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Exact Square root Algorithm Using Multiplier

Seung-Hee Choi

Department of Computer Engineering
Graduate School of Industry

Pukyong National University

Abstract

Floating point division and square root operation have two kinds of method, one
1s a repetition of multiplication, Newton—-Raphson algorithm and Goldschmidt’'s
algorithm, the other is a repetition of subtraction, SRT algorithm. On this paper,
square root algorithm is suggested, which use double format digit multiplier for
satisfying the accuracy required on IEEE-754.

Using Newton—-Raphson algorithm, approximate reversed square root is
calculated, and one algorism for re—calculating square root reducing the error from
above operation and the other algorithm for revising the calculated wvalue are
suggested.

The correctness of the suggested algorithm is verified by investigating the total
number on floating point and by investigating the randomly subtracted billion
number on double.

The suggested algorithm on this paper only use a double format digit multiplier,
so an additional hardware is not required for floating point operation. This

algorithm could be used requiring an accurate square root operation.
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if DOUBLE_PRECISION
WS = 64 // word size

FS = 53 // floating point precision

if SINGLE_PRECISION
WS = 32
FS =24

MK = (-1) <</ (W§ - ESE- S

RD =.1 {</(WS WHSE 1§

HW = ( 1'<< (WS/2)) - 155

TMEK =% 1 X< S FS F*2) ) A%
TBIT = . <3TVSPS L) ;
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staL, Sl Q8 nAsY Q= VK7l Hrh

ST =1; /* sticky bit */
Y = MSB@Q * Q) ;
if ( NOT(Y AND TMK) )
if ( (Q AND HW)"== 0 ) ST =03
els¢ Q.= A= TRD<ShH o
else if ( NOT(Y AND TBIT) ) Q = Q - (RD<1) ;
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o

3 MAE A Alwa AN dHEE

wxk Table size is 512 X 8
INPUT : 1.f
OUTPUT : Q : 64 bit register —— SQRT of 1.f
ST: 1 bit register —— Sticky bit
G 1 bit register —— Guard bit
Internal : X, Y : 64 bit register
Function : mulhu(A, B) = High 64 bit
of 64 X 64 = 128 bit unsigned multiply result

state-0 @ Left justify 1.f ==> K

TABLE() ==> X
state-1 : mulhu(X, X) ==> Y
state-2 : OxBFFFFFFFFFFFFFEFF - mulhu(K, Y) ==> Y
state-3 : mulhu(Y, X) << 1 ==> X
state-4 : mulhu(X, X) ==> Y
state-5 : OxBFFFFFFFFFFFFFFF - mulhu(K, Y) ==> Y
state-6 : mulhu(Y, X) << 1 ==> X
state-7 : mulhu(X, K) ==> Y
state-8 : OxBFFFFFFFFFFFFFFF - mulhu(X; Y) ==> X
state-9 : mulhu(X, Y) << 2 ==> X
state-10 : (X + 0x80) & OxFFFFFFFFEFFFEFO0 ==> X
state-11 : mulhu(X, X) ==>'Y

1 ==> ST
state-12 : IF ( (Y & OxIFF) == 0 )

THEN
IF ( (X & OxFFFFFFFF) == 0 )
THEN 0 ==> ST
ELSE X = X - 0x100
ELSE IF ( bhit 8 of Y == 0 )
THEN X = X - 0x100
bit 10 of X ==> G
X >>11 ==> Q
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x ()= ROM sizeZ e,
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