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ON A FLEXIBLE IMPLEMENTATION OF DIGITAL COMPUTER ARITHMETIC
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INTRODUCTION

Most implementations of computer arithmetic deal -

with numerical values which are represented as machine 4’ the followmg

gu is less than the word length; non-significant zero 5

words of a fixed length. If the numhct of si

are used to fill the remaining positions of the word;

gruter than the word length, mult:ple-precnsnon

, are programmed. This paper presents a
mmod for a flexible implementation of arithmetical
operations in a digital computer. Anthmepcal operations

are deﬂmd for. any length (number of significant digits)
of the o operands. The result of the operation is generated
‘sequentially, with the most significant digits appearing
first. An arithmetical operation may be concluded when
the required number of significant digits of the result
has been generated. Furthermore, the time required by
- an addition in a parallel adder is constant for any
lmmber of digits. The length of the adder may be altered

addition time; this permits a reorganization of the adder

in case of a failure, or a reappostionment of adder

s to suit a particular problem in a parallel system
uvernl adders.

‘2. SioNED-Dirr NUMEER Rnnssswmﬁom

The class of signed-digit number repfesentations is
uniquely suitable for a flexible implementation of
arithmetic. Signed-digit representations jare positional
number representations with a constant integer radix
r> 3, in which the ‘allowed values of the individual
digits z; are a sequence-of ¢ (r+2<g< 2r—1)
integers: {—a, ..., — 1,0, 1,..., a}. The range of the
maximum magnitude of a dlglt a'is $(ro+ D<a<ro—1

" for odd integers, ro > 3; and fre + 1 < 6 < re—1for
even integers, r, > 4. Both positive and ' negative digit
values: are allowed. The individual digits cach contain

sign information and therefore, a special sign digit is

not reqmrcd For example, only one set of allowed
values exists for radix r = 3 (values — 2, —1,0, 1, 2),
and for r = 4 (values — 3, —2, —1, 0, 1, 2 3), for
radix r = 10 there are four sets, from 13 values {—6to
6) to 19 values (—9 to 9).

" Signed-digit representations are- redundant, that is,
each radix-r digit z; may assume more than r different
values. In & conventional (non-redundant) representation

only r values of a digit (0, 1, ..., r — 1) arc allowed:

Signcd-digit numbcrs have minimal redundancy (the
dlgnts assume ro + 2 or re -+ 3 values) when

am= dmin. ™ i("? + l), or a4 = Qgyn ™ }r‘ +1;

and they have maximal redundancy (the digils assume

t changing the rules of implementation or the

2ro— 1 or 2rs—1 values) when:
@ = Gmay = Fo — 1, OT @ == Gmax = r¢— 1. The most
important properties of slgned-dlglt representations are

1. The algebraic value of & number is: Z = 2 zr,

[L R

2. Algebraic value of Z = 0 if, and only if all z; = 0.

3. Sign of the algebraic value Z is the sign of the most
significant non-zero digit.

4. To form the representation of — Z, change the sign
of every non-zero digit 2.

5. The addition and subtraction of digits may be
totally-parallel: s; = flze, ys, 241, y141) for all posi-
tions /, where s; are digits in the representation of
the sum or difference S = Z + Y.

There are no carry-propagation chains in totally-
parallel addition (or subtraction), that is, any digit of
the sum is a function of only two adjacent digits of the
operands. Subtraction is performed as a change of sign
followed by an addition. The time of one addition is

- independent of the length of the operands and is equal

to the addition time of two digits. The procedure and
block diagram of a totally-parallel adder are shown in
fig. 1. Here ¢ is the tramy'ér digit and may assume the
values 1, 0, and — 1; w is the interim sum digu and may
assume the sequence of values:

{-—Wmn, N l,o, l, ooy Wm}.

For representations of minimal redundancy (a = @min),
we have wmax = amin — 1; in all other cases (@ > amin)
the value of wmax is restricted to the range

apip~—1 < Wnax < a— 1.

To perform conversions between conventional (sign
and magnitude) and signed-digit representations, we
may treat each digit x; of a conventional number as the
sum. of two digits of signed-digit numbers and apply
the ruies of totally-parallel addition (x; = wy -+ reg-1;
z¢ = w4 t). Conversely, we may consider a signed-
digit number to be the sum of a positive and a negative
number in conventional representations and obtain a
single conventional numbcr! by adding them in a
conventlonal adder.

- The alfowed range of the algebraic vatues

Z = 2 2t
(=0

for fixed-point numbers is rcqulred to cover Lhe range
1> Z » —1. An easily implemented method of over-

‘
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- Fig. 1. Totally-paraliel addition and subtraction,

bsary: The Wo mmtslsmﬁmnt where zq is the ﬁstsihfﬁiﬁc‘ant digit (the number'is
" > inspected to detect overflow. m+ l*(?iziu’long). In the range of values of | Z|
be overflow ooeurs when: - between these limits, n:dw;igow may of may not be
0> 1: o % y indicated, because signed-digit répresentations are re-

. ”> 1; or 2o 1 mdh >0 g © dundant and s6me algebraic values may be represented,.
Negattve overfiow ocours when! . . - in more than one way. For example, given radix r = 10
2<—1;0rs0% —1 and 2 <0, (nH sd a=6 (minim ‘redundancy), we shall have a

flow detection is also nece

e 0 digit- adders . 'g"
register register . " ‘register

For these ayerflow detoction rules, no overfiow will be certain overflow indication for | Z] > (32/30) and no
ed for the algebraic values of - overflow indication for | Z| < (31/30).
N Z) < 1+ (1) —(afr—~1))r —rm), ¢ In the following 'sectio‘nshw; employ lminim:tl re-
ove m,; ow Wil alway R PR dundancy representations, which require least storage
ol ': | wil "lw;'?*h W fo; for the values of onc digit and have the least magnitude
IZ|> 1+ (af v The. fi

It ‘ ude
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values (— 6 to 6) is the preferred choice for practical
applications. A detailed description of signed-digit
representations and of conventional: arithmetic with
signed-digit numbers has been presented in an carlier
paper?). \ - ‘

- e .
3. IMPLEMENTATION OF ARITHMETIC

First we consider the addition (incluing subtraction)

of two n digit-long signed-digit nusibers (n'> 1), using
an adder of k > 1 digits-length, and beginning with
the & most significant (highest weighted). digits of the
operands. The addition consists' of a sequence of

~asteps, where « is the least integer such that « > (n/k). -

‘During cach step, & digits of the sum are generated;
the duration of one step is the unit time interval of the

arithmetic unit, independent of k. The most significant
di ‘the sum are generated first and: averflow is
immediately detectable. The detection or correction of

errors can be independently imple

igit-adder circuit. Fig, 2 shows the di
for k'd isz}:»fl‘husldercomists of k digi
(4o'atid Bo 1o Ar-y and Byy), and registers “2”, “ ¥*
and 5. The two most significant digits which are to
be added during the next step (as inputs to Ay) are held
in storage locations Zx and Y and serve as inputs to
circuit Ay to form fx-1. The circyits. 4-; and B.g and

::loehted storage locations are used m multiplication

Y, : :

- The adder is also employed to implement multiplica-
tion and division. In these operations, it is necessary
to add a multiple + cY of the dddend + Y to the

sugend Z. Multiples = cyi(0 < ¢ < "“ﬁ“') of the digits

& Ju are to be added to the digits z. [If the adder of
- fig. 2is employed, + Y is added ¢ times to Z. However,

it is also possible to devise a circuit which forms the
multiples 4+ cy; at once. The addition of + ¢¥is then
completed in one addition time. One digit-adder with
* & multiple-forming circuit M; for the digit + y; is shown
© in fig. 3. Two outputs are generated by the circuit M;:

o ) = v + rhe-y. These outputs are added to the
digit z; in the circuits 4,* and B ;

2t vt b=y +ow, lndywr+ ty = S.'f '
according to the rules of fig. 1. The allowed values of

v and A are chosen to satisfy the totally-paraflel -

sddition requirements. The only difference when the
digit-adders of fig, 3 are vsed to form Z + eY is that
now 8¢ = flzq, ey, 2141, Y441, CVi+3) and the input Y4
must also be available to form 7x-1; dut!'lx% the next step
the digit from Yi,; is shifted into Y1. The outputs A_;
and 13 arc employed only to form product digits. .

Moy
¢ ™ ' tiay,
M‘ :
" > T T
Jd2 L e
x A 181 [
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mented for each:
agram of an adder:
t-adder circuits

 He i+ 1) for odd rud
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Muluplication is implemented as a sequence of
additicns and shifts, similar to conventional multiplica-
tion. The principal difference is that one digit of the .
product (beginning with the most significant digit) is

~ generated during, each step, Consequently, multiplica-

tion may be' terminated when the required number of
product digits has' been génerated. One step in the
multiplication of radix r numbers, X and Y, is described
by the algorithm: ,

Py = Pyq 4 ri¥x, j=0,1,2,..,m, (8)
where Y is the multiplicand, xo to xm are the digits of
the multiplier X, P (j=0,1,....,m—1) are partial

- products, Py = 0, And Py = XY is the product.

When the adder of fig. 2 is used to perform. multi-
plication, the' “Y™ 'register holds the multi licand,
while the paftial products are accumulated in the 42
register and its extension to the left, i.e., the “Q”
register. The multiplier X is held in a shift register “X™
and its digits are sensed sequentially, starting with the
most significant digit xo. The product digits are imme-
diately ‘available when (8) is implemented as

P == r(Psa + Yxy);

that is, one step of multiplication is performed as the
addition of x;Y fellowed by a left shift of the sum
(8l Sy into Z,-4 or Os-1). The product digits move into
the “Q" register; circuits A, and B_g add the incoming
‘transfers -, and h-y during the formation of the next
partial product (inputs ¢—; and h—; are connected to 4—;
only when yo is held in Yo). After the (m + I)th step,
“Q” holds the (n + 1) most significant digits of the
product Py, the last of which is in Q-y; the less
significant’ digits' are held in “Z”; that is, we:have
P? ;‘t’"ﬂX Y with respect to the radix point location
of Y. N

Divisionis also implemented as a sequence of additions
and shifts, The Robertson method of division 2) is most
conveniently applicable to signed-digit numbers. In this
‘method the representation of the quotient may be
redundant, and then the selection of quotient digit values
may be based on the comparison of the approximate -
magnitudes of the divisor and the dividend, or a partial
remainder. Given the radix r, dividend Z, and divisor ¥,
one step of division is described by the algorithm: -

®

where Ry = Z js the dividend, R, (/= 0, 1, ..., m—1)
are partial remainders, Ry = rm+i(Z — QY) is the
remainder, go to gm are digits of the quotient Q, and
m + 1 is the.required number of quotient digits.

One step of “division consists of the choice of gy,
followed by addition of — ¥gy and a left shift of the
sum. During each step of division the value of the
quotient digit g; must be chosen to be such that the
partial remainder Ry is within the same allowed range
as the previous partial remainder Ry-;. This range is a
function of the magnitude of the divisor ¥ and of the
allowed values of quotient digits ¢;; that is, the require-

~ment |Ry| <rK:|Y] must be satisficd, where K has the

range § < K < [ggfmax/(r — 1), We allow the quetient
digits q; to assume ore’ h¢ ‘values {—b, ..., —1, 0,
1 bf whero b« yen, radices ry > 4, and

b fo > 3. Since the ro-
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‘presentation of the quotient is redundant, the value of
ois selected on the basis of a eomparlﬁon between

|Yal' = I‘Zoycf"l and [Ryqf = IZ'«"‘I-

Here the digits yi(/ = 0, 1, 2, 3) are the ﬁm four dlgits
of the normalized divisor. IY.I > 1/r; and the digits
2i{t=0,1,2,3) are the first four digits of the partial
"?v‘gdﬂhf'hd f ig. 2 is employed to perf
n the adder o s emplo topeotm
division, the magnitude of Ry-1 (héld in “Z”) is di-
minished by repeated addition of 4 ¥, (held in “Y™)
until the condition |Ry-1 + g¥a| < §|Yal’ is detected
by & comparison circuit; then (Ry-y & gYy) is shifted
left. If g additions are performed, lgsl = g; the sign
of g is chosen to be such that the signs of Ry—y snd of
m agree. If the digit-adders of fig. 3 are available,
one step of division may be completed in one addition-
time. We employ a total of b comparison cireuits, in
“which the test | Ry’ <(: + i)fl"’n!’ is performed for
the valies of g = 0, 1, .. Tholmtvalucofg
which satisfles the test gwes Iq,l = g; if no value of g
xmmm lq;l- Thﬁmdqyilchmu

4. SiomsicaNT Diomr Om;.‘noﬂs

" In this section we consider an implementation of
atithmetic in which the operations are performed with
significant digits only. The propagation of error during
asequence of calculations may be more readily estimated
in this case; furthermore, the least time will be taken by

¥ arithmetical operation if a etion signal occurs
s soon a8 the required number of significant digits of
&m, product or quotient has beon ted.

genera
: ‘To determine the number of significant digits in the
llwlt. the aumber of significant digits in ‘the input
operands must be. known. This information may be
-incorporated into the representations of aumbers by a
pecial digit @, designated as the space<zero. The non-
nificant digit positions at the right (lowssignificance)
ends of the input operands an
identified by this special digit o. The relative locations

of the ¢ digits in all operands supply the required

information to conclude an arithmetical operation.
" ‘There exist two methods of applying ‘the digit ¢.
lnttl;e first method, addition rules

8) xt @ =rl1+ @

Dutomp }forlllvdxulafnlndu

(i.e., o= @ and 73 = 0, + 1). (10)

spply to the new digit o, and the sum of two signed-digit
aumbers is rou off by trumqion to the length of
the number with fewer significant digits. If every
allowed value of the digit z; occurs with the same
probability, then the average error which is introduced
y truncation is zero, and the round-off is without bias.
The end of an addition is signalled by the detcction of
the digit ¢ as an input to the adder.
The digit @ may also be interproted as & zero value:

X240 for all values of z;:4 tr,‘cp-i tp-:gp ((}))
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arthmer

- exponent différence d = | Ey— Ej| m\m also be o‘bmued

" partial results are

 (fractions:

" where ny'and ng are the numbers o

ay .
" The additions of (8) or (9) are performed according to

In this case round-off is avoided and the sum hes the  t!

J
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length of the sumber with more ugmﬁcunt digits. End
‘of addition’is signalled by the detection of the digits ¢
u both, inputs to one position of the adder, Ruyle (11)
' Prliéﬂ in the implementation of multiplication and
divis on,

The racedins development leads to.a floating-point
in which the numbers are normalized and the
¢ digits indicate the precision of. the fractional parts.
The proposed implementation follows the rules of sig-
nificant digit erithmetic which have been developed by
M;tro%ohs and Aslzenhurs)t 3.9), ' |

na aatlng int (radix r) number system, a numerica
value Z* is -yo nted as a fractional part Z and an
integral exponem E sugh that the pair (Z, E) repregents
Z* = Zr®, We require the fractional part to be normal--
Ized, since leading zeros are not significant. The fractional
part Z is in normal form when 2 conditions are satisfied:
8) rules (6) and (7 indicate no overflow; b) either
| 2o ] = 1 or overflow is indicated when z1 is substituted
for zq, and 24 is substituted for z in (6) and (7). Accord-
ing to this definition, the range of the normalized
fractional part Z is:

et —(g/(r—D)+ r"‘(ﬂ/(r—T)) < IZI <
< Mriafr—1))—r=@lr—1). (12)

To define the normal form of Z = 0, we add the rule
that 29 = ¢ is an overflow indication when substituted
for z; in the test for normalization. Consequently, all
“feactional parts have at least 2 significant digits (zo and
21), and the fractional part Z = 0is uniquely represented
by 20= 0, z1=0and zg = ¢. . '
The ﬁ&“ﬂon of floating-point arithmeti
consists of ‘;) parts. The provigional ¢ f"'amnt Ey' of
 Z3* 1 plculated. Inthnji , procass
(Zs* = 21 + Z:'), we lwve Ef = mx(E;.,Ea). .

In multiplication,

z.- - z;‘Z.‘ and we have Ey' = E; +‘E:, -
'while in dtviston, )
Z)* - z;'/z.' and we have By’ = Ey— Ea.

The fractional part Z3 of the result Zy® is calculated

mm ‘%3‘:1 ot oy s s 2ot 2

!! ] ’ the ts in Zt and ' Zy

rts of?:h randt) wln an addition, the

ntdd' ‘ "E;;-E:)m
Ilgn 3

of Z; the ; p
as described above, and rule (10) ubphes to the o digits.
“In ‘multiptication’ and division, g (the nuntber of
significant digits in Zs) is determined as #3 = mn}d (m;:g).
t-digits in
2, and Zs, respectively. To determine ns, it is sufficient
‘to scari the operands serially (from the most significant
end) durlog the execution of (8) or (9). digits -

tod before the:executio H '

most d

are ins
digit has the value @, ns éteps

rule (1 1)to avoid a truncation of the Ry or Py. Since
nd Z = R-y is altered by the first step of (9),
ored re for scanning, possibly in
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" The result Zy may become denormaliud that is; the
ﬁrst three digits may mdxcate overﬁow or underﬂow
m exponent Ej obtained by a correction of ‘E3’. One
‘si;uiﬁcmt digit may be _gained or seyeral may be lost
‘durifig addition; appropriate corregtions are  also
“necessary during mu txp %amon and
'?nétrnahzation occurs ¥),

5. CoNCLUSION

A signed-digit number af
gmiﬁonally ordered and weigh
ne-digit-long numbers, carrying th
formation. As a rasult, procedutes exi
‘with variable length numbers and for significant digit
arithmetic. The most significant digits.of a result become
available before the entire arithmetical operation is
campleted. Conseqhentty, is now pqsuble to consider
the ofganization of arithmetical nets, in which the digits
of ‘ntermediate results are immedxately processed
further, and 2 numerical computation proceeds in a
 paraliel asynchronous manner, at the maximum speed
. of the ‘components (digit-adders, shift registers and
“control cireuits) of thie net. The ‘organization of such

th consists of a
ray of complete

divismn if de-

ir own. sign in- .

st for operations : : :
pe 7. Rmmﬁcm ‘ ‘ 1%

PR A Zlenis, A.: sbm-mgn Number Representations for Fst

b
209 Xm,

, anthmetical nets and the’ logu:al desngn of digit-nyy..

and control circuits present mterestmg problems 1,
further research
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| AmsTRACTS

A method is preunted for the impiementation of arith.

mietical o utkw in l dfgm!ﬂ computer Addnion, subtrac-
tlos, multy ; with operands
of variable th rewm to the length of

the sdder in an arithnietic unit. The ‘result of the operation
b ﬁmma sequentially, with the most alzntucant digits
appeating first.

A eigned-digit number. representation is emplayed to repre-.
sent the operands and results. It is possible to add (or sub-
tract) signed-digit numbers so that any digit of the sum (or
mmm) is the function’ ot only two .d.)ncent digits of the

~input. *wia Consequently, carry-propagation chainsi of
-variable.length do mot: occur during addition or ‘subtraction.

. When a special. digit is employed to indicate the first non-
significant position of each operanid, an arithmetica} operation
can be termisiated when all required significant digits of the
result have been gencrated. It is expested that this imple-
mentation .of .arithmetic will. be applicable in . asynchronous
computers;-and in complex parallel systems, in which several
.arithmetic units’ arg:: required to petform cllcuhtiom uyn

chronmnly n# tﬂﬁr own maximum: specds. -

2 3 RATROM JOKABRC onucuuaercs Meron nm:o.unma

mgmwn TORKO-
) mwiopa B apudne-
[ 6nox ._”‘Peayasrw oucpamm (cyuun, pas-

‘ 2 s qs 2r—1) nom.!x
' pammx HYNIO uAH
q>1,
NBGHTOUIOCTHIO.
: aKOBLIX

* moren) Gynor anasTsca yHEumER TONLKO ABYX CMEIK-
HEX (HaxoAmMuXCA B ORHOR NOBHREE) PAPALOB BXOX-
HUIX MCXOAMMX uicen. CnegonaTenbHo, BO BpeMsa ¢j0-
MOHMA MW BEIYMTAHMA He BOBHHKAET lemelt nepe-
HOCA W CTAOBHTER BOSMOMHOR TruOxan padoTa apud-
MeTHIpCKOTO YeTpoficTBa, -

Tax K&l WHCAO JMATAUMX POSPANOB AAR KANIIOTO
MCXOAHOTO WHCA H3BCCTHO, APHOMETRVECKAR ONOpaUMA
nupnm'rca. ROTAA TONY4eHO noTpeCHOe YHCIO 3HA-
_uBINAY paapAnos PosyisTaTa BigMcaennd, Jlnia Toro,
UTOOL! 'YKOSATL MO HOINANAUMO LOBHIGIH HCXORIOrO
ﬁmn, ncnmzyo-rca cnenuammm paspag. npomo-
AATAOTCH, WYO NCMOMLIOBAMME TakoR ctmocmtxpo«
mmuuﬁuapu&ue’rmmcux Reflerpufl no 3naYALLIMK PAS~
patrias GyROT HPUTOAIIO Wi ACHEXPOUIILIX DLISHCIITOND-
HEIX  MAmHH (asynchronous computer) H CIOMHEX
BHEHCTNTEABKIIX CHCTeM hapannenbuoro xeficTbus, B

ApeCTADIe- - KOTODHIX IOCKONLKO apnMOTHIECKNX GIOKOB NOMIKHIL

G Our acmtxpomro NPON3NOXUTL BLIMIICACHIUS NI
umccmm:mux euopoc'mx aTHX Gnox:on.

‘
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Cetts communication présente une méthode pour Ia mise en
auvre d'opérations arithmétiques dans un calculstedr’ digital.

. I.Wition et la soustraction, la multiplication et la division
 s'sfisctvent sur. des opérandes de Rétgeur variable. Le sésultat

dune opération est dlaboré de fafon’ dqumhﬂe lu chiffres
les plus significatifs étant traités en'premier.
On utilise, pour représsnter 16§ Spérandes et les résultm Ia

B techaique du nombre & chiffre-signe. Celleci est une représen-

tation od le rang d'un chiffre est significatif, comprenant une
base entitre constante r » 3, dans Iaquelle chaque chiffre
prend une valeur parmi ua ensemble de ¢ valeurs entidres,
Etant donaé que ¢ > r, les représentations sont redondantes
Il est possidle d’sdditionsier (ou de soustraire) des nombres A
ﬁi!n-lum de telle sorte que chaque chifire de la somme

14
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 (ou de la diftérence) n’est fonction que de deux chiffres

adjacents des opérandes. Ces propriétés suppriment I'existence
dex. chalnes. dohnmmlabhhpmpmn dewporton
addition ou en soustractipn. .

Une opération arithmétique peut eu-e mmmée dés que le

- motnbre prévit de chiffres-sigties du réultat & été engendré, ou

un signe ipécial peut dtre omphﬂ pour. indiqu;r 1a premidre
position non significative. On peut espérer que la mise en
ceuvre de cette arithmétique sera applicable aux calculateurs
asynchrones et dans les ensembles complexes paralidles Jo
calcul dans lesquels plusieurs unités arithmétiques exécute-
raient des calculs mdépendammcnl. chacun d'eux A sa vitesse
maximum,

Hs wird sine Methode {Us dic Reslisierung der arithmetischen
Guuomﬁon auf einem Digitalrechner beschrichen. Addi-
Subtraktion, Multiplikation und Division werden mit Ope-
randen variabler Vielfach-Linge im Verbllltnis zu der Linge
des Addierwerkes in der Maschine ausgefGhrt. Das Ergebnis

der Operation (Summe, Differenz, Produkt oder Quotient)
mNmﬁeummwwﬁcMMszm,

oracheinen.

‘Zur Darstellung der Operanden und Resultate werden vorzel-
chanbehaftete Ziflern verwendet. Zahlen in einer solchen Dar-
sisllung lassen sich so addieren oder ‘subtrahieren, dass jede
2iffer der Summe bzw. Differenz nur von swei benachbarten

Ziffern der Operaniden abhlingt. Bin Ubertrag Uber belicbig viele
Ziftern hinweg kann also bel der Addition oder Subtraktion
nicht auftreten.

Wenn man mit Hilfe einer Spezialziffer die erste nichtgelten-
de Ziffer eines jeden Operanden kennzéfchnet, dann kann man
cine arithmetische Operation beenden, sobald die veriangte An-
zshl von gdltenden Ziffern des Resultates gebildet ist. Es wird
erwartet, dass diese Arithmetik filr Asynchironrechner und fir
komplexe Parallel-Anlagen anwendbar sein’ wird, die sonst fiir
die Erzielung maximaler Rechengeschwindigkeit mehrere Re-
chenwerke bendtigen wilrden.

/Bsta comunicacién presenta un metédo pars la implemen-
tacién de operaciones aritméticas en calculadoras digitales. La

. adicién, substracién, muitiplicacién. y divisién se realizin con

opsrandos de hultud vatiable, y ¢l resultado de 1a operacién
#s obtiens en forma secuencisl y aparecen ¢én primer lugar los

digltos mis significativos,

thupnunuda\absma:duyb-muhm“‘

uiflizan ndmeros de digito-sefialado. Ests es una representacién
de tipo posicional con una rafz enters constante r > 3, en

Ia Que cads dfgito toma un valor de un sistema de ¢ valores
enteros, Como ¢ > r Ia representacién es redundante. Es
posible sumar (o restar) ndmeros do digito de la suma (o de la

d:feun:h) en funcidn solamente de dos dlptu adyacentes de
los operandos de entrada.
Consecuentemente, no pueden presentarse cadenas de arras-

‘tre de loagitud variable durante la adiciéa o substracién,

Se puede terminar la operacién atitmética cuando se ha gene-
rado el ndmero requerido de digitos significativos del resultado.
Alternativamente, se puede indicar Ia primera posicién no
significativa. Se espera que esta implementacifn serd. aplicable
a las calculadoras asincrénicas y en sistemas complejos de
céleulo de tipo paralelo, en Jos que se necesitan varias unidades
aritméticas para realizar célculos en forma asincrénica, cada
una a su velocidad méxima de operacién.

DISCUSSION

H. Taxauast (Japan). In any redundant number represen-
mbn. the determination of the sign ‘requires pertial or

~ mlm propagation of carries. Do- you claim tbat this is

nol pecessary in your system?

A. Avilients (USA). In the class of signed-digit represen-
fations the sign of the algebraic value of a number is the

‘same as the sign of the maost significant non-zero digit.

For example, hm.mmomsﬁu»amh-p.amm
Jefi-most non-zero digit is <+ S.
There exist two mdthods of determining the sign:

1. The numbers are held in their normalized form, that is,
without leading xero digits. The sign is always avsilable
“in the left-most position: of the number.

2. When normalization is not desirable, the number is scanned
serially from the left until the first non-zero digit is
encountered. ;

K. L. Jomson (Germany). A property of signed-digit

representations is that, to form — Z, you change the sign of
every non-zero digit of Z. A practical simplification would
ensue if the restriction to non-zero digits were removed. Has
this been found to be 50 in practical trials on a computer?
Also, is your method restricted to fixed point systems?

A. AviiENs (USA). Yes, the use of both 4-0 and — 0
as digit values Is quite practical when sufficient storage is
available. For instance, when 4 binary storage elements are
employed to store one decimal digit with 13 values (— 6 to
+ 6), one storage clement ¢an be allocated to the storage
of the sign, while the next threc hold the values 0, 1, ..,
6§ and . :

The use of floating-point arithmetic is quite desirable. One
reason is that the sign of the algebraic value of a number
is ‘readily available. when the numbers are normalized.
Furthcrmore, normalization eliminules leading zeros and thus
yields the fastost completion of significant digit operations.

C. J. Tunis (USA). Do you use the redundancy of this
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nptmntnuoa to- obiain” error dowqu or eorrecuon of the
lrithmetlc processes carried ‘out?

A. Avittis (USA), The original mrpm of redundancy
in tis class of _number representstions was to limit the
Mﬁonafcmdmh:lddidoq.mmeremno

carry-propagation chains, the problem of error detection and
correction is considerably simplified, since error defection or
cotrection can be uuplememed independently for each digit-
adder circuit. ‘An mmupﬁon of this probhm is now in
PWW '
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