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RNS Hoardware

Consider an RNS 555-’-&% cllefinecl' BJ |
+\1.e. wroduli sed 5:{ml)m2)...) mLE)-
:Cmf.)'m»\j)r:l_ go‘r L'—FJ Sveh o .s‘g;-{—em
wi|‘\ consis+ oﬁ: .

A- Weié\l-kec\.'Cloin.q\fJ) —to— RNS conversion

\'LO,YAWCHY?—. '

B. RWNS ?Yoces‘_g{_n; LLalv—ciquve.
c. RNS - 40 — wei; hied Cbémqrg) conversion
\n.a.véuonpre.

The hardware ovgqnfzﬂ,-"io‘a of the entire

RQS 553+€m is showw l:a the f%rure own

nert page-
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A \::réeﬁ discussion on weCJh-&ed-—‘l-o-?NS
Convevsion, RNS frocessing) and RNS—to0—

weégh}e& convevsion -Fo lows.

A- Wﬂé\z-}&d —4o— RNS convers ion

The problem here is fo evaluate <X,
where X is an n—bet f—"'L+€d’e"' while +the
wiodolus m is @ Fosi#ive'én{egem |

T he evo,\ua,-l-{on. of <><>m con be qccompli:hed
loa Perﬁormin—g ‘he deivitionw of X BJ m. and
heeptn%‘ +\-Le requnclev- This is ho-l- o, Joocl

owev €Y, Since ddvision iS5 g slow operg—

+ion,
A betier -{-echnﬁt}ue Eo“ow.s:
led the bt number X be

\/-—- f .Yh_..') - v  * ‘x‘l. xO)Z_

4
A — \_ ﬁ—n_ -H-_L il I (A

Then
n-A h..——.a
X e PPN i E 2

Thos




___We

L35 = a5, e SR

T ORI Y cny.
o

The derms <2L>m can be precompuied
on d stored s ( these ferms ave preknown
c.onslroln+5). A mulh’o?erqn& addidion mod m

Coann +hen comFle-\-a +he comPu+oA—COn

IX>  of eTuq{-ion Cl).

IGYQ\'\'LHE-' ComPU"-e <><>h1. wheve W = l? qnd

X:(:LJ.L.L J.l.L.L.OO_)l.

32
Heve X= AL 26, 25p2le2 +2.
Thus, G
& 7
< X>m: <<2°">_L(i +£.2 >l‘1+ <2 >lcl + <2 >“l +

= (-149-5+ T 413 -3 18443, = (327,513,

Dooble chech +o See -(—hq-l-. <X>h1.:

:<1020>(cl =13.
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B. RNS Proc.es.sih.g (_Arc"(—‘-u.me‘l'(c_ nod hq)

B—L. Addction modulo m

Let A)_B be én-}cjex; cuech +het AGZM)
BeZ, wheve 2= 10,42 -y m-if. The
Problewn here is +o comFm‘—e <A+B>m-
Led A avd B be w—-Lbit Mombers or
| A:(%"la_n_z....aia_ozl

B:(bn—_{_ L)h_...g_ ce v ‘>_(_ ‘90)2
Let S be the sommation of A and B

ey

5= A+B = (Snbnos " Si50),

O‘o\!ious((j) | OéSém-ym-z <$£nce Oéﬁsmmj
OéBsm—i)‘

. “%G"W—W&M—":@ e
oue_rflow occuvecf due +o oddction P +he wn
<A+E’>>@= S

f ML 5L mem—2 (which means Hhst
ovCY‘f{ow occuved )) +hen




@e_

<A+B>m = C-m .5—\-25’ Comf(emen{— fm
_Céshofe C"-:Y’rb out {'3 thig qdclu(-wn).

B—2. Additive inverce med m(nejq-(-éon mod l-'n)

le4+ A bLe on in-Le(jGV such +hot AEZm.
Ol::viws'l.‘r

<-—A>m-—— <m—-A% = 4 2>$"Comf>{. a( A
Céanore quJ ou-l—),

B"B. Su(:“‘\’QLC'l‘COV’L Vﬂ.ocl gk

Le'-(- A/ BI Le Ln-‘fje’rf such -Hm'l' Aézm)
Be 2. - Then

<A—-B>M = A+<_8>M>m

B-4. B_UHL'P“C%'(”COVL wied

Led A) B be wn-bit Ln+e(5€vs sveh Fhet

Aez’m) Bézm Let P be +4he ?u” P*rec(—-
Sitowa oniuc.'{- Of A q-n.cl B oV




P= AxB. Since A) B ave n—fbct humloem'/
the ?vo:‘.uc-" P (¢ o 2n-Lct numiber.

Le+ P be clec.omposecl i 40 Fwo n-bi{
blocks a5 Pz PP . Obviously
P= P_L‘2n+ |7

T\nus

<A><B> = <P>m, = <P_(_-2,&-1-1'-)¢>>Wt =

= LLRTS H LR > 2

m
The obove eT-(Z)SUJ’Ses& the follow ing Eo.\‘Sc'B/e

‘T, f\emerz}ﬁ HO\%..

A

in
[:\.-; ?J’:M
P 12n .
.o

?.'L . i -1 T

C N CECEE
w w
o2, <P,

\ adder modm

¥i
<ARBD,




L (8e
An.o{-\n_er «l—echnﬁUQ used for mod m W,UH{PIL‘(Q,_

Jion could be the index colculus {-echni;’ve Cfe'ze—n
vo tors e_l-c.)) i cage wher M iS fr{me.

C. RNS-—Jro_wec‘(f\-decl Conversion uxcndo CRT

led the wmodolised  be
S:EM.L)mz)"')mL?). (m‘:)m\j)zl. for €7y
omd  led the RNS represen-\rq-HOn of Z be
po EE’ (.Z.L)Z?—)"") ZL‘) .

The CRT +hen dictates

- "“——PF&E.—H:OHQ—W—MQ,R,+S .

2L BN, <ty e <ENZ M

wheve —-"h—_m' - M'-‘—ﬂ—— - N = o~
M= CZJ'L/ & P ) " <M(_ >WL

Jv fhe o bove, M_L)'“a)“‘)M‘—) Ny, ¥, --- Nl...) M ave

The ofequfCOHS <Z¢"Ni>m£ cayn be F@Tformecl
Usina- Ihe e%isféng, mod m; multpliers which
Lpe\on.g o +he RNS processfng havdwave. Alier
VL“;'\'(\]E\a Sgeqkina) <Z<_"N6>mc- Con Le Ferfomed
Usé\'z.g ,sFeCc'o.\ PUY POSE  hmuaedoceme  femiuds e




Qe

MUHthers revformivzj
<-Z('_ * con.s'-f-qn‘f'>ma .

Fost WiulJrélei“—g <Z¢‘N£,>m£ L(j M can
also be LMF(emehHJ locJ 5Pe<£q[ puvpose
*muHirfiers' o ?evformén(j mu(-l--ir(i(,q-l-{anj
'oa consken Fo.

Ff_vwg“g) e L-opero\ncl mod M o dder
'5 needed +o ‘fer.eo‘rm the ?t'.n.ql CRT
elddition - |




T he Z,I-—MOJUH RNS Losed on
set  5=02%1, 2" 27+1%

A vesidue nov ber 5(jg-l—em t+heo+ ha¢ lLeen
a'wen consédevq \9!{’_ otH-en-'—ion 1: .Seveva,l RIS
reseavchevs is +he Z-wmeduli RNS based

O $e_-‘-
n L

5:%2\1_]—) 2) 2+.L})' VL:in"*CJer_

Such RNS Sc‘jﬂems img’\g simple wec'crlx+ecl-+o—
RNS and RNG - +o — wei_hlr_ea comversions,
Sim?le_ RNS gvi(thmetic omnd VE’V‘J belgnced
c!ewmpds&fion of the danqw\ic Y‘-Gﬂﬂge.

: Led o Le O\.n o:liiniLefer--Thien

I_eW\.moL .
the numbers oo, ot at+2 are pairw ise

velativ e\a ?'rl'.me.

Proof :

Let d be o common divisor of x+t2 gnd
o+l . Then d moust divide thecr dt'ffereqcé,)
oY c‘\l which wmeans +het d=41 . T”LUS/, t+he
_on\a Common diviSor o_ﬁ o +2 and a+l is |
o Cq.f2) 0~.+1):‘J. . The fact that a4y




and O &Y€ \’G\QH\JGIJ fvime Con L e
?TWQ“— in o S_L'milc.\f UJ%J.
Re WALnj the num bers a+2 and a, (et

d‘ be o comwmon divisoy of them . Then

el’ woust divide thelr alif@erence o +2—% T2,

ov 4|2 which meaqns +$hot d'=Llev 2. The
h.umbgv cll=2) howevef) does wnod df.vic\e G +2 vior
o Siwce Loth a2 gvwnd & ove odd num bevs.
Thes d=1 ownd (q+2)q):i. The proof s
compleled.

The above 5ene_vc.| lemm o (EEREEESES iciqtes
+hat the set 5={2n-l)2r; ?.n%-i} consists of
paivrwise relatively prome intepers.

A. -Weé3h+ecl-+0-RN5 converSion based on set

L5= {ml)ma)mz'}:{zh—-l) 2"')' 2Q+J-}

An RNS Lased ow set 5=£‘-""‘-:i~)——m—27—m.3d =

:%2‘"‘_1) va) zn'+l? schieves o -d(jmmfc
Y“O\vxae Of qpfroXEMquefJ Bn bits Csee thet
I N

Mz m, my= 27 "=2 )
Let X be an t:h.'llﬁé’e\’..Suclfz that 'Xe-ZM
(a2 =501, 2, -, M—L).




@.16 |

The vesidves +hat wneed to be computed here
ove Xy = <><>2’"—~_t ) X2:<X>2.“' ) X3:<X>a"+1 :
Let the 3Bn-bit Em.nleger X be decomposed
imto thvee wn—bit blocks as X=XzXiXo.
Olo'vious\:l ) X = Xz»zzh'-l—){l-zn-{- Xo -

T\—\.us)

2n " —
X=X = X2 4oz, 7

n\2 h'
= < Xz@) X2t Xoga = Lot +X°%"‘-.£

ov

Ke 0, ~ S| Q)

Xo = <X>2.h. = <X2(2“)1+XL 2 4 Xo o = <)<o%h = X,

oY

azogexe| @




The ‘(chl—s <2n>2n . :._L) 42"'%n =0 awnd @‘E
<2n>2n+l = <_1>2"'+1 have been do ken Cnto

accovnt v cleréving eiuq‘\‘iong (l))(2) and (3)

Equetions (1) (2)) (3) demonstrate thaet tfhe
weia\ﬁ_‘lea —to - RNS convevsiov i 56:::.?|e ;Jhin
USLVLa oavn R NS L;Q,Se& on Set 5;'&2-—'1‘) 2)2+i.?'

B. RNS Processin.j CAvi-l-h.me-Hc mod (_zhmi))_

U
mod 2\1) hrxod(zn'hl))

B_l. Avithmetic mod (2°-4)

B.1-1 Addition wmed (2%1)
Led A) B Le in"‘ejefs such -'-I'La,-l- Ae ZZ“‘—-J. )

(N
Belr , ) wheve Zz_"-__L:{OJ H2 o 2 "2}-

| o |
Then /\A+B>z‘“'-—_t: vesuld of LS complemendt

adiifon of A ond 8 (odd A and B and
end avound C%YYH)- The treason fov t+he

end ogvound covvy is +thgt the weg,h'-f f3ctor
of MHoe cqrrg-ou-l- €S 2“’ while <2&>2n_{:_[:20.




@4—"

B-1.2 Aclddrwe U’LVQ\"SG’ MOJCZ “l)) (h.e(-rg-l-(.on mod (2™ ;))

Let A be sech +hat AeZp . A is then an

nebit vomber or A=(Qn-gGn_p -t %), - The

additive inverse of A i
_ - = Gng Oz ** " &L %o >
LKy, = L2t An_ | = LLangon ?

.-

= (Otn-l 01:-_7—_ .- ;“T;) ey .1.5 COMFlemen{— ]f /4

Thug R
4___A> = 1s COmFlfmel’L“‘ Qﬁ A‘*
n

B.1.3 Soblvackion wmed(27=1)

Obvious\:j )

(A-—B>n = A+.LS Com‘:|emen+ .F B Cend grouhd
| 2= carry).

B.i.if Scc‘li'ng La 'FOLU@Y' Of ‘{'wo C_Scﬂ,ll'ncr L(l]' 2k)

Ledt A be Su;h +hel Aézz"l___l_ . The f\r‘ob_lem
heve is %o com pute <2h. A>.a"‘-—_L

led A be clecOm_Po_gecl into dwo blocks
A, end Ao where A5 is o k-bid block

while Ao is o (_h_-—-h)—-l;c‘l- Llock.




©f

T\n.ew.)

v.—R
A:\f__& \_{?j = A-2 + Ao .
- w-b
bed bk :
k -
Th’US} <2k° A>Zw‘—,]_: <2 '(Ai'z + Ao%n__f
n k — k —
:<A_L'Z +Ao-2 >2n-_L = Ao 2 +Al>2n'-—_l. =
- A = C Aok - Ao =
- <G§° w> +\?1’ >2.”-—1 < ’>z"‘-—l K
b b zevos 2 |
bk
= veso of_ r0¥%¥ina A lefd L;] b beks,

S - '
{Q/h.ﬂ?a_"-lz veso It of |e(f1r—r°4-34-inj A LJ k @

€7‘°| W‘L?\e .: Cohs‘iée\f VL = ¢? Qnd A=(q7 O(G °(5 q'l‘ 0(3 qquqaz‘

_Then 2% Ay 1:_,_(°‘H°‘3°'2.°‘.1 %o 4 °‘c°‘5’)2 -
| 5=

B-1-5 Multiplicafion moed (2= 1)
Led A) B loe v— bt c"a.+€j€*‘5 sueh 4 hat
Aeém__L ) Bedw Heve, 44"3>zn__l_ needs +o be




ﬁ'@ﬁ

COmPu-\'eé- Led © Le +he -fo” precision
Product og A wnd B or P=AxB. Then

P e oo 2n-Lbik nomber which con be
clec‘,om?osecl imto two n-bet blocks as
P:' Pj_ Po . ObviéuS\j P: ?_{_-2‘,1'4"?0' °thc.1 +huf

— _
<AXB>2“'_._L = <P>2n.___l = <P.L'2 +P°>2_n__l

ERS A

=

o

The above eTuq%ion 503363+S +hqt
<AXB>2_“'___L' Cov 'oe_ COMT?U -l—ecl LJ o FL-‘L —hn
A»B =

oll grecision multiplier computin
eqddev

_ P=%F ) K—olloweé |:>J e vrod C?_n’--.l
P€Clovmin A ' .
fox j <R +P>a""-i

The &‘B‘awﬁl—et\‘rvr'trvﬂ—is-—wwv--l-%ke—maii -----
hoxdwoxe e?(.’icien+ —\-echnc‘;ue- A wuch better
approach is o divect olesc'(jh. of o

meod (2“-—.() MUH(P\{QV “based on couatevs.

This o,ﬂ:roa..cl—n_ s Shown L(tJ_O.h. exqu{x’.
ov- mext page .




| g __

Le + A)B be 5-bi4 'm-l-eae\’s suck +hat
Aezzs_l ) Bezzs__i_ ond Soppose +hot <A)‘9>25—.L

heec\.s 4o be Compﬂ—ecl. Below aou con S€€ ¢
covnleyr —~Lased ‘Vn?|€m€n-\-%-]—£0h Of <A"B>5

The covnters vsed ove (3, 2) awd (2, 2.) CounJrers'

A"" Og_,_‘ 0L3 Qtz Q_L a(.o
B= by bz ba by bo

0000 abein of
00000 § fricey
WHOU

T

- —————

wod C?‘ —"[) CPA)

Cend n,YOUh.cl cerYyy ).,

—

T <ARBs
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B.2 Avidhmedic wmod 2.‘“

B-2-L  Addition mod 27

Le t A,B be svch Fhed Aezzh- Be Zn .
14 f 25' cnmPlelm.f’n_+ o dd ¢ +on

Thean <A+B> = veso
of A awd B (_m&& A end B end c.(rnove carry ou-l-)
The veoSon ,(for tah.onn,a +h e covry oo+ i5 thaet
1is ertg\n,%- g“-d-or ¢ 2% w\m(e <2 >n. = 0.

B.-2.2 Addctive inverse wod 2"

Let AeZn - Then '
<~ A> = 2" A> o Cc:mplemen.-F of A.

B.2.3 Sobitrogction wrod 2"

LA-B> = A+ 25 COMf|€men-[- of Bj C\Jnore
2 CQY? ou 'l')

B.-2:4 Scmhna La fowe\r 0€ +wo CSqumJ 3 Zk)

Lejr A Le such ~Hz.a,-l— AGZR. Decompose A
inke +wo Llochs A_[ v d Ao wh ere A‘.L i S
a k-bit block while Ao is o (n-k)-bit
bloce . Then

v-k
A: A_‘Aoz AJ_-Z +AO .




2
= < (A 000 000)>W = Ao000-:-:000
bt 2
n_i R zevos
bed
S0 R

<R A>, = veselt of lefk-shifbing A by k biks
_ 2 Zexo -—Qd\\ina 0."' the y-{crh_,_

¢ Consider w=8 and A=(&7ng5q9q3qqu%)a.

E)«'qmi\e

T\l_eh. <23* AZS = (0\110'3 olg 0!1% 000)2_ )
. .

B.2.5 __NUHE?I{CO,-]-LOYL mod 2

Let AeZ,_n)Bélzz“- and suppose Fhat
<A><B_>2h needs to be ‘cOmrmleo\- Let P be

a T4 1= oD nnt
A 0:'\"1-&' B_)o —, hen V=t o -~ ?1'4 'rﬁ) e — -
s
v vi

bt Lot

T\"'Us} <A’<B>VL = <P>h. :.<E'2‘Q—+ Po>.,-,_ = RL/
2 2 2 |

V= A"-B)‘ (Pis the foll precision product of

The above approach which is based on
com?u*i\’tg -H,_e ‘c”“ Pvecisl-o.,,_ FY'OclUC-f of AOMJB




df

and Izcerinj 115 rc’.(c]h:l- mos+ w4 rar+ o
is not the wmost hardwave efficient approach.
A wmoch better direct Jesian O-F 6« mod 2"
MUHCF“&T Losed on counders con be used.

This is demonstrated lzj +he f,’o”owina example.
Let A, 8 be &6—-bidt r'-w.+eaers svch +hat
AeZzg) Béés and Suvppose tho+ <A><B>?_6
needs 4o be COWLFU.-'-E'CL A covnter— based {.mF|e._..
mentation of <AxBD, is shown below. The
covnters vsed qre (2,2) and Cz)z) couw fers.

A= &g %y 93 Gy 9y G
B= bg by bz ba by bo
00 @ - - matrix of
| @ U & sum wmands
L © B ¢ .
2 Feansye

JY

&
wrod 2 CPA
Cignove carvy ov 4-).

OO

- (A:&B>ZG .

——




B.3 Ari‘l’kme-‘-ic mood (2”'4._1_). @‘(Q

B.3.1 Addition wod Czn—f—_]_)

Let A)B be E.vz.teaers such 4hat Aezln+J_ )

T
Bezzn*,l wheve n T O)‘L)z)'”')zf' Then

Aand B need wtl bits Lor their representation
ol o A:CQnOLn_._J_"‘ - Gy 0\0)2)' B:C_b\’hb\%-l et l’_l_ Lo)z )

Cose (&) aqu=bn=1: {n +his case,
A=B = (1000-+:00), = 2. Thus <A+B%"‘ 4 :<2m+2y2"+¢
- +
=D+ B0, T <23 = -2 = 2" =

:(o|(|...lll)2_ . This case can be detected v d
Dt Y S

. ones

t+reoted Sepmrm+el3 .

Cese (E.t'.): At least owe o.ﬁ y, )'L\q. 1S 2ero s

v dhis case, at |east one of the two numbpers
Aor B is smaller thon 2"

bet-S—be—the foll-precision—summetion of
A oand B ovr S=A+B. Here) 5 is an (utt) ~bit

Ylu‘m.\oe*r Since Smo\%‘: (.A"-B)yn_om: 2\14-(2?1*']') =
— AL ’
= 2 -—.LBC recall +hat wviot both numbers

Ay B are egval to 2"").




GF

The co'mpu-(o‘#éon S:: A+B can be
?evgormec\ | bj &% reau(qY Cn-q-j,)_[,g{- bing~
Yy oaddec

A v

E:.-t-i) —bit adder

% vl

S = (susn-—i e .51 5°>

As exr(c«.inei S < h'“- |
‘£ 04 S 2 (whtch. means +hat ouerf‘ow
did wod occuvr ox Se 22.“4-1.)) +hen

LA+BD, T S

e \_ﬁ S>2Y1- +hen awn overf(ow occuvre d

CS fé 2 4—1) avd tnm this case
/?_u-l—.(. \ /2""+_[

The overf?low Vs eq.u‘lJ detected.
Overflow occuvs (€

S :QSnSh_l ve v Sy 53)2 > 2‘1.




This weqns: ®‘€

Sh:i OUQA- Y'I.O"' OL“ 5'1-.1.) 5."‘-"’2) Rl 5_(_J So eve
- Zeéxos . A.ﬁ shown be'ow +he havrdwerve fov‘
overflow delectiom Comsigtys df ovie OR gnd
one AND gq{-e i
St — _
5¢ . cw_e
Se Sn,

e +his casge of wn overflow

: +4
2"+1 £ § £ 21
ox

2“'4-_1_ < 5 < 2n+2\n.__i
T hen

<A+B>2Vl_l__1 = <§>2"‘+.1_ :. S—(z“.;..t) =

= (_5..,5,.,_,__L ey 5150)2_ (2“4—_1) =2 +<‘Sn-.\. --os_tsoa-*.’a -1

——
——

R @ bt 2 . I
(5n_yg ...5_150)2'_'1 = (Sqny " 5i5), + 25 Complr e

¢1=
CSa-g Sn—g *** Sq Se,-.)2 + (411...111)2 C(ere

C.Q\FY'a ou+ of this qddé‘f“:o‘“’)-

Thes, in +his case of .5‘>2n) +he

t




desived <A+52n_+1 cov  be obtaivned ®€

bé q&ling CSn_LSh_QH'S_{Sa)‘Z with o vectoy

consistin of o oownes avnd keefc'n; +he
'rig\njr wmost v ks of the resolt.

B-3-2 Additive inverse mod (%)

Led A be an indeger such  thet A€Zn

J
- Vi
sz‘%i :%0)1)2/'”) 2 _?) | |
Then A= (‘kna“n.-l cae ‘-'L-LG'.0>2
OL\'iouSlj |
L—h>, = 2"+ -A
2"'4—_1 2%
Cose (é): A=o
ln this case —A> =o. This case
2%t
cevn be detected and Yreqled Se?"(\r'quelg,
P - 2 o o\ o A nh"
Cese (L) v A=2
Heve, £~A>, = <%t -2"> = 4. Thi
2% 2" 44

Cose covr be detected aqwnd -l-mq{-éi

Se_g 0, X0 fe lg .




(9f

lw +his case A can be re?re.Sen+ecl LJ
YL LJC'(—S or A: (Ol.n_-io(.,n_..z"-'otlat.oz .

— e — =
Then <_A>?_""+_L = L2+ A>2_”'+.1

Cease (éi,c',) : 0L AL 2"

= <2n+i - ( R B OL_LO(,0>2 Zn+1 =

\l

n ' - " o~ 2
L2 1 = (g Qnmy Hyfeo), F >2.""+.1
= L(%py Oppp * o Xy %o +2>
n-] “n-2 )2 2&'{-1

The fact  thoat A0 implies +hat

'eld

—— L
(g G <o O 0o ), £ 2 -2
e T < 27 | Thus
C&h--‘iol'h-""'z v -5 = - Ql%z"-z — . /

(T @y - G me ), 42 20 =

= ({hj:_l_' ol..n_.—Q_ . - - > .EL.:_ a.-;) "l' 2 -

. - N h,
i conc(uswn) it this cese wheve O<ﬂr<2/

\4’”‘ A >2_n+L = (Xp-y -2 -0 %y Ouo)z + zi\

which wmeans thad L-43, = is5 the s coupl.
o@ A inceremented bg 2.




e L L LT,

B.3.3 éub'{'rq_c-l-c',oh wo d Czh-l-i) —ﬁ

Let A B be svch that AeZp, B'ezznﬂ.
Ol:wiouslg

_ = LA+ <—B .
<A B>2n+1 LA+ >z.'“+1>?_vz+i

B.-3-4 ch,\i.-né LJ power o.f two CSquing LJ Zh)

Led A be such 4hat AeZp,., . Then
A=(opogy + - 0as), - T he problem here
15 +o com[:u--l-e_ <zh. A%ﬂ_-{-i :

Le+ A be ée_c_om?oseel into fwo Elocks
AL and Ao, where A 15 o (la+i>-—bc't
block while Ao is a (h.—la)—-LH- bloc k.

. h—k
A= ALA ,h = Ay~ + Ao
kA | o
. 1 "2 . . V‘-"h NN
Thos, <zp-.pr>2nﬂ = {25 (A2 +A.)

2% 1
= <Al-2n + Ao 2.F Sa = <-—-A_[+Ao‘2k>n ,

2 +1 244




83.5 MU({—éflfCQ'{'COn mod(z"‘+1) ﬁ
Llet+t A and B be Ln-Pe(jevs soch +hat
A BeZn,, - heve LAXB.  veeds 4o he
computed. Let the binavy representa-
+con s og A and B be
-"-'(otna"n.--.‘._ ©ee Q'iq‘c’)z ) BZCLV\, ba—g <" by LC’)Z-
ln +his case A=B= (L00:--0) = 2
Thos LAxBD, = 4(-1),(-1.)%
Tkis CAS e Con Le_ Ae.-l—ec.{-ed erLd +r€q+ed
Sefc..vq-l—elz.

Case (it): o,=1) bn=0"

Heve A= 2%z ~1>, and (Ax8>
24y 21

:<-—B>\n, ] )h_ +his case the nqcessow-g

hqvéque 15 Jus-{' a VL(’.Jq-{'O\" m.od(z-l—.{)
C"use (ccc) oLn_—-O b =4 ¢

_ A - _
Heve B= 2= '{'>2n+_1 ond < A ><8>2h+ =
=< A>z“+,£




l

| Jhus

Case (E_u): o, =bn =0 “?

lvn +hig case +he integers A end B are
’ﬂ-"\ai{' num b exs w ¢ th L:c'.nQ\rJ TffY€S€h+q+'£on5
A= (o1 %y 5 -+ % %), 5 B=(bpnu -+ '°11>o)z-
| et P Le +he, .?u(\ fve(_iSﬁo'ﬁ- Procluc-(—
of A oand B or P=AxB. The prodvet
P 1S O ZVL-LL’(‘ VLUWLLGY" oLvLCl Cn lD'Q de—
C—°“"~?°3€cl ivto Ffwo n-—bdt Llocks S
P=P P . OL“E"U’{J P= P_L°2vz+])o an d

LAxB>S. = <L F>z""+1 = <a-2h+Po>yL

2 +4 24

= <-_ P..L"'?c>>2,n_-*.‘1

R

The above e(iuq-l—éan. sugg.es{-s -H;q{- e
?ossélp(e Lm?lemen%.‘l'fo“— Of <4>‘B>2_n_‘__(
could rely o an n—Lg———'n foll ~
Pxyecision w\.ol%ir(l’ev Cow\.‘)u-l-(:h_; AxB=
?:—?1?0 5 followed ‘DJ g Mmod (2“‘.{_1)
sobbvactor perform ing L~P+ ZM_H_ .




Note: ﬁ I

A weove eﬁ?;ageh{- WOLU -@W‘ Fevforu-cl;r
ac.rf.'HLme—(—ic viod C&n+i) S LJ uft’ng |
diwminished —1 Y‘tl’l’esenJch}‘c:ong o{? U
beve. Few refé_rence_q on Hig SuLJec,l’—

?ouow 7

’?eﬁerence; |
CL] .M. Lecll:owcl-l*z) v A simr["{—ac'ecl L&nauff |
cccethmebic go\r the fetrtnaq"‘ nombev fron~
5 o*f'n"/ l(EEE Traos. ACoos(’(tS) ,-_gfveé_dz/
ond 5gghg[ Processing  vol. AS6P— 24, ne. g
PP. 356-359, oct- 13776

C21 Z. Wang, G.A-Jolliew ond W.c. M lev, |
! ol povithm for me thip licadion medulo (2"+1)
A ?roceedcuf; of 29+, Aeilows. (oulevence
fiw .gi(sowq\ﬁ') 5(3549%-:) g d COWFU‘,LEV—!)CP%CC_’F
ic Geove, Ch) oct. 1995), pr 956 6o,

!




EE TTI5 OF;

A{ The Chinese Remainder Theoren (CRT) 'ﬁf
the otieoctive Z-modull RBWNS .

Consider +he RNS based on +he set

S Jomyiay s 7 = § s, 5 L] iy

Led Fhe iwtegec X be vepresented i the BNS

*5 X RNS CXA)Xz) X;)

Then +he CRT  yecons fvvels X F\(OM‘I'I'S vesi—

dues o |

X = EHN 3, My X Nz Mo <03 ~3%3M3>
M

lw the qbove M= myxmyxmz

M, = %}f = Mg = Zn(z"“))'

N, = <M1—-'>m1 = < f_z"’(_z“‘%—.t)]- >z"" L: <(1x7-)£__‘

=<2 2>,

2 =4

e ln the o lbove we wuged -{-hg gqc-l— +he ¢ if
: - iy = Ml
W is on odd ml—e(;ev then 2 "‘)M = 2=

(a‘du\v‘e check 4o see —Hog{-..<2x -%.t—' >M :<m+'1>w,

::_l).




MZ:—%“ mLMB—(Z'—l)(Z .1.) @g
Ne= <M =L L@E] 3, =< [c- 1><*)J>

:<("‘1) >h_ = 'L>\n.

Mg,'-—‘- ._M_._ = yxwg "’(2 --1)2.
~1
=<M3->m efcy2T s, =< [
3 2 +1 'Z-n'l'l
- 2 _ 2Yri4l _ ot

Thcﬂ the CRT J’i\’ff

X = <<X >us2 (2" +1) +-<--)<1> (2 —4 K
I Xy (2P (& -2
<. 3 ( L)%u+1z >z >23r1- n

-2




}

. Cow\‘,u#q-l-\on of the wmi xed v-qclcx dc.{fg-l—g
g"’" the o dfco ctive B—YheclU(l B NS

Comsidey qaqan +he RWNS quecl on +he set

G=3 s, mo, M3 { = {2”'—-1, * s f . Let
the NS re(xe;en'l'o,hon of the inf-ecrev X ke
X B3 (X_;) X2, 743) w hece X_[) Xz, K3 ave
the vesidoes of X. |
The Mixed Radix ﬁovmv(q is

X = >< rwy Xy 4w my Xz
w heve X_L ) X, 5 X3 ave +he mived vadix dipiF.
We haove “l"e""‘lj showu Fhet

\X; = X.LJ (-.’:

= Lt (Xa- Xi)/J (=)

{Xs ] <(m4m2)“l <¥3 Xy = miXa >>J G)

e ——




j

. @g

L P
Con;&&eréng VLO W +hq¥ mizz—j.} =2,

my = 2 +L  one gels

XJ = ot (Kao)y, = <@ (em),
SR SCOREGIS W) RN CRICES DA

= =X,

ox
( XL =(xi-¥e, @’"’J @)

The Comyl?uh lion dictated LJ ’e§ ) is hoH“."J mo e
Fhan X, = X, + 25 complewent of Xa.
Reaquing X-; one Jel—; .@(orva E’?- (3)
X;; = <.(m,,mo.)“i (X3 -Xy ~wm, X; )>m
3
= {T@)T]T (Ka-2 = @-DX5) O,
= [EE T (KX = (-9 %) 2
= <2“L CX3“"X_L +2><z.f) >n

2 +4

= < ZHL(X:J, -X;) + x2{ >2-""+_1




. .

= (@) (- %) + X, > @0?

27+

' - { L} -
C\’ecq” -Hng~! 2 >, = 27414 - 2'? '+‘)_
2 +1

.SO ?qu“;
X;: <(2h--l+_|_)()(3-)(1>+ X:_, %"'-_,_, 6)

We Il now show how <(2h'“1+1) (X?,—X_;)Zn“
cow be cowputed . let S e |

5= ('X;-—X;%,LH . Let the LEnQVJ Vf’rfe-fenh—
Fion of § Le 5=(Sh-§u-| ....slso)z

Then

CE@H1) (X3 m5) S, = L (E ) Gt 559>

2+l

= <(2“‘—.l+i) [ (5uSn-t '”SI)"Z‘ +5°] >-z,"'+.l
= <(2“'+2)(5\1§n-—; ,..$'> + (2“-1-+1>50>n

2 +d

et |
- e e , So
< (s S S') T (5 2 * )>2."‘+l

= L Csnsmt 851) + (50000000 5)
n-2 eves 2%
= (susnm +o51) +(50 000 - 02950)

n-2. 2eves§




}

|4 will wow be showw $hat
<(5hsh-l --nS;)-i—(SOM So) >n.

2 +d
h-~2 2evof

- (5h5h-| ""S');_ 4+ (5, 000.::--000 ,Sa)
e T

- h-2 ZeyoS
A | | 'H'\f + heeds -I-o Le rv—o vewn is ‘H\g +
(shsh"f ---a5|)+(5000¢_3 e OOGSQ < ZVL'I'J. .

Since  S=(5nSn-y ;"51-‘0).‘_ € 22'1.“ ( recqll thet
S = <X3“Xl>z“+1> thes Selo 2-“,7-

'f Sh,":i +\1€Y\ Sh—i "'7591-—'2_: e =S|="c° O aud (v 'H'nf
case  (SpSpoy - - S1)+(Go000 - oaos) =
:(100.-...000)-}-(00---00) <2_ +4
T
N-t 2evef
I Su=0  dhen  (snsneq-5)+ (So 000 0095) £
N~ Evef
-1
(0”‘ “f) +(l000'° 00') ._..i _I__zh' +1
-1 ovnes n-2 Eerof |

= 2" I




EE 7715 @k

5imt7!i€te.o\ arithwmedic moA(ZW'-l—_L)
Uﬁi'nﬁ Adm{,ndg,(.,_ec] —1{ veFvegen+q4—(on5 of

Lo bev§

be  the hoandovt entctled " The Z*Vﬂvdv-;f
[ RS based on set G=9¢ 2"y, 2} i"ﬂ}’)
+ec_(nvz£3ues fm’ ?erforming arithme tic
mod CZ“H) wexe 'oﬁﬁere&' (see Section

| /
B-3 54‘0(r‘f£n(j owvL FO-J’Q 12)._

A weove e??{cieh-f +eC|—m£7/ue fov pev-

fovmdna ordthwme Hic Wwdc_?-n'l*i) $ LJ

USing Jcméncske.«l—i VQPV‘QSCH+01+_£°VLS
°£ wombers . This ¢s +he 5uf>u°ec+
stvdied n 4his handoudf.




2h
[A). Code Hvansiotcon

let A be on Cvt‘{‘ed’e\" 50(-'1. the t
AeZ wheve = §0,0,2, .20 {7 Cthe
€Lty Mg T LD/ y,
ring  of intepers mocLC:a"‘ﬂ)). Thea A
needs 1 bits fov- it \repreSen-[-c.Jrivh.
The fo\lowincf slhows the COYVE.",-POhclehCQ

befween worhw,l eond demcinished —14  Ye—
presevntat ions -

A Diminished—1 o€ A ov
A-1
witd bed nid béd "
O\
0=Qo0--«00C -~ *‘*100---000:2

~00 --- 000 =0

{-o0o0o.--00d
2 =000-.--040 _y00.--001 =

ZIOOOr"OH 00 .. 010 -:—:.2
_—+00-.--01] =3

L\":’.. ooo..-_loo

¥

,
¢

vi
Mz ottee- 111 _ — 44 ---({0o=2-2

2"“:: {00 ...000 —y L4 .. -144 =2




| @ h
A 5 Seévnr -?YU“'L -H-._e ?revi oul Covrves Ponde\n_ce)

~ the diminished—1  vepresentotion of the

hvh)pe\r 2ev o 1§ 46....0 :2% chd- veguc'vej

ntt Leds _(.70\:' s ve{weseﬂ-a?]rc‘on; The

dim inished = 4 refrcse‘njrﬂ,'j(c'ah 0? +he wvion~
L2} o, .
.1/2,-'-/2—1)2_ reguwe

zZexo e\emeh{'s
Bov theiv vepresentafions.

°“\J n bek
Avithmelic wmed (_,ZVLH)

wWhen fer.eormc'.né’ ocithmedic Mco[(_?_n%—‘i)

LJ osész +he dgminisf-,ecl—-i 535"5""’1) 04.“
'\n?u{--—-o?e\’%hds gre (n dminished — 1

gorw\. e d I-H-Le vesults ave vedturned (wn

dimincshed — 1 .fowrm as well.
B Adlidion woed QZQ-H)

Led A/ B Le 5“4‘-‘3&’9"5 soch 4hat
pr)'Bé ZZ“-H . [? A= =0 +hew <4+B>a"‘+, =0;
\§ A=0 and BFO fhen fA+BD, =B

C%'Y) /

"€ A:(:O av d Bz Hien _
_ <ﬂ.+13>2,,‘,.+I = A.




_@ 5

These coses (fov which o oddition if
neeée&) can be detected gnd 4reqied

SEEqrq‘\-ela. T he Jenerc.l cose Fre.femLeJ
heve g +the cole w here A#:U/, B-’f—_o-The
addifcon tokes place as fellows:

A A(’,m-i’ A—1{

8 dc'm-—i. B—1

Adl +4he ri—bit numbers A—I owd B-—i/‘
com?(e_men{- (_v;egﬂﬂ) the cavry— ovt )
end 4 grYound owmd ¢dd ¢+ Le.c.l?—-_l_’ne
oblained vesuld will be +the diminished-t

om0 ® .
foemn o <At >2_‘,._+l

.E'Xmmfle i{: '?erfotm &£ A+B>q w heve

244
A= (.LO)JO ) ‘B:O?})N.
A:jCJ:(.LO,lo).Z_ dimd (\0002: a-!
g = 43 = (o), 4m=d (liog), = B!
Adding A-1 ond B-1 we get

joo|
y loo
i ool
L——0

oto{_‘—.: g = dim~1 of 6.




| Gh
Dovble theCl?— +0 S5ee '{'qu.'l— <A+B>2q+.l=

<l0+l3> = 6 awd W\'zc;‘l' we OeoL (s  +he
7

diminished -1 go'rm .ef '

E%Ok‘m.g(e 2: Pef@wm <A+B>2q+1 wheve

A:@).lo ) %:(7)10'
A8 =(o0d, dem—ly 01| = A-|

im—d _

B= T= (_Ol“)z A__.--v otio = B—|

| Adding  A-1 omd Bl glelds

o1l

- oyloe

o (|9}

i |
L1 10 = 14 = dim~1 of |<.

Do v lle CLxC('_b\ to gee e b <g+7>17:.-lf
G & w‘nqlr we £°+ (S -{-l—,_e devm —1 ‘G"""w‘ o{fIS.

E%etm?\e EX ?e\rﬁovm <A+‘B>L‘ where
241
A:@)io / B:(q)la




dim-—4 @ h

Here A.—:@)JO:: {000 ——m—p o\ = A—J.

dim L —
B:Cq)io::[ool ——¥ |ooo = B/

A-L +%-41 = ol
!000
looeo
Olll—ll
- 2q

|l 0000 = = dim—d gom. of zeve,

See Yhet <g+3>l7 =0

B.2 Addidive cnverse mod (2'+1); Cnepsicon wrd (Fes)

Led A belong fo Zn . 18 Aso then
ST

A0 =0 ) Ch_o cemFu-(-q~l—(:ah T'QFU(:YQC} ©

J
this cose can be detected ond tregted

5&‘?01?“: 4—@[3). for the dOenerql-' cafe wheve
v, H o we u{- O A o cCvor

Ao the cowpvtotion AR, - occors

%G fol\ows: |

p st gy _

Toke 4he i)f 'Couflem_en{- of A—L. The

;Lijéh.ecl vesuld wil]l Le the diminiched —L
A VVYVL a€ <-——A-%h+i .




; Gk

Example 4z Cowpute LAy  wheve
A:QO)_{O‘

Heve A:(_iU)Ja:ClOl") d“’“‘ (lool) = A—1 .
A-——,L:@Ho) - 6= dim~1 fevrm of 7.

Dooble chech +o see thet <& l°>7“7
Ot & u.?l-q-l— we (fo{- if  ids d¢m —41 _€orm.

8-3 SDL‘{"(“‘C"‘:-C-’VL W\oCl (2?1.-'{_1)

Obvlousl SUL{‘TQC‘{'LUH Cywn L,e O(CCOW\Gng-eJ
log o hejq'\'ton O,hcl ow gddc }ion

)

. k

B"?‘ chlinx (,/.], powev 06 fwo C_.SC?[WX (:CTZ)
Ledt A Leloncr 4o ’Z.Z"'- . l€ A=o fhen

2 44

<2 A>VL / va COMPU-{-O,{-(.oh, t"epuc'recl

This cese cav be dedecded qnd treeted
Se?a,vo,-l—e,la). For Ahe Jehero,( cese wheve

Ao  the comPU"‘%\L“’“ <2 A% ﬂl?-e;

241
?(%ce. <5 fp(low}' 2




(&) h

A S A |

Rotole +he nmumbev A—1 kB bits 4o Hoe
le€4 wheve the biks olppfledecelesf

Shi€led oot of the |eft end and shifled

mto +he Y'ch’l'l"' end woust be comrlemehf-ed

Cne(gcalfea)

TLlf OL-l-quleA Y'eSU"'l' LUC“ hLe ‘l’"&é?
dimincshed=L Poxm of L2°A 3
EXﬁmﬂe 5: CO\M‘?U'{’@ <Ax2 >?_‘-t+, wheve
A:.- C]O)Jo . |

HWeve A=-do _(mo) dim—t (toor), = A-1.

beb
Looyg ,&d-_, 1100 =(oss) =

ot

< C
= dim inished -1 .G:rm of 2.

Dovble check {o see +hel ‘<A*23>2q+l =
.:<io $8>l_( = (2 %nd (4_7\13-!- we dao.l.. ‘S 1.1.5-
déim 1 @O"W\..




L

E xomple €
Compole <2 (4-8) +2'(c—0)>;

27+ 1

where A=1f, 3=6, C=13, D=7
Goludion : .

A= (W), =(oro1) £ -t = soe (01010,

B.#@) = (oo 1t9), -——5’18-—1_—" (oolol),
_CB) _(o“") C-—J-(oqu,?_

D:'Q‘).lo: (o100y), dm p—~1= (o1000),

The addctive (nverses Gf B and D n
diminished—1 Lorm ave

B=L = (i1010), = Ls couwpl- of B-l

A ———

D1 = (\Oli\)z = ' W D=)

dim—1 of <a-8>. = 01010
2+ Hitolo
)
| oo | o0
L _.O

0o {00




_; ©Ls
dim -1 of <23CA-B)>2$-H 'S

votate 3~} e —
Do l00 ‘0ooo{ = oollo

C°'-UP,- c{—c

dim—1 o C—'DI = oLred
£ < >25+_L Y iot |
{ o0 o} |

| Y o
—
oo00 I}

ACV;L-—i of <2q CC#‘D)>2.5+.1 (S

) vod, bt —_—— — — :
0oo || ekl . {0001 = [1110
coupl . et

rih%llj
dim~1 foem of L P(h-8)+2 CC*P)>25+1

= o0otio
e
{ooj09
L 0

COOLOG)L - 4 = elc'm.—-i -?enrm o(f’ S.




Vovble check fo see Hief
3 _ 4 _ =
L 2°(A-8)+2'(c 1>)>2ﬁ.+l

3 4 —~
= - - = 1 * -
< (hn—¢)+2 (13 ‘1)>33 L8x5 lenyy

= <L¢o +€4{>33 = <l°‘1‘>33 = 5 Omcl ‘D"l-f‘}' e of’d- is
(ooqoo) which ¢ c\ém-—.l. @,F g

o 1 his ICom?OQ'I-(-e e-xqmﬂe mekes iF clegr

Yhal in cowLPo.r£+e cq\co[qudohs/, of tev
e‘a-irevins Yhe diminished—1 .555{-6"1 we
_51”‘*3 in the diminithed—1 system all the
'hlme_ vnti] +he fﬂna,l veso l+ ¢ comPukd.
Fov 4his ‘fa;r-!-c'cu(qr exagm?le) the Cnru-f'i’
A) ‘B} C, D weve droans (o ted inte Fhedr
dim cnished — 1 ’c"mj/ Ond qf}ev thet we
5""1'(79A mside Yhe dimincgshed —1 SJJ‘{‘EPYL-

.\"QC‘«"SQ ol the i.n-!’evmezlc'ﬂ.-}e vesults were
‘v dimdndshed — | ,@orm.




o

8.6 Mull—doferqné eddcdcon wmoed (2741)
Le-\- A.!.) Az) 43)“- ‘) ’4

k be r:n-feqferg Le(onoeincf

+® Zz_ui'_l. ) Wwe ove in‘f’f’*’eﬁ'{'ed. cn comFU]LL‘T
ArthAs .- -+ A vSin the ddim—4

LAuthy li">2"2+L &

“pproach. |f one ov more numbees A4

Ciye. Zexo

) 'H"-fJ do wodl contvibote +o Hoe
Sommetion. for $he dﬂenerql wie where
AC"’FO/ ’th:-:l)_Z/*')le +he compu(—g{fon
e |
} <zAc>n telkes place o ?o“ews:
L= 2 4L
§ = A

A'z, A__‘_‘_"l..".:_’-l:—-b Ay —1

T dim=l g g
Ah —_— k
Add the bk dimcncshed —1 ?"“"“"5 Ay —4,

-AQ_"".L) A3""-L/ vy Ah""‘"i US{“J e CSAR {vee




@h

l(;o\lowec\ L(T o0 ¢CPA (a 2—0f>e~r_9ncl oddev). The
CSA tree will be & mincmom deley (mini—
wL LW :H’. of (euets) ‘{‘Vee QLV'-J wcl\ \F€C|UC€

+he B uombevs C"'"“-") downr te  foo. The
CPA will odd the +wo vechors {o ‘FVOJuce
'H"l«e €<:h9,( resu”—.. The CSA +ree wifl Covg o

.SlS'(‘ 0? Czj Z)/ CZ)Z) coun{-evj

oV (w Oge__
nexe \

o_€ a(vL(_‘{-rqy sire (sq
C?)ﬂ/) c_oun{—erj).‘ Botbh the CSA Aree Oegj;-’e.”

oy the CPA  wlll use

cvun-’;evs

}

the gakeme comE(-—-
went {he ca,vv(y—ou'(- gnd end _E.'l- Qround -

The oflained vesuld will be 4he dim—1
.fwm— "‘? <A'1+A2+"'+Ak>2'2*_1

EXO\MT\Q ] : Cou..(t;u'l'e | <A+’B+C+D%q+i wl:-eve

A=12, g=(1, C=lo, D=g&.
Hexe

A= £2=(l109), dém—t A~L -"-(lon)z_

o —L
B= H—‘-“(lou)z-_fl-—“:—a B—L =(loto),




o

C= lor((ow)?_ dem—L ~_{ :(\Do\)z
p= 8= (teod, 4Fp—1=Con),

The covnters vsed here wdll be (3,2)
coonters.  The seguence of Hs5 S

6,4 --- emd aLuiaUI{J fwo  [evels o¢
Yedvchkion will Le needed +o Fev(’wm t+he
b—te ~ 2 vedvcktion. Then ¢ CPA- wé ]
guve e inzq( vesolt-

A-1 =
B—~4 =
cC-4 =
p—t = o { |
VAAYAR YA
offifl | \NO
1J\o i
L 1 o |
| 0 © ©o coh
L o { {o
| N
o | |0:’:6—o\£m—_|_e€—/

Dovble check Lo Sgee {het




; @ h

LATBLCADY Y, = 2+l +10482 = T qnd wigf

ve gob is ik dom—l fores

B.6 Ge.h,e\r'q\ U H-Crlfca,-l-(,‘on weod (2“4-1)

AYL- eﬁ?icien{' iy l.-!-ferlfe,\r-—cle_s fdoh. -fo\r' ?E‘ffov‘mu'\n.j
<A"B>2_"-‘-+_(_ 0-55‘15 the dimincshed — 1L qrf"""“—“-

18 ofPeced in vefevence [2]. The interested
‘fﬁ.%cle.v Co v Q(_‘né wip €& cle-(-o.i_ls ‘o qri-!'ﬁme{-fc_

W\-O&C?,R-H) usivzéa +he dev—1 q?Proqck iva
refevences Cid, c2]
Refevences=
) T i .
UJ.L-MvLe(:Low£‘|'E) Asimr“fc‘ed bivag v _a,r.{{—l\w,e_
‘l'ia ?or {he (DQY'MQ'(' nowm bev -{—rqng{ovmj IEEE

Tyons. ACQGSHCS; 5?“"“‘/ and .Sidm.e( chejﬂj,’
vol, AsS P -2y, wo. S, PP 356-3651, 0ct. {9776,

(2] Z.qug) G. A-Jollien, and W- C. Ml‘”ev,n
" fn q\&aw&am Lor o lliplicgtcon wmedolo(@w),
n Rroceedips  of 29+ Asilomar Coufevence
on Si‘fngls) Sas{ems/ qQnd Comru{-evy/-cpqu.ﬁt.c
Groqe) C&) Oct- l‘f?g)/ PP 956 -9¢o.




