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A Variable Latency Goldschmidt’s Floating Point Number Square Root

Computation
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ABSTRACT

The Goldschmidt iterative algorithm for finding a floating point square root calculates it by performing a
fixed number of multiplications. In this paper, a variable latency Goldschmidt's square root 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 find the square root of a floating point number F, the algorithm repeats the following operations:

i p ST e,—
I'i’,——-——-—-2

X
X=X xRL Y, =Y xR, ic{0,1,2,, n—~1)’

with the initial value is

‘X,=Y,=T¥xF, T=71—+e,’. The bits to the right of p fractional bits in intermediate multiplication

F

results are truncated, and this truncation error is less than

‘e,=27%. The value of p is 28 for the single

precision floating point, and 58 for the double precision floating point. Let ‘X .=]te¢/, there is

2 3
3es _ e
"X, =1—e;,,, where "¢, (—*

. =
T F7 tde/ If 11X, —1k2 * ' is true

e.;,,1¢8e, is less than the

Y,

smallest number which is representable by floating point number. So, VF is approximate to ’ ~—5-+

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 square root

tables (T=711?+e,) 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 square root unit. Also, it can be used to construct

optimized approximate reciprocal square root 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 square root
algorithm

To compute V F, where F is (i.g+#).

T(g) is pre-calculated approximate 7—:—;

28 if IEEE-754 single precision
58 if IEEE-754 double precision

p
D

1) R=T(@9=xTg);
2) X=Y=RxF;
9 ~b_
R=3-2 =X,
4) Y=YxR,;
—p+2
FIX—1<2 ?
5 R=RxR;
6) X=XxR;

, thengoto T;
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Fig 1. Variable latency Goldschmidt's square
root unit with single multiplier
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Table 2. State flow of variable latency Goldschmidt's
square root unit with single multiplier

/* Compute VF */
(State-1)
Get approximate reciprocal table T(g) ;
(State-2)
Multiplier in port A = T(g) .
Multiplier in port B = T(g) ;
Multiplier out port Q = R
(state-3)
Multiplier in port A = F ;
Multiplier in port B = R ;
Multiplier out port Q =
KX >10thenZ =1 ;
else Z = 2,
Z = Z + (1's complement of X's fraction
part) ;
R=Z>1,;
(state-4)
Multiplier in port A = Y ;
Multiplier in port B = R
Multiplier out port Q = Y

If msb ﬂ%l bit of X is all ‘0" or all '1’,

, Y

o

goto state-7 ;
(state~5)
Multiplier in port A =
Multiplier in port B
Multiplier out port Q = X ;
(state-6)
Muitiplier in port A =
Multiplier in port B =
Multiplier out port Q = X ;
X >10thenZ =1

e

i

’

s

’JUIX:

else Z = 2 ;
Z = Z + (1's complement of X'’s fraction
part) ;
R=2>>1,;
Goto state-4 ;
(state~7)

Divider in port N = Y ;
Divider in port D = T(g) ;
Divider out port Q = Result ;
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Table 3. State flow of variable latency Goldschmidt's
square root unit with dual multiplier

/x Compute VF #/
(State-1)
Get approximate reciprocal table T(g) ;
{State-2)
Multiplier 1 in port A = T(g) ;
Multiplier 1 in port B = T(g) ;
Multiplier 1 out port Q = R ;

(state-3)
Multiplier 1 in port A = F ;
Multiplier 1 in port B = R ;

Multiplier 1 out port Q@ = X, Y ;
IfX =210thenZ =1;
else Z = 2,
Z = Z + (I's complement of X's fraction
part) ;
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R=Z>1,

(state-4)
Multiplier 1 in port A = Y ;
Multiplier 1 in port B = R ;
Multiplier 1 out port Q = Y

If msb L—2_2_ bit of X is all ‘0’ or all ‘1",

goto state-6 ;

Multiplier 2 in port A = X ;
Multiplier 2 in port B = R ;
Multiplier 2 out port Q = X ;
(state-5)
Multiplier 1 in port A = X ;
Multiplier 1 in port B = R ;
Muiltiplier 1 out port Q = X ;
If X >10thenZ =1;
else Z = 2,
Z = Z + (I's complement of X'’s fraction
part) ;
R=Z>1,;
Goto state—4 ;
(state-6)
Divider in port N = Y ;
Divider in port D = T(g)

n

Divider out port Q = Result ;
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Table 4. Number of muitiply of IEEE single precision
square root
(1) =- in case of one multiplier
(2) — in case of two multiplier

Average | Average No. of Multiply’
Table| No. of | No. of
size L1 . .2

multiply | mudtiply” | 3 mul { 6 mul | 9 mul {12 mul
24x4 844 6.63 0.18% | 184% | 81.5% | 0.0%
48x5 78 6.23 0.37% | 37.8% | 61.9% | 0.0%
9x6 691 561 0.71% | 683% | 31.0% | 0.0%
192x7 59 497 1.44% | 98.6% | 0.01% | 0.0%
384x8 591 44 287% [ 971.1% | 0.0% | 0.0%
9%6x7 6.09 5.06 1.25% | 94.4% | 4.33% | 0.0%
9B6x8 597 498 1.80% | 97.2% | 0.97% | 0.0%
96x9 59 498 1.95% | 97.3% | 0.74% | 0.0%
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Table 5. Number of multiply of IEEE double precision
square root
(1) == in case of one multiplier
(2) - in case of two multiplier

Average | Average No. of Multiplyl

T'able No. of | No. of

$%¢  multiply! | muttiply?| 3 mul | 6 mul | 9 mul |12 mul
9%%6 | 1038 792 | 00% | 0.41% | 53.3% | 46.3%
192x7 | 915 710 | 00% | 0.83% |93.2% | 597%
348 | 8% 697 | 0.0% | 1.66% | 983% | 0.0%
768<9 | 890 693 | 00% |332%|96.7% | 00%
192x8 | 8% 697 | 00% | 1.44% | 985% | 0.02%
192x91 8% 696 | 00% |2.10% |879% | 00%
BT | 947 732 | 0.0% | 0.72% | 82.8% | 165%
%<8 913 708 | 0.0% | 1.04% | 93.7% | 521%
%6x9 | 909 706 | 00% |1.13% | 94.8% | 4.06%
%101 9.08 706 | 00% |1.13% |949% | 3.94%
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