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Abstract

The speed of SRT-type dividers is mainly deter-
mined by the complexily of the quotient-digit selec-
tion, so that implementalions are limiled to low-radiz
stages. We present a scheme in which the quotient-
digit is speculated and, when this speculation is in-
correct, a rollback or a partial advance is performed.
This results in a division operation with a shorter cy-
cle time and a variable number of cycles. We per-
formed several designs and report results that show a
radiz-64 implementation that is 30% faster than the
Jastest conventional implementation (radiz-8) at an
tncrease of about 5% in area per quotlient bit. More-
over, we show a radiz-16 implementation that is about
10% faster than the radiz-8 conventional one, with the
additional advantage of requiring about 25% less area
per quolient bit,

1 Introduction

Most implementations for the division operation are
based on the SRT algorithm which involves a recur-
rente in which one digit of the quotient is produced
per iteration [1]. Consequently, to reduce the number
of iterations it 1s convenient to use a higher radix for
the quotient digit. However, as the radix increases the
added complexity of the quotient selection function
increases the iteration delay and eliminates the ad-
vantage. Because of this, implementations have used
radix 2 and radix 4 stages and higher radices are ob-
tained by unfolding these stages [10, 6]. Moreover,
reductions in time have been obtained by overlapping
these unfolded stages [10, 12]. One way that has been
proposed to reduce the complexity of the quotient se-
lection function is to prescale the divisor (and the div-
idend) [9, 7, 4] or to multiply the estimate of the resid-
Flall b)j an approximation of the reciprocal of the divisor

, 8].

In this paper we present and evaluate the idea of
using a simple function to speculate a probable value
of the quotient digit and use this speculated value to
continue with the algorithm. Another function deter-
mines whether the speculation is incorrect and, in that
case, the algorithm rolls back, the digit is corrected
and the process continues from there. In a variation
of this scheme, we allow a partial advance of fewer
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bits than a full digit when an incorrect speculation is
performed.

Because of the possible rollbacks and partial ad-
vances, the execution time is variable. Consequently,
a division unit of this type is suitable when the rest
of the system can make use of this variable time. In
particular, if the unit forms part of a general-purpose
processor with several functional units, it is necessary
to have hardware support for control of dependencies.
In the evaluation we determine the average execution
time assuming a uniform distribution of operands.

The effectiveness of an implementation depends on
a variety of factors, such as the time and cost of the
speculation function, the probability of correct spec-
ulation, the time and cost of error detection, and the
time for correction.

We develop the method and evaluate alternative
possibilities. To evaluate its effectiveness we present
some examples of implementations and compare with
the implementation of conventional algorithms using
the same technological constraints.

We now review very briefly the well-known division
algorithm, mainly to establish the notation used. We
use the standard recurrence

wlj + 1] = rwlj] - gj1d (0

where w(j] is the residual after the j-th iteration, r
is the radix, g¢;j41 is the new quotient digit, d is the
divisor, and z is the dividend. We assume that z, d,
and ¢ are normalized fractions.

To have a fast iteration a redundant adder is used.
In this paper we use a carry-save adder, although a
similar development could be done for other redundant
representations of wj].

The quotient digit 1s a signed digit |gj4+1] < a, with
redundancy factor p = a/(r — 1). This requires that
w[0] < pd, which is obtained by shifting the dividend.
Moreover, for this case, the convergence of the algo-
rithm requires the residual to be bounded so that

lwlj]| < pd (2)

The quotient digit ;41 is determined by a quotient-
digit selection function. This function depends on an
estimate of the residual and on an estimate of the di-
visor, that is

3)
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The estimates are usually obtained by truncating
the corresponding values. The number of bits of these
estimates increases with the radix as shown in Table 1.
This lengthens the delay of the function, so that prac-
tical implementations are limited to radix 2 and radix
4 stages. Examples of the number of bits required are
shown in Table 1.

I| radix 2] 4 8] 16
Il a 11 2 17110
Il p 112/311712/3
|| # bits divisor 01 3 |3 6

Il # bitsresidual |4 7 [ 8] 10

Table 1: Number of bits
selection functions.

required for quotient-digit

2 Scheme for Division with Specula-
tion of Quotient Digits

We now describe the basic scheme (without partial
advance) and then introduce the partial advance.
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Figure 1: Basic scheme. (a) Block diagram, (b) Tim-
ing diagram

2.1 Basic Scheme

The basic scheme is shown in Figure 1. As men-
tioned in the introduction, the quotient digit is specu-
lated (how this is done is described in the next section)
and used in the recurrence to produce the speculated
next residual as follows (speculation cycle):

Wi+ 1] = rulj] - ¢} 4.d (4)

At the end of the iteration, we decide whether the
speculated digit is correct by determining whether
the residual is inside the allowed bounds (see expres-
sion 2). If it is inside the bounds,

wli+1] = w'[j +1] (5)
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Figure 2: Timing diagram for (a) conventional division
(r = 16) and (b) quotient-digit speculation
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Figure 3: Quotient-digit generation

and the next iteration is performed. On the other
hand, if the residual is out of bounds the quotient digit
and the residual have to be corrected. A correction
cycle is performed as follows:

wlj+ 1] = wlj + 1] = g5y d (6)

In this case, the digit ¢7,; has the same weight as the
digit obtained in the speculation cycle and, thus, the
correct digit is ¢j41 = ¢4, + ¢f41 The amount of cor-
rection performed, ¢§, is discussed in the next section.

Consequently, when there is an error (incorrect spec-
ulation), more than one cycle is needed to obtain the
correct quotient digit and the correct next residual.
As indicated in Figure 1.b, the check for the bound
can be overlapped with the speculation of the next
quotient digit.

In Figure 2, we show the timing diagram of an ex-
ample division and in Figure 3 the quotient digits pro-
duced. Case a) corresponds to a conventional division
in which a correct quotient-digit is computed in each
cycle. The second diagram corresponds to the basic
scheme with speculation. As can be seen, the cycle
time for this case is smaller than for the conventional
case because the computation of the speculated digit
is faster than the computation of the correct digit. In
the example, the first two speculated digits are cor-
rect; the third digit is incorrect, producing a w®[3]
which is out of bounds. This results in a correction
of g3 by +1 and the corresponding correction of w*[3].



This correction is sufficient, as indicated by the fact
that the corrected residual is inside the bounds. Then,
the next speculated digit is correct and after that an-
other error is detected and corrected. In this case, two
cycles are required for the correction, as the residual
obtained after the first cycle of correction is still out
of bounds.

2.2 Scheme with Partial Advance

In the basic scheme presented, two situations can
occur: either we advance one digit of the quotient
(when the speculation is correct) or we use the next
cycle to correct the digit (no advance). So, at least
one complete additional cycle is required to correct an
incorrect speculation, even if the error is very small.
The corresponding delay is reduced by the scheme
with partial advance. In this scheme, when the er-
ror is small, a third situation is allowed, namely the
advance of a number of bits which is less than a whole
digit; we call this partial advance!.
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Figure 4: Scheme with partial advance

’_I‘he amount of advance is selected so that the next
residual is bounded. The partial-advance iteration is

w(j + 1] = pw[j] - ¢f4,d (7)

where log, p is the number of bits of the partial ad-
vance. In this case, the digit q;’+1 has an overlap of
log, £ bits with the previous digit.

A block diagram for this scheme is shown in Fig-
ure 4. Note that two different speculations are per-
formed depending whether there is a full advance
(log, r bits) or a partial advance (log, p bits). The tim-
ing diagram of Figure 5.a and the quotient digit com-
putations of Figure 5.b, show an example with par-
tial advance. The first two digits are correct, whereas
the third is incorrect. Consequently, it is not possi-
ble to advance a whole digit. Two possibilities exist:
no advance or partial advance. In this case, the error
is sufficiently small so that a partial advance can be
made (we consider a partial of two bits, logop = 2).
The new speculated digit is 4, which overlaps with the

1A variation of this idea was suggested to us by Paolo
Montuschi
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S: speculation cycle, C: correction cycle, P: partial advance

Figure 5: Quotient-digit generation with partial ad-
vance (2 bits)

incorrect digit. This new digit is correct. Then a new
speculation (¢ = 4) is incorrect and in this case no
advance is possible (because the error is too large). A
correction cycle is required, and after that, with still
the residual out of bounds, another partial advance
can be performed (¢ = —6). Finally, the last digit is
correct.

3 Speculation of Quotient Digit and
Error Detection/Correction

3.1 Speculation of Quotient Digit

As indicated in the previous section, the idea is
to reduce the delay of the quotient-digit selection by
using a simpler function which gives a correct value
with high probability. To achieve this, we use

(8)

¢j 41 = spec(d’, d*)

where w* and d* have fewer bits than the w and d of
expression (3), respectively.

The question is how to find such a speculation func-
tion, combining a low delay and a reasonable probabil-
ity of speculating the correct value. There are many
parameters in this choice of function, including charac-
teristics of the implementation. Moreover, it involves
a tradeoff between delay and cost. Therefore, it is
not possible to search for an optimal solution, and we
have to be content with finding one that is satisfactory.
To simplify the process we perform it in two stages,
namely, first we determine, for various number of bits
of the estimates, the function that gives the highest
probability of success and then we use this function in
implementations.

For a given number of bits of the estimates, the
function that produces the highest probability of cor-
rect speculation, can be determined theoretically or
empirically. A possible theoretical approach is as fol-
lows (see Figure 6):

e For a particular value of W’ determine the range
of values of w[j]. This defines a vertical strip in
Figure 6.
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Figure 6: P-D diagram to determine the probability
of correct speculation.

e For a particular value of d* determine the range
of values of d. This defines a horizontal strip 1n
Figure 6.

e Determine the areas corresponding to the inter-
section of the rectangle formed by the two strips
above and the selection intervals for different val-
ues of gj41. Select for ¢}, the value that corre-
sponds to the largest area.

This approach has the disadvantage that it assumes
that all values of the residual are equally likely. To
avoid such an assumption, which might be even less
true with speculation than with conventional division,
we determined the speculation function empirically.

A possible empirical determination of the specula-
tion function is to perform divisions using a conven-
tional SRT algorithm. Then, for each pair of values
(w®,d*) select as ¢* the value which occurs most fre-
quently. However, this process is not accurate because
the residual values obtained when executing a conven-
tional algorithm are not the same as those produced
when speculation is used. To eliminate the corre-
sponding error, we determine the speculation function
as follows:

¢ Build a speculation table (Table-spec) which, for

each pair of values of (#°,d*), has as entry the
speculated quotient digit. Initialize this table
with any value, for example all 0.

¢ Perform several iterations of the following process
until a stable speculation table is obtained:

1. Perform simulations of divisions in which the
dividend and the divisor are selected at ran-
dom.

2. In these divisions, use as quotient digit the
value obtained from Table-spec.

3. Build a matrix with a row for each pair (@°,
d*) and a column for each value of ¢ .

4. For each residual and divisor obtained dur-
ing the simulation, determine the possible
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correct values of the quotient digit and in-
crement the corresponding entries in the ma-
trix.

5. At the end of the iteration, for each row of
the matrix select for quotient-digit specula-
tion the value that has the maximum entry
in the row. Update the speculation table.

For each simulation, 10% divisons were executed; for
each division, the dividend and divisor were randomly
generated and a 54-bit quotient was calculated. Only
few iterations (between 3 and 5) were required to ob-
tain a stable speculation function. The technique of
multiple independent repetitions was used to obtain
results with a confidence level higher than 0.98.

Table 2 shows probabilities of success for the best
function for several cases. Since w® has a carry-save
representation, different number of bits can be used
from the sum and from the carry. When sum and
carry bits are expressed in parenthesis, (s-c), the cor-
responding bits are first assimilated and then used by
the speculation function. Since the probability of suc-
cess is relatively high and the number of bits signif-
icantly smaller than those of Table 1, the approach
looks promising.

radix 4 3 16

al 2 5 12

# Dbits w' (s-c) [ 44 | 5-4 [ (6-5)
#bitsd® | 0 1 1

prob. of success | 0.91 | 0.86 | 0.77

Table 2: Probability of success of the quotient-digit
speculation function.

3.2 Error Detection

Since the speculation is not always correct it is nec-
essary to detect the error. Two approaches for this
seem possible:

1. Compute the correct value of the quotient digit
and compare with the speculation. This scheme is
not convenient because, for high radix, the exact
quotient-digit selection is complex and slow and
because there are cases in which more than one
value is correct.

2. Determine whether the next residual is within the
allowed bound.

We chose this second approach. We need to assure
that the speculation is accepted only if
[w'(j +1]| < pd (9)

To have a fast comparison, this determination has to
be performed using a truncation of w*[j + 1] and d.

Let us call w¢ and d¢ these truncated values. We now
determine the minimum number of bits that these es-
timates require. Let us call f the number of fractional
bits of each estimate. Since a carry-save representa-
tion is used for w, w° is calculated as the sum of the



most significant bits of the two bit vectors representing
w, and therefore

w € [@°,w° + 27/*1) (10)
On the other hand, d is nonredundant so
de[d,d*+277) (11)
Consequently, relation (9) is satisfied if
- pd® < w° < pd® — 27! (12)

Therefore, these are the comparisons that have to be
performed?.

In addition, the continuity condition has to be pre-
served. This requires that the difference between the
upper and lower bound of the residual has to be at
least equal to d. That is,

pd® — 279+ 4 pd® > d (13)

and since d < d° + 2=/ it is sufficient that

2pd® — 271+ > de 4 94 (14)

and we get

(20-1)d°>3x2/ (15)

Since d° > 1/2, it is sufficient that

1 1
-7 p— ~

70 <30-3) (16)

We now determine the number of integer bits of the
estimates. Since intermediate residuals produced by
speculative division might have values larger than pd,
additional integer bits are required. Let us call e the
maximum error produced by a speculation, that is, e
is the maximum difference between a speculated value
and a correct quotient digit. Moreover call M and M
the highest and lowest values of w’[j + 1] obtainable
when the recurrence is performed with a speculation

having the maximum error. Since a correct residual is
w®[j + 1] < pd, then

M < pd+ed (17)
andasd< 1, .
M<p+e (18)
Similarly,
M>—(p+e) (19)

and thus, the number of integer bits (i) required to
represent wrongly speculated residuals is

i = logy(p+ )] + 1 (20)

20nly the truncated value of pd® is required for the imple-
mentation of the comparisons.
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For p < 1 this reduces to
i = [logy(e+1)] + 1 (21)

The value ¢ is calculated as follows. Given a spec-
ulation function to obtain the quotient digit, for each

rectangle R defined by %* and d* in the P-D diagram
(see Figure 6) we calculate
(22)

erR = ma.x} |g — spec(*,d*)|

9€{qr
where {gr} is the smallest set of quotient digits that
cover the rectangle. Finally, e = maxer. Table 3
shows several examples of the minimum number of
bits required.

r a p i 3 1
4 212/a10 0 I
4 3 1 3 1 2
8 515/7 |4 2...313
16 | 10 {2/3 5 4...714

Table 3: Number of bits for comparison.

In summary, to determine whether there is an error
it is necessary to have two comparators that perform
the comparisons specified in (12). The estimate w°

has i integer bits and f fractional bits, whereas d° has
f fractional bits (the most significant being always 1).
Since the comparisons are done with truncated ver-
sions of w*[j + 15 and d, there are cases in which the
speculation is correct but the comparison (to be con-
servative) fails. Consequently, the probabilities of suc-
cessful speculation are somewhat smaller than those
presented in Section 3.1. Now these probabilities de-
pend not only on the number of bits of @w* and d* but
also on f, and can be increased somewhat by using a
larger value of f. An example is shown in Table 4.

Fi 4 5 i 7
prob. of success [[ 0.73 10.75 10.76 | 0.76

> 8
0.77

Table 4: Variation of probability of success (r = 16,
a = 12, (6-5) bits for &* and 1 bit for d*)

3.2.1 Error Detection for Partial Advance

We now determine the range of error that permits a
partial advance of log, p bits. As discussed above, we
determine the error by looking at w’&i—}-l . In the basic
scheme, if w*[j + 1] is out of bounds, the speculated
digit is corrected until a residual inside the bounds is
obtained. However, if the errot is small we can accept
the speculated digit and make a partial advance of

logop bits if

lpw?[i + 1)| < rpd (23)
because this is inside the bounds for the next iteration.
Consequently, we can advance logyp bits if

Bw[j+1]] < pd (24)
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Figure 7: Units for digit speculation. (a) Basic

scheme; (b) With partial advance (g;41 denotes ¢},
q;-’_H, or g5, depending on the type of cycle).

These comparisons are done in a similar manner as
those previously discussed, that is, using estimates of
w*j + 1] and d.

3.3 Correction of Quotient Digit

Since with the detection scheme presented in the
previous section, when there is an error the correct
digit is not known, it is necessary to perform an incre-
mental correction and to check again whether a cor-
rect digit is obtained. We have chosen to correct the
quotient digit by +1 or —1, depending on the sign
of the residual estimate. This method requires that
in some cases more than one correction cycle be per-
formed. However, this situation is infrequent so that
the method is suitable.

Figure 7 depicts a block diagram of the circuit re-
quired for digit speculation, error detection, and digit
correction. It consists of a multiplexor that selects
between the speculated digit (¢*) and the correction
(1) according to the result of the comparison with
the bounds. In the scheme with partial advance, two
speculation tables (for ¢* and ¢”) and two compar-
isons with the bounds (for full and partial advance)
are required.

Skipping Quotient Digits

The correction performed because of incorrect spec-
ulation can also be used to avoid having to produce
some divisor multiples that are difficult to generate.
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For example, it is possible to implement a radix-8 di-
vider with a=5 using only one adder (and therefore
only multiples that are powers of two) by avoiding
to speculate the quotient-digit values 3 and 5. When
these values are required, they are obtained by spec-
ulating some neighboring value and performing a cor-
rection cycle. We have performed some designs that
show that this approach is beneficial because it reduces
the critical path, while not increasing significantly the
number of cycles.

4 Evaluation

To evaluate the speed advantage of the scheme we
have described, we performed some implementations
for 54-bit dividers (this value affects only the area es-
timates). Since there are many parameters that spec-
ify a particular implementation, we have not done a
complete analysis of the solution space but performed
some reasonable designs to evaluate and compare.

All designs have used the same technology and
design tools. In particular, we have used a lum
standard-cell CMOS library [5] (size of a 2-input
NAND gate is 12.5 x 47.5um?, delay of an inverter
is 0.15 ns). Some simple modules have been designed
by hand (multiplexors and CSAs) while misII [2] has
been used for the synthesis of the quotient-digit selec-
tion functions and the comparators. MisI] has always
been guided to optimize delay at the expense of in-
creasing the area. Fan-in and fan-out capacitances
(but no routing) have been considered for delay calcu-
lations. We only give the final results of the designs.
More details can be found in [3].

4.1 Basic Scheme

We now evaluate the execution time of the basic
scheme and compare with conventional SRT division
units.

Since we do not specify the number of bits of the
quotient, we compute the average execution time per
quotient bit. This time is given by

Cy
= X te
logyr

(25)

where (4 is the average number of cycles per quotient
digit ( this includes the speculation cycles and the cor-
rection cycles) and ¢, is the delay of one cycle.

In Table 5 we report the results of some of these
designs. The delay does not include register loading,
because the stages can be used in an implementation
with unfolded iterations and even in a self-timed im-
plementation [12]. Because of this possibility of un-
folding, for our comparisons we normalize to delay and
area per quotient bit. For the speculative approach,
we show only cases that produce a faster implementa-
tion than the conventional approach and when increas-
ing the radix produces an improvement in delay/bit.

We were surprised by the good performance ob-
tained for the conventional radix-8 implementation;
this is achieved by guiding mis/I to provide a differ-
ent delay for both components forming the radix-8
quotient digit. We conclude that the fastest specu-
lative implementation is about 10% faster than the



| digit select. conventional speculative
radix 2 4 | 38 8 16 ]
a 1 2 | 7 5 127]
# of CSAs 1 1 2 1 2
# bits w* || (4-4) | (7-7) | (8-8) || 54 | (6-5)
# bits d° 0 3 3 1 1
cmp: (4,f) - - - 45 | 3,5
cycles/digit 1 1 1 1.27 1 1.30
cycle delay 6.3 8.4 113 8.5 10.7
cell area || 500 | 840 | 2100 || 1800 | 2000
delay/bit || 6.3 4.2 3.8 3.6 3.5
area/bit || 500 | 420 | 680 580 | 500
speedup || 1.00 | 1.50 | 1.66 || 1.75 | 1.80
area factor || 1.00 | 0.84 | 1.36 1.16 | 1.00

Table 5: Characteristics of designs. (Area unit = Area
of a 2-input NAND gate, delays are given in ns).

fastest conventional one, with the added advantage of
reducing the area per bit by 25%.
4.2 Scheme with Partial Advance

To calculate the average number of cycles per quo-
tient digit, we perform simulations that are similar to
those discussed in Section 3.1. Now three types of
cycles exist, namely, full cycles (with probability p;),
partial cycles (with probability p,), and non-advance
cycles (with probability p,). The average number of
cycles per digit is then calculated as

_ log, r
pslogyr + pplog, p

Table 6 shows the number of cycles for several radices
and several values of p.

Cq (26)

[Radix 4 8 il 16 ]
log, p 1 2 1 3 2
p; 1 0.90 1064 10.737]0.69 | 0.69
pe | 0.10 1 0.32 1 02711 0.24 | 0.31
pn |[ 0.007]0.0470.00 ] 0.07 { 0.00
Cy TTO ) TITTIZ2ZfT.I5 [ 1.18
[ Radix 32 64 ]
log, p 4 3 2 o 4 3
ps |1 0.63 1 0.66 | 0.61 ]| 0.47 [ 0.49 [ 0.53
pp || 0.27 1034 10.39 J{ 0.30 1 0.48° ] 0.47
pn || 0.10 T 0.00 1 0.00 [ 0.23 1 0.03 [ 0.00
Cy [TIBRTTIS TI3T 139 [ T23 1 1.32

Table 6: Speculative division with partial advance (the

designs correspond to the speculative dividers in ta-
bles 5 and 7)

We have performed several designs chosing from Ta-
ble 6 the values of p that produce the lowest average
number of cycles per digit. Table 7 shows the charac-
teristics for implementations that are faster than those
described in Section 4.1. The results indicate that this
method produces speedups with an increase in area;
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| radix 16 | 32 64 |
a 12 22 37
number of CSAs 2 2 2
# bits @* || (6-5) | (7-7) | (7-7)
# bits d* 1 2 3
cmp: (i, f 3,5 4,5 4,6
partial adv. (lo 3 3 4
cycles/digi 1.5 [ 1.16 | 1.23
cycle delay || 10.7 | 13.4 | 14.3
cell area || 3120 | 3860 | 5910
delay/bit || 3.1 3.1 2.9
area/bit || 780 | 772 | 985
speedup | 2.03 | 2.03 | 2.17
area factor || 1.56 | 1.54 | 1.97

Table 7: Designs of speculative dividers with par-
tial advance (Speedup and area factor are given w.r.t.
radix 2).

this increase is mainly due to the duplication of the
speculation function. The radix-64 implementation is
30% faster than the fastest conventional implemen-
tation (radix 8) with about 44% more cell area per
quotient bit.

5 Design Example

We now present the implementation details of one
design. For simplicity, a scheme without partial ad-
vance is explained. We have chosen the one that gives
the smallest delay per quotient bit, namely, the spec-
ulative radix-16 divider shown in Table 5. The block
diagram is shown in Figure 8.

The quotient digit generated by the speculation
function is ¢, + q, where ¢, € {-8,—4,0,4,8}
and ¢ € {-2,-1,0,1,2}. Therefore, the values
{—12,-11,11,12} are always obtained after correc-
tions of the initially speculated digit. Although this in-
creases somewhat the number of correction cycles, the
use of @ = 12 results in a larger overlap than a = 10,
which makes the implementation of the speculation
function simpler and faster. Moreover, the limited
precision of the comparisons éerror detection) reduces
the range of “accepted” residuals and, consequently,
diminishes the probability of requiring quotient digits
near xa. Exploring several designs, we found a = 12
to be the best trade-off for radix 16.

Table 8 reports area and delay characteristics of this
design. As g is the highest-weight component of the
quotient digit, the speculation function is simpler and
faster than for ¢;. When synthesizing the speculation
function, misiI has been guided to reducing the delay
of gn which, in this case, 1s in the critical path.

The CSA has been designed as a radix-2 full adder.
Its delay (2.2 ns) is determined by two cascaded XOR
gates (1.1 ns each). However, the outputs of the ¢;d
multiplexors have been connected to the last gate in
order to reduce the critical path (the same optimiza-
tion has been used for the conventional designs). This
approach cannot be used with the residual, since the
redundant representation requires two signals.
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Figure 8: Block diagram for a speculative radix-16
divider.

Module Area | Delay |

digit speculation 4.8¥ (Tor g¢5)
6.3 (for ¢1)

error detection 2101 5.3

MUX for ¢;d 2 x 310 [ 0.9¥

MUX for w]y] 90 | 0.9%

MUX for ¢; 41 09

CSA (56 bits) 2 x 380 | 2.2¥% (from residual)
1.1* (from ¢;d)

Buffer 9x3 .8%

[ Tteration (Total) ] 2000 [ 10.7 i

Table 8: Area and delay for the speculative radix-16
divider (* indicate delays in the critical path)

6 Summary and Conclusions

The division method we have presented is based on
the speculation of the quotient digit and on a roll-back
when the speculation is incorrect. Because of the re-
duction in complexity of the quotient-digit selection,
this can result in faster implementations with higher
radices than for the conventional approach. Moreover,
a reduction in the number of adders required is possi-
ble by speculating only a reduced set of quotient-digit
values.

We have discussed the way to determine an opti-
mal speculation for a given estimate of the residual
and of the divisor. Moreover, we detect whether the
speculation is correct by determining whether the next
remainder is inside the required bound.

The designs performed show a radix-16 divider that
is about 10% faster than the fastest conventional di-
vider (radix 8). Moreover, the area per quotient bit is
reduced by 25%.

The speed can be further improved by doing par-
tial advance when the speculation is incorrect. We
developed the condition required for partial advance
and described an implementation that replicates the

94

quotient-digit selection.

We performed designs which show that a radix-64
divider with speculation and partial advance of four
bits is about 30% faster than the fastest conventional
case with an area/bit increase of about 45%.
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