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"EFFI Cl ENT. ALTERNATE MODES OF OPERATI ON TECHNI CAL FI ELD This, invention

rel at es tWOdiLGBE38l si gnal processors, 5 and nore parti cul ardwyuse/1déai t al
signal processors for processing reduced data sizes. BACKGROUND Digita

"signal processing is concerned with the io 15 20 representati on of signals

-

in digital formand the transformation or processing of such signal
representation i i t ok by St A i ssing is a
core technol ogy@?m@%@%@@uhﬁﬁi@;c%@Rg??ﬁi&ﬁl fields such
as wi rel ess communi ALTERNATEOMODES OR! OPERATION2son for the
preval ence of digital signal processing technol ogy has been {he devel opnent
of | ow cost, powerful digital signal processors (D~SPs) that provide

engi neers the reliable conputi ngTEGHENBICALt FIELD npl enent these products
cheaply and efficiently. Since the devel opnent of the first DSPs in the

early 1980's, DO$H sarirudrridn erclnet slesi@nafiamen BVol giosh 19508 91Ot Where
even sophisticated real-time processing of Vvideo-rate sequences cah be

~per forged andl more Pk t3eRi1430 W@ DM P63D E%I%A%gég&é@e %'%(%)i |ly, DSPs

are constructed of a fixed size. The size 1S S € ased on the

-maxi mum sz @fs ! dey ke r%ﬁ.e%fd' For exanple, a DSP that will be

used to process 16 bit data needs nultipliers and s accunul ators of a
specific size to ensure that the data is processed correctly. Wiile these
DSPs can process data having |less than.16 bits, doing so causes a portion
of the DSP hardware to remai n unus@®ACKEBROUNIECr eases the efficiency of the
DSP. 10 . DESCRI PTI ON OF DRAW NGS These and ot her features and advant ages

.Of t he - Digital signal processing is concerned with the

representation of signals in digital form and the

10 - transformation or prccessing of such signal representation
using numetical computation. Digital signal processing is -
a core technology for many of today's high'technology
products in fields such as wireless communications,
‘networking, and multimedia. One reason for the prevalence

15 of diéital signal processing technology has been the
development of lcw_ccst, powerful digital signal processors
(DSPs) that provide engineers the reliable computing
capability to impiement these products lcheaply and
efficiently.-since the development of the first DSPs in the

éo early 1980's, DSP architecture and design have evolved to
the point where eten sophisticated real-time processing of

video-rate sequences can be performed.
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invention will becone nore apparent upon reading the follow ng detail ed
‘description and upon reference to the. acconpanyi ng draw ngs. i&OF$@hﬂ@*l
is a scheved 7585 a digital signal processor used for genergdrikoRiibgoaodes
of operation in accordance with an enbodi nent of the present invention.
Figure 2 a schematic of a digital signal processor for either n-bit or
(n/2)-bit nodes of operation according 20 town enbodi nent of the present

invention. Figure 3 i p%c%‘lﬁ%ﬁtﬂscéé)fazae %&gﬂuﬁgg?%p%g&g%gzs{% ei t her

n-bit or (n/2)-bit nodés of oOperation -

W~01/ 7563 LIS 0 rovi ding inpterpolation functjons according to
an enbodi ngﬁtgcghlz;gh%r%eg%%t l%'lsn eeg#ﬁ%fd]ﬁag%% il atqéecﬁ’é?ﬁm‘ém&l%te deEi t al
signal progessar.including a split multiplier for (n/'2)-bit operation s
accor di ng fgeaﬁagﬁbgﬂ’i g?\?ng’r(?lcetsr%dpr edét §¥ARMES o2 OISRutka’ wiktheentic
of a digital signal processor for either n-bit or (n/2)-bit nodes of
oper at i on BEEEr @Pngrogeas a6 dritaca tentredidremulofighiee s esedit i nventi on.
DETAI LED DESCRI PTION to A general purpose digital signal processor (DSP)

. 100 i s i | aasumaletosshetnti calelcl fit FHige & ol .erdie-dIR A0 hdcdpdes; s
mul tipl exers 115, 120, 150, 155, 160, a multiplier 135, flops. 140, 145,

170, an arpibaebbed! egirgedilly .( Al 1565 anRd D@bsa%wgi fpqpJhe DSP
100 is designed for 15 procegéing n-bit data, with n dﬁ%. ?%;%%F?or t he

cremlery BSFLAgUILLLUSLER' 36 V0GB Qts ol Jd SADE Sapiect gl ol gt e

size of the data for whic erat ]

Cnventi on Tor BbFHaTE] it SHTESROMPRSRN ise SAHRRSS T DSP 100

recel ves daip, InLhe forpef 1ol

10 . DESCRIPTION OF DRAWINGS

These and other features and advantages.of the
invention will become.more apparentwupon*readitiget he«:
following detailed description-and*upon reférence sto.sthl™
accompanying drawings.

15 | Figure 1 is a schematic of a digital signal
processor used for general n-bit modes of operation in
accordance with an embodiment of the present invention.

Figure 2 a schematic of a digital signal processor
for either n-bit or (n/2)-bit modes of operation according

20 to an embodiment of the present invention.

Figure 3 is a schematic of a digital signal

brocessor for either n-bit or (n/2)-bit modes of operation



data. 105, 110 from data buses. Each data bus provides a - 3 3 Bsop /R
"200 , WO 0Q1L75635 PCT/USO /10602 plurality of 16-bit data sets 105, 110 to
‘the DSP iﬁ@?”*ﬁ%splurality of 16-bit data sets 105 is i npRCT/yR0Y/10402

mul tiplexes 115 and the plurality of 16-bit data sets is input into the
“nmul tiplexes 120. The nultiplexes 115 selects a single 16-bit data set 125
fromthe plurality of 16-bit data sets 105. The nultipl exes 120 selects a
singl e 16PBPVidity darterye liatdont Harmtirals tacadrdiirdito dat a sets 110. The
- selected 16-bit data sets 125, 130 are processed by the DSP 100. io The
mul ti pl i eembd8imend wifs thiee pyelsesited nkentiilorfat a sets 125, 130 fromthe
mul tiplexers 115, 120. The nultiplier. 135 may be configured to nmultiply

two in bit data set pggule @NgULBLHRRARE raty the .l tiplier 135 may
be at |east 2n bits I size In the prege%?eg&g%%ﬁgfﬁ'gg'e od S5Q%te

mul tipliee 0 e at:ke 2-hitsdn sizge.tq allow multiplication of
two 16- bi é’négﬁggrﬁé l%ogi(.‘:l.%lljtr g@fltr%ﬁ)&lﬁﬁ ttjiopﬁ img%%fmﬁ%ﬁmw two numbers
of any size up,to and including 16-bit nunbers. However, if the multiplier
135 mi ti BFF8§dﬁﬁﬁb$Ps a?rrﬁf“gé’ggf“ﬁé‘ﬁ P& Bihes Presentydmvantismt he nul tiplier
135 may remai n unused. Because of the unused portion of the multiplier 135,
the DSP 100 nay not FBEUEBeraki Aghamadési pfdaetiigditadcpignal p3RSERNA WO
01/ 75635 PCT/US01/10602 In this enbodi nent, the result of the

mul ti pl i chPromibperanrbiti ort (ad2f ebit¢dmpdesheff loperatd®dn kizorkitg | ops ,
140, 145 are nenory elenents that utilize electronic latching circuits. The

flops 140toldh abbeahatt pabbHfeRtoBHCthef pr@slhe MHWdn¥igAt i on process.
The conbi nation of the partial products in the flops 140, 145 equal s the
.result of the multipliers 135. The flops 140, 145 pass the partial products
“to the nultiplexers 150, 155. _The multiplexers 150, 155, and 160 sel ect the
appropriate io data to pass tBEFﬁéLﬁPungéggI?ﬁgoﬁhltiplexer 1 60 receives

10 A general purpose digital signal processor (DSP)
100 is illustrated schéﬁatically in Figure 1. The DSP 100
includes‘mﬁltiplexers 115, 120, 150, 155, 160, a multiplier
135, flops 140, 145, 170, an arithmetic logic unit (ALU)
165, and-an accumulator 175. The DSP 100 is designed for

15 processing n—bit data, with n equal to 16 for the exemplary
DSP 100 illustrated-in'Figure'1._ It can be appreciated

. that.the size of the data for which the DSP 100 operates is
a matter of design choice. In addition, it should be
understood that the scope of the present invention is not

20 limited_to DSPs with thesézelements.

The DSP 100 receives data in the form of 16-bit

data 105, 110 from data buses. Each data bus provides a



as dan input the value of the accunulator 175. 1f the result of tBe) SEP 2004
‘multiplier 135 alone is desired, the nultiplexer 160 woul d not pass the
data to tW® 0W136365. The ALU 165 perforns basic arithneticparviydoegosval z5
operations. In one enbodi nent, the ALU 165 is constructed of full adders.
Ful | adders add three bits at a tinme, and produce results in the formof a
sumand a carry. The ALU 165 takes the result fromthe multiplier 135 and
adds that prksuhlity ofielprbitodstwalsee sofldd)e Aar WO rpdy 51 66 Or edrdo in
the nultiplexer 160. The output of the ALU 165 nmay be provided to a flop
170 and topihieadceynukalgrbie5dathe skh@p 1540 ifbasiﬁlﬂ!ﬁc rﬁg&’é t%?és the | ast

val ue of the ALU 165. The accumulator - 5 WO 01/ 75635 ~ E, P. 2004
PCT/ USA / ' I r esgnt .al_ ofc al f ot revious results
from the ALy sb Ofhe heg “Racshe Butsrl sy Be Tawirest i SheaTeo the
accunul at o s new, accunul atqr. val ye i s then provided in a

f eedback I%%%J?ol$ﬁ§ %ﬁ%tﬂﬁpéigﬁef§6 or 5%§%FTH%¥#R&§%E§C%@5n t he next
ALU 165 operation. The new accunul ator value is also provided as an i nput
to the 5w|§?€?%§%ralﬁe¥19#ﬁel§a¥3&§ gatehset] 3R 9 Aramythe wwlyralddedofis an
input to the nmultiplexer 180. The nultiplexer 180 allows the DSP 100 to
choose whelbrdpit odabaosepat 10he vEheemofl tilpd exeourndtataslddits o & heghest
recent resul.t fromthe ALU | 65. Once selected, this data is sent to an

out put 185L6+hjur@aashetsiaoscbemathe ofluaalSR 2QF flag-isit hesr - Hhtsor (
n/2 ) -bit nodes of operation according the the 1s present invention. The
DSP 200 i ncjpudesthell §&ptexensiélpit”Z 2 & 2 285,
a multiplier 135, flops 140, %§5§l§6§?t§7%?t§$?gﬁkeﬁgg)%ég?égéﬁ??%§%%LUB)
225, 230, apgnaccunmul ators 275, 280. The DSP 200 may be used for
' processing%gﬁ?ﬁigg%?b?godata or (n/2)-bit 20 data, with n equal to 16 for
the exenplary DSP 2 illustrated i igure.,2. Thys, the DSP 200 m
operaﬁg efficientlyqf%eéT?ié+p;ﬁe§-E?S %ﬁ&élaﬁsaﬁﬁﬁwﬁélﬁﬁﬁﬁg 19-RER be
appreciated that the size of the data for which the - 6 30SEP2004 WO

0l / 75635 FMEHUSKEHe 0502, DER0 2600BpEhet BY Litd rd egemserl 18, dédl gn Tei ce and

does not i
multiplier 135 may be configyured to.multiply.twoun=bitrdata

sets. To énsure proper operation,"theée fultipider*135 ‘may
be at least 2n bits in sizes Iﬂw%hﬁﬁpnes@nﬁmexempmény@;-
15 émbodiment, the multiplier 135 may be at least 32 bits in
size to allow multiplication of two 16-bit numbers. Of
coﬁrse, the multiplier 135 may multiply fwo numbers of any
size up to and including 16-bit numbers. However, if the
multiplier 135 multiplies numbers smaller than 16 bits, a
20 portion of the multiplier 135 may remain unused. Because
of the unused portion of the multiplier 135, the DSP 100

may not be operating at desired efficiency.



af fect the scope of the present ‘invention. The DSP 200 receives éjﬁgﬁP' gméhe
‘formof 16-bit data 105,. 11d from data buses. Each data bus praovides
pluralitywodl/183bit data sets 105, 110 to the DSP 200. Thecalusoahicey of _
'16-bit data sets 105 is input into the nultiplexer 115 and the plurality of
" 16-bit data sets is input into the nmultiplexer 120. The nul tipl exer 115
selects a single 16-bit data.set 125 fromthe plurality of so 16-bit data

sets 105. The nul ti piexeri sl Zohsd Bfdrse 2 ol = a set 130 fromthe
plurality of 16-bit data sets 110.- The s%?ect%d}%%ét_ ata sets .125, 130

are .processad +hy s DSP : rocess .t he.sel ecfed 16-bit:
data is szlt%lg%%%lg%%&%%n OS)I%'[ aéc-rq}gz ﬁ%a%és 0 r’%v‘fb ? S#Fb%effeﬁ% 200

i ncl udes l.ti pl.exers 205, ,210, 5, 240 and AlrUs 225, 230 which may
operate i %Bar al't %%‘T’ t%é’mﬁ‘f‘%pﬂr&é‘?‘elﬁ%@’ dEaporihathartyhize -bit, or
8-bit, operation of the DSP 200. The nultiplexers 205, 210.receive the

sel ect ed EEERLEOPd it g Bisrculde f r Sihe Helans 1140 exets dastaii®0. The
mul ti pl exer 205 selects the appropriate 16-bit data fromthe input data
125, 180 padtdatpprod@diist fhmma tES mulltel pitd dd ol ex eorcdds ) sarhsel ects the
appropriate 16-bit data WO 01/75635 3 0 SEp 200g PCT/LTS01/ 10602 sets

-from t heconptihatdoa b25:thk3paatd Quigiddudtdiin dald 2Rbs FaEourse, the
original data fromthe data bus may have been 8-bit, in which case the

~ 8-bit dat aghg1Bashed AeRuQwol he gl dlidlexes by, 1 140 the
ZAhUs 5 225 7230 The ALUs 225 530 AR théij%’- bi flq‘af%%ﬁ%,.ﬂ’z% and

perform bagkc it ti | Qqi at,j,ons, (di.rected -t SP 200.
The resul ?25 8?-@5'[ Efggeb%;gg?'all %%'g(a?rcetcﬁoﬁ%on %Iu %?H%'%ilt?lt%eﬁlltb.%/% gﬁsé 5 235,
240. The o multiplexers 235, 2 may then provide the data to either the
mul ti pl exggg ?Hg,t:@g@x@rrsdii?’@ct ﬂ%’st'o %W?Qiﬁﬂpt%%%rt%aapwmw pl exers
235, 240 also allow for the selection of both the sumand difference

functton €REReb9 RRSSWCRg ther Alloddssi ndhs min tHiplexenr 160 weceiweson The
~multiplier 135 nmay be used if n-bit processing is desired. As stated above,

the nul tipki an i8Buksthesivgded tof rhidet igsigumuile tobilt7 Suntkf sctead i s
therefore at. least 2n bits in size. If the multiplier 135 nultiplies
result of the multiplier 135 alone is desi:ed, the '
multiplexer 160 WOuld not'paés thé data to the ALU 165.
The ALU 165 performé basic arithmetic and logical
15 opeﬁations. In\one embodiment, the ALU 165 is constructed
of full adders. Full adders add three bits at a time, and
produce results in the-form of a sum and a carfy. The ALU
'.165 tékes the result froﬁ:the multiplier 135 and adds that-
result to the pre#ious value of the accumulator 175 Stofed
20 inithe multiplexer 160.
| | The output of-the ALU 165'may be provided to a

flop 170 and to the accumulator 175. The flop 170 has the

result of the last value of the ALU 165. The accumulator



nunbers smaller than n bits, a portion of the.nultiplier 20 135 %rﬂysgpe?@;n
‘unused and the DSP may not operate at desired efficiency. Therefore, i

(' n/ 2)-bi WOOHBEES or smaller need to be processed, the ALBCIZ?GS1/18808 nay
be used. This increases the efficiency of the DSP 200. - 8 WO 01/ 75635
The result of the multiplication operationis s iois 20 transferred to the
flops 140,'%35. The flops 140, 145 contain partial products fromthe

mul ti pli catidnVBLBEesEPTRFENESTI Hattiadn ofofalilheHartd Prerisluct Se byt ge
flops 140, 145 equals the result of the nmultipliers 135. The flops 140, 145
pass the plremathpr38licl§5to The molsti pleekeits RAPURHE tHE t1 4 exgrs
235,240 al so pass the result of. the nmathematical operations fromthe ALUs

225, 230 tadtbé tul thpl exenmu4%or239s, Dependd t ration npde of
the DSP 200, the multiplexers 245, 250 sel ect 1-{%en%gvp|oapz(;ecpr|"aii]tag"té'd’%u%1"’r‘TJ1f)‘(5":’pass

to the AL 2 2 (n,2 i 55 60,are used in. place of the
one n-bitL%iLF??% ?ﬁgv%éggigﬁDéng%géé#iFlaﬁpe%f t emgig%ﬂﬂ?%ﬁﬂ&%ﬁQhe
data fr.om i xer 245.,and, ad that result to the previous val ue of
t he acgunu%gfdgy%%%8£$h%nﬁiﬁsigﬁ ﬁﬁkgzetﬁéx&aﬁ§qw¥§§IQR?HﬁN#QQﬂe»@hEZSO
and adds that result to the grevious val ue of the accunulator 280. . 3 0

SEP 700 PCI?Y TXeFABERSOThEaduEplhe B8R sehprAVIdRSS asapnhd npndyitted:h® t he

flop 265 and to the accunul ator 275. The flop 265 sinply contains the
resul t of MhetiRbexenl 4B0of The wmalugssf the ddopnilat emy2?dd sl ue
represents a total of all of the previous results fromthe ALU 255. The

most recerprouiged af aheidhlk266 thAy hhieaibeeaddedsin t hgeaccumul ator 275.

J - multiplexer 180 allows the DSP iOO to choose whether to

10 output the value of the accumulator 175 or the most recent
?esult frpm the ALU 165. Once selected, this data is sent
to an output 185.

Figure 2 shows a schematic ‘of"a "DSP*200"for either

n-bit or (n/2)-bit modes of operation.accordiMigitosthe i

15 present invention. The DSP 200 includes multiplexers 115,
120, 205, 210, 235, 240, 245, 250, 285, a multiplier 135,
flops 140, 145, 265, 270, arithmetic logic units (ALUs)
225, 230, 255, 260, and accumulators 275, 280. The DSP 200
may be used for processing either n-bit data or (n/2)-bit

20 data, with n equal to 16 for the exemplary DSP 200
illustrated in Figure 2. Thus, the DSP 200 may operate

efficiently in either an 8-bit mode or a 16-bit mode. It

can be appreciated that the size of the data for which the



. ~'3 0 S EPZ4Q-4 © WO ~Ul /75635 PCT/USOL/ 10602 The new accu V\}’aﬂt gép\é&hue
“is then provi-ded in a feedback | oop back to the ALU 255. The ne

accunul atwP 045638 nmay al so be provi ded as an input to the pomtsoRhesoes 285
The value of the flop 265 may al so be provided as an input to s the
"multiplexes 285. In a similar manner, the output of the ALU 260 may. be
provided to the flop 265 and to the accurml ator 280. The flop 270 al ways
contai ns DI%¢ 2OH ormmitevdlaia ofattter Af) RGO g hehabes @t @se28Qoval ue
represents a total of so all. of the previous results fromthe ALU 260. The

nost r ecenff fewtpwthefsddie AU ) grisddien hemddad, to the accumul ator 280.

The new accumul at or val ue may then be provi ded in a feedback | oop back to

the ALU 260. The newprc QiU r nput to
the i5 multiplexes 285. The vaI tfee of the f t*fjhrfér;yf)aall g%gf?oragoj\?{l:ded as

an i nput h | tqi mul ti aIIowsIhe DSP 200 to
choose’ vm}d%ﬁ% 38:?#%1 Fd e ou &“}seosy' tng %S@ ﬁc%r%‘éﬁ'%%T ed, this
data is seq 290. 2f | ure 3 is a schematic aof a DSP 300
for eitheP Hrﬁ‘ﬁ'll%gr O(%ﬁ% bdﬁ% q?ﬁ@e?%fs 'atlljoch R eI PRE i 4R @r poTRei on
functions. The DSP 300 conbines the n-bit or - ,w, 3.0 SEP 20p4 WO
01/ 75635 Plpealuselcfod@2 il dats tsahs ti0d |Jcaatlrmu‘f5tzagm othe he DSP 200 of
Figure 2 with the single ALU 165 of the DSP 100 of Figure 1. Figure 4 shows
a schematimulbfipdeRs? 400 iamdd ddiengplaredliity maf tlif¢tbier dofa (32 -Dst
operation according to an 5 enbodi nent of the present invention. The DSP

400 recei yapudatation thize riditipQlexka- hizo datmhes ehis] €i3edd® f1mm dat a buses
(not shown). Each data bus provides a plurality of - 16-bit data sets 105,

110 to thgeDERL408 sHaIR weakiky dblcal Gt b 716 e (1 @y 1 fiptbe 1 N O

" the nultiplexer 115 an |othepuraI|ty of 16 a ‘set are input

06 I4° THLBAR. 8BS, 1k Vo bR S e ) 21002 400 2
iil)_eCts ,algi_g%:_e %ablstetdi%% %?:tomli%:% uz}ar.ll_eitp; uorfalllé-yb:LOtlc da|t6a béétgata set
110. The selecteq 16-bit data sets 125, 130 areuprocessed-
by the DSP 200. | | |
The DSP 200 may process the selected 16-bit data
15 sets 125, 130 in either 8-bit mode or 16-bit mode. The DSP
200 includes multiplexers 205, 210, 235, 240 and ALUs 225,
230 which may operate in parallel- with the multiplexer 135 |
'and'suppo:&t the '(n/2)—bit, or 8~bit, operation of the DSP
200. The multiplexers 205, 210 receivé the .s:el.ected' 16~bit
20 data sets 125, 130 from the multiplexers 115, 120. The
multiplexler 205 selects the appropriate 16;-bit data from
the input data 125, 130 and outputs 8-bit data 215. The

multiplexer 210 also selects the appropriate 16-bit data



is  The multiplexer 40S receives the data Z25 and out puts HU|t|$ b|t
‘dat a stri&&i $#§ 420. The 8-bit data. strings 415, 420 are rece JbéE%

i nputs by u ?llpller 435. The mul tipl exer 410 recelveleH%UﬁHHQNESO and
outputs multiple 8-bit data strings 425, 430a The 8 20 bit data strings
" 425, 430 are received as inputs by the nultlpller 440. O course, the

ori gi nal f t us ve heen 8-bit, in which case the

8-bi t datggégs-fgﬁh Eﬁ?o%é%ﬁ%oﬁaggmé @qgjﬁq?ﬁﬁﬁﬁjﬁmhm¢sdﬁtay passed
t hr ough th Iexers 115, 120, -405, 410 , to the multipliers 435, 440.

' The nul (991 er 3§°P‘é§§vv§§et peigdmad: sate Hinomidthe Al a 490s fmawy t he

mul tipl exer 405. The nmultiplier 440 s receives the selected 8-bit data 425,
430 from thRVenipeepl Bxbit4s10n Whdchulcrisel itdres 8438, & 4 ArEs geedsegsi gned to
multiply two (n/2)-bit data strings. To ensure proper operation, the

mul tipl i ershz®5gh 4¢he amalatplleast-sn 1hist s 1i2m,si22%, The my tigl iL1gs 435, 440
may be enbodi ed ~o using portions of the Iarger nultlpller 135 ile the

| arger snul23%p) i230135 nay be used to nultiply nunbers smaller than 16 bits,
a portion of the multiplier 135 may remain unused and not operate at

desired efficiency. pRy ﬂi. dbgg t?gongletf%glxlggrth&% b(wgrr%ltze ortate

of is sinply using two sna iplie erngs

may be pr 0.2 fore effl manner . The.results of t he

mul ti pl i ca.%%%g%’%b% ’é‘{‘.%ﬂé r@righ‘ﬁ}iéfleﬁpgd lpgicpd PReFatisms &5, The
flops 140, 145 pass the results to the multiplexers 245, 250: The remai nder
of zo theqaﬁﬁqﬁﬁﬁrkw Bher BEB 390desThrbuesubtwe ofi tthesef ezt tan&i gur e
2. The output 445 of the DSP 400 may be the result of the flop 265, the

.accunulat@mezﬁhenrmﬂtannhbatbe ﬁﬂMtlpﬂekbtszGﬁ 22Q0 --ﬁhe

10 multiplexers 235 240 may then provide the data to elther
the multiplexers 245, 250 or directly to the multiplexer
285. The multiplexers 235( 24Q.aLsQﬁallqwm£on%thgm@. |

---------

selection of both the sum and diffétenessfdrmtiomey . e

allowing for processing of an absediitye siakaie REetHon ™ |

15 : The multiplier 135 may be used if n-bit
precessing is'desireq. As stated above, the.multiplier:135
is designed to multiply two n-bit numbers and is therefore
at least 2n bits in size. ~ If the multiplier 135 multiplies
numbers smaller than n blts, a portion of the multlpller

20 135 may remain unused and the DSP. may not operate at

. desired efflclency. Therefore, if (n/2)-bit numbers of

smaller need to be processed; the ALUs 225, 230 may be

used. This increases the efficiency of the DSP 200.



't 30SEP20Q4. WO 01/ 75635 PCT/ USOL/ 10602 Figure 5-a schematic of a
“digital signal processor for either n-bit or (n/2)-bit nodes of ppﬁ’eﬂaﬁﬁ"oﬁm
accor di ngwione/78685al t er nat e enbodi nent of the présent invenpepmsoifivgoPSP 500
-in Figure 5 is a nodified version of the DSP 200 of s Figure 2. In Figure
"5, a nultiplexer 505 is placed between the nmultiplexer 235 and the flop
140. A second nultiplexer 510 is placed between the nmultiplexer 240 and the

[ Op. sa5a The mul | pheycessaPe aRdeRllnglLom shesbhoppdliban ot to

provide to the flops 140, 145. T| rgure

nodi fied. (I ordi t e di t of.th resent. invention may
be uSedi|$%5§é§§%?g§n£géﬁg?iglgégiggg’rgg rriﬁﬁedsﬁgPﬁligpocéééing. Sone
exanpl es incl,ude digital vi.deg caneras, conputers, cellular telephones, and
15 per sondPH T PEEELR L BReQUCES  TEQmbhe muhbipbbeat igacprdcegsto one
enbodi nent_of the invention may be used in a nobile video comunicator wth
| nt er net adt®eseomiyipapbmnef Pae feartiak padduthsi dnsthecEdspsy 140,proces s
the video data. 20 Nunerous variations and nodifications of the invention
wi || becoreds exalidds appareetuln ¢hosee skaltedliershessct . Thecenepagl y, the.
i nvention may be enbodied in other specific forns wthout departing from
its spiritlay, e4®pass thd partaD ol ' 1 S6ly/510602
characteristfcs. TE% detailg% enbodiéﬁ§;&§ﬁgf%ogghgoﬁé?ggﬁégggégagks’
respects - aspid | o t tricLiye.angd.th e _af .t he

U0, asTid el E b1 e AND , 36814100 HESBInLEREPRCOY LhR°

invention is, therefore, I cate appe arns - r

t he foregoqj eSCriptiQ s, All change i c Lthin the neani ng and
range of 35@?&%*@%%§£%f°§§£FE§§R?nggaFg fhgﬁﬁéﬂ;ﬁbgggegbéﬁtEPntPﬁeir scope.

. For exanpl e,. .whil e the djsclosure descripes divjision based on (n/2) data,
the same %W%ﬁgbgi%pl i RRPERALRG R chhe aPPBratéoy. mpde3pE,

(n/4), etc., CGenerally, the io divisionis into (n/ parts. - 19 3 0 SEP
2( ~~, 1wmathes REEy ) 1he multiplexers. 245, 250 select the

appropriate data to pass to the ALUs 255, 260. Two (n/2)¥
bit ALUs 255, 260 are used. in place of the one n—bit-ALU.in
the 16—bi£ DSP 100 of Figure 1. The ALU_255 takes the data
frqm the multiplexer 245 and adds that result to the | |
15 previous value pf'the accumulator 275. The ALU'ZGO'takes
the data froﬁ the multipleXer'ZSO and adds that'result to
the previous value of the accumulétor 280, |
The output of the ALU 255 may be prdvidéd to the-.
flop 265 and to the accumulator 275.. The flop 265 simply
20 contains the reéult of the last value of thé ALU 255. The
| ..acpumulator 275 value represents a total of all of the
previous results from the ALU 255. The most recént outpu£

of the ALU 255 may then be added to the accumulator 275.



1. Anintegrated circuit conprising: 5 a first processing path whé ?JhSEP 2004
'processes data.up to n bits in an n-bit nmultiplier;.a second processing
path operWMONHFS6IF parallel with said first path, "incl udi ngPETAIsOr/a0602y of
arithnmetic logic 10 units which processes different data than the data in
'said first processing path up to (n/2)-bits in parallel with said first
processing path; and a first multiplexer which controls providing of n bit
data to sai'e néwt agglinupbiter, van | iy r e from
said first processing path which ggﬁtlr%g%?@glr ?\%oétlﬁ:{gﬁ(l/%f é%tf%eg@gﬁ%% said
“second progggﬁi ath. kgita i § sqQr_ of aiml1, wherein
the first -proce}2§?EQ£gaFﬁepr}Kggeg§gé dg'th% %%%ng%fgﬁrﬁ.}sltagc'orzdraguem@;ai gital
signal pro of Clai.m.2, wherein the second processing path processes
data up togtgé%%%.p’ig"ldgdoaéEﬁnzégpﬁt iﬁe%%ﬂ%tlﬁ%r &resdHe of
Caim1l, wherein gata of (n/2)-bits or less is processed in the second
processi ngrdi®. 085 Bhe aAfhepnd§Somayr 8dess ey pdevd deshnas simginpdst ereri ni ng a
size of the data to be processed; and selecting a first processing path
with af n-#he multipleseri 28bhe data size is greater than a first size;

sel ecting a second processing path wwth arithnetic 10 logic units if the

data size is less than ahgifilat MmbABerandhepeiditd cxriwd iZrg 24y second
processing paths.in parallel. 15 6. The nethod of Caimb5, further

conpri si NGnzHf Obd avigsd! tof £RE EhBpf bEst 0Gessi QQ]I{H ' I 7.
The net hod ﬁ d ;l?rm 5, f-urt?ler corrprPs?ng sapgr iq:(rél)gstg%?éasu 4191(??%{ r&'econd
processin tdn | I JThe nmethod of _Claim6, further_cqnprising
addi.ng thgﬁs{%éﬂfﬁ% ?%éaﬁlg_rg?nﬁ?éggsépﬁgmﬁif:h rte('feg‘%r F@tidey ottHiein at
:Ieast Oneﬁﬂd¢£¥8¥'(ﬁﬂggégcgﬂbiétor 280_value represents a total of . '
10 all.of the previo'us resuits from the ALU 260. The most

recent output of the ALU 260 may then be added to the

accumulator 280. The new accumulator vablemMagksthentbemw
provided in a feedback loop béck to the ALU’260«A The%;g»ew
acpuﬁulator value may also be providéﬂﬁééwaﬁﬁiﬁﬁﬁﬁﬂ%bﬂthé
15 multiplexe¥ 285. IThe value.of the'flop 270 may also be-
: provided as an input to the multiplexer 285. |
The multiplexer 285 allows the DSP 200 to choose
which,valﬁe should.be output by the DSP 200. Once
selected, this data is.sent to an output-290.
20 . Figure 3 is a schematic of a DSP 300 for either
n-bit or (n/2)-bit modes of operatidn providing

interpolation functions. The DSP 300 combines the n-bit or

_10_



16 © 30SEP2004 9. The nethod of Claim7, further conprising adding A

"result fromthe second processing path to a running total in at Ieast onén

arithreti WAUSESSunit. 5 10. The nethod of Caim5, wherei RCTAUSOL/i0662

‘processing path is used for approxinately n-bit data and the second

"processing path is used for approximately (n/2) bit data. 10 15 17- -18 .

. A3Nl . AYn. AFHF. A3. AY. Al Y. A3F. A. A. A3. A3. A r.AY. AF9. A A A

9% Gdeu>ADGHEM Mbi tyhal 81 @ah:ahcakaalecakél' eakCpke: U?b% @f%lﬁ%@:%alzca] cajca
a

] ca] ca] ca] ca] cal] ca] ca] ca] ca] cal] ca] cal] ca]j ca] cajc cal ca!

lFy T
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ca] ca] ca] ca] calca caJcalcajca]c ca cal] ca!' SXd@BRSr O, enqz${vql gb
] ca} ca} ca}"‘ba%&lai} %%i}}%}a] €<]a]-'c}3']lé ) ]-ELPE]Q]?é’aj-ea] ?;;Foar]:ica]ggac]of:a]?ng] 1:?;] 1:
a] ca] ca] ca] cal] ca] ca] cal cal $W\ +
1&gt ﬁm%wwﬁ}b@mms{ypy]m@nmoa}caq:ha] DSPcaPOakeakdakea] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! $$%KUYPYWRBAG&
&& (Y(((((@ata))ig whe )joim )sFvigvigl gbdatd] setsalos] cal oakeahcadkeal cal cal ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] cal v+tw++++

++++-, G HYHuses Mnot -shown) . - /Each data b d
1YV vv/ /0J0}w mhc”Y] ]]] ca] ca] cal cal. ca]%aUl]l?:a f:% Jéa ga?cgf' ]:,ga]oca] cal cal] -

V447 5pSSS RGO R o VI Cal £ o) cohe ?22?@%%12%%233%23 - cal

_ '] ca] cay cal]eca]lq:a]é:aa{] a; ctag cladga] cal ca ca] ca c 1]ca] cal ca! 07h7778K8888888L9{ 9

....... re-in he'multiplexer 115 and

<Z-<,<<, é:, —=—====

ca] cajt a]/ &% aﬂl&f%égﬂ}]]lé a]L‘ﬂc ?GH%]ctg] 1?%: ;??%ga]c%l}&;;]ﬁ;ﬂ«:ggllgg]igggggy@% 215,%\2]6\
AAABB

B[ BBBBBBCIEREETAHegh] D] céﬁk%t]@bl]ﬁﬁ&%]@&?tall}&aﬁ]eh?c’a'ﬁ ca] shhgakcakea] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! CCCC@JEXElI EEEEF, F- FUFF
FF! GYGGGGREtHabaH sled] "125 Bocswitthe?|plyx=] tiay cof chéelnl tafisghcakeallodl.ca] cal
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! r JJIKPKKKL%.

/ LeLLLLLL @ieMniiiidVetd31120 rsldest sl ] $4d¢pd cré o] ealigphcabeajaal cal cal ca

] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] ca] ca] cal ca %1eug|—|)

S10%& () - EzbRMEne) pd SHM JoM1 EIE s A—éy%(ﬁ%é] 109 (

, & 109&' () ->AdE) SI10%& () YIO%&' () 109 109% 10%& () 109 () -

3" 10% ()- ADSYEAE)  $h W03 o MK (dosryd 0o dd (R 102€. (125192 O
outputs mult:Lple 8-bit data strings 415, 420. The 8-bit
data strings 415, 420 are received as inputs by the
multiplier 435, The mult:.plexer 410 receives the data 130
and outputs multiple 8- bJ.t data strlngs 425, 430. - The 8-

20 bit data strlngs 425, 430 are received as inputs by the

multiplier 440. Of course, the original data from the data

bus may have been 8-bit, in' which case the 8-bit data is

- 11 -



F1109%&' () - Y&L09%&' () - El JKLM{Y: S10Y! 109%& () - IOY( 109%& () -! &Y( 10%é/&' ()- 10 ,

"10 10s$<10%& ()-!|y810%& ()- L- DAE{Y: SEP 2004
'S10Y3" 109%¥G 0173k 0 V& () 3@ 10%& () 3&MLOY&' ()- SH10%& () - {%4@ Da E
dE{Y: S10Y&z 10%& ()- $:10%& ()- 109& ()- f &LOY& () - Llo%&'

©3109& ()-E | "O[dH Y: ' S10Y310%& ()- Y1@0%& ()- @:!10%& ()- &- 109&.() -
+GLO9%&' ()~ (10%& ()-{!F~\= S10@O0% ()-!FF( 109%K& ()-!\FF(10%& ()- 10 10

10: 109& ( Q&

| 109%& () - %ﬁ?‘% (gaééfgg(yéhe:fugﬁ %P@%‘o Jﬁéé%?%ﬁ BL5% 13405, 410

" S10F 109 9%z_ 10%&
&S o(%he %ultipligés 435, 440.

- The multiplier 435 receiﬁes-the selected 8-bit
‘data 415, 420 from the multiplexer 4’05. The multipiier_440
5 receives the selected 8-bit data 425, 430 from the
| multiplexer 410. The multipliers 435, 440 are each
designed to multipiy two (n/2)—bi£ daté strings. To ensufe
proper operation, the multipiiers 435, 440 are at least n
bité in siie. The multipliers 435, 440 may be embodied
10 using portions of the larger multipliér 135. While the
| larger multiplier 135 may be used to.multiply numbers

smaller than 16 bitsra porkiss _;fi]&ae 135 ey

sdgas

e

.~ By

remain unused and not’ opexatg at deg&;edéefgic*gﬁJJ

dividing the multipldsmei 38t nee=smakdiceteonpiin

15 simply using two smalle; multipliers 435, 440, (n/2)-bit

data.strings may.be processed in a moie efficient.manner.
The results of the multipiication operations are

transferred to the flops 140, 145. The flops 140, 145 'pasé_
the results to the mulﬁiplexers 245, 250;' The remainder of

2d the DSP 400 may-operéte as-desdribed above with reference
to Figure 2. The output 445 of the DSP 400 may be thé:
result of the flop 265 the accumulator 275, the

'accumulator 280, or the flop 270.

._12-.



"109& ()~ !10%& ()- !; YSH10%&' ()-yl0%: ()-2n6naB-\ = 2 0,SEP 2004
S10s @10% ().~ &&310%&T()-|a " 109%& () -, 8109%&' ()-*! 109%& ()- Y(Z10% )3

nt uvwdbC BOM1B56350%@& () - 39- 10%@& () - &Y" 10%@®& () - 3( 10Y%@CTWS0LHD60R0
10F9109%& () - J~i yaBbC S10y#10%@& ()-Lz10%@& ().- ! 109%@& ()- 93! 109%@& () -

1 @#109B8& ()-43 10%@& ()- ?xdEbC S10- 10%@ ()-1+ 10%@& ()-S) ! 10%@& () -

& 10%@& ()- %10%@& ()-! 10%@& ()-' SUWKxnb@ S10! Y&10%&' ()-M 10@ 10@

- 1 004ER, - O4ER,! - 10! 10%|'&'
e & ) rmatidurd B QUhdhat 100N &g (R AEPBA T Bl egdale O
| 0,
Sigoégé??%p %ﬁﬁ%@?f) TabhaRF ( fnéﬁb@E%F PO 09 sOPF L 2ER PRUBCLOFGHERT
10TY: 1094°&’ () - gO%T&f (3 llo%T&

L2T109%& (52 B F ¢@?@5%F%§tnﬁﬁzﬁh@/Pigﬁeﬁlowaygptlon The
109%& () - nBs#lO%&f() 33'10%&f() I"Y109%&' () - 10%&f() 10TSWIET/
10T, #& 109%8R )2.0ff ATod qures'S isERModiFied version of the DSP 200 of
|10%&'() FS109%&' ()-VY:!10%& ()-Z#\ dYNC
Flgure 2. In Figure 5, a multiplexer 505 is placed between
the multiplexer 235 and the flop 140. A second multiplexer
510 is placed between the multipleker 240 and the flop 145.
The.multiplexers 505 and 510 allow selection of the input to
provide to the flops 140, 145. The DSP 300 of Figure 3 can
10 be similarly médified.
The DSP according to an embodiment of the present
_invention may be used_in'place bf-an ASIC in devices
requiring digital processing. Some ékamples_include
digiﬁal video cameras, computers, cellular telephones, and:
is personal digitql assistants. For éxample, the DSP of
according to one embodiment of the invention may be uéed in
a mobile video communicator with Internet access. The DSP
may perform the calculations necessary to process the videé
data. | |
20 | ~ Numerous variations'énd modifications of the
invention will become readily apparent to-thbse skilled in

the art. Accordingly, the. invention may be embodied in other

specific forms without departing from its spirit or essential

- 13 ~



10T; 10 10 10: 10% ()-6'! 10% ()-3 10%&: ()- 110% ()-Fly/ 10% ()~ 3 § deo o
" }A2YNC 10T #10%& () - o

1098 () - SNOO@1/(963910%& () - ! 3F) 10%&' ()-! a%3F) 10%" & () - !! &ctndciABahC
10Ts" 109& _ -

10%& () - m (12)0/&' ()- G 109& ()- Sl %09 () - YILOUBE () - i #VA#S?$WSaBYNC 10T3
109& ()-1- 109& ()-Y/!109%& ()- Y+ 109%& ()-,)! 109&

()-
Lo Shaar %g;%@g@%%ogg%a%@ﬁ%ﬂé@ fat) 13%48%0) considered

0 09 0 0T-S
108é§??)() %%P ggla&%& ??1Qi§ £Lagigglgﬁg5§5é)rgﬁkéléé£32 S%é
I\1$ $10% "y 10%& 5)) Z-#10968& ()-()>)u))))))dYNC 10T 105 105
105910968 %ﬁﬂ oBe: Of- the1ddgentioniievpeherefare s 10abeated by)the) dEYNC

10T 010%& () - YO0%& ()- 109%& ()-, " 10%& ()- YLOY& ()- 10%& ()-) Qr+++-, ], dEYNC
10T ! 109& @ppemde&.clalmGWQathes&iﬁ@ﬁ@by)the foreg 01n% descrlptlon
Y: 109%& ()-s!10%& ()- j,,,-Mx--dBYNC 10T! 10%&' ()-Yy) 10%&

109%& ()5 39ADYEERAngE ORI Ch - LR Ehin - the 'meatYNGnd range of
equivalency of the claims are to be embraced within their
scope. For example, while the discloéufe describes diyision
based on (n/2) data; the_séme techniqués could_be applied for
any separation, e.g. (n/3) , (n/4), etc. Generally, the

10 division is into (n/m) parts.
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“IYI10{\: 10T , 8(10%--& ()- :&10% & ()-L!i 3+10%&' ()-m x3+10% 8B(S)EPrﬁ0mO
10 10F: 109& ()-0J000041j 1dE{\; 10T MLO% u& ()-!10% u& ()-s 10% u& () -
10% u& () -, &10% & ()- -10% u& ()-j 12N2{223C3aB{\; 10T

| #10% u& ()--$10% u& ()-'y) 110% u-u& ()-'L" 10% u& ()- 3%" 10% u& ()-

1 10% u& () - SC3s33333333b@ 10T ! 3) 10% ()- M3) 10% #& ()-M 10-u 10-u

10- uY: 10% u& ()-34!10% u& ()-210% u& ()- 3V444475p5aBb@ 10T !

10% & () - Z1089\& {P- CLATHEPS'IE): -

110% & ()-310% & ()-4!03) 10% () - Mp555#6607h7dEb@ 10T ! 9'

10% & ()-39%10% & ()-3'10% & ()-FF'10% & ()- s!10% & () -

FI 10% & ()-3h7778K888dEb@ 10T | 4 10% & ()-1!10% & ()-1/110% & () -

10% & () - +! 10% &1() A8) 10%k&ri)<d888888L2 29fpritaThs

H*109& ()-3S10% & ()-!  F+10%ld& ()-! F+10% ({(& ()- 10t 10t

10t Y3: 10% & ()-99:;:;t;;aB{\: 10T! " 1109& ()-S't 1109 (T (& ()-S
L10% & ()- 9409 ()- '10% & ()-1 @BLO% & ()-;; <Z<<<=dE{\: 10T!

: 18% g §g g g(yéi‘;f(%)gzi:l‘é%é“c‘gs(s)lng 1391%%@1%%}9%@5@5' data up to n-

bits in an n-bit multiplier;

a second preocessing path operating in parallel with
said first path, including a plurality of arithmetic logic
10 units which processes different data than the data in said
first processing path up to (n/2)-bits in parallel with
said first processing path; and
a first multiplexer which controls providing of n bit
data to said n bit multiplier, and a second multiplexer
15 separate from said first processing path which controls

providing n/2 bit data to said second processing path.

2. The digital signal processor of Claim 1, wherein

the first processing path processes data up to 16 bits.

20
3. The digital signal processor of Claim 2, wherein

the second processing path processes data up to 8 bits.

15
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) !V F+10%J(J( & ()- SIEXEl EEEEFJEL>0 10<< 10 109%V& ()- 109%VE ()-1"10%v& () -
&10%VE ()- DHOUME'SE) Nl QMR () - FUFFFF! GYGJEL>0 10<< 10y#109%v& () -
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5 5. A method of processing data comprising:
determining a size of the data to be processed; and
selecting a first processing path with an n-bit

multiplier if the data size is greater than a first size;
selecting a second processing path with arithmetic

10 logic units if the data size is less than the first size;

and
operating said first and second processing paths in
parallel.
15 6. The methed of Claim 5, further comprising storing

a result from the first processing path in a flop.

7. The methed of Claim 5, further comprising storing
a result from the second processing path in a flop.
20
8. The method of Claim 6, further comprising adding
the result from the first processing path to a running

total in at least one arithmetic logic unit.
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5 10. The method of Claim 5, wherein the first
processing path is used for approximately n-bit data and
the second processing path is used for approximately (n/2)-

bit data.
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