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ABSTRACT 

I~CCCII~ II.CII~\ lihc incrcilhing opcratillg t’rcclwncics. larger die 

si/cs illld dCllli1l~tl lix ycalsr portilhilit!. millic pober reduction 

il llilld la5kmxwr. I1 ib ;IckIlO\\ Icdfcd lllill tllc frciltcsl returns 

conic I’roni oplinii/.ations at Ihc’ ;wchikctmxl antI tcchnolog~~ 

Ic\cI. In Ihi\ Ixipc’r. \\c prcscnt. lilr lhe lirst time. rcsiduc 

;ircIiItcctiIrc\ that rcducc po\vcr 17) mow than 70?/0 wi/l201~/ 

chan~c~ iii tccli~~olo~~. ‘l‘liis rcduciion iy achiwcd without 

sacriliciliy pet-liirm;mcc and u illi iliinimal sacrilicc in im3l (less 

1lii111 hO”0). I IIC Ikq IO such ION pmcr wlutions is trading-oII‘ 

Ilic yccd gailid 13) l~;ir;~llcliw2 liir Io\\cr poucr. Existing 

lpropoul\ lli;il 2cllia.c similar tratlc-01‘1’5 dcmancl tin xxii 

incrcaw 01‘ inorc Ihan il liictor 01‘ I\\0 illId ill%) incrciisc control 

cc~mpls\il! ()llicr hcwtits 01‘ ilsing rcsiclut’ ;Irithmclic liw Iou 

po\\ci i5 tlic signiliuilt reduction iii pt’itli currcnl and incre;wd 

dcsiyil localit!, I hc role 01‘ lhc numhcr of computations per 

liiward (or rc:\‘crw) con\ w&ii in tlotcrminitig the pow3 

chiiriicIcri5tic~ 01‘ the S!‘S~YII are iilso ;inal!~/cti and cxplaincd. 

I Iic cl‘l;‘cti\ ciica 01‘ lhc mclliodolo~~ is illustrated using il 

s;\ slum tllill c\lr;lcls iI I%)-point 1’1.1 Ol’thc input signd. 

I. INTRC)D1JC‘TION 

\,I(N cIIrrcnt rcsc;Irch on lo\\. po\\cr s!~~tcm strcsscs the nc:cd 

liw iICLiOl1 111 all Ic\ cls 01’ hicrarcli~. slilrtillg Ii-om archilcct~lrill 

iiiid do\~ ii IO tccI111010~~ I I. 5. 01. II is also accepted thal 

!ycalcbl iillprcl\ clilelils cilli lx iuxlc aI llx hifhesl ix. 

arcliitcclural illl(l alforilhmic IL’\ cl (and lilr powr. also ill lhc 

lo\\cbt i.c. Icclii~olo~~ spccilic Ic\cl)l I. 101. 

Ilcli,rc \\c‘ ino\‘c on 10 discus\ lhc prc\ious proposals Iht 

;lI.Cllilc’CIIII~iIl i.cdIIctio~~ 01‘ po\vcr. \\c ptwcnl il iluidi t-c\ ic\4 O! 

rcsidiic mlmhc’r s! ‘rlcmb ;intl rcsidllc arilhmctic. 

1.1 Overview of Residue Arithmetic (KA) 

‘l‘hc I<~‘si(l~ic Numhcr S! s1cIn (KNS) i5 il “cnrry-lice” non- 

\vriglltctl ntimhcr s! stun IIMI c\;ploits parallelism h>, 

rq-mscnlin~ iiiinibcrs i15 Ws ol‘rcn~i~inclcrs. ~3.7.12~. 

.v, ’ iAv,jl( i) I I. 2. 1’. 

kginning \\ith LCI’O. iill n~inibcrs up lo mid acliidinp .\I pi\c’ll 

by. 

.I/ = fL,l. 

i-l 

I‘llC ali\ ;llllqc 01‘ rcsiduc ilrillllllctic i5 lllill ;irillimclic 

opcralions 01‘ xidiliori. whlrilclion ;mcl Illulti~~lic;lliol1 Cilll IV 

perliirmcd liir each rcsitluc inclcpcnilcnt 01‘ 211 OLIICI- rcCluc5. 

m individual iirillimctic operalion cim thus lhc done in 

p;irallcl and flit rcsullinp spcethip is close lo lhc IIIIIII~~~I- 01‘ 

nioduli. 

This lrcmcndous qxcclup rnrdy ~r;msI~ilcs to ,! slcni qxd-up 

due lo lhc ncctl lo convxt \\cighlcd hinar! iimiihcr~ iii10 ;lncl 

oul of Ilic rc’siiluc tlom;iiii. I‘hcsc forlulrti imd v~‘\‘~~I‘~c’ 

coilw?crs haw to he c~~rcl’ull~ cr;llictl lo rslaiii lllc ;i(l\ ;llll;lgL’\ 

ol‘pmxllcl iirithnxlic. 

1.2. Low Power Architectutd Tcchniqucs 

I‘lic lie! to po\\c’r rd~iclion wing wpcr-wilaril! i\ IIIC 

realizntion. that in L’l.SI C‘VOS. speed can Ix Irxid 01‘1 liv 

po\\cr h! rcihlcing the operxling power-wppl! \ olla~c. I’0 

lllililllilill the orifinill petformincc. some tcchniillis 1111l~l l)C 

cmplo! cd lo reducs dclx! I3roclcrbon cl. iil.‘s \~orl~ I‘irsl 

dcmonslralcd ho\\ super-scal;lr ilnpl~:I11ctll;llioIIs coIlId Iridc 

xxii for po\\cr [O]. I hc signilicancc ol’lhi\ lwol~os;~l \\a~ Ill;11 II 

hiplllightcd lhc cnormotis polcutial lo rdtlcc po\\cr \\ ilhollt 

;m!’ changes to c\i5lin!J tcchnol~~~~. ()n llis olhcr h;md. il \\:I\ 

imprxllC~ll t0 ilClliL’\ C ilS prcsciitcd. ili;linl\. I~CCiIIIX’ -- 

. It ciills liir 2111 iirc’ii incrciisc 01‘ mow Lh;m I\\icc. \\IlicII I\ 

usu;ill! ur~accept;~hlc to I‘! jicni ;irchilccls. 

. I‘hc incre;lsc in control complc\it! and 111~ rcwlting circa 

and po\vcr increase 11 crc not taken inlo ;iccoiInt. 

. ‘l‘hc issue of mtiltiplc \~oltafc’s ;~ntl Ilicir cl’lkct OII llw 

SJ slcm was not consitlercd. 



2. LOW POWER THROUGH RESIDUE 
ARITHYIIYTIC: 

Siiicc ill~~llilSCllllYll rcchniqucs t-cl! 011 solllc kind 01‘parallclisiil 

IO I.C’~~IICC IIO\~L’I-. il i\ quirc naluml lo in\esligalc lo\\ poeer 

rchidtlc‘ ilrllliinclic iII.ChilCCiUlY~. III olhcr words. the speed 

xl\ aiitagc 01‘ rcsidiic ilrilhnlctic can lx Irxletl ti)r ;L signilicant 

p)o\\cr id\ ilni;lgc. X’olc that thcrc iIl'C I’mtlmcnlal dilkrmxs 

iii Ihc kind\ 01‘ p;ir;illclisni th;i1 I~rotlcrson cl. id. propox and 

n11;11 RT propose ~hrol~~h Ihc IISC ol‘I<A -- 

I’hc yccd gain is roughI> proportiowil to the number 01‘ 

modiili i.c. .3. I Icncc. if the old tlataputh dela!. is tdicn to 

hc I is. the’ iicu dcla! is rl.s ns. I’wcr sxinfs arc rcdixd 

IT! rctliiciny I (1(1 So Illill lllc clclll> is f IlS again. Ill 

I~rodcr’;oIi’5 ~cl~cii~c. rcilllciny dcla! h!. s tinics requires an 

.r linic5 iiicrcabc iii xxi. .\s uc \cc I;IIcr. our schcinc 

roiighl! rcqiiira ;I 54% incrciisc iii xc;i. 

Iti I<.~\-l~ii~~l Io\v-po\cer architsclurc~. the incrcnsc in arw 

illltl IlCllCC c;ip;iciliiiicc COIllCS ilhOlll dllL! t0 -- 

l. I 51’ 01‘ li>r\\ ;irtl illlll rc\ crw con\ crlcrs. 

2. I ,\IKI logic liw moilulo corrc~liw. 

I :illil,c I~rotlcrson’s proposal. lhc ilI’C;l dots not increase 

liiicarl! I\ ill) spwd-tip. I:or sullicicn~l) lay R/I 

illll~lc’llll’lll;lliol1~. the incrciix ill coii\‘ertcr iircii or tlela! 

\f illi Y i5 ikz~ligihlc 1 I II. 

I ‘nlihc dipcr-xxliir hascii impl~lncillatioiis. po\w 

rcdiiclion throtiph l<A-haseil archircclurcs is a stronf ralio 

01‘ coinpiitalion to coii\~crsion (that is to say. the numhel 

(11’ compuutions pcrli,rmctl per in\~ocation of the timwrd 

iiiid rc\‘crsc con\,cr<ion). \\ c‘ li~rdl~ address the 

prohlcni ol‘clcl~rri~iniiig opriinal r;ilios in 2 liittcr swtiim. 

I XC 01 I-C~~~IIC d;it;ilxilhs hi15 powrliil implications foi 

dscy 5iih-inicroii Cl ISXI) tlaign. I:or one. it iillws 

ilCCCpl~ll~lC pcrli~rinancc ill IO\\ \‘(lll:lpCS. Scclmil\. the 

pc;ik ciirrciils drm\ii i~i rc’siiluc :irchitccturcs are at-kxsl j- 

0 (imcs Iowan lhxi thow iii coiiwitioniil idiitwttircs. 

‘I hircll!. splilling ii inonolilhic d~ll~lpiltll illtO channcls 

incrc;lsc3 Iociilil! -- all ill.CllilCCtlll.ill kmirc covclcd in 

I)S\~l. 

I’hc rcsiduc Icchnicluc i5 chicll! ilppliC;lhlC in iiriliiillclic 

cirwits uhcrc Ihc adilcr i3 rmargu;ihl! the \\ork-horse. I ICIICY 

w USC a 32-M ;iililcr to illustrate the IOM po\\cr iiictliotlol~y~ 

\!:c iissiiiii~ lhat ii norni;il 32-M (‘iirr! I’ropaytc !\\tltlcr i\ II~YI 

in lhc conwntiimiil sydcni. .\ Gliiplc thrcz nwtltili wl 12 l l-l. 

711. 211-l; \rilh corrcspc~iiiiiii g moiliiliir ;iddcrs li)r Ilic Ilircc 

pxillcl channels is chosc’n liw ;I rcsiiltic illlplCI1ISlllilli~~II. .\II 

dala pro\ itled hcIo\\ h;l\c hccll Ol>lilillL’lI throiigh I imcillill ~111~1 

I’o\wrniill 5imul;ilioiis Ot’ hilCk-~lllll~~lil~L!ll SI’IC ‘I. ilcllisl5. \ 

O.-ljp. Vcj,l( Ilomiiial) = 3.3 \’ prous?; ih c~iiplo! al. \II 

nxistircinuits xc ill 20X I<. 

2.1. Reducing power in the RA clatapath 

SI’IC’I: siiiiuliilioiis 01‘ the COll\ c’nlioiul illlll rc4dw ~l~ll~l~~illll.~ 

vicldcd the ti)llo\I ing rcsulls -- 

I’rcdictcd Iklq 

;\I1 adilcrs arc Jri\.ciI I>! and iirc dri\iilg ~illlililr ildclcr~ 11) 

correctl~~ Giiiuliitc ii liirfc 5) dcni. I‘hc corr~~l~~liitliiii~~ 

betwocn the prcdickxl and nicasurcil \ I;IIICS is cIo~.c. .\l\o. 01 

Ilit’ thrw parallcl chmiiicI5. the mod 2r1-cI cl1ilnncI i\ Illc 

slowest. I Icncc. the ~pccdup ohtaineil 11) Ihc IISC 01‘ rcsiduc 

;irithmslic is 2.06 (=2X.07 10.77). 

Next. V(l(l \viis tlccrcascil wch 11x11 lhc criticxl palh ilCl;l! c1l‘ Ill< 

rc5idue iiiiplt’iiiuiitiitioii imllchcd lhc con\ciitiwi1l enc. lo linil 

such a Vljll. \\c s\\epl ths Iallcr around il roufh prcilic~ion \\c’ 

ohtaincd usin9 lhc li)llo\\ in: dalion I\ hich is ilCCIlEIIC li)r 

most sub- lo tlccp-l;uh-niicroii tcdmologic~ -- 



Adding Llic xxii li)r llic LIircc iiiod xkicrs and coniparinp it lo 

ltlill 01‘ Ihc i2-hit acltlcr. \\ e SW Ihill il rcsitluc d;~t;lpalh \\ ill hC 

54.X”~ cosllicr iii Wins oi‘twil csI;iIc. 

2.3 Performance/area penalties in converters 

.-\ pilrliclll;lrl! Il)orn! iwic iii I<;\ h;lsctl tlcsiyis is the C0Sl 01‘ 

li)r\r ill.Cl ;III~ rc~ crsc conwrsion 13.4.X. I2 I. ‘I Ixsc convcrlers. 

c~pcciall~ Ilic 1’0 crsc coii\‘crlcr. arc considcrcd both “large” 

alId “\lO\\” I Ilc IilhlL! hclo\r pro\dcb solnc iireil slatistics 01‘ il 

3?-hil raciw coii\crlcr li)i- llic , _ N 7 I I _ l 2 I t 2 I I -+ l 1 .jc, __ 

lirhlc 6' IkI(!l O//OIW (l/Y/ t/m/ ,Y'I',','.F~ I'o~rl‘c'l'lc'~'.\ 

‘Hle li)r\v;lrtl con\ c’rsion ral5 01‘ 72.5 \~tco11\ cr\;ion\ \ i\ 11~11;lll~ 

sul‘licient li,r niosl appliwlion\ 10~1;1! I IIC ru wsc am\ CX!L*I 

uscrl hue is cklrcincl! lilsl and ciiii dclivcr iiwrl! 00 \Icclll\ <. 

t’roni il sipmil prowssing pcrspccli\ c. Illis I’illC i\ quilt IliKl) 

m tlW coniparcd I0 ltlc ~!~pic;il dal;l hilll(l\\ idlh. t Icncc IIIC 

rc\ use con\uIcr prcwntcd kc i5 not 011 lllc criliciil pa111. 

2.4 Peak current 

‘l‘hc lnble hcIo\v illusrriltcs ho\\ rcsiduc illlt~lClllClllilllOllS 

signitic~mll~ Io\\cr lllc txah currcnl conwmlMion -- 

I’d C‘urrenl 

(rn:\l 



rcsidw iirithinclic. localil! is siyiilicanll~ cnhimccil \I hilt twl~ 

clirrcnts drop suhslanrially. I%olll Ihcsc ilX illlp0rlilIll \.irLuc\; ii) 

tlecp-~tihmicroil. \\‘C Ilil\ C ill%) ;lll;ll\ %!(I ;ll1li prcwilcd IllC 

L iablc dc5ipii 5p;lCc 01‘ IO\\-po\vcr rc5idtlc ilrCllilC~llll~C~ I,! 

cmplo! ing 1111’ collccpl 01‘ Cl~lllt~lllillil~llS per coIlI cr5ioii ir;ilio\: 

II is clear lliiil lhc lo\\ po\\cr rcsidtic iirchilccltirc’x :~rc‘ I\ ~‘11 

witcil to signal proccbsiii p ilpplicillioii\ lil\c lhc I’I I. \\liiili 

pib5css high coiiil~ut;itiilri.~oii\ crxioli rillios. 
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