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Abstract 

'lhe tnonselr:is de.ma.nde of diptal llpa.l proceu­
ille tD aV10nJc ret.1 Um.e appllcatiOl!le a!oa, wltb tech­
ooloc:Y advance• bave bt'OQCbt the aeroep,,ce trdlltry 
to CIODl1der the utUlutioa of a bigb-tpeed,, mo&dar, 
procrammable elptl pn>ee.eor for om paentton 
aircraft syetem.s. New architectural technlCl!,ICI, 
LSJC tieohnolog:tea, and tnncwattve aompvwttcnal alp­
rltbme wUJ be the primary facton for tmprovtna: 
proce.•tna -,et.em perfonnpoe. 1ble paper e.><plore.• 
tbeee new ooricepta tn view of future mtaatcn requlN .. 
meot.l , arid proceeeor dellp guldeltne-a baeed upon 
actual e.xperleocte ue preMJlted. 

L "htroduetlon 

n ,e growtna threat• and mtelllfon requtrem.eote for 
mUuary at~raft tn lbe 1980-1990 ttme frame are ex­
pected to call for exteoatve proce.atng of lllformatt~ 
coat:a1ncd Ul complex radar, ECM, commmt1"Uon1 
and 8.COII.Uc: alpala. U~.tll rlfOClU tilnoe, I.Dlllog 
equipmeata dorntna\ed elpa.l pr0c,c,..I.QI. The oon.­
Yeatlooal analog f!M)l'Oacll nftero:I from rtablllty, 
fte.dblltty, !dee, IIOCUrflO)' ud d),wnto r8JIC8 llmlta­
ttooe. Reduic:tlm tn the COil ot dlgUal hardware and 
partlca.larly the adwmt r.t 1B1 ta br1Dg1,!,a: dtgttal hard­
ware deeper tnt.o analog are-u, u w,ill u Into areaa 
wbe.l'e atgl:W proce881rlg 1D any form baa herctotorc 
be-en tmpuottcal. 

Sip.al proceaai:ns tD todays m.ult11emior Lntera.c­
Uve avtoalca r8QWree \'Cry hlab tllJ'Ouallptt macblllcs 
ca-p1We of perfor111~ • wkle va.rtety Of 1ipa.l proc­
H8UIC alSQritbme arid 1lmultaneou1 pre- and post­
proee,aills, dlaplay torm.attltJC and enhancement tmc­
tlcma. Spcolal~ hard-wt.red dtgltal ayat.eme 
were uaed freq11elltly 1D put yeara for tbea,e systems 
deepite lbc mfavorable etreete oa ltfe oyde coste that 
reeuJt.ed from the deel,p ->! a MW prooeHor tor each 
appllcauoa. lblttally tile bard-wired detfgna appear 
Low ta developmeat time and rtek but, '11ec the over­
all avlODlc 1')'8tem le oouldered (LDcludlng toetaua,, 
aipport, p.rOCmct lmp!"OffmCD'l aJld Deld paorat1011.). 
1he tnae de.elopmeat ooet le !,Jper. 1'bt hard-wired 
llflPN>IICh ellOuld be ~rvod for tpe,Ctal appllcatlone 
wttli atJ'Pl,caJ 81a:naJ proceHl,ng n,qwntmenlf and 
llmJted poteDttal dl.atributlcm. Reoeot adYut :ic-, In 
cotDpllter ucblte<!t'.!?"e &DI! U1 t t..-ch.-,olO(ty. ~)Dem­
l)hael1 cm rtududl.blt.lOD., al'ld ourreru. 1t1Wlemat1cal 
d8"f'elopmeate a.re all oballeagmc the ael'Olplee lDda.a­
try to develop a progr8.D'l.ll'lable-dJgtta.l-co~•r -fam­
lly optimised for elpal prooeeetng. Comm,e.rola.l pl'O­
snmmable ttanal pl'00$890re are being uted 1n Sll!Cb 
dlTVN fleld1 U 11e1aml.c and mecnantcal ltl'eu 
a.oalyele wuh 1M>me degree of aucceas. Program -
l'llable slpial procueor• ue aleo being used WUh 
ao,- tu.cce•• tn avlon.ie multtmode applica.uona. 
SO...\lff. to a.c:tdew the degree "' efflctency &ad 
lleldb[1-y that 11 necea-.ry to pr,,veot proltferauon 
or aYiolllc procrammable anit bard-..tred deetpt, a 
~ plaaoed and apectfted f&n:.Uy ol pl"OgT&ln­
!Ul:>le flpa.l proceaeora needa to be deYeloped. 

D. AlrborM Slpal Pl'ooeealng Requil'el'DCll'il 

Ma-., dJgHal t1cftlll proce,uore, (e.1. , the E-2C 
A.EV/ rt4ar' proc&NOr), ue cu:rroatly hop\ornemt.od 

u ,pectal l>UYl)Oe& bard...-.tred proceeeor• .titcb perform 
a oomputaUonal task dedicated to a parttcu.lar 6l'atem. 
Tbe oomputattooal muct'l.lT'e I a ulNlllly bued oo special 
coq)tllation u.nite - hJ.Cli,-~ nmlt5pller, adder, or 
mWUply a.rid add unite - and the dealred level of•~­
put 1, achieved by repllcatlon of thOH co~ri utl!tl 
to a combination ot parallel; ptpelhae, or ~ 
architecture. For epectrum. gen,e:ratton, tbe FFT butter­
fly bu often boon. the utuunettc kOl'nel t=plcmetl&ad. 
Future aircraft • tcnal 111•o(!H8JQ8 NqU(Nmeml are r.­
vtewed briefly tn tlw tolto,r,111C paragraph.a. In taklJC 
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tbJa look at ful.uH reqWn-mellhl tbe a.utbore were r.­
lmpreaeed l wU.b the dtialreabd..Uty ol ac~ a multt­
J>W'PON prcaramrublo ,1pa1 prooeaaor family cap.ble 
of effecttve Nconflpratioa to enooft1)Ut the maJ,or 
areas ol application. 

Mi..-lCD Requlremmrta 
, 

Whoo eat.bllelwa& ftao.tre a.root.o d1sttal etpal ~ 
euor requlreme11te, one llWft beCln by loNOUtiDJ overall 
mt.ulon N(IWN.:lnentl Of flltu~ &1ro.raft. o.rumman bu 
ooulderable expertcmoe 1D vu-lout WOraft •~• IRdl 
aa drie E-2C Early WU'Dlq" System, tlle A-6E All Weuher 
Attack Syetom, tlle EA-$8 and EP- 111 Eteotrom.o Cocaer 
Meuuree Systepte and tho F-H Weapoc Syflem. At pre•­
en&, Gnunman II part1ctpatln1 ln aome RliD program.a ror 
NaYY. V/STOL aircraft and a next pneratlon attack eys­
&em 2 called Radar Owded Weapon Sy,tetn (JlGWS). 
Prem the nlated overall future mlNlon roquiremcnt, 
we ta,'8 attempted to ucertaio al.pal pi,>0H'1A1 c~H­
Uee ttw will cootriW. elp.lfteantly to Mun aln:nft 
mle81oae. 

A repreeeota.tlve group of aircraft mt11toa modet ~­
qwrt»g dlgtta.l aipal prooealdnl a ro shown catc!J:torlied 
uilder radar aJr--to-alr ud alr-to-l&(Uld ud other eya­
tema In Figure 1, J'ieu.re 2 lbon proJeoted aerou,aoe 
etpal procoealr:la: throagbput reQl,dremeta to ttricee 
&NU. Radar sip.al pl'OOCMing la tilt 11\0Sl widely dJa­
lTlbCJted appUeatton in avionics and le N.l&ttvc1y ht&:b I.a 
thf"OQCbput N\Q\llremeata. 8or:oe tbzq,,le lrna,t proo-
eseiDg tuke euch u brtgbmeu tnnafor aro betDa per­
formed 1rl real time, as well u DClll•real time hnaat 
eaha.ocemcmt Oil lbe alrbone stpial prooeeeor, tn r.de.r 
and aoousUc awllcattone u UldtcMed tD the dotted p0r­
ttoo, Ai!Pllcationt alnady mat for real time I.Ma,e 
pl'OCCfllnl IN0b u pattem rooopltloo wb.kll require 11,­
nal pNC~ tb~ Of 100 11:1.ep operatlona and 'I>· 
Tbele aff .iw-rently betrll done oo.ly on the srcmd wt~ 
la.rp-9Cale 1yt&em1 on a oon.-Ntl ttuae bull. Certain 
l lpal prooffelng taekl to p&4t1ve ECM 8IIOh .. fonu.tlOB 
of palee deecrlp&Or• bave been bandied by tpeel&1 pupoae 
hard- wired pN>Oe•ora. 'DIMe deacr1pt0n may be q ­
plcmented by pllae tlpia.tt,lre &edmfque• 8ldl u Beeael 
lrUllfon:a1. etc. , wttb eome retated tukl bandlod by 
m.a.croe <lll • pror,runmable •!pal prooeMOr. Pl&t:l.lre 
ECM 18y9teme may hllldle eevertl mJ.llJOD pc&leea per 
eeoood. Traok of h~ of em.tttere or radu tusetl 
tnvol.,.. IHOc.latkm of stpatvea: WUh l.a.rp ru... I)e .. 

m.a.nd for npd .-of track. m.1 t• • aipecte,5 to reqw.re 
an aelOCtathe J)J"008UOr or oomparable ueociattvo 
mac.roe and npportlve ardl1teobtn IDCorporated tnto a 
programmable array prooeeaor alcq fY'.tlri t:i.e OODftOUonal 
e1pal p,roceeetq tasks. 

n.e proaedure of deftnlol e:&pa.l proooteor eperatlOllll 
requlr-em.em. oon.tlett of proareiaslwlydeftatail tu ltnc,-
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'11w ~ ad ldt tlQe of 'llllpt'ffl'~IDl!lllli lnvolve1 
an&)ySIRg ~ ~JIii or U'8Dllfotm ~ e•r,..._, 
Ha llODl!'.Q'.I, pnpertlH ta facUitate COID'blnlQI NV8'n!l 
In~ into II male ~um tecihlllquo. '1be reatan.a 
,u]u- trautonbfi""doe1 dlta 'oy comb~the muffldl-
1t1e:ulolla1, ~ ml NTI' ~tflol.U)'" 1be, Fermat 
l)tllllher traufon111 ~ . 'l'b11 re~ '11!1 a prooei;hllle 
dial \ll'llltzea 6lei ,ca'l" :to reduce the c.a.culll!litl!m ·- · abort 
tranafonu :D elllCh dlm81Mdcm, lbl.ir1Jnt11Q1 the !IIIIIJlbe-r 
ol :mw.~catlou JDd rilq)laoUII blO• muletp]!tea rith mlft 
open.tiona~ ~ thE11 time W9 mliltJIJod ~r•, to oJfer the 
beat ccmqdatlOIJe:li so. bt_tlofi ~ l\ai:t\er ,1dfori- oouldl 
be ~ m ~ a_ttempt to mln1mllle aie monbl!lr of 
eddlttou n:iqvlred. 

The ,BJdv~• o,t UJ,eae IM!'II' p.rooc.l!lsfnf loctim(lueJI :bl 
t.!irm.t11 of speed imd !ICCUftOJ will ~ lliffinuJl■!J!i 
®~81 .in future J11'<>eclllll0l" deer.tp, The mi,jot IP~ 
at tibia time 11ppear1 to tlfl ee abt!lity to ·perform refmlue 
artlhmetto. 11w ~il ~ua would !be II Me:uerme 
prime 'but tin: favOred cllll.dlc!Atie ill a Fenoa_t JJIIJllber. A 
reoe:nt IBlChe:me :lnwlvtqr ,111 dllllDl~ repreicntatlon 
fionl3 11eems to cdf er a rood ~••~ Tie ,effect a OJI 

prooeua,:r and syite:m ooll~re are dScfflcult; to p.re­
di~ id tlli111 tiffltt . ffCJllir,G\fer, t1'8 lnl!lreued a~thm 
apeedl c~ed with t.ecbolQ8J• ad.'vance11 wflll deftJJl~])y 
muc the p:rc,cnm,nllil1e prooeel!IM a maJot OOl1teJW:lc r,? 

ne t &Clr.UIOI!! of program11Ulbtllty would 1111 ·tnidlo ..., lzy' 
.ui. ablilty ta se,r.v.tc,a man than a Ulll4a 11\ib.ty&tof!"I 
4amolll' ~r ~I). 

J\1'. Sylltem Armi~e 

~ pl'®ciiHH tn ·t?ae put C®ld be~~ 
by UJ111 w.ayt 1'll wlll~ Ute)' lQ\ple11!,4!rrt, a ~.r:t. of atrnul­
~ . ¢0JRp11.~• • • OJil)Cl!!IEld to general purpoae aom­
pate.r,11 w'bicb at U )' ·poblt tn Hme are ex.eieuting II si:ngle 
a:rubmetlt add, ahffl, t-ranate.r, etm. And wnlle new fBll!t 
Von :NeUIIIUlli de■lpa l!!Ollld ltamdle ■ome slgm1 prveeH­
ing t.uli;s. tllen uv {a111 iDdlcded 1n the ltrl!t aedlon of 
drla JMIP8r) ao many !high apeed l!l4pail p~Aing taakl!I 
whloh :a.:"' delllreablo on a relll1 time buiia 11'1 fllbwe, 
&viwrlei that th.s pt.esa for faator hQplementatlGnl!II will 
CQll.tfmlo. 

.i\:a ~ of ha:rd-wirl!id 11rchitcdunia. over p:ro~ 
p-amm:a'ble ardiitklciu:rei, ta apeed. or tltl'Ollgbput With 
a nrllnunum of ba.rd:war-e. A bard-lllir.ad! ~tem OIUIJ t,e 
gptimized to solve III apecilled problem :ID. a llliiCttfled 
tima. lmp])folt fn thhl adv~ j• its mi.,1ril" Yf~ilk:nci.t. 
:I 'lri/U blllDdle: only lbe Jlmlted :mimbe.r af IJ;ortthm11, 
p1u·unctcr wirluio1l8 ud operatioul modle11 for which 
Lt bu, bcor:i deiijped, mt cu a:nJy be adafted to new 
probl•om■, if at. an, 1:11 nardwan , modifieatl.Qil. 

P!lograll!IMal>le- 1111p1. l)~r11 l'.'4!iqlllre addJl!:fom,l 
bardw.ue dlOVe 1bJt Of' ,eqi,Uva:Jem; llu-d--wtrodl dealgmi 
fo:r p~uri comrollcd decliaJoos. ~alllona and 
atee:ring of~ ·tli!rovaf!. lhe ID'llhmcttic· elsmcmts. 
MOIi& ,progra:mmahle de ~11 tl!IO ~re hl~euod 
COmp,tdaUou]i time tio iOOrunplltb 111.el!kl •opc:r,atluu. 'll 
is posalble fm,:r .a •-ell • •fOQDt PFOgf'dn:mahle de&:lgn to 
QProa_ch equinlem •~ on ae mlljor ~ca-
tl.(QJB u Miu.Id be adble\li?d QA • baid.-wtred ,(lo,a,:tp wUb tbs 
~e RmC a:ritfunetlc elemmu:1. at BQ(ih i proptmma'ble 
d.e■tgn will defllnliely reqtUN, .Mltiou.l hudw.an lo:r 
prognJD ~.. ii .addllloni !lt Vlll re(Nl:re a lwl bq; 
of udlited\11'-&I_ ~11. t-0 u'IIJe.w die ~oe111&ty [lil1'0• 
~un OllllU-Olled lttmul'tan;,C>YI m~ !&CCeliiiCIIIBI, add­
reu oo~. arnllmetto Qld IilO 0pcr1Uon8. 

:!ulJ alpal ;procee,rors :In radar, proccws ~l'OJ~ 
mi ... ud for that m-.er ■ « mi.to C'llrR.llt Uld very po'MN!l~ 
detllpt 1;1&e a il'arp ~al IUtructkn aet havll)g· Ptiffi8" 
48 m 98- btt fonnal:i. 1'11e1111: Jonnabl ue broken 1,U) Udo 
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mlllUP,l'e IIOIU'O~diednattaa ftleldi for lilmlllaMCIIIII pro-a 
o,am OOS.rolledmulitp]Bdll or W-. did NpUta to 
mllBlple uiUlmsUo e}sm,mhlt, ~. addrNtl, 1111d 
data lMffer,., em., -mie wllcilly ~ pili'p:iiil ~ 
time ad apeolal ·~,... iJ,p~ ,gt,ae.,, de• 
idlD.f ~ tllt•. -'IJll)ftlach lliLdlnCtlve ~:r Mure maltl~ 
~ &Yl<!DIC talgul'. pftl(lel■- IIJ1Plh,tatfl'IIIII. 

'1be.N e:dll!l'tll 11:0J! oOIDJlliODaltty ol illlardwan ~-
1num. for ... de.ap if1at faaUlldei 111• of fb8 bdldtq 
blotk mnodulff &velaped fo.r pmerd pl,ll1IID99 ~ 
appUcutcu other._ the uuaJ :inemc11·1 e~ :mod­
\llca.. bllt.rly, +be P!'('Acln,s· qt -11 'J/0; ad'dnlala, mih­
mctfo, ~ve, t,Ddl Iotdc biaQ on cme lup ~ 
format hu rce.ulted bl need fot" ,,peoj.U:, trd!led appllc1e 
HOU pfc(!:ff~IU:rll ."' Jll'Qll'IJD ~-OIJ tllntl IN er,, 
be opltnged. 'l'blill!I l:aa left litlle ~>1' ~ 1111!111!1 af 
~ ,111i,embly ~ hlsb o.nle~ ~. or for 1be 
devel.op1M!11: of uaeable c:JI\Cll!llll u•1nblen am dlclent 
compll~H.. C,l)tl)lmQll.lltty II Q ffl!pll"IU.I ~ tbiC bu 
:not ~ ~el:Y Naitled 1111 ·the gut. 'nit ladol- I• 
lidJ3l!euid ~ tb ocmot of udlffe~ ~1 u 
&~~lo11'. -

'Mt.1iUprQ(lll!Blllm' :!,w:roaclla 

SOl'i'!,e prorrammab'le 11tip,&1 proce111111tt ht.tte taktn oa 
rat1.1N11 of rnu'blprQC1eaaor iil'ddt.etan11 ,, ·1nc·tud1a, 11p-
1U&tei1 pro.gnmm-ed pr0C11■1101's f Ol' HHltm:ttlc, lddtt..., • 
i'/Jo lllld eMiciultva lmwl:iona. IHM11eww, th•• dtfftt. r.&4-­
lc..lly f 'uim. :tl'!e typ:feal. mulliiprocdtor ocnftpl',l.tion In 
lbt Nn\e ol tho procesaor anita bl.Ye ~•l Jll.lrpoN 
fwotto~ wMoh &n1 uniq:ue to signal J>l'OC:faain( and, ,10rno 
h11,v-e llJWflle ,IU"cihlteomrei a11 well. 

A woml l!l!tq fearure of tlw muJtilpn>Cfl,80]j' aro1ctitt 
to 11IID&l procoH in; I• !bat dto addreH, t/0 ud euoa.­
tlvc ph)[C:~r unit• may be tl.mpleme:ld:ed uai'nl amaH 
~al Jll.lrpi).H co~utere. J/O proce1111l111· and oceU>­
~paJly JdclrHsl:ng (fir eueutl ve Iuncilons ~ •B'MD he, 
lmpliemerited 011i de,dJoued mlcrooompute:1'11. A mwtt• 
pr'O(!le.$toT a1rC!hiteot111re sut?b 11111 IJ: abown. ba. F:lgure ii la, 
h vJl(!lt;iVe of a. ~ futQre 1!!l g:n&l [PNC!Jell.Slng c,ould be 
hnp.~"11.111~. BJ' alll!M .,~l m(l!du!U' fl1!plrwla'blt, ge:n­
CTJ :Pia•1wt e co,.mputcf11 tor ,e.~1.ittive, t/0 111ml adihe11111 

procca:atrw: Ind t ltiml!lrdt,ied ft'lodu~ DIOIQorl ea ooD­
aldenble wmmorulllty cu be I.Chloved 11itb odler &¥ionic 
dtgltal co:mplJle:r lw'dWWlllll. 

Addreas: 111m J/0 Proc:HallJ 

'Ibo cledl,c:atlon ol ■. icpulte prtica11Nr ·to p:rot:nmmed 
co~ &nd evnttol of multiple 11Lmulwieoua 111U1m­

ory IIIIIC!eHlor.s mllll'udlng multlanay IUHre.aa. :ltdexl.rw. 
orthogoaal ao!Uel.!Udona. I~ cnllllllmg, ,oue1111~ 11!1to. 1 ia 
ulatlvelr unlqwe, to •lpa} :p:rooetalng.. Yet ·wbe'!'e 
fdand.ardked multfbu,\I, co.._rol, memor:1 mterlaav,e, .-nit 
multlport sbar-ed memory (Ir ll\~lme~le!!· ar~ ~l­
,ab~, a ,1"1Bll 1,eo&N.1 purpolll,!I comp-uter wldt ~ 
lo:r oomr;,trtedl ,addrtiitoa ,cg lbe, ~- to lflV!le~ t'bollii 
pa,-allel aHOHIOft IMbi+ ~i01'4 for mioda_lu dlMP• 
tbroiigbp,,11:,, numhe,'f or JM):ttl, etc. , \¥llll bo fiiK!Hliil'.t for 
,aJllictent •111tem ~on. A ~1.1ltlpoi.Ud lntn­
taw·ed 'ffiCIJDOr.'f la & m inim•"'; wlth pt.rtlUoninf hrto 
110puate rnemot 1n Uk.el, tor lup ■yat«rui. 

1/01 ~Hffil bl!fo)!f•a lb mo'.tiil oom'9ntiollll H• 
q.,.~1-.l bktck ti'l!Mferil ,llld ·la thUi •eloi,e to & -conveo­
uo.1 [/o cont:rolrter. ·~. lhH &re u.akai of 
muklpurpose 1Jgul ~lll.'.QI' ~ u d-.u l:orln&t oon­
v,e?sl'on on the 0.,.. aocaalorial PffllcJpaUOI\ in ortbopul 
o? ,mbu apelll&l ■.ct1oesfliQ/llr&'.f!.ller orderU!C, or ~ 
trunation, p:re1nuntQJqr m. ,110..U. t'.bd ..._. ~ve)J 
unlipi. Tbu11 a innart VO ~r, ,iiitb liliOD'Lel butf'O'tlill 
'.lia Meea:ury. 
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peT !MOO:ml ill urd,qae 'IQ, IJgnal ptoCIIHIQI+ Cveblil 
:an,li.Ucm ol. par.aJW, 1»11eUne· 111d reucldtn, teehnl.ques 
t■ llll)COH&I')' t:o &·CbiJeve II~ 'll&tH of d&ta ,nrum:bJnc- wbtell The arithmetic mmdules w.tll be l'Oli.tl¥e!J mu.qve ·a:o 
mullt l,e acoorapllll'Mld ·fn ld'dltlo to 1ftl, ,n_,wnve, J:JO B]t)Dd proc::e1111hlg anif",ahooM. b.)i ~ ~Lon an1 
il-:rid ~rea,IJ!I' ~lou.. 'JIM· rnJ:x- or multlpUera, sabatU.utlo.ri. tie, i,ble, to C(il<ff per,b11141 two Ol'den of 
11.Mel'I,, CQ~~I'II dmce11, ••le, wm be -d'etsrmirisdl 'bJ magnhuJe in aru_~ apb.llffy~ 4t:i Jmerclt:lqr !ll'note-
,oalu&UOD ol dli9 mn, theorotl.c ~oaches to dechn&,1:1.ori, ~ hm-e ta blt/ib,yte ,u~ ,11lowJ;ug ~1111, ver-y 
~ ~ . et-c. , 1111 well u new tecln10Logy 
dl.v.lop111~. M:ultqllladion In DIUIO!lecoma. riidu.cthm to 
aln:q>le Affl•,.. 11wttcihlrl8: in p1ooseaold1 wUl Ul tPOod llll 
~ lmpllemenbllloruti. 

Tod!ltJ''• · 'tec''.bllo.logy offt:rti a Wid. qectnlm af lo.pi: 
,-1'dl.Ji18, VJrtoui )!08 ibtdmolotlu (NMOS•~ CMOS. 
DJ,IOS, vt.t:os, bvt lliMn ldc:tr.ul111 lilt problam of lm-
p,:ro-v.d IJ,PMd ll'!dl ptie, deNit} •lbl.le N!talnln« Im.' p:w..-er 
led4itt1'fp.. llpa1u l()f.lc hu.\1occ11u1 a true C1Jn<Mtltor I 
~ MOS wub the ~l'i~ oiJIL, wlil.l• E CL b.mlUH ■N I 
l11!1def• tn ,lllpl!!lld. Tb11 llmDIIJl&Ce algnil p:rOC&IIIIOI:' mldt. ! 
C(llllldd.e,r IIJ!t,(!lfic reqairem11ma ol olnatt Bpeed, powe:r·, I 
l'!OII &'ad reill1ldliU' ror--,optbmim co~nel!t -aeled.loo, 
Ml1I apaed. tlM!i do~ p1rameter 1M tt.tthmetl:e elements. 
BIPO,lar devt•a allow ~r tltnrug)jput, per Lil clllp thu i 
~ ' JIIOS derice1, bot ,oooaum.e more powe,r .. Mu- ,­
u.ntl.o'D. al .lut doul)]e 41ttilsi.oA (1)2) t.LG9 -or flH)S/&:ls cod 
ir-•ult Ln ao,~ule ~ - Ne.., cwd.e teoluuques app]fed. 
lO £CL :bave ·~ iii oven lf1!Qe-r I~ 1n,tb~-
j)Q:t. Intpro¥e111tnt (Ii ll~f IIUIN ~loct-1'~ 'beam 
tocbl'tqlln I■ o:i!p9cteil to l!K!NUe to.ol\ltl.011 1'fl all t,ech­
nolopet. Insul:&ti!Qf •~• Ot' cellt ti11 alllO r-ed1.1oe 
c111pac.lwlee md mcr-cu,e i,peed. A moVO from !1!10 JI) to 
.1 pj apeed-,,ower product might be Kblev«I, ':-o,w ~di­
nology ml.crop:roce_uor oyck time.a mt)' drop to 1~0 
nanoaeeol!dii by llle, Ri'ly t980a* 

The speed of lbe next 1eneJ"atlo:Q 11gna] prccie.a11or 1.:81 
be.V'Jlly de)'lllmdeilt 011 1bii ltaUi ar teobJll>logf ant dl1B oom-
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(qt ~it b)' btt t!n&lUpllc1Uoa l, J.4. By retendon of th• 
m.ulU •OW'ce/dii.stinaUon lpl)l'O&Ch to arttbmotic controJ, 
pTogr--am.med ptpe.Une/parallel ordering of eomputatloos 
can be achieved. By ,eparatton ol arlthrr.ec:lc OOatTOI 
from executive, 1/0 a.nd llldrc11 ()C)ntrc-1, comm.<lft u­
ee.mbly la~e atld ;isueclo a1,e.mbly J.ancwlge pro-­
gram.m.ifli techni®Ct can be wccesafully 8")119<1. 

At tbe ~er level a common b1ih level ll~ (e.g., 
SPL/1 t1r future 000 1tam!ard) and et&tlda.rdltod algftal 
pN>CeHlng macros can then be l,tfCld lor eUtclent devel­
opment pl'Ogl'anun.lJII. Tbe user ~ also be proVided 
a simple pr'OOedl.ll'e for oomblollll nt!Uldard inacro• Into 
hl• own super macro to redt»oe aubrwtlne trai:i1£eT and 
lnitlallcatlon overhead. 

Executive Procei.ia!aµ'l"ask SyMhronti.atloo 

The executh·e functions ha,.·e bec'O bandlod with IU<:CeU 
by an extet"nal boat eompu&A)r in some ea.&ea. The 1Ignal 
proceuor in these l.mplementattons, thol.tgh tn a.ctualit)· e 
multlprocesaor system, l& baDdled by dle bost aa a peri­
pheral devtN to be gl vea '8ek uatgnmeata from boet 
prognm e.tor8'e, The tasks are readily defined bf a 
string al macro commands haodled oae or rnore at a time 
H aubrot1Une calJ.t from an application pr<>CTant cxeeuted 
In the hoet. A llmltatton here has been that of ayn.chro-
1\li.atton. ol prOfTam control of macro comm.and transfers, 
data block tranafer-e and &~ proc:euor eicec11Uoaa to 
achJ.-,re efficient uti1Jutton or dMl atgnal proceaeor over a 
n ,;cty ol ta.ka. Tbe overlie~ for Fortran calls alone on 
eome implemientat1on1 ba.e Idled the SillP!al pt'OOe110r a 
aJ«ntftoant portion of me time. Little progn.m oontrol 
CUI be exercl&ed by the boeC Ol'I data tranden unlees the 
dai. b.ts l• shared by boat and signal proceseor. 'fbeH 
need '° be program oontl'Olled tn multtpurpo,ee applica­
tion.a u to IOUt'CC, clntinJtion, channel, block &1r.e, 
inlUaliu.Uon, etc. 

Anotber facet of system synohronii.ation and contTOL 
thJ, puts a beavy load on an ext.em.al bo11t e,:«:eutive le 
acuc:,rnmodattoo of a complex stream of task• . typioa.lly 
a etream of ~acroa al)(! au&talnlng taaks. Eaob pt0ces­
.ar WUt will excctue lte owo m:acbJne language roustne 
repr e1ocating ita assignment for a given macro . A sep­
arate macro lnvolviog only the 1/ 0 untts aJ'ld d.ata mem­
ory r'l'la,y be in progr~,, for instance, '111llle an FFT 
macro J.s In oxecution oo itie arithmetic and addl'-e69 
proceuora and the c:xecutivo betog otberwtse Idle la per­
hape assigned OOlll;putlltJ.oo of the mocton compennt1on 
Yec<or for the next data !;Jock wi.tll an interrupt Indicates 
oomplctlon of an J/0 transfer or trana!orm t:uk, A se­
queaUlll stream of mACl"OS will be performed on a given 
data block wh11e A new block is betng Input aM f-orm.iuted 
aJld ihe proae .. od re,;ulta of a pre\flou.s blook ar• (Or• 
matted a.ad output . A typical etrlDg or macros may start 
with prcproeuatna tlllka 11.acb as preeum a.od phate eor­
recUon. proceed with wetjb.ling and speotru.m genera• 
tloo, and oorith1uec witb poei lo~auoo and dctec-tlon 
f.oUowed by p,t.ul data compreeeton. Whil e all of I.hi• le 
to be coordtnated by the e:x$011Uve proceeaor, It will pcr­
Corni eustaln.J.ng ta8k8 sucb u &ervlctng ot dlsplays aod 
coat~ ~esta tor pararnd:cr and mode ohangct . 

oompiter•, .tter-e oae procee.or ae.~ exeautlw fllnc­
tioae aid ii.r.Uon rate• an Um.1.t.ed to 1:bm of tbe pl'OCN,90r 
havin& 11111 tonceet tut uaignment plus bud •baldric ttme 
to •~ taet lD.ltlallutlon In ead. of tM prooet,t0re. 
A eolution ta a ded.lcat.od pr~lnlllWble oecatlff prooe-.or 
ullit wttb private ooatrol ~ minJm.lu t)'DdlroatuUoa 
overbe.ld, An l.ntereetlnc va.r • her• la a data driven 
awroadl wuh tbe dedtca&ed e.xe<lCttfn conc•roed with 10111 
term tuk uetga:rnute and •YMhronlu.Uoa.. 8borl term 
taek a.a.caruunt.e are reduced by cued backJop ol Ooatrol 
com.mud•, data bal!i!!r• and ldtruetlona. Thl1 U)'tlChro­
noua approeCII eari be tut, but baa ti0me subtle reqlllre­
m•• u to programming oon1iderat1ona and CGsl.GI-

v. CoDClueloD8 

Thia paper 11 an atten1)t to Ol.llllDI IJMly requireme:nt• 
fOf' atgnal proceae1111: in avlomc, tor la85 and beyond. and 
to indicate eomo of tbe conalderat:loaa that will IAfloeoc. tbe 
de,tp and performance or future stgnal pl'OOeafn,; ma-
~nee. Detailed d19Cll.MtOO Is not attempted 1ft f.QY of die•· , 
areas bet ratber thle. paper aenea to lndtc•i. ~ .,.... as 
..-ell ... ,ome CUTl'llntl,y 9UC!CCHful techntquea Whlch tihould 
be exploited for multlpurpo• appUoatlo1:11. In order to 
mlnimile the future need for relaUYOl,r oolltly specW 
purpo.e lmplem.entatlon11, ll'e OOMlude th.at a m.uktpurpo•e 
Protranunable •lgnal proceuor tam.Uy ls .-eded wi.tcb 
meet, tbe full dlvort lty of major ulonJc1 applJcttlon.e, 
Functional modularity ud &oftware comrnonaltty a.re rOCOm• 
mended u areas of atandardl:rallon -.tilcb will allow for 
growth In dc•tce technoloe>• a.net theoretic dcveloprnoma. 
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