ST b LA i s AL e i 1,

di scussed in
i nvention havgaieslar éegedridcesed above in connection with specific
description is

apparatus, it is to be clearly understood that this
nmade onl Qoby way of ekdupher eamdarkowhich aeddsniot beironders thwt foc ppdforming die

the i nventi on dax-2 efine mg'x_r%paepg{_ended .cl ai

pe an operations, e decimation-in-time steps may be
replaced by the decimation-in-frequency steps and vice-versa.
Also for performing complex FFT’s and IFFT’s both DIT as well as DIF
building blocks may be used in the sequence mentioned in a previous
15  paragraph, whereby even the DIT and DIF blocks may be mixed. The latter
solution is however not practical and will therefore hardly be used.

As already mentioned, a .person skilled in FFT transform algorithms is
further adapted to realise different 'embodihen'rs for performing these radix-2,
radix-4 and special radix-2 and radix-4 building blocks, both for the DIT as well
20 as for the DIF varianis. Remark that for the DIT, first a multiplication step is
executed, followed by add/subtraction steps, whereas this sequence is reversed
for the DIF variant. Since s_uch realisations lie outside the scope of this document
and can for instance be found in specialised literature, these will not be further
discussed in.this document.

25 While the principles of the invention have been described above in
connection with specific apparatus, it is 'ro. be clearly understood that this
description is made only by way of example and not as a limitation on the scope

of the invention, as defined in the appended claims.



- 12 - ' : CLAI N5 1
Pi pel i ned Fast Fourier Tr ansf orm processor (FFTP) including

- a nenory arrangenent (MA) adapted to receive and store successi ve
sanpl es of input data (datain), 5 - afirst arithnetic unit
(ALUO) coupled to-said nenory arrangenent (MA) and adapted to receive

therefroma first set of first arithnmetic unit input data
(dat ai nALUO), to performthereon at |east ij@ne type of butterfly Fast

Fouri er Transformarithnetic cal culations, and to generate a first set
of first arithnetic uni t out put dacprAINS aoutl ALWO0) for delivery to,
10 - a scratch nenmory (SCRRAV) coupled to said first

arithmetic unit 1 Mpﬂ)wedr&thshﬁaprw'dfmosfpemrmloae%by (RRTH) encdedingf i rst set
of first arithmetic unit out put data(&g{&goé lEfO)t d -
a second arithnetic uni® PAMNILY EBGpLEDE) adopiedh defRseye and store

(SCRRAM and ) and adapted to receive from 15
said scratch SLgcessgﬂvg(sg%@é%fﬁéélﬁﬂgﬁae@? Nf of first arithnetic unit out put

data 5( dat aout 1AL firstt @rithafetierunit necRigléd to 3alty pessogperahgeneoy
either said at | east one type of utterfly Fast Fouri er Transforgur
ara

“arithmetic cdMA)land edeptediie reegive therefsemeg first st of finst atithqaticamikiapyh

t hmet It t dat t| ALUL), f
11 S RAR O BRG] on, DK, M AR S
bei ng adapt ec'l'r&ﬁs?@%%r‘?ﬂwﬁ?eﬂc calcBRdRETarkPitdl JenepdteS@tir& set asfoivdt aritHrhiemd i ¢

uni t out put data (dataoutl| ALUL) constitutes internediate, resp. final
Fast Fouri er dfnmutbofdmiue(siuldca.;ﬂALUO) for deliveryfo, - whereby, if said first

sel of second arithnetic unj at,aout | L tute
final Fa Fouri er Trafs}SF 8?5%%&833&6%"0 s ﬁﬁ%a{@ﬁwe ﬁ/lddn'fs
further adaptm@ t t

out put data ((dat E&FJALE?F%EH@J%}(@%E?@‘Z fgiet §8%?’?sgfgé_}rﬁ#sgfcrﬂﬂr\rensen@&ﬁﬁ_

(dataout) of cupot dataqdariont1 AW, es of input data (datain) to an output

term nal of said pipelined Fast, Fourier Transf rogcessor
characterised in that- 9 053‘30ng arithmetic ung {AkU) (cou g?‘ﬂ*ﬂﬁrﬂ?! Scigich memens

5 UL SRR RO rkd S ongerBFRAF 88 oo P o
- 13 - 15 said scratch memory (SCRRAM) said first set of first arithmetic unit output data
(dataout1ALUO), to perform thereon either a bypass operation or either said at
least one type of butterfly Fast Fourier Transform arithmetic calculations, thereby
generating a first set of second arithmetic unit output data (dataout1ALU1) for
delivery to said memory arrangement (MA), |
} 20 - said memory arrangement (MA) thereby being adapted to de’rermme
| whether said first set of second arithmetic unit output data (dafaouﬂALUU
constitutes intermediate, resp. final Fast Fourier Transform resulis,
- whereby, if said first set of second arithmetic unit output data
(dataout1ALU1) constitutes final Fast Fourier Transform results ,said memory
25 arrangement (MA) is further adapted to deliver said first set of second arithmetic
unit output data (dataoutlALU1) as successive Fast Fourier Transform results
(dataout) of said successive samples of input data (datain) to an output terminal
of said pipelined Fast Fourier Transform processor,
characterised in that
30 - said first arithmetic unit (ALUO) is further adapted to perform at least

one second type of butterfly Fast Fourier Transform arithmetic calculations on

IR




said first set of first arithmetic unit input data (datai nALUO), which said
ssecond arithnetic unit (ALUl) is not capabl e of executing, . -

- said first set of first arithmetic unit output data (dataout! ALUO) _
t hereby being obtained by perform ng one of either said at |east one type
or said 5 at least one second type of butterfly Fast Fourier Transform

arithnetic calculations on said first set of first arithmetic unit
i nput data (datai nALWUO). - : -12. Pipelined Fast Fourier
Transform processor (FFTP') including : : - a nenory

ar rangerent (M KRGk PofifRAiNCUAT thiSdtod Sl RotaiRHEOBE Skieh AP 'Lsgég'rﬁf

| nput data ( in"), irst arithmetic unit (AL

coupl ed to samrithmestioronit{ALBNY&mottcapable 6Méxecuting, adapt ed to recei ve
therefroma first set of first arithnmetic unit in

(dat ai nALUO' ), to ]E)er‘f & tfﬁﬂr&nOaiqufeaéthr@mc wgggﬁﬁwbm%@wﬂ@a%wo) |
of Tirst ari thEaEy S4B VeoEE b nd Rring g r R0 ol 8GN fpe drsbid

- a scratgh ngméyst( SpBRANLInG OHpeedft BuRaHE fRdspt FeuridrhMedngformii larithmetic
(ALUO' ) and adapted to tenporarily store said first set of first arithnetic
unit out gaiculations ¢dsoabiinstiset o fiyst arithmetic unit input data {datadd)O) . _
arithnmetic unit (ALULl') coupled to said -scratch nenory 20 (SCRRAM ) and
to said nenory arrangenent. (MA') and adapted to receive from sai d

scratch menmory (SCRRAM Piféméii Fast FouRst Tmnstmp{ﬁaee%;ﬂqm@ iRyt put

dat a (dat aout 1ALUO to performthereon e S operation or
either said at | east meEmeoryy peramgeimaerite (SAY) Feaktptéebutol aecdivansfidr store
aridthmetic cal cul ations, thereby enerating a first set of second
arithneti %’ .urﬁ'-tc‘-'%‘iﬂ"ﬁl.ﬁc"'ﬂalﬁa°f¢f§?t‘-ﬁéﬁfclﬁﬁqm"b)rf or 25 delivery to said

- t (A : N n Sai .
Uher eby bei ng. adapt ed PA™! orithgtic unit (ALUQY 2BLPIEAkRLcd FhE AP EahgEhiont

ari thnmetic uniMAYPwinaddptedl to recefvdathrpefiromAbUirdt seicohfitst taritiemetic unit input -
internediate, resp. final Fast Fourier Transform results, 30 .
- whereby if dapddpigisALERY), tr pedemn dhererniatders ane trre wf uttegfht Bost Fourier

Ergf‘r:) f‘;”t FALULT LSRR GhitRgnid c@RIchBRE, ERY"1oCEendr B h O LESHY hitt oiMhMletic
15 unit output data (dataout1ALUQ) for delivery to,
- a scratch memory (SCRRAM’) coupled to said first arithmetic unit
_ (ALUO;) and adapted to temporarily store said first set of first arithmetic unit
output data (dataoutTALUQ’),

- a second arithmetic unit (ALU1’) coupled to said scratch memory

b 20 (SCRRAM) and to said memory arrangement (MA’) and adapted to receive from
said scratch memory (SCRRAM') said first set of first arithmetic unit output data
(dataout1ALUQO’), to perform thereon either a bypass operation or either said at
least one type of butterfly Fast Fourier Transform arithmetic calculations, thereby
generating a first set of second arithmetic unit output data (dataocut1ALU1Y) for

25 delivery to said memory arrangement (MA’),

- said memory crrangemenf- (MA’) thereby being adapted to
defermine whether said first set of second arithmefic unit output data
(dataout1ALU1’) constitutes intermediate, resp. final Fast Fourier Transform
results,

30 - whereby if said first set of second arithmetic unit output data

(dataout1ALUT’) constitutes final Fast Fourier Transform results, said memory

N D




- 14 - arrangerrent (MA') is further adapted to deliver said first

*'set of .second arithnetic unit output data (dataoutl|l ALU1l') as
successive Fast Fourier Transformresults (dataout') of said
successi ve sanples of input data (datain'), to an output term nal of
said pipelined Fast Fourier Transform processor, 5 : '
characterised in that ' - said second arithnetic unit
(ALU1") is further adapted to performat-14- |east one second type of
butterfly Fast Fourier Transformarithnetic cal cul ations : on said,

first set of cfr:rdr’c‘genﬁédft(m&ﬂsffuﬁﬁért adgpieditothdlided satiFRsH JeNotedonthhfihnsétid
first arithmetic unit (ALUOQ') is not capable of executing, 10

- wher eby saiuhit evipyt dede (detaostbd)1hrdst buasessivaifiost Govpert Toaisform results
(dat aout 1ALUL,), is,pbtai ned b erform one.of eiither said at |east one
type or _}d%fgloﬁf ©f ts%%ggﬁ\éecéﬁg‘é]gﬁe&gfnﬂiﬂ_t fatar I(?/Q*Pé[gl' o @utput
Transform ar kddp¥REI &f said gi%&iﬂgelﬁdﬁ F&G‘ﬁ?rjgﬂ)dﬁgfro‘#mf plockssaft Of first

arithnmetic unit output dat'a (dataout 1AL sald bypass operation.
15 5 ' ghaRigeeiseddd thatst Fouri er Transform processor (FFTP)
according to cl ai characterised in that

1 |
said first arithnetic SGFQ geqomduprithinaeticuynih LA i Buthes qsiapted te pedfppaset 20

operation on ' i t_of chi | Lheti c quni t i nput, dat.a .
PR B ooy 1838 o it P R o PR sl
‘(dat aout 1ALURh sdidrfirbtyserostshirst afighrbtic unit oetpUfl dbid fdata8bIMLUG'Y $hich said
arithmetic unit input data (datai nALUO) . _ 4." Pi pelined
Fast Fouri er firstsndhroetis upit (BIdQDis neiramableot exativtiggt 0 25  claim 2

chhr act ey sed in that . saigd first, arithnetic .unit (ALUO')
is furt h‘(ra(? adapted to ﬁ'g?ﬁﬁymsﬁ'q)y?ﬁgsse? of segopd Oriimg s‘éﬁ"g eyiput Qagdp’ of
first arithnmeddigoUfliALUM H&h \ W) | : | f
first arit hmi couniA%LUo]u)tO?gtlﬁ da?g%ﬁ%rﬁe% ?ﬂlﬁﬁérsggyailgﬁg%ﬁﬁggtﬁr 30

sai d first sesidofatfleastt one isehomd i lypenot bulterfly BastaFoddemiTrdsiBiny arithmetic

- 15 - . e . . . .
calculations on said first set of first arithmetic unit output data (dataout1ALUOY) or

said bypass operation.

15 .
3. Pipelined ‘Fast Fourier Transform processor (FFTP) according to
claim 1
characterised in that . _
said first arithmetic unit (ALUOQ) is further adapted fé pér‘Form a bypass
} 20  operation on said first set of first arithmetic unit input data (datciﬁALUO), said

first set of first arithmetic unit output data (dataout1ALUO)  thereby consisting of
said first set of first arithmetic unit input data (datainALUO) .

4. Pipelined Fast Fourier Transform processof (FFTP") according to
25 claim 2
characterised in that
said first arithmetic unit (ALUOQ’) is further adapted to perform. a by.poss
operation on said first set of_'fir's’r arithmetic unit input data (datainALUQ’), said
first set of first arithmetic unit output data (dataout1ALUQ’) fhéreby consisting of
30  said first set of first arithmetic unit input data (datainALUO") . |
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5. Pipelined Fast Fourier Transform Processor (FFTP; FFTP') according

4o claiml or claim2 or claim3 or claim4 characterised
in that said nenory arrangenent (MA, MA') is further
adapted to deliver said 5 first set of second arithmetic unit output
dat a (dataout 1ALUL; dat aout 1ALUL") as said first set of first
arithmetic unit input data (datai nALUO; datai nALUO' ) to said first:
arithnmetic unit (ALUOQ ALUO') if said firstigset of second arithnetic unit
out put data (dataoutl|l ALUL; dataoutl ALUl') constitutes internedi ate

Fast Fourier TramspaiH8d’ Pe¢! furiekOrransform Processor (F@TP PFTFE) aeestdirast
Fourier Transform Processor (FFTP) according to claim1l or claim

characteri sedomlnlrrh&tordmm20rclcum3orsda|d1 denory arrangenent (MA) is
further adapted to deliver said fjrst 15 set of second arithnetic unit
out put data (dat aoutICRE'Uﬁferé&?da'”f fEt set of second arithmetic unit

i nput data (datai nALUL)4 %ﬁﬁ%rfﬁﬁmeﬁ%&&%% )dgﬁhlﬁﬁ(d%dﬁ%? K?_BF iver said

said first set of second ari unrt out’pu

constitutgs first se’rldﬁsetdﬂfﬁﬂbﬁ”ﬂﬁn%bnﬁwp@ﬂ ddicafastasutl AESW}dcﬁaouﬂALU] ) as
said second ari thrretl c unit (ALU) is further adapted to receive from
said menory &aié lg%ém@hpf Sisst prithmetie unstcimpyt dota iideioinALUG; tiCTqmltUQ&t’“a SG'd

(dat ai nALU ) n r m t. Sa as erat i r.el.t he

S a0 AREaBBm U SRR ARUD RS SR YRS R B i et

cal cul ati ons,ddige ((&E’t).‘:ouﬂALU193@%ﬁé’6ufﬂ&L915)e%ﬂghi%Pés GhteFPRdRAe ani’rh'Fthér
unit out put data (dataout2ALUl) for delivery to said scratch nenory
(SCRRAM 25 Transform results. - said first arithmetic unit (ALUO) is further
adapt ed 38 receive from said scratch nenory (SCRRAM said second set
of second¥arithnetic unit output data (dataout 2ALUl), to deliver a

second set of first gip §né<§’ FH%'ttF&HFeQUTm‘*@Fd?’H\e Proces@giat( gZ&éd%nggofo

sai d nenory arrangenent by pertformng eit ass opefatlon
or either saidaiat 1l@adgimoBe type of butterfly Fast Four| er 30 . Transform
Eellgt fad arithmetic caclh%%g‘telllgedsm quEI ther said at |east one second type

said memory arrangement (MA) is further adapted to deliver said first

15  set of second arithmetic unit output data (dataout1ALU1) as a first set of second
arithmetic unit input data (datainALU1) to said second arithmetic unit (ALU1), if
said first set of second arithmetic unit output data (dataout1ALUT) constitutes
intermediate Fast Fourier Transform results,

said second arithmetic unit (ALU) is further adapted fo receive from
) 20 said memory arrangement said set of second arithmetic unit input data
(datainALU1) and perform thereon either said bypass operation or either said at
least one type of Fast Fourier Transform related arithmetic calculations, thereby
generating a second set of second arithmetic unit output data (dataout2ALUT) for
delivery to said scratch memory (SCRRAM) ,

25 - said first arithmetic unit (ALUO) is further adapted to receive from
said scratch memory (SCRRAM) said second set of second arithmetic unit output
data (dataout2ALU1), to deliver a second set of first arithmetic unit output data
(dataout2ALUO) to said memory arrangement (MA), by performing either a

bypass operation or either said at least one type of butterfly Fast Fourier

30 Transform related arithmetic calculations or either said at least one second type

N O




of butterfly Fast Fourier Transformrelated arithnmetic cal culations on said
second set of second arithnetic unit output data (dataout2ALU1),

- said nmenory arrangenent (MA) thereby being adapted to determ ne

whet her said second set of first arithnmetic unit output data (dataout2ALUO)
5 constitutes internediate, resp. final Fast Fourier Transformresults,

- whereby in case said second set of first arithnetic unit output data

(dat aout 2ALU0) constitutes final Fast Fourjgr Transformresults, said
menory arrangenment (MA) is further adapted to deliver said second set

of first arit%ﬂg ly Fast F.cl&H}iér Y m dRldAed dAtARAEHE AL IEDLIIBAS DHCSRE Sb¥Shd

Fast Fouri er ormresults 10 (rgat aout) of sald successive sanpl es of
i nput dat a ( dst af s¢cdral saihanhatictynit odtpuhdaial (dataout2ALUSRI d pi pel i ned Fast

Fouri er. Transform processor. - wher egy, in case, sai,d second
set of first arithmeti¥idinemen prengamgnt (MA) thesaby Being adapted im defarieg

i nt ermedi ate Fask Fourier Transf.olmer esul. . .
(W 1 1 art npehgh ot Sesohd) T oo Y ttibiostf lr apteut T8 RECHIREORY,
unit out put dedidtitAed mHTRIMR) rdsp. fihbINRdst FaUHef Trdrisforfr #30RE,1 ¢ uni t

(ALUO) as said first arithnmetic unit input data gd_at ai nALUO) or to either
sai d second ar i+t neréhy imcase( suidispcard sat of disst arrithenetic it petpyhidata
i nput dat a ( I RALUL) 2 . 7. Ripelin Fast Fourier
Transform Pr@@é%@g?}\@éﬁ Isofgtgt't?ﬁr nelgFeg Fourier Er%nsg?"g“ d'?s@gais‘rﬂ' memory
characteri sedg| : i MR Qrith et
further adapt%}éa?%gﬁém (/"é’?‘) gsafiugh?[; ?g?péa fg HQ%F g@;ﬁgﬂg@gﬁ ﬁ%tainchﬁr?i'%
out put data (ot aapbtAdold (dateoatZALUL) eetucdessiee dfust FouriearTrahsfetinc resits
i nput dat.a (dat ai nALUé' ). to said second arjthnetic, unit %AL.U%B, i f )

sai d fird0Q seldaigoutbebsrid sureassive isemples obineytdateidataighiosaie SuRyt tprminal

card second a7 FHhE AR et Fpliféh TeRRMRR prb BT T 70" oo

unit urt apted to receive from

sai d menory arrangenenihepelsy Fetasef sdid aeadndrset bidirstcarithivietic ynit odipiud dafa
(datai nALUL') and performthereon either said b%/pass, operatjon or either
said at - (dodeeut28hd0) yqeastitutesi intermedintp dfiast dsrriesnbragstesy resits. oiaid
fi?t i Fouri er rTﬂlre%'lnosr];locrrp&ngemeni (MA) is further adapted to deliver said second set of first
15  arithmetic unit output data (dataout2ALUO) to either said first arithmetic unit

(ALUO) as said first arithmetic unit input data (datainALUO) or to either said

second arithmetic unit (ALU1) as said second arithmetic unit input data

(datainALUT).

) 20 7. Pipelined Fast Fourier Transform Processor (FFTP’) according to
claim 2 or claim 4 ' '
characterised in that _ _
said memory arrangement (MA’) is further adapted to deliver said first
set of second arithmetic unit output data (dataout1ALU1’) as a first set of second
25  arithmetic unit input data (datainALU1Y) to said second arithmetic unit (ALUT’), if
said first set of second arithmetic unit output data (datacut1ALUT) constitutes
intermediate Fast Fourier Transform results,
said second arithmetic unit (ALU1’) is further adapted to receive from
said memory arrangement said set of second arithmetic unit input data
- 30 (datainALU1T’) and perform thereon either said bypass operation or ei’rhef said at

least one type or either said at least one second type of Fast Fourier Transform

IR




related arithmetic cal cul.ations, thereby generating a second set of second
arithnmetic unit output data (dataout2ALUl') for delivery to said scratch

menory ( SCRRAM ) , . - said first arithmetic unit (ALUOY)
is further adapted to receive from 5 said scratch nenory (SCRRAM) said
second set of second .arithnetic unit output data (dataout 2ALUl'), to

deliver a second set of first arithmetic unit output data _

(dat aout 2ALU0' ) to said nenory arrangenenft7(MA' ), by performing either a
bypass operation or either said at |east one type of butterfly Fast Fourier
‘Transform relgbrd arithmeRti aledbfiohst if%mébp%&ﬁrdtiﬁgc@nfbc&aﬂ Qét sfcssdnd
~arithmetic 10 unit output data (dataout2ALU '), o - said
menmory ar r angeithmetiq Mait Joutpelr datg (detanpt2dbidl §dor delivery taeacid srisdchwmemery

sai d second ?ﬁ@g&@ti rst arithmetic unit output data (dat aout 2ALUO" )
constitutes i di'ate, resp. final Fast Fourier Transform results,
15 - wherghy fid ﬁwe?i@'zﬂqiﬁﬁ&cw‘@? $€ %y Mher! bd@bted! ol RAFRICH M t
out put data (dat aout 2ALU0" ) constitutes final Fast Fourier Transform

resul ts, 5ai daitesaraich memory (SORRAMNtsafd/Bedornids sétusft seeond dajthenetic wnitedutpetr
sai d second set of first arithm;#i_c uni t ouw,ut dat a $,dat aout 2AL30')
as successi vaakaddatpgui2AlU T} daslelives asegend set of Tirsh ardbymetis usst Quipyt data
succ [ I 1Y in ) t [ t P | f
ai d pi pel | nidrERR PP o SR RpBBH SPishdsgt (WAL Y peffortfid difler &

in case sai dpBaoNbperdtich dr ethedlshid it [dastibrie P W Bofeérfly Fast Fourier
(dat aout 2ALU0") constitutes internmedi ate Fast Fourier Transform results,

saj d me foaysfarm selgded atithmetic calevliptionhen saithpreand: set @fIspeend gathmetic

se¢ond s of first rith i nit output data (dataout2ALU0") to

ei t her sibd f“i"r'fsqja‘r’fiq‘?fﬂe@f’ W&?’%‘U‘Zl—# (ALUO') as said first arithmetic

unit input data (datai '}étowﬁen%rzt (b"&if{d@ﬁefﬁagm') fhequgeiﬁgi tda&p;}éd: it
uni

(ALUL") as said second arithneti | nput data (‘dat ai nALUL") .

8. Pipel i ned deterifieumihethefr anid osevopdocessof first ondthmoetico whiti avtpubr det

to claim2, characterized. in that .
(dataout2ALUO’) consﬂtutes tim‘ermeglcl’re, resp. final Fast Fourier Transform
results,

15 - whereby in case said second set of first arithmetic unit output data

(dataout2ALUQ’) constitutes final Fast Fourier Transform results, said memory

arrangement {MA’) is further adapted to deliver said second set of first arithmetic

unit output data (dataout2ALUQ’) as successive Fast Fourier Transform resuls

(dataout’) of said successive samples of input data (datain’) to said output
) 20 terminal of said pipelined Fast Fourier Troﬁsfo'rrh processor,

- whereby in case said second set of first arithmetic unit output data
(dataout2ALUQ’) constitutes. intermediate Fast Fourier Transform results, said
memory arrangement (MA') is further cddp’red to deliver said second set of first
arithmetic unit output data (dataout2ALUQ’) to either said first arithmetic unit

25 (ALUQ') as said first arithmetic unit input data (do'rci'nALUO’) or to either said
second arithmetic unit (ALU'I’) as said second arithmetic unit input data

(datainALUT’) .

8. Pipelined Fast Fourier Transform processor according to claim 1 or

30 toclaim 2,
characterized in that -
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- 18- said at |east one type of butterfly Fast Fourier

-Transform arithnetic cal cul ations consists of a series of
calculations for performng a radi x-4 type Fast - Fourier Transform
st ep. 5 9. Pipelined Fast Fourier Transform processor
according to claim7 ' characterised in that

said at | east one second type of butterfly Fast Fourier Transform
related arithnetic cal cul ati ons consists-dB -a series of calculations for

performng a radi x-2 type Fast Fourier Transformstep. 10 i
10. Pipelined Fast Fedid af lbstrmeoypepsfobsaedly RPestalireg Transfbahmidthmetic
characterised in that said at | east one second type of

butterfly Fasolcplniioneconsisisstior series of cadeulations for peifarming coirdix4rigpe Fastof
an additional. add/ ubt\gact step followed by a 15 -series of calcul ations
for perform ﬁ&”‘é{e‘riﬁ?-%q Y68 Fast Fourier Transform step.

11. Pipelined Fast Fourier Transform processor according to claim?7

characterised in that said at | east one second type of
butterfly5Fast Fouri & Pigehnsd dast BdurierrTebasfecmaprotésset nccardirgdoatlaiond
consists of a series of calculations for performng a - radix-2 type

Fast Fourier TransfochPeagriseddntfled by a additional add/ subtract

step. said at least one second type of butterfly Fast Fourier Transform

related arithmetic calculations consists of a series of calculations for performing a
radix-2 type Fast Fourier Transform step.
10
10. Pipelined Fast Fourier Transform processor ac;ording to claim 7
characterised in that
said at least one second type of butterfly Fast Fourier Transform
arithmetic calculations consists of an additional add/subtract step followed by a

15  series of calculations for performing a radix-4 type Fast Fourier Transform step.

11: Pipelined Fast Fourier Transform processor according to claim 7
characterised in that
said at least one second type of butterfly Fast Fourier Transform
} 20  related arithmetic calculations consists of a series of calculations for performing a
radix-2 type Fast Fourier Transform step, followed by a additional add/subtract

step.
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