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Abstract

The GoldSchmidt iterative algorithm for a floating point divide calculates it by performing a fixed number
of multiplications. In this paper, a variable latency GoldSchmidt's divide algorithm is proposed, that performs
multiplications a variable number of times until the error becomes smaller than a given value.
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To calculate a floating point divide —]—7 multiply ‘T=7 +e;' to the denominator and the nominator, then it

IN N,
TF R

=F R, i€{0,1,..n-1). The bits to the right of p fractional bits in intermediate multiplication results are

becomes . And the algorithm repeats the following operations: ‘R;=(2-e,~F,), N; . =N *R;, F,

truncated, and this truncation error is less than ‘e,.=2_p’. The value of p is 29 for the single precision
floating point, and 59 for the double precision floating point. Let ‘Fi=1+ei', there is ‘F;, {=1-e; ", where ‘e

—p+3
z

i1 < e?+3e,.'4 If “|F;-1]1< 2 is true, ‘e;, ;< 16e,’ is less than the smallest number which is

representable by floating point number. So, N; is approximate to T,
Since the number of multiplications performed by the proposed algorithm is dependent on the input values,

the average number of multiplications per an operation is derived from many reciprocal tables (T=— +e,)

F

with varying sizes. The superiority of this algorithm is proved by comparing this average number with the
fixed number of multiplications of the conventional algorithm.

Since the proposed algorithm only performs the multiplications until the error gets smaller than a given
value, it can be used to improve the performance of a divider. Also, it can be used to construct optimized
approximate reciprocal tables.

The results of this paper can be applied to many areas that utilize floating point numbers, such as digital
signal processing, computer graphics, multimedia, scientific computing, etc.
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Table 1. Variable latency Goldschmidt's divide

To compute %, where F is (1.g + h).

T(g) is pre-calculated approximate

1
19
p = 29 if IEEE-754 single precision
p = 59 if IEEE-754 double precision
1) N =N * T(g) ;
2) F =F * T(g) ;
R = 1's complement of F ;

il

3 N=N=+*R;
-p+3
If|F-11<2 2 | then exit ;
HF=F=*R,; /«R,
R = 1's complement of F ; /* R;i;
*/
Goto 3 ;
algorithm
. 7HH AlZE iAo
a9 1ol e FAVE AFES JhE A G

XA EEEE A £ F 26 4H 7
o]

Ao &8 HAth

384

g8 N
e |

Approx
Table

ROM

A i} '_|
i f

(g Reg |

| Stae {

i . " sy

! Machine | R R
1

Clock

Result

a8 1. slele] FMIIE AT
7t AlZF BEADIE LgA7|
Fig 1. Variable latencyGoldschmidt's
divider with single multiplier
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Table 2. State flow of variable fatency Goldschmidt's
divider with single multiplier

/*  Calculate -‘% */

(State-1)
Get approximate reciprocal table T(g)

(State-2)
Multiplier in port A = T(g) ;
Multiplier in port B = N ;
Multiplier out port Y = NR ;
(state-3)
Multiplier in port A = T(g) ;
Multiplier in port B = F ;
Multiplier out port Y = FR ;




R = 1's complement of FR ;
(state-4)

Multiplier in port A = NR ;

Multiplier in port B = R ;

Multiplier out port Y = NR ;

If msb ]);_3 bit of FR is all '0’ or

i

all 1",
then Result is NR ;

(state-5)

Multiplier in port A = FR ;

Multiplier in port B = R; /* R; */

Multiplier out port Y = FR ;

R = 1's complement of FR ; /* R
iv1 ¥

Goto state-4 ;
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Table 3. State flow of variable latency Goldschmidt's
divider with dual multiplier

/*  Calculate %/

(State-1)
Get approximate reciprocal table T(g) ;

o=

(State-2)
Multiplier 1 in port A = T(g) ;
Multiplier 1 in port B = N ;
Multiplier 1 out port Y = NR ;

Multiplier 2 in port A = T(g) ;
Multiplier 2 in port B = F ;
Multiplier 2 out port Y = FR ;
R = 1's complement of FR ;

(state-3)

Multiplier 1 in port A = NR ; /* N;
*/

Multiplier 1 in port B = R, /* R,
*/

Multiplier 1 out port Y = NR ; /* N
iv1 */
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If msb ﬂ;—?’ bit of FR is all ‘0" or

all '1’,
then Result is NR ; /* Check

F, */

Multiplier 2 in port A = FR ; /* F,
*/

Multiplier 2 in port B = R ; /* R,
*/

Multiplier 2 out port Y = FR ; /* F
iv1 ¥/

R = 1's complement of FR ; /%
Riy1 */

Goto state-3 ;b
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Table 4. Number of multiply of IEEE single precision

divide
(1) -- in case of one multiplier
(2) —- in case of two multiplier

Average | Average No. of Multiply'
T?ble No. of | No. of
size multip]y1 mulu'ply2 mil 5 mul|7 mul|{9 mul
16x3 6.52 376 10.27%{23.5% {76.2% | 0.0%
32x4 6.05 3.52 0.54% |46.3% 53.2% | 0.0%
64x5 529 315 |1.08%[83.3% [15.6%| 0.0%
128x6 4.96 2.98 2.16%197.8% | 0.0%| 0.0%
256x7{ 491 2.96 4.32%195.7% | 0.0% ! 0.0%
64x6 496 2.98 1.88%6198.19 {0.05% | 0.0%
16x4 6.13 357 (0.48%|425% |57.1%| 0.0%
16x5 6.01 351 0.58% (48.2% |51.2% | 0.0%
16x6 593 346 [0.59%|52.5% |47.0% | 0.0%
16x7 593 346 [0.59% |52.4% |47.0% | 0.0%
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Table 5. Number of multiply of {EEE double precision
divide
{1) - in case of one multiplier
(2) —- in case of two multiplier
Average|Average L1
able | No. of | No. of No. of Multiply
; multiply | multiply
size 1 2 3 5 mul{7 mul{9 mul
mul
128%6 7.00 4.00 0.0% |1.08% | 97.9% | 1.03%
206%7 6.96 3.98 0.0% [2.16%6197.8% | 0.0%
512x8 6.91 3.96 0.0% [4.3226]95.7% | 0.0%
1024x1
1 6.83 391 0.0% 8.63% 191.4% | 0.0%
64x5 7.71 435 0.0% |0.54% | 63.5% | 36.0%
64x6 7.19 410 0.0% [0.94% |88.6% | 10.5%
64x7 6.99 4.00 0.0% |1.17% | 98.2% |0.64%
64x8 6.98 3.99 0.0% 11.17%98.6% [0.18%
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