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‘ Square root I

An real number y using floating point representation

Find a real number x such as

(x+e)f =y

o Calculation cannot be implemented in hardware

o Need iterative operation
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Square root I

o Direct method => digit-by-digit

o Indirect method = resolve x’—y=0
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Square root - direct I

Find x such as x = \/;

y = (— 1)0 XM x2° With M e [1, 2[ R

Jy = (1) <M x22

/

Eodd? =

y=(1)xM"x2*" wimn M’e L, 4]

x:\/;:(—l)OXWXZE’

x=(=1xXx2" win XelL,2]
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Square root - direct I

Find x such as x = \/;

=(-1)" x X x2%

with X € |

X=le.><2i

i=0

Iterate on i and evaluate x,
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Square root - direct I

| y
X =1x2° X

(1) xM'x2% win M' <1, 4]
(1) xX x2"  wmim Xe[1,2]

1 =—1

.
Lt

evaluate X*

evaluate D=M'—- X"
|
if D>0 add 1x27" to X
if D<0 sub 1x27" fromX
[

next i
I
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Square root I

o Direct method => digit-by-digit

o Indirect method = resolve x’—y=0
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Square root - indirect I

Resolving a non
linear equation

flx)=0

initial guess

e

estimation
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Square root - indirect I

Resolving a non linear equation  f(x)=0

Taylor series in the neighborhood of X,

1

£ )= F G )+ o Jor =6y )42 7o Jor =y -

Itorder - | f(x)= f(x,)+ £ (x, )x—=x,)
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Square root - indirect I

Resolving a non linear equation  f(x)=0

Iterative resolution starting from an initial guess x,

£ )= f () + f e o = x,)

f () + f (o Jx — x,) =0

_ _f(xo)
f/(xo)

i p Newton-Raphson method
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Square root - indirect I

Resolving  x= \/;
Find a function f suchas f(x)=0 for x= \/§
flx)=x"~y

£x) = )+ f o Mo = x,)
f(x)z (x02 — y)+ 2x0(x—x0)

f(x)=0 x:(y—x02)+x0 xz—[lﬂcoj
2x, 2

O
I xo
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Square root - indirect I

Resolving  x = \/;

Lo 1
Each iteration x,_  =—

2\ x.

= division !!

~ -
~ -

Ty o Hard to implement
f ’(x)»*—'f,x\—\y P

-
- -~
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Square root - indirect I

Resolving  x= \/;

1
Find a function f suchas [ (u)=0 for u=

flu)=u—-y
F )= fuy)+ f g Noe —uy)

f(u) = (uo_2 — y)— 2u0_3(u — uo)

-

f(u) =0 U = (uo_z _3y)+ U,
2u,

1

U=-—u,

B-uy)
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Square root - indirect I

Resolving  x= \/;

-
'
e
e
II

Each iteration y. =—y
i+1 ‘2 [

oo multiply 1!
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Square root - indirect I
1

Resolving x=,/y U=——
e

y = (— 1)0 XM x2° with M€ [1, 2[ T

Jy = (1) x/M %22

/

Eodd? =

y= (=1 xM"x2* ywin M’ el,4]

Jy = (1) x/M’ x 2"

o M E
Jy =(=1) xmxz
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Square root - indirect I

Resolving  x= \/;

Initial guess

/

4

I 0.5
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