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A Variable Latency Newton-Raphson’s Floating Point Number Reciprocal
Square Root Computation

Sung-Gi Kim" - Gyeong-Yeon Cho'

ABSTRACT

The Newton-Raphson iterative algorithm for finding a floating point reciprocal square root calculates it by performing a fixed number
of multiplications. In this paper, a variable latency Newton-Raphson’s reciprocal square root algorithm is proposed, that performs
multiplications a variable number of times until the error becomes smaller than a given value.

-— — .2 .
To find the reciprocal square root of a floating point number F, the algorithm repeats the following operations: ‘X ,uﬁM, i

€{0, 1, 2,.n-1) with the initial value is ‘Xo=+/;., tey. The bits to the right of p fractional bits in intermediate multiplication results are
truncated, and this truncation error is less than ‘e=2"". The value of p is 28 for the single precision floating point, and 58 for the double
precision floating point. Let ‘X,-=—‘/i7,— *e/, there is X = \}F—em', where ‘e; < #"‘? ?FTS?+2e,’. If “| 3_6+FX‘2—1 | <27 is true, ‘ei < 8e,
is less than the smallest number which is representable by floating point number. So, X; is approximate to

« 1

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 (Xo=+/pieo) 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 reciprocal 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.

Key Words : Floating Point, Newton-raphson, Reciprocal Square Root, Variable Latency
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To compute, X = —= where F is (ig + h).
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T(g) is pre-calculated approximate ——
g p PD Jig
p = 28 if IEEE-754 single precision
p = 58 if IEEE-754 double precision

1) X =T() ;
2Y=X=*X;
Q=FxY;
Zza—z"’—g;
HX=X=*Z;

Ile—1l>22 then goto 2
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Table

P P
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] (s
T
A B
Q=AxB
Q
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L] |
MUX
State I
Machine _‘ Xreg. i LY reg. Zreg |
[ —
Bpit
2
Clock
A\
Result

(28 1) 71 A2t wE-gE g5 M2 AL

(B 2 7HH A2t wE-EE 9= a2 AW| 48 885
1

/¥  Compute 7 */

(State-1) _
X = Approximate reciprocal square root table T(g) ;
(State-2)
Multiplier in port A = X ;
Multiplier in port B = X ;
Multiplier out port Q = Y ;
(state-3)
Multiplier input port 1 = F ;
Multiplier mput port 2 = Y ;
Multiplier output port = Q ;
IfQ = 10then T =1

else T=2;
T =T + (1's complement of Q’s fraction part) ;
Z=T>1;
(state-4)

Multiplier input port 1 = X ;
Multiplier input port 2 = Z ;
Multiplier output port = X ;

If msb % bits of Z are not all ‘0’ or not all ‘I’, then

goto state-2 ;
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9% x 7 6.10 1.24% | 94.2% 456% | 0.0%

9% x 8 598 1.80% | 97.2% 1.04% | 0.0%

9% x 9 597 195% | 97.2% 081% | 0.0%

(E O IFEE WESAS 95 MS2 Al 228 34 g5
Average No. of Multiply
’I;?Eie No. of
multiply 3 mul 6 mul 9 mul |12 mul

% X 6 10.39 0.0% 041% | 53.0% | 46.6%
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X9 9.10 0.0% 1.12% 94.7% | 4.20%
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