TA7IE 018 A AT AR ALY

= 73 o
An exact floating point square root calculator using multiplier
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ABSTRACT

There are two major algorithms to find a square root of floating point number, one is the Newton_Raphson algorithm and GoldSchmidt
algorithm which calculate it approximately by iterating multiplications and the other is SRT algorithm which calculates it exactly by iterating
subtractions. This paper proposes an exact floating point square root algorithm using only multiplication. At first an approximate inverse
square root is calculated by Newton_Raphson algorithm, and then an exact square root algorithm by reducing an error in it and a compensation
algorithm of it are proposed. The proposed algorithm is verified to calculate all of numbers in a single precision floating point number and 1
billion random numbers in a double precision floating point number. The proposed algorithm requites only the multipliers without another

hardware, so it can be widely used in an embedded system and mobile production which requires an exact square oot of floating point
number.
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Table 1. Compensation constant of square root

s BH AS

if DOUBLE_PRECISION
WS =64 |/ word size
FS =53 // floating point precision

if SINGLE_PRECISION
WS =32
FS =24

MK =(-1) << (WS -FS-3);
RD=1<<(WS-FS-4),;

HW =(1<<(W§/2))-1;
TMK =(1<<(WS-F§-2))-1;
TBIT=1<<(WS-FS-3);

T HETS 377 A3l u
4 35S dIstel 4 )34 2ol AFT QB TFET

Q=(Q,,,+RD) AND MK ©)

QF AF3tA 2B (sticky) WIES e 2 &
e gl ozt Fata, FAl]l QE RAH}H
Q= VK7t 8.

ST =1 [* sticky bit */
Y=MSBQ*Q);
if (NOT(Y AND TMK) )
if ((QANDHW) ==0)S8T=0;
else Q= Q- RD<<1);
else if (NOT(Y AND TBIT) )
Q=Q-[RD<<1);
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Lengthof g No. of iteration
precision 7 bit 1
Double 4 bit 3
precision 8 bit 2
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Table 3. State flow diagram of double precision

square root

#** Table size is 512 X 8
INPUT: 1f
OUTPUT :
Q : 64 bit register -- SQRT of 1.f
ST: 1 bitregister -- 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() ==

state-1 : muthu(X, X) ==

state-2 : OxBFFFFFFFFFFFFFFF -
mulhu(K, Y) ==

state-3 : muthu(Y, X) << 1 ==>X

state-4 : mulhu(X, X) ==>Y

state-5 : OxBFFFFFFFFFFFFFEF -
mulhu(K, Y) ==

state-6 : mulhu(Y, X) << 1 ==>X

state-7 : mulhu(X, K) ==

state-8 : OxBFFFFFFFFFFFFFFF -
mulhu(X, Y) ==

state-9 : mulhu(X, Y) <<2 ==>X

state-10 ; (X + 0x80) &

OxFFFFFFFFFFFFFFQ0 ==
state-11 : mulhu(X, X) ==
1 ==> 8T
state-12 : IF ((Y & Ox1FF)==0 )
THEN
IF((X& OxFFFFFFFF)==0)
THEN 0 ==> ST

ELSE X = X - 0x100
ELSE
IF (bit 8 of Y ==0)
THEN X = X - 0x100
bit 10 of X ==
X>>11==>Q
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