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Abstract

An extension of the very-high radix division with prescal-
ing and selection by rounding is presented. This extension
consists in increasing the effective radix of the implementa-
tion by obtaining a few additional bits of the quotient per
iteration, without increasing the complexity of the unit to
obtain the prescaling factor nor the delay of an iteration.
As a consequence, for some values of the effective radix,
it permits an implementation with a smaller area and the
same execution time than the original scheme. Estimations
are given for 54-bit and 114-bit quotients.

1. Introduction
Division by digit recurrence produces one digit of the

quotient per iteration. Consequently, for a given precision
a higher radix results in fewer iterations and a potential
faster execution. However, as the radix increases the digit-
selection function becomes more complicated, which in-
creases the cycle time and can overcome the reduction in
execution time. Because of this, practical implementations
are limited to up to radix-8 stages and radix-16 dividers
have been implemented using overlapped radix-2 and radix-
4 stages. Extensive literature exists on this subject; for spe-
cific references see for instance [5, 9, 14]

A way of achieving speedup with larger radices is to
simplify the selection function by prescaling the divisor
[4, 8, 10, 17]. In particular, prescaling and selection by
rounding has been shown to produce a significant speedup
[6]. We refer to this scheme as the VHR approach, which
has been extended to square root [12] and

p
x=d [1].

In principle, the speedup of the VHR approach should
increase by increasing the radix. However, the increase in
the radix increases the complexity of obtaining the prescal-
ing factor and the size of the rectangular multiplier, which
might produce an increase in the cycle time. Moreover,
the area of the module to obtain the prescaling factor be-
comes the predominant contributor to the overall area, as
illustrated in Table 11.

1Here are shown improved values with respect to Table 4 in [6], since
we used an improved linear approximation developed in [12] and [11].

Table 1. Execution time & area of VHR division
Quotient bits per iteration 9 11 14 18
Cycle time(tfa) 7.5 9.0 9.0 9.0
No. of cycles (54-bit quotient) 10 9 8 7
Execution time(tfa) 75 81 72 63
Area MAC (Afa) 520 710 740 970
Area presc. factor module(Afa) 130 220 470 1750

tfa; Afa: delay and area of full adder

In this paper we increase the effective radix by obtain-
ing a few additional bits of the quotient per cycle, while
maintaining the complexity of the prescaling factor calcula-
tion. This results in a reduction of the overall area for the
same execution time. Specifically, we estimate that for 54
bits, in the implementation for 18 quotient bits per iteration
the area of the prescaling factor module plus the area of the
multiplier, can be reduced by 30%. Moreover, for the case
of a quotient of 114 bits (extended precision) the boosting
can achieve a speedup of about 10% for the same area. We
describe the algorithm, show the architecture, and estimate
the improvement obtained with respect to VHR division.
We assume familiarity with [5] and [6].

2. Review of VHR division
As described in [6] in this approach the division is per-

formed in the unit of Figure 1, as follows

� Cycle 1: determine the scaling factorM as an ap-
proximation of1=d such that

1�
R � 2

4R(R� 1)
< Md < 1 +

R� 2

4R(R� 1)

whered is the divisor andR the radix.

� Cycle 2: obtain the scaled divisorz = Md (carry-
save).

� Cycle 3: obtain the initial residualw[0] = Mx
(carry-save), wherex is the dividend. Assimilatez.

� Cycles 4 tod n
log2(R)

e + 3 : obtain a quotient digit
qj+1 by rounding and perform the recurrence, i.e.

qj+1 = round( dRw[j])
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Figure 1. Architecture of VHR division of [6]

where dRw[j] is the (redundant) shifted residual trun-
cated at thet-th fractional bit, and

w[j + 1] = Rw[j]� qj+1z

The residual is left in carry-save form.

� Cycle d n
log2(R)

e + 4: postcorrection and rounding.
The quotient is corrected if the last residual is neg-
ative and the quotient is rounded.

The cycle time is determined by the maximum of the recur-
rence and of the calculation of the prescaling factor. The
main contributors to the area are the rectangular MAC and
the module to calculate the prescaling factor. Different
methods can be used for the calculation of the prescaling
factor, which is an approximation of the reciprocal of the
divisor [3, 7, 15, 16, 18]. In [6] we have shown the use of a
linear approximation, which has been improved in [12] and
[11]. The results obtained are illustrated in Table 1.

3. Boosting algorithm and architecture
As indicated in the Introduction, we propose to extend

the algorithm so that a few additional bits of the quotient
are obtained per cycle. Specifically, the overall radixR is
decomposed into two factors such that

R = CB with C = 2c and B = 2b

where nowB corresponds to the radix of the “normal” VHR
algorithm andc are the additional bits of the quotient digit
obtained per cycle.

The prescaling is done according to the radixB so that

1�
B � 2

4B(B � 1)
< z = Md < 1 +

B � 2

4B(B � 1)

The recurrence is then

w[j + 1] = CBw[j]� qj+1z (1)

with qj+1 = Cpj+1 + sj+1, and where

� the digitpj+1 is selected according to the VHR radix-
B algorithm;

� the digitsj+1, which represents the extension of the
few additional bits mentioned at the beginning of this
section, is selected according to the radix-C boosting
algorithm, presented here.

As described in [6], the digit set of the VHR digit is

�(B � 1) � pj � B (2)

where the valueB is required only in the first iteration.
Moreover, for the digitsj+1 we have

�max(
3

4
C � 1; 1) � sj+1 � C � 1 (3)

as determined in Section 4.1.

The selection function has two components. Forpj+1
we perform selection by rounding, as done in [6]. That is,

pj+1 = round( dBw[j]) (4)

where dBw[j] is the truncation of the shifted residualBw[j]
to itst�th fractional bit. To allow this selection by rounding
we need that2

�1 +
1

2B
+

2�t

B
� w[j] < 1�

1

2B
(5)

which, fort = 2 as in [6], results in

�1 +
3

4B
� w[j + 1] < 1�

1

2B
(6)

On the other hand, the selection ofsj+1 is done as

sj+1 = sel(dw[j]; bz; dpj+1) (7)

wheredw[j], bz and dpj+1 are estimates of the corresponding
quantities, as determined later.

The architecture to perform this algorithm, shown in Fig-
ure 2, is very similar to that of the original VHR division,
with the addition of the selection function forsj+1, the gen-
eration ofsj+1z, and the corresponding extension of the
subtraction. The selection ofsj+1 is performed using the
estimatesP;H andE, as discussed in the next section.

4. Selection function forsj+1
To obtain the selection function forsj+1 we definev[j],

the remainder obtained after performing the iteration radix
B. That is,

v[j] = Bw[j]� pj+1z (8)

2In [5] the improved analytical expression (5) has been introduced, and
it has been shown that it influences neither the analytical and numerical
results nor the implementation of [6].



mux_2

reg_z

j+1s

high_Bw

x,d Cz
computation of 
scaling factor M

reg_M

round
& recod

mux_1

d

M

      j+1M,p

z
E

very high radix
division unit

high_Bw

on-the-fly
conv&round

quotient

j+1p

adder

reg_w

mac
*       first levels       +

          last levels       +

x,d,Cz

CBw[j+1]

sign & zero

z

H
P

boosting unit

assim_P
E

radix-C digit
selection

assim_H
HP

multiple
formation

j+1s

  j+1-s     z

z

  j+1-s     z

*

Figure 2. Proposed architecture
Then

w[j + 1] = Cv[j]� sj+1z (9)

This means that the selection ofsj+1 corresponds to a radix-
C division withw[j] replaced byv[j] and the restrictions

�DL = �1 +
3

4B
� w[j + 1] < 1�

1

2B
= DH (10)

and

1�
B � 2

4B(B � 1)
< z < 1 +

B � 2

4B(B � 1)
(11)

We first determine the digit set ofsj+1 and then the selec-
tion function.

4.1. Choice of digit set forsj+1
In this section we determine the digit set ofsj+1. To do

this, we need to determine bounds on the value ofv[j]. We
decomposev[j] as follows:

v[j] = Bw[j]� pj+1z

= (Bw[j] � pj+1)� pj+1(z � 1)

= h[j]� pj+1e (12)

where

h[j] = Bw[j]� pj+1 and e = z � 1

Becausepj+1 is selected by rounding we get

�
1

2
� h[j] <

1

2
+ 2�t =

3

4
(13)

for t = 2. Moreover, because of the prescaling

jej <
B � 2

4B(B � 1)
= A (14)

Consequently, the upper bound ofv[j] is

v[j] = h[j]� pj+1e <
3

4
+ (B � 1)A = 1�

1

2B
(15)

Note that we do not consider the special casep1 = B since
this producesv[1] < 0, as shown in [6].

For the lower bound the worst case is produced by using
pj+1 = B, which can occur in the first iteration, leading to

v[j] = h[j]�pj+1e > �
1

2
�BA = �

3

4
+

1

4(B � 1)
(16)

In summary, from (15) and (16), the domain ofv[j] is

�
3

4
+

1

4(B � 1)
< v[j] < 1�

1

2B
(17)

Since the domain ofv[j] is not symmetric, this results in a
nonsymmetric digit set forsj+1. Let us define the digit set

�smin � sj+1 � smax

We start with the determination of the minimumsmax,
which guarantees that (10) holds, i.e.�1 + 3=(4B) �
w[j + 1] < 1 � 1=(2B). From (9) we have that the worst-
case situation occurs whenv[j] is at its maximum value and
z has the minimum value of its domain; in this case,

w[j+1] = Cv[j]�smaxz < C

�
1�

1

2B

�
�smax(1�A)

Sincew[j + 1] < 1� 1=(2B) must be guaranteed, we get

C

�
1�

1

2B

�
� smax(1�A) � 1�

1

2B
(18)



which results in
smax � C � 1

Nowsmin should guarantee thatw[j+1] � �(1�3=(4B)).
We have

w[j+1] = Cv[j]+sminz � C(�
1

2
�pj+1(z�1))+sminz

(19)
The computations show that the minimum value of (19) is
achieved forz = 1�A andpj+1 = �(B � 1), i.e.

w[j+1] = Cv[j]+sminz > C(�
3

4
+

1

2B
)+smin(1�A)

Sincew[j + 1] � �(1� 3=(4B)),

C(�
3

4
+

1

2B
) + smin(1�A) � �(1�

3

4B
)

smin �

�
3

4
C � 1�

1

2B

�
C �

3

2

��
1

1�A
= S (20)

Let us consider now the right hand side of (20). We have by
expansion of1=(1�A),

3
4C � 1� 1

2B

�
C � 3

2

�
< S

<
�
3
4C � 1� 1

2B

�
C � 3

2

��
(1 +A)

Now, for 2 � C � B we have0 < 1
2B

�
C � 3

2

�
< 1

2 and
3
4CA� 1

2B (C � 3
2 )�A < 0, (sinceA < 1

4B ); therefore,

3

4
C �

3

2
< S <

3

4
C � 1

Sincesmin should be an integer, we get as necessary and
sufficient condition for the smallest value ofsmin

smin =

�
1 if C = 2
3
4C � 1 if C � 4

In conclusion,

�max(
3

4
C � 1; 1) � sj+1 � C � 1 (21)

4.2. Selection intervals and selection constants
We first determine the selection intervals and then use

them to determine conditions for the selection constants.

4.2.1 Selection intervals
Since the region of convergence of the algorithm is given by
(10), we obtain, from (9), the following selection interval
for sj+1.

�DL + sj+1z � Cv[j] � DH + sj+1z (22)

However, the boosting algorithm should operate concur-
rently with the VHR part, which implies thatv[j] is not

known. Consequently, we develop the selection function
from h[j] instead ofv[j]. Replacingv[j] by h[j] � pj+1e
in (22) we get the bounds of the selection interval[Lk; Uk]
such that ifLk � Ch[j] � Uk thensj+1 = k can be se-
lected. We get

Lk = �DL + Cpj+1e+ k(1 + e)

Uk = DH + Cpj+1e+ k(1 + e)

4.2.2 Selection constants
Now, as in standard digit-recurrence division [5], the selec-
tion function is described by the selection constantsmk so
that the valuesj+1 = k is selected ifmk � Ch[j] < mk+1.
Continuity requires thatLk � mk � Uk�1. As is, mk

depends onpj+1 ande. Moreover, the selection requires
knowledge ofh[j] with full precision. Since there is over-
lap between the selection intervals, it is possible to use esti-
mates of these three quantities.

If we call P the estimate ofpj+1 andE the estimatee,
we get

max(Lk(P;E)) � mk(P;E) � min(Uk�1(P;E)) (23)

where the maximum and the minimum are determined for
the range of values ofpj+1 ande defined by the estimates
P andE, respectively. This expression assumesCh[j] with
full precision.

Estimate ofCh[j]
To avoid the knowledge ofCh[j] with full precision, we
use an estimate obtained from a few bits of the carry-save
representation ofw[j], as follows. Since

h[j] = Bw[j]� pj+1

andpj+1 is determined by rounding as described in (4), we
obtain that

h[j] = �y1 +

nX
i=1

yi2
�i

whereyi is the i-th digit of the representation ofy[j] =
Bw[j]. That is,y1:y1y2::: is the two’s complement repre-
sentation ofh[j]. Because of the way the rounding is per-
formedy1 andy2 have values0; 1 and the rest is in carry-
save form.

Consequently, the estimateH of Ch[j] can be obtained
from a truncatedCy[j]. Because of the two’s complement
representation we get

H � Ch[j] < H + �H

Moreover, if the truncation is done at thef fractional bit,

�H = 2�f+1 (24)



Table 2. Sufficient conditions for selection
g u f

(bits ofE) (bits ofP ) (frac. bits ofH)

c c+ 3 3
c+ 1 c+ 2 3
c+ 1 c+ 3 2

As a consequence, when the estimateH of Ch[j] is used,
we get the selection intervals

max(Lk(P;E)) � H � min(Uk(P;E)) � �H (25)

and expression (23) is transformed to

max(Lk(P;E)) � mk(P;E) � min(U�

k�1(P;E)) � �H
(26)

where the * indicates the value larger thanUk�1, with
the granularity ofH . To determine suitable values of
mk(P;E), we need to specify the way the estimatesP and
E are computed.

Estimate ofpj+1
Because of the selection by rounding,pj+1 is directly de-
rived from the most significant(b + 2) integer and 2 frac-
tional bits ofBw[j]. We estimatepj+1 by considering the
most significantu binary weights ofBw[j], i.e. those from
weight2b+1 to weight2b+2�u. So, if the estimateP is rep-
resented in (assimilated) two’s complement representation
while the rest ofBw[j] remains in carry-save representa-
tion we get

P � Bw[j] < P + �P

where
�P = 2(2b+2�u) (27)

Consequently, from (4) it follows that

P � pj+1 � P + �P (28)

By combining (28) with (2), we get

PL = max(P;�(B�1)) � pj+1 � min(P+�P ; B) = PH
(29)

Estimate and range ofe
Sincee, obtained fromz, is in two’s complement represen-
tation we obtain

EL = max(E;�A) � e < min(E + �E ; A) = EH (30)

Moreover, sinceA = B�2
4B(B�1) the width of the range ofe

is slightly less than2�(b+1). Consequently,

�E = 2�(b+1+g)

whereg is the number of “significant” bits ofe used in the
estimate.

The estimatesP andE are then used to determine the
mk(P;E) from expression (26). This has to be done taking
into account the ranges and signs ofP , E, andk; the de-
tailed list of selection rules is reported in [13].
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4.2.3 Condition for the estimates
From (26), it follows that a necessary and sufficient condi-
tion for continuity for obtainingmk(P;E) of granularity of
H is that for allP;E

(min(U�

k�1(P;E)) � �H)�max(Lk(P;E)) � 0 (31)

Now, since from its definition,U�

k�1 > Uk�1, we have that
the necessary and sufficient condition (31) evolves to the
following sufficient condition

(min(Uk�1(P;E)) � �H)�max(Lk(P;E)) � 0

This has to be evaluated for all combinations of signs. For
example for the caseP > 0, E > 0, andk > 0 we obtain

DL +DH � C(PHEH � PLEL)

�(1 +EL)� k(EH �EL)� �H � 0

The worst case is forPH = B, PL = B � �P , EH = A,
EL = 2�b�2 � �E , andk = C � 1. Substituting these
values and the�’s we get

1� 2�u+c+1 � 2�g+c�1(1 + 2�b)� 3 � 2�b�1

�2�f+1 � 2�2b�2 + 2�u+c+2�g + 2c�b�2

+2�b�g + 2c�2b�2 � 0 (32)

A set of solutions of (32) is reported in Table 2. These so-
lutions do not depend on the very high radixB, but only on
the boosting radixC, whenC � B=8.

5. Implementation
In this section we describe the implementation of the

boosting VHR division. As indicated in Section 3, the ar-
chitecture for the proposed scheme is the same as that pre-
sented in [6], except for the the following blocks:

1. The selection function ofsj+1



2. The generation ofsj+1z

3. The incorporation ofsj+1z into the MAC

4. The production ofqj+1 = Cpj+1 + sj+1

Consequently, we now concentrate on the implementation
of these blocks.

Selection function ofsj+1
As described in Section 4, the selection function requires
the assimilation of parts of the carry-save representation of
w[j] and then a function on the resulting bits. This im-
plementation is shown in Figure 3. Note the two-level as-
similation required forH , which is due to the fact that the
rounding to producepj+1 usesBw[j] up to the the second
fractional bit. Moreover, the estimateE is obtained by a
truncation ofe = z � 1, which is produced by inverting the
integer bit ofz. Of course, this inversion is not actually nec-
essary to feed the selection function. Moreover, from (14)
and as explained in section 4.2.2 on the range ofe, only the
bit weights from weight2�(b+2) to weight2�(b+1+g) of E
enter the selection function.

Generation ofsj+1z and residual updating
In general, the generation ofsj+1z requires a rectangu-
lar multiplier. This consists of two parts: generation of
partial products and addition. The addition can be per-
formed as part of the MAC tree, together with the updat-
ing of the residual. For instance, for radix-4 (C = 4) since
�2 � sj+1 � 3 two terms are required, unless the multiple
3z is precomputed. Two terms are also required forC = 8.

Incorporation into the MAC tree
Because the time of the selection function forsj+1 is larger
than that forpj+1 (done by rounding and recoding), to avoid
that the boosting produces an increase in the cycle time, it
is necessary to introduce the additional terms to lower lev-
els of the MAC tree. This is possible if the original tree is
not complete, as illustrated in Figure 4. Since the MAC in
the VHR division is used both for the recurrence and for the
prescaling, the number of available slots at different levels
depends on the radixB and on the number of bits of the
prescaling factor. Specifically, for the recurrence the num-
ber of inputs to the tree isd(b+1)=2e+2 and for the prescal-
ing d(m + 2)=2e, wherem is the number of fractional bits
of the prescaling factor (since1 � M < 2 andM must be
represented, for recoding purposes, in two’s complement).

Production of qj+1
Finally, it is necessary to produceqj+1 = Cpj+1 + sj+1
in two’s complement for the on-the-fly conversion. The im-
plementation is simple and is not in the critical path.

6. Evaluation and comparison
We now give a rough estimation of the execution time

and the area of the boosting VHR division and compare
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with VHR division. As was seen for the VHR scheme [6],
the radices that have to be considered are the lowest that
achieve a reduction in the number of cycles. Consequently,
we need to compare the VHR with radixR with the boost
approach withR = BC. For the execution time we can
give the following general considerations. The cycle time
is determined by the maximum of the time to compute the
prescaling factor and the time to perform an iteration of the
recurrence. Moreover,

� the time to compute the scaling factor depends onR
for the VHR approach and onB for the boosting ap-
proach. Consequently, this time might be reduced by
using the boosting approach.

� the time of an iteration is the same for both schemes,
as long as the delay of the selection function forsj+1
and the generation of the multiple is overlapped by
the recoding and rounding, the multiplexer, the mul-
tiple generator, and the first levels of the MAC tree.

Consequently, the addition of the boosting can produce a
speedup if the delay of the calculation of the scaling factor
is the critical component. This depends on the way this cal-
culation is performed. The implementation model we use
shows that it is reasonable to assume that the delay of this
calculation is not critical. Consequently, for the same radix
R, we do not expect the boosting to produce a speedup.

With respect to the area, the main components are the
MAC and the calculation of the prescaling factor. The area
of the MAC increases somewhat when adding the boosting,
because of the partitioning of the multiplier into two parts.
On the other hand, the reduction in the area of the module to
calculate the prescaling factor should be substantial, when
going fromR to radixB = R=C. This is the main advan-
tage of the boosting technique. We now perform an estimate
of this area reduction.

6.1. Choice ofC
Acceptable values ofC are determined by the following

considerations:



Table 3. Available slots � in the MAC tree
b 9-10 11-12 13-14 15-16 17-18 19-20 21-26

d(b + 6)=2e 8 9 10 11 12 13 14-16
slots 0 3 2 2 2 1 0

� in second level

� A larger value ofC produces a larger reduction in the
number of iterations.

� For largerC the selection function forsj+1 is more
complicated, resulting in a larger delay and area.

� A largerC requires larger values ofsj+1 and there-
fore a larger number of additional terms to be added
in the MAC.

The combination of these considerations have lead us to es-
timate that acceptable values ofC are 4 and 8. ForC = 4
two additional terms have to be added if3z is not precom-
puted, whereas only one term is required if it is precom-
puted. The radix-8 case requires two additional terms.

6.1.1 Selection forC = 4

To estimate the delay and area of the selection function we
have performed a synthesis forC = 4. As indicated in Sec-
tion 4, the digit set is�2 � sj+1 � 3. Moreover, the design
of the selection function requires the choice of parameters
f , g, andu, and the determination of the selection constants
mk. The actual implementation is done using a multilevel
gate network where the adders required for the assimilation
should be included in the delay optimization. Several se-
lection functions exist, for different choices of parameters
[13]. As an example, we have performed a synthesis of
the selection function corresponding tog = 3, u = 4 and
f = 3, using Compass Passport0:6�m standard cell library
[2]. The resulting delay is of3:6ns:, which corresponds to
less than4tfa. The number of gates is 320, corresponding
to about30Afa.

The delay of less than4tfa allows us to enter the tree
at the second level, without increasing the cycle time, since
the delays of recoding and rounding, the multiplexer, the
multiple generation, and the first level of the MAC tree,
according to the assumptions of [6], amount to a total of
4:5tfa. Consequently, we need to use a radixB such that
there are one (if3z is precomputed) or two slots available
in the second level of the tree.

Although we have not performed a synthesis forC = 8,
we estimate that it might be possible to use also this radix
without increasing the cycle, if the additional terms enter
the tree at the second level.

6.2. Allowable values ofB
As indicated above the allowable values ofB are those

that leave one or two empty slots in the second level of the
MAC tree. As described in section 5 this depends on the

Table 4. Numbers of cycles
no. cycles 10 9 8 7
log2R 9 11 14 18

(a) 54-bit quotient

no. cycles 17 16 15 14 13 12 11 10
log2R 9 10 11 12 13 15 17 19

(b) 114-bit quotient

Table 5. Area of MAC + presc.-factor module
log2R 11 14 18
no. cycles 9 8 7
exec. time 80 70 60

VHR 930 1200 2800
VHR+boost (C = 4) - 1200 2000
Area ratio 1.0 0.70

(a) 54-bit quotient

log2R 11 12 13 15 17 19
no. cycles 15 14 13 12 11 10
exec. time 135 125 115 110 100 90

VHR 1500 1500 1700 2400 3300 5400
VHR+boost (C = 4) - - 1800 2100 2800 3600
Area ratio 1.0 0.85 0.85 0.65
VHR+boost (C = 8) - - - 1900 2100 2900
Area ratio 0.80 0.65 0.55

(a) 114-bit quotient

recurrence and also on the number of bits of the prescaling
factor, which depends on the way this factor is computed
[3, 7, 15, 16, 18]. Using the L-approach described in [12]
(and, more in general in [11]) we obtain that the number
of inputs to the tree required by the VHR division isd(b +
6)=2e. Consequently, the number of empty slots is shown
in Table 3. Therefore, since forC = 4 andC = 8 we need
two slots, in the sequel we consider11 � b � 18.

6.3. Suitable values ofR = BC

As described in [13], the suitable values ofR depend on
the required precision of the quotient; namely, the suitable
values are the smallest that produce a given number of cy-
cles. These values forn = 54 andn = 114 bits (double and
extended precision, respectively) are as reported in Table 4.

6.4. Execution time and area
Table 5 shows estimates of the execution time and area

of VHR division and of the version with boosting, using the
models presented in [12]. As can be seen from the table, for
54 bits the boosting technique is only effective forlog2R =
18, in which case the area ratio (VHR+boost)/(VHR) is
0.7. On the other hand, for 114 bits it is effective for
log2R = 16; 17 and19, producing ratios between 0.85 and
0.65. Moreover, for 114 bits we estimate that additional
area reductions can be achieved by usingC = 8.

Figure 5 shows the tradeoff between area and speedup,
using as reference values for delay and area the radix-2 im-
plementation as reported in [5], i.e. area equal to460Afa
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Figure 5. Speedup vs. Area comparisons
and 780Afa for 54 and 114 bits, respectively, and delay
equal to260tfa and550tfa again for 54 and 114 bits, re-
spectively. For 54 bits we estimate a VHR+boost (C = 4)
unit 4 times faster than the “classical” radix-2 architecture,
requiring 6 times its hardware; in this case, the estimated
area saving is about 30%, with respect to the VHR unit with
the same delay. On the other hand, for 114 bits both very-
high radix implementations produce speedups of up to 6;
the reduction in area of the implementations of the boosting
algorithm being of 25% (for C=4) and of 35% (for C=8),
with respect to the standard VHR implementation. More-
over, from Table 5b we observe that for 114 bits using an
area of about3000Afa, we can design either a VHR radix-
217 unit with total delay of100tfa or a VHR+boost radix-
219 unit (withC = 8) with total delay 10% smaller.

7. Conclusions
We have presented an algorithm and implementation that

increases the effective radix of the very-high radix division
approach presented in [6]. This is accomplished by obtain-
ing a few additional bits of the quotient per iteration without
increasing the complexity of the module to obtain the scal-
ing factor, nor the iteration delay.

We show that for some values of the effective radix this
approach results in a significant reduction in the area of the
module to compute the prescaling factor with respect to the
original scheme. As a consequence, it is possible to achieve
values of the execution time with a smaller unit.

We expect this approach to be useful for other related
operation such as square root and

p
x=d.
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