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Division — Direct Method I

In IEEE floating point standard a real number 1s
represented as :

(—=1)° x M x 2F

In 32-bit representation :

S e{0,1}
M e |[1,2] Oor M€ |[0,2]
E € {—126,---,127} if FE=—127

normal sub-normal
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Division — Direct Method I

Let U and V ( V # 0) be two real numbers

We seek to calculate the real number %

U= (—1)%V x M, x 2kvu
V =(-1)"v x M, x 2Fv

M
— = (=1)Su®Sv x — x 2Eu~Ev
7 =1 M,
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Division — Direct Method I

U

If U or V are sub-normal numbers, the calculation of v

may lead to a loss of precision

Therefore if My =0

and if My or My € ]0,1]

Ey or Ey are decreased and My or My are X2
until they can fit within [1, 2
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Division — Direct Method I

Since My € [1,2[ and My € [1,2]

Therefore if My < My,

Ey, 1s decreased and My 1s X2 so

i p
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Division — Direct Method I

Then, the problem can be stated as :

Given two positive real numbers A € [1,4] and B € [1,2]

such as A = B we seek to calculate X, = —

XTh € [1)2[ -

Let X, be an approximation of X7, coded on n+1 bits
n

y A
Xn=Zx_j><2 7~ such as Xn§§<(Xn+2_")
j=0

p We propose to calculate X,, digit-by-digit
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Division — Direct Method I

k—1
Let X;,_1 = 2 X_j X 277 such as

j=0 A
Xi-1 < 5 < (Xp_1 + 27 %-D)

]
21720000
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Division — Direct Method I

n

_j A
Zx_jXZ 7 such as ng§<(xk+2—k)
j=0

At each iteration Xj 1s obtained from X;_4

X = Xpooq +x_p27% x_, €{0,1}

27K is denoted W,
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Division — Direct Method I

A
Xie < 5 < (X +27%)

BX; < A < B(X) +27%)
0<A-BX,<2*B  Let A, =A-—BX,
0<A,<27%B yet B <2

then 0 <A, <27%x2 0 0=hy<2

o At each iteration the upper bound
of Ay is divided by 2
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Division — Direct Method I

A, = A — BX,

A =A—B(Xp_q +x_427%)
A, =A—BX,_{—x_x27*B
Ay = A1 —x_,,27%B

28N, = 2%Ap_1 — x_,B Let D, = 2FA,

Dk = 2Dk—1 — X_kB X_k = {2 suchas 0 < Dk
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‘ Division — Direct Method I

Iteration scheme :

g B
Do = 2| Dig-1 =%k
suchas 0 < Dy,

X = Xpoqt+x_px27F
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Division — Direct Method I

Implementation

B
Dk =2 Dk—l - X_kE

X = Xg—1 + Xk 27 Wiy
Wk - Z_k - 2_1Wk—1

~| last
I weight
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Division — Direct Method I

Implementation improvement — radix 4

X = Xpop +(2x_pqq +x_)27F

] |
Z>17 210 0 0

I
\

20 2
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Division — Direct Method I

Implementation improvement — radix 4
Ak = A — BXk
Ay =A—B(Xp_y + (2 11278 + x_ 275%))

A = Ap_y — B(x 12751 + x_; 27F)

260, = 25Ap_y — B(2x_g41 + x_) Let D, = 2*A,

B
Dy =4 (Dk—z 2 (2X_jq1 + x—k))
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‘ Division — Direct Method I

Implementation improvement — radix 4

Iteration scheme :

§ B
Dy =4 (Dk—z 2 (2x_41 + x—k))

Xk = Xpo +Qx_jyq +x4)27F

(00
=% chas 0 <D
x_k+1, x_k— 10 sucn as —~ k

11
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Division — Direct Method I

Implementation improvement — radix 4 {

Dy = 4 Dg—»
X = Xj—2

Xp+1 =0, x_p =0

3 B
Dk — 4<Dk—2__

X_p+1 =0, xp =1 4

Xp+1 =1 xp=0

Xp+1 =1, xp=1

_,+3x27k
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Division — Direct Method

Implementation improvement — radix 4

X_g+1 =0, [Dg=4Dy_,

Xk =0 Xk = Xi—2

B
X_k41 =0, (Dx=4 < Dk—Z_Z)
X_ = 1

| Xk = Xy—p +1x27F

B
X_k+1 =1, {Dk = 4(Dk—2_2 Z)

X_, =0
k Xe =Xy +2x27%

B <
Dy, = 4<Dk_2—3—> =
4
Xk - Xk—Z + 3 X 2_k - last
weight
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Division — Direct Method I

Implementation improvement — radix 8
Xi = Xp—z +(4x_pip + 2X_pyq +x4)275

Xie

A

\

] 1
Z>17 2 7210 0]

I
\

20 2
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Division — Direct Method I

Implementation improvement — radix 8

A, = A— BX,,
Ay =A-B (Xk—s + (x—k+22_k+2 + x—k+12_}!chl + x—kz_k))

N, =05 — B(x_k+22—k+2 + x_k+12—k+1 n x_kZ"‘)

ZkAk = ZkAk—3 — B(4x_j42 + 2x_j 1 +x_) Let D, = 2k Ap

B
D, =8 (Dk—B ~3 (4X_pp + 2X_jy1 + x—k))
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‘ Division — Direct Method I

Implementation improvement — radix 8

Iteration scheme :

B
— 8 (DR—S —_ 6 (4x—k+2 + ZX_k_|_1 + x—k))

Xz +(4X_jyp + 2X_pyq +x_)27"

(000
001
010
X_t42) X—fg+1) X—g = ° 8(]5(1) suchas 0 < Dk
001
010
L011
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Division — Direct Method I

Implementation improvement — radix 8
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