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Abstract

Dyraric recorfiguration of fidd programreble geie arrays (FPGAS) hesrecantly emerged asthened step in recorfigurae
conpuing. Sendkar's A Loddhesd Martin Corpary, isdevdlgaing the enebling techndogy to eqdait dyraric reoornfiguration
Sarors working with Sgrel SgensCorparation, idanified key devarnisto thesuooesul uilization of aonted switding. Two
gdications timedoneinbearrformingand optical flow, aredesyibedinanattenpt toreed somedftheinharant compuiatiordl
etancamatsafordedby aorted snitding Gondusarsaredrannasaretoftisworkandfutureworkisdesribed

1 Introduction

Previous ressarch hes examinad pafomence enhencamat avaladle from rundime recorfiguration
Curat recorfiguration time, millissoonds dthough acogatable for some gplications such as the Sandars
SPEAKeasy reconfigurable “softradio”, is unacceptable for many reaHime systems. Partial reconfiguration
reduces reconfiguration time addition@iyrrplete FPGA reconfiguration at a rate that far exceeds the necessary
persistence of a hardware function is believed to be tomorrow's reconfigurable computing model. Dynamic
FPGA recontfiguration, which permits data sharing between configurations, is referceditst asitching
reconfigurableconputing (CSRC).

A context switching FPGA is currently being developed at Sanders. Several computational models are
suggested to exploit the features of a CSRC FPGA, however, it is believed that the true potential of CSRC
requires a shift in approaches to algorithm implementation. The capabiliies of the CSRC architecture have the
potential to support improved implementations of signal processing algorithms over current generation
mathematical approaches. The emphasis of this paper is to reveal the results of a mathematical benefit analysis of
context switching on a CSRC FPGA. In this study, candidate algorithms are assessed to reveal potential benefits
afforded by a CSRC implementation. Two of these candidate algorithms, time domain beamforming and optical
flow, are analyzed in detall to size the applications to CSRC components and to evaluate the benefits of CSRC
technology over current reconfigurable computing (FPGA) devices. Conclusions are advanced in section 4.

2 Time Domain Beamforming

At the core of sonar and radar signal processing is the notion of beamforming. Incoming waves (acoustic
oreleclromagnenc)arereoelved by an amay of sensors and the sensed signals are digiized and processed to
determine the direction of the source of the incoming
waves. Fgure 2.1 shows a line array of uniformly
spaced sensors in the presence of a point source. The
point source is taken to be distant enough so that
creular effects are negligble. Thus, when the
°°°°° - : wavefront amves at the line amay it is planar, and the

angle of amvab, is measured with respect to the
normal of the line array. Under these conditions, the
signals on each channel of the line array are related to
one another by smple tme delays:
G (1) =c,(t-1,), whereg(t)is the continuous time

d
signal sensed on chariyand” =" ¢S
As shown in the diagraiehis the distance between senélisghe angle of amival of the incoming wave,
andcis the speed of propagation of the wave. This establishes a fundamental functional relationship between the
wave's angle of armval and the time of anival of the wave at each channel sensor. Time domain beamforming
passes the channel signals through delay fitters, which approximate time delays, to temporally align them so thata

= d e

Faure21: TimeDomeinBeanfoming



aoharat Lummetion of the ddayed chennds andlifies gndls assodated with waves amiving from apericuar
age A ooheet ammetion of N ddayed cdhenndsthat arglifies the Sgrds from the paint sourcein our

earge d Fgre2lis 7™,

By denging 6, and corseuantly theddays 7, wecendrangethedredioninwhich thegbove summetion
looks Mareover, asillusrated in Figure 2.1, thechamd cita.can be processad in pardld 1o produceM beanrg
eschwitha differertlock angle Inpartiauiar, the | beemwhich heslook angle g isthe cohgetsummetion

d
b,®= ZC“ ) where the time ddays ae gven by: 7 =1 S0 In Fgure 21, the time ddays are
gooroximeted by redlizabiefiltars h; eadmrcmrmlrgaddwdr,\u 4 A dgtd urnedman beamfoming

dgprithm weing firiteimpuise reponee (AR filtarshy () iseqressedas™ ™ = ZZ“ 0= wheren is
the dsretetime sarpling mje(,Td:-rueslfesarmrgpmod,erdLlslmIenghdthRﬂltesvmmm

belageenoughto acoount for thelongest ime delay nesdlect -~ ™

In predice, the time dday AR filtas will only have K nonzao aodffidents which inapdae the
groopigteddasarplesto goproximeteddayswhich arenat integer multiplesof thesampling paiod. Thus the
evduetion o eech AR filter requiresonly K multiplies (rether thenL). Additiorelly, thebeamforming AR filtars
doedhibitdamnd smmery. v, (m = h,., (L-n-2 Whichcanbeeqaited to heve the number of multiplies
aslongasthedaafombothdremelsi adNH-1aeavalee " 0~ 2 &N OGO e TD) £ oen
N.  Frely, we nate thet the ebove symmetry is usdly meiniained even when the beenforming HIR filter
oodffidentsarededadwith, for exanpe Taylarwindows

Thetimedomeain bearmformring dgorittmisthusreturdly perdld inthet the conputationsfor esch beam
mey bedonesimuitaneoldy. It canbefurther ssgmented by evaueting the bearmformiing equition over Subsets
of dand indicestoganarate patid beams which ae then summadtoconletethebeas Thepartid beem

for chend i andbeem jis P+ =2, M 0e0"D g hheams are formed when partidl beans are Lmmed
ove agbs | o the avaldde dards b S

Sq(n) = g p\,j(n). The fat ta the o o] CEPSSE gg;g L s s

bearforming equressionlendsitsdlf returelly to Soroge. Layer 1
pareld implemantations dlows for a snple e e
mepping oo the CSRC hardware which csre > S
eq:ials S/mmery ad |CB1]Cd|y za0 AR FPGA |
filter coefficiertsfor computationdl advartage R TS

Each CSRC FRGA dores N dad s S ®
time hidories of lagth L in configuradle logic csre [ Swean®
blocks (LC9 which ae corfigured as RAM il
aoessble from dl contedt layjgs Thus F
CSRC FRGAs ean dare the time hidanies for
N=NF dards  Basd on the numbe o
ramaningLCs eechof theC aontext layarscan
process M abbeams Thus asnge CSRC FPGA can conpute M=MC subbeams assodated with its N
dad inpuis Fgure2.2illudratesthisdeconpasitionfor asnge CSRC ARGA, wharetheinput drannd vedtor
CigyMistestof N chennd histories () for whichi 1. The FRGA index i ¢ thusddiemineswhich
gabo‘dﬂrd hidariesispresmtedtoeech of the CIRCHRGAS i0,1,. . ., ~1 Inarde toeqat thednand

d&majaﬂlafdmtalcraai/alageﬁemmdd’am higoriesgored oneech CSRC
FPGA, N, muetbeeven. Futhamore drandlsi and N--1 mugt bath becontained inoneof thegroupsi (i)

A s/gem condding of F CSRC FPGAS eschrecaiving N dandls cen thusprooess N=NF drarndls
into FMC subbeams which are then summed to produce M. C bears If agrester number of bearsiis
repuired, this architedure can Snply be replicated (any number of times), with eech auch sygem cpeble o
produding M.Cindegpendant bears: Operatiordlly, eech CSRC FRGA ispresantad with the currant samplefor
eechdf itsinput drenndsdmuteneoudy. Theeinpuisarepushad into thetimehidary buffers(tgp dday lines) in
thefirg context layer, which do computes thefird st of sdbearms: The FPGA then ssquanoss through the
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Figure22: S.ibesmdaoonposiononto CIRCHPGA




rameining context layersto producetherest of thesubbeams: Each context layer sendisitsoutput tothesame s of
1/0pins othet thesUbbeamsarenuitiplexed ontheselines

A dight vaietion to the architediure desibed above is to push new ssrples into the diarnd higtary
buffersindl context layers(natjust thefird context layer). Eachbeemwould thusbeconputed evay Csarples
(butthesamplesarenow aniving Cimesfader). Theadvataged thisachitedureisthet thecorirdl lineswhich
Fadify the adive context layer, and hencethe ouiput beams, can becommended inany ordar. Thisprovidesa
herdwaredevicethet fitsnicdly intotypicd sonerand

Number of Channels 2 2 1 1 X

Number of Subbeam_s pe_r Context layer 3 2 rah‘ mrg mdsmm m am

e | % PR Al iscotel ad e ek the

Channel and FIR Coefficient Data Width (bits) 8 8 WW$@mm|mmadym It‘

Subbeam Data Width (bits) 16 16 Tede 21 paforms 92ing cdaddios for a

CLBs per RAM bit 0.0625 0.0625 q

CLBs per Channel Data Width Multiply 40 40 Srge wte(t Iéye’ d a m FFGA fcr ﬂ’E

CLBs per One Bit Addition 1 1 beamforming gpplication. Usng twoinput dremnds

CLBs allocated for RAM 256 256

CLBs allocated for Multiplies 480 320 aﬂ wo Sm FH oontexdt Iw k&FB m

CLBs allocated for Additions 288 192 IITHGTBT&]G’I bdow 80 percat utilization snce

Total CLBs Required 1024 768 : H
esch oontext layer hes 1024 logic adlls (LC9 inthe

indude taing advaizge of the beamformer

diand symmery and the savings thet aoarue from configuring multiplieswhere one operand isknown aprion
adishadwiredinthecontext layer.
3 Optica How

Thegad of thepumedetsdtion DARPA drlengepradlemisto ssgmant aplumefrom the beckground
ingay Tdevideofrares Theproposed goprcechisto asumethat thedumeisthe only moving dgetinthe
frares Usngangaticd flow dgorithmto esimete velodtieswithin theframe, the dume can be ssgmanted by
thredhddngtheetimetad vdodties Theplumedetedtion prodlem sesksarchitedtureswhich can proosss 256 by
25%6imegeswith 12-hit pixdsat aframeratedf gopraximetdy 1 kHz.
31 Optical How Algorithm Desription

Udng the asaumption of condart illumiretion, the gpticl flow dgorithm conddarsany drengesin pixd
integity intimetobecausad by djectmotion. The intensity change due to dgjet motion cenbeeqressades
1L=-u(x i), ~vix vt , [31 Wherel istheimegeintansity, u and v are the x andy vdodtiesof dgetswithinthe
imegg, | =01 (x y,t)/ot, 1, =0 1(X Y,1)/0X ad!, =01(x y.t)/0y , Equeion3-1doesnot aooourt
for ssoond ordler effets a moving agject boundaties Bmploying eimetes U and V- for the unknoan agject
velodties amessredf theaoouragy of theedlimetesis e(x, y.t) =1, +G(x, y,t -1)1, +¥(x, y,t - 1)1, whereeisthe
resdud of theestimated dengeinintensty withrepect totime: If the imege is dvidad into subimeges thetatad

E= X, Y, t

arar canbeeqresadss PR ). Theshimegearar, E, canthenbe usad to ypdatetheveoaty edimetes
wsing the relations 40« ¥:t) = 00 yit=2)~bEL g 9(x,y,t)=0(x,y,t-1)-bEl , where bisaleaming perameer.
Thedoicedf bad sbhimeges zedfedt thepafomenceand sebility of thegpticdl flovdgarnithm
32 FPGA Architedture

Thedhility of the CSRC FRGASto retiain memory during context snitching mekes themwall sLited for
compuing the partid darivativesdf theapticd flow dgarithm. By loeding detafrom successive frames adnge
FPGA cencompuiel;, |, and 1y using oreleyer for esch partil derivetive The partid daivative detacen then be
peesadl to assoond FRGA to parfom thearar caloultion and velogty e
edimete updates FHgure 31 dons ablodk dagram of a processing Fau
blodk cortaning two CIRC APGAs with a dared 128 Khyte aites |, |, oan
menory. Boh FFGAshaveanestotheRAM ad theto FRGAS |, zeers o
havedetaand conird comectionshetweanthemesves The6ahitcta *%Ttlj
comedtions dlow four words to be pocessed in paeld. A conrl
medheniam for ahitraion of the RAM busbawenthe FRGAsad o 7 o

extard aooess would be required. Use of dudport RAM coud faa
smplify theathitrationandinmprovepafomence
The §zing of the plume detedtion prodlem disoussd in later Figure31. CIRCHume

sdfionsindicates thet eight of the prooessing lodks own in Hgure DetedionProcessing Block



31 woud be necessary for 256 by 256 pixd imeges @ afrarerae of 1 kHz FHgure 32 dowsa CSRC
achitedure blodk diagram cortaning eght processing
blocks eechwith edarmdl detaand conrdl comedtiors ot || e || "o || "
No communication bawen the processing blocks

woud benecessry. Thefdlowing sstionsdsoussthe | | [ [ | ‘
mgoping o the plume ddedion prddlam to the &g san™ L L L |

achitedure Soan in Figure 32 and the comegoonding |

rexucedioction.

33 Al%réthrgMaoung on ot o Faoncs” || "eioake. || Bookr” || "Bosks’
ure ddadtion em cn

implemated on the CSRC achitedire sown in Fioure32. CSRCAumeDeiedion

Hgure 32 by heving the processing blodks aperdting in
perdld on dfferat ahimeges  Dividing the 256 by 256 imegeinto Sixtean 64 by 64 pixd shimegesdlows
each processing block to saidly operate ypontwo Sbimeges: The subimege datalisloeded into the processing
blocks RAM fromtheextard inaface Theedard intafaoe sepsthrough the processing blodks reeding the
Updeted veloaty edinetes and wiiting the next video frame for the goprapriate suimege. Given proper RAM
bus aatration, the subimeges can be double buifered to dlow the next frame to be loeded while the FRGAS
gpaaeonpreviousfranes A smilar doublebuffering goproech could beusad for theoutput velodty edtimetes:
Tede 3.1 desibes the mgpping of the plume detedion pradlem for a sngle Lhimege to the CIRC
processng blodk fownin Fgure 31 Nineprocessing dgpsaeliged in Teble 31 in the order inwhich they
woud be pafomad ad the coregpording

B R N e e Opgdtions pafomed by eech FRGA ae

1 1 Read partid subi 16x16) g
gt v rame patie destribed. Each dgp aparates ypon four words

i 1(xy,t-1) from RAM -

22 Compul,adoupi i, 0FPGAZ 1| Computel |, adkespa d atime The o FPGAs have bamn
(4 pixels at atime) f E (E FR;A ad

3 3 Computel, and output I, to FPGA2 1 E:Lm;i:v:m:yomd keepa g et 1 HGA2 In Q:q)l,
(@pixelsa atime) running smof FPGAL reedstwo frames of a16 by 16 patid

4 4 Compute I and output I to FPGA2 2 Add I, to E and compute bE . . .

o Gwesaaimg product sbimegeinto the FPGA locd mamory sing

S)Sﬂﬂ s 1 throu to compl ete subimage .

6 1 Readpatia B (6K6) itsfirs context layer. For themost recart frame
1(xy.t) fi RAM . .

T TT | Conptel, moupRT O FRGAZ | 3| Updad Lme edtra pixds will nesd 1o be reed 10
(4 pixels at atime) R

8 3 Compute Iy and output I, to FPGA2 3 Update’ wrp'te Ix ad Iy' FFGAJ' m st 0
(4 pxeist atime) oontext layer 2 for 9902, compukes, and sads

9 Repeat steps 6 through 8 to compl ete subimage I to FK—:AZ sz Lﬂrg “S ﬁxrs:

3 - . X . - . .
Table31 CSRCOpticdl HowAlgarithmMapaing |layer, recaives|,, mutipliesl by U and begins

the snmdtion for E For 90 3 FRGAL
switchesto context layer 3 to compute |, endl FRGA2 continues to use leyer 1o edd VI, to E. FPGAT then
snitdhesto layer 4 to computel, for step 4 and FPGA2 switchesto layer 2to add | o E équZtham4ae
repested for esch partid Sbimegeuntil theentiresubimegehestbean processad and the E Lummetionisconplee
WhentheE sammetioniscompleie, FRGA layer 2 computesthe product bE usad for vl oaity etimete ypdetes
For 90 6, FFGAL rdceds context layer 1 and rdceds the moet reoart frame of the partid Sbimege FPGAL
thencomputesl,end|, inggps 7 and 8thesameasingeps 2 and 3and FPGA2 switchesto leyer 3to usel, and |y,
to upcethevdodty edimeteswhich aredoredin RAM. FRGA2 could useitsfourth layer falloning sep 8far
addtiord fudionsauch Esvdmty rr:otesgall sepsopaaleon;;vz:rd:;l aztim?,
ﬂTES”UdI"g(]’ gamiirg Sgs6 1 Ci=298 | (17x5+16x4)x2 Mec 17><1710 mput andly
m 8 ae rqﬂej util the 2 C,=136 (16x4)x2+8 Hpolalined operatign with qulclia§c|1f setup and 2
vdodty edinetes ) have _ ben 3 C=136 | (16x4)x2+8 a;a?nﬁg;o:ﬁz E(Bojllljet;%;e;)upand 2
L{IHGII for the entire S‘bm 4 C,=68 (16x4)x1+8

cycles per 4-word vector (2 multipliers)
Pipelined operation with 4 cycles of setup, 1 cycle per

The FPGA ad manmary resource 4-word vector and 4 cycles for bE product
sl : : 5 Cs=10208 | 16%(C+Cy+Cy+C,) | 64%64 subimage made up of 16 partial subimages

LﬂllZEﬂm f(r '[hS : I: 0 rg d ﬂ’e 6 Ce=170 (17x5)x2 Only most recent frame required

q]](:d fIOng'rlﬂm aedsousd 7 C=272 | (16x4)x4+16 Pipelined operation with 16 cycles of setup and 4

H H 5 cycles (1 read and 1 write) per 4-word vector

|nﬂ’efd|0Mrgma’E 8 Cg=272 (16x4)x4+16 Pipelined operation with 16 cycles of setup and 4

34 Prcx@ng Rmu“'e’TH]tS cycles (1 read and 1 write) per 4-word vector

Tajeaz Ilsstl,e nnm d: 9 Cy=11424 | 16x(Cs+C7+Cy) 64x64 subimage made up of 16 partial subimages
FPGA dock cydes necessay for
ech 9 o the opicd flow Table32 CSRCOpticd FowProcesing Repyiramarts



dooittm Ezch 64-bit RAM aooessisassumed to teke two dock cydes The numbar of dock oydesreuired
for the pipdine oparation conggs of two fadiars (1) A anetime codt for eech dgarithm stgp which acoounts for
theentirelength of thepipdine (2) Theoodt for thedowedt part of thepipdinefar esch4-word oparation. For sep
1, FFGA L reedsthemodt reoarnt sbimegeframeand thepreviousframeinto mamory. Tekinginto aooount the2-
oyde 64+t reecs and the extra oeta reuired for the I, and |, cllauletions S 1 recpires 298 oydes for eech
sbimee In gep 2 the donet pat of lfeppdlrelstfecaaja]md u I, The FRGA only hes enough
resourossfortwomutiplies there‘aethe4»vxudnuu;j|<zumr‘rlﬂbedmmtwo&q;sdtv\ormunl(mas
Withataid pipdirelength of 8 cydesand aper vettor cogt of 2 oydes 960 2 requires 136 cydesfar esch partid
abimege Fundiondlly, gep 3isidanticd toggp 2. Sgp4doesnat repiremutipliesand thedforeisassumed to
coname 1 oydeper vedtar withan overheed of 4 oydesand anextrad cydesfor computing thebE product. The
oydead of e 5istheparti Sbimegeaos of gps1 through 4 imesthe 16 partie ubimegeswhich compose
ashbimege Sepbisdnilartogep 1 exogat thet thepravious frameis nat necessary sncel, doesnat nesd to e
computed. The memoary aoosssss for reeding and witing the velodity estimetes are the dowest parts of the
pipdinefar tgos7and 8. With two memory aoessesat 2 oydespear anoesstheper viedior aodt is4 oydes Sep8
computesthecod of dgps6through 8far anentireabimege. Thetotd inege aoet isthen connputed besed upon
the sbimege codsfor ggos 5 ad 9. Given an 80 MHz FRGA and a 1000 Hz frame rete, 80000 oydes are
avalable per processing blodk far eech frame: Eight processing blodkswould provide 640000 cydespe frame
whichwould recire eech prooessing blodk to operate a 54 peroant of itsestimeted capedity. Thelow edineted
uiilizationdloasfor erorsinestimetes dover FRGA partsor added fundiondlity such asveloaty threshalding,
35 FPGA ResourceReqguiramnents
Tade33ligsthenumber of LCsusedineschlayer for mamory and for aithmdic fundions WhenallC
isusad ss memry, the LC is assumed to provide 16 bitsof dorepe Indlamanting an edder inthe FRGA is
[ FPGA | T [esumed to reguire one LC for eech it in
e T SRR

1 1 17x17+16x16 muml rmjre 12 LCB A ma . (Iﬁfl(]e’t
1 2 593 17x17+16x16 12 4 I'Tl.!ﬂij, whae bah r_njtl[:ilcmb dae
I 4 sn ipanisas  ing vaiedle consumes en edimeted 300 LCs
21 jes |2 300<2+20x4 For the fird layer of FPGAL no aithmetic
s Te% |1 Soizi6e2 fundiorsareparfored, but L Csarerenpired
214 |Na tosorethepartid submegeframes FRGAL

i . layers 2 through 4, meintans the mamory
Table33 CIRCOpticd How AlgarithmFRGA Resoure loecked by layer 1 and eech renire 4 124t
addas Layer 1of FRGA2 nedstwo 12-hit
mutipiersforthe U I ar V |, celadlaion, four 24-hiteddarsfor theE summmetion and 24 bits of dorege for E
FPGA2 layer 2 hes the samerequiremantsaslayer 1 without the multipliers Without the need for the
smenmutipiesaslaye 1, layer 2isagood placeto paformthebE multiplicaion a theend of agbimege The
bE multiplication can be done es acorgat codffidat. Given bisa 12-hit corgart and E is 24 bits the bE
muitiplicaion would consume 200 LCs The'third layer of FPGAZ2 reguirestwo om swm
124t multipliersand two 16-hit addersfor thevd oty edimeteupdatesand 12-4its | i
of goragefor bE Themaximumnunber of L Csused by any FPGA layeris698 P % ﬁ%
36 Memory Reguiremeants Uby) | TR | 2265
Teble 34 liss the RAM rengiremerts for the CSRC opiicd floy Ul o2 25
aditedure The gpticd flow dganithm dares the frameddtg |, andthevdodty | ve | moe | 2266
edimetecdta U ad V ,intheRAM. Addiordl memoryisasumedtobeused o
for doublebuffering theinput frame detaand the output vielodity esiimetes Thetotd Teble34 CRC
memory recLiremert for esch frameis 896 KB. Each of the 8 processing blodks %‘ACEAHQNA'QU‘M
heving 128KB providingatotd of 1MB. Repuiraments
37 CRCFPGA AlternativeAr chitettures
Altaretives to the CSRC FRGA opticd flow architedture indude ASIC, integer DSP and sandad
recorfigurable FPGA ardhitedures Table 35 ligs the possble opticd flow architedtures and their respective
addssdvatages The CIRC FRGA adhitedureinplemeantsthe 800 Mgpsopticd flow dgarithm
in red-ime while meinaning fledhlity for dengesto the dgoitm A dissdvariege of the CSRC FRGA
achitedureisthet programming of the dgarithm would be more difficut then for agenerd purpose procsssr
achasaningye DSP. An ASCinpemantaion of theoptica dgarithm could provide the festest processing




e dong with being pover and vdumedfidert,
| orerre Frble rogammng however an ASC adhiteturewould have alage
up front cogt for design and would nat befledblein

ASIC Very fast Very difficult programming
regads to dhanges in the dgoittm Using an

Power and volume efficient ~ Expensive hardware

Not flexible
‘ Integer DSP Very flexible Slow

(1 FPGA for each CSRC Flexible programming ‘

standard reconfigurable FPGA E;ypmgr“mmg Moderately difficuit |m D for the qﬂ(ﬁ. flow dg]]ﬂ”m woud
FPGA layer) Erprive hrcware dlowfortheessiest and meet fledbleprogramming,
standard reconfigurable FPGA  Flexible éﬂxmgm‘y ) honeve an |m DSPwoud (Iiy p‘Q/lem.I
f:lsz;(iA for each CSRC Difficult implementation 20 Maps Tre Irta‘:ﬁ’ DP adhitadure coud

Table35. Opiicdl How Algrithm Ardhitedure athievethe reguired 800 Mops but would nead 40

D5 whichwoud beaotly.

Two posshlegaproechesexid for usng agandad reconfigurale FRGA achitedture for the opticd flow
dgaithm Onegoproechisto utilizeanegandard FRGA far eech CIRC HPGA layer. Udng thisgpproechthe
gpad and fledhility of the CSRC FPGA ardhitadure can be achieved, but the herdwere and essodiated aoet
would beincreesad by afedior of over tiree. Altamdtively, one dandard FPGA can beusd for eech CSRC
FPGA. Sncergrograming adandard FPGA tekesgapraxinetdy 30 ms which coregpondsto 0 framesa
alkHzframerae rqorogramming could not beusad inthe 1-t0-1 FPGA redlecamant achitedture: Without the
&hility torgorogram, adifferat mgpping of thegpticd flow dgarithmto the FPFGAswharethedifferert fundions
aeddributad aoossFPGAswould benesdad. SreedingthefundionsacrossFRGAs complicatesthectaflow
ad likey cretesmemary aoesshattienecks Henog the CSRC FRPGA adhitedure provides aconainetion of
pad andflexibility for theopticd flow dgorthmwhich cannat bermetched by other achitedures
4 Condusons

A number of 9grd processing dgarithms have bean assessed with regerd to their patentid to eqlatt the
CRC hadware architedture far computationdl advatage: Thisressarch indicates thet the dgarithms with the
mod potentid to berdit from the CSRC adhitedure are those thet shere a sgnificant nuber of mamory
locetions betwean context layers - This mode of computation embodies the notion of moving the dgarithm
through the deta The batleneck in en FRGA-besed sygemis ditentimes the off-chip mamory aooess: Inather
words themod equensvepat of thedgaittmimplementaionistrandaring deaonand off chip. Thisisfurther
budened by theage dd pinlinitetion pradem The CSRC achitedturedloasfor reduced oydesdf ddtaaooess
by dloning the detato be loedad in once, procsssthe detawith acortext, reconfigure (ouk retan the datg) and
continue processing with the ssocond conteext, the third contedt, and <o farth, Since mutiple contexts and the
conoept of virtud herdware dlevigte the reuirement of corfining thelogic to aphysicd resource Szg, the dta
need only betrandared ondhip a thegat of compuiaionand off chip at theend of conputation.

Althoughhidory hesshown thet FRGAsaretypically devel opad to begenerd inreture, thiswork Suggeds
thet amove towards goadfic dgarithm devdopmant will be bendfidd with the edvert of context switching
Being ableto deveop fixed codffident multiples key-goedfic deayption dgarithms or sbrandhesof abinery
tree dasdfier dgaithm are just afew of the posshilities affarded by CSRC.  In essae if adrauit can be
designad thet is pedific, therfore sdller, typicaly feder, and ulilizing less power, doing 0 mekes sase given
thet desgnscanbecadhad and or svgppedinand aut inred-ime:

5 FutureWork

Aspreviody mentioned, Sandarsiscurartly devegping aCSRC HPGA thet iscapeble of sngecyde
recorfiguration sswell ssdetadhaing bawen corfiguration layers: Futurepublicatiorswill documant thet effort.
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