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/ shift
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product

multiplier = Control
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0011— 0010)

add 001 1 0010
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add 011 1 1001
0011%110@
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quotient

1. Subtract the Divisor register from the
Remainder register and place the
result in the Remainder register

addend

1001

1000 )1001010 N
/ ~1000 " "

1 O 2a. Shift the Quotient register to the left, 2b. Restore the original value by adding
setting the new rightmost bit to 1 the Divisor register to the Remainder

(\f.lc (O}_Eo 1 O 1 register and placing the sum in the

Remainder register. Also shift the

1 O 1 O Quotient register to the left, setting the

new least significant bit to 0

-1000 I

remainder > IG Y v

3. Shift the Divisor register right 1 bit |
o Nl U

No: < 33 repetitions

Remainder < 0
Test Remainder

divisor

Dividend=Quotient X Divisor + Reminder
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Write
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Quotient
Shift left

32 bits
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Control '\
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“, 32 bits l\
|
Divisor |
_l 132 bits e —
N/
32-bit ALU
-
: Shift right |-
Remainder Shift left |
1 Write |-
\ 64 bits
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0010 =2

divisor

32-bitALU subtract
/ shift

left
J dividend
remainder | quotient @
O0pO 0110 =6
A0 00«<——1100
sub@'\ 10 1100 remneg, so ‘ientbit=0
000 17100 restore remainder
001«<——1000
sub 11 1100 remneg, so ‘ientbit=0
001 1000 restore remainder
011«<——0000 _ _
sub(0)0 0 1 0001 rem pos, so ‘ient bit = 1
010——0010 _ _
sub(00 00 0011 rem pos, so ‘ient bit = 1
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— HI: 32-bit remainder

— LO: 32-bit quotient
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ahmad@ubuntu:~/Courses/Assembly/chapter6$ gcc denor.c -std=c99
ahmad@ubuntu:~/Courses/Assembly/chapteré$ time ./a.out
*3=0.0000000000000000000R00RE0ERR0EER0E0001175494490952
sum=0.00000000000000000000000000000039443045261050590271

real Bmle.527s
User @mle.429s

#include <stdio.h= LR . :
#include <limits.h= #include <limits.h=
int main(){ int main(){
float *a; float *a:
int b=0x00000001; int b=0x00808081;
a=(float*)(&b); a=(float*) (&b);
printf("*a=%.58f\n",*a); printf("*a=%.58f\n", *a);
float sum=0; float sum=0; |
for(int i=0; i<INT MAX;i++) for(int i=0; i<INT MAX;i++) A
sum=sum+(*a); sum=sum+( *a) ;

printf("sum=%.58f\n",sum) printf("sum=%.58f\n

y/chapterb$ gcc denor.c -std
ahmadmubunfu #CDUrsps#Asspmbly#chapTPrﬁi time ./a.out

*5=0.0000000000000000000000000000E0E00000E0EE0REE140130

sum=>0.000000000000000000000E0000000RE0O00002350988701645

5m5.527s
4m59.323s q
Bme. 2885
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IBM/370 DEC/VAX Cyber 70
Word length (double) 32 (64) bits 32 (64) bits 60 bits
Significand+{hidden bit} 24 (56) bits 23+ 1 (55 + 1) bits 48 bits
Exponent 7 bits 8 bits 11 bits
Bias 64 128 1024
Base 16 2 2
Range of M = <M<1 s<M<1 1< M<?2
Representation of M Signed-magnitude Signed-magnitude |One’s complement
Approximate range 1663 = 7.107° 2127 ~1.9. 1038 21023 ~; 10307
Approximate resolution [2724 107 (10" 17)[2724 =~ 10 7 (10 ") 2 ¥ x10 M
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* single
* double
single: 8 bits single: 23 bits
double: 11 bits double: 52 bits
S| Exponent Fraction

(_1 )S > (1 4 Fraction) > 2(Exponent—Bias)

Single: Bias = 127; Double: Bias = 1023



Denormal Numbers il slse)m—

Exponent = 000...0 = hidden bitis 0

x = (—1)° x (0 +Fraction)x 2>

omaled 133 1y (5533003 shach g3 CIS)I Base
Sl




Infinities and NaNs

colges 9 2cim—

 Exponent =111...1, Fraction = 000...0

— +00
Ol as3@xw! e 1 (say Sbuwlas )y —
 Exponent =111...1, Fraction # 000...0
(Not-a-Number (NaN)) sacl —
A6 Gl Slwlas Y50k —
1y 3@y Olbulas )y aslaiw! b i slac) ol —

A3)ls
Single precision Double precision Object represented
Exponent Fraction Exponent Fraction -
0] 0 0 0 0 AD V)
0 Nonzero 0 Nonzero + denormalized number » §
1-254 Anything 1-2046 Anything * floating-point number "
255 0 2047 0] * infinity
255 Nonzero 2047 Nonzero NaN (Not a Number)
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230 ¢,-0 330 393 @ yais as (Jbwlas ©
(+0) / (+0) = NaN
(+20) + (~e0) = NaN
(+0) x (+0) = NaN
(#00) / (0) = NaN

(s g Sbuwlas )y 3¢l °

NaN + x = NaN NaN < 2 - false
NaN + NaN = NaN NaN = Nan - false
NaN x 0 = NaN NaN # (+w0) - true

NaN x NaN = NaN NaN = NaN - true
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— Single: approx 2-23
* Equivalent to 23 x log,;,2 =23 x 0.3 =6
18 Hlcl @8) b b ply

— Double: approx 22

* Equivalent to 52 x log,,2 =52 x 0.3 = 16
OB Ylne! @8) 231300 b Pl °
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Short (32-bit) format
_i18bits, | 23 bits for fractional part L

7 ibias =127} (plus hidden 1ininteger part) ~>~.__

C 1126 to 127, S~
] 1 =~

1 [} 1 S~o

1IQinn! \ R S~

:Slgni Exponent \\ Significand \\\\ i‘O, iOO, NaN
111 bits, \ RN

‘.. Ibias =1023, | 52 bits for fractional part RN

> 121022101023

i 1.fx 2¢

(plus hidden 1 in integer part)

1| | |
Long (64-bit) format
Ris slac) Cuis slac)
_ 0 max— FLP- min- +0 min* FLP+
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00.0 00.1 01.0 01.1 10.0 10.1 11.0 11.1 * TTUTLC(QE‘)

Round-to- 4
nearest(z)

100. | _
011, } ,_[

010. |

001. t

000. | R

| | | | | | | |
i i ; T T T

>
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00.0 00.1 01.0 01.1 10.0 10.1 11.0 11.1 *

Round-to-nearest(z)
X

X
X + 1
X +1

1A
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Number Number

X0.00 : X1.00
X0.01 : X1.01
X0.10 : X1.10
X0.11 : X1.11
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Operation| Error
+ 0 0
+ 0 —0.25 ulp
+ 0 —0.50 ulp
+0.5 ulp | +0.25 ulp
+0 0
+ 0 —0.25 ulp
+0.5 ulp | +0.50 ulp
+0.5 ulp | +0.25 ulp

Total 0

=
oy

Operation
+ 0
+1 ulp
+1 ulp
+1 ulp
+ 0
+ 0
+ 0
+ 0

== =0 O o ol
—__o oK~k OOoOlXT
R O, OO O

o, Ok OOl

(a) Round-to-nearest-even scheme (c) Round-to-plus-infinity scheme

w2

Operation
+0
+1 ulp
+1 ulp
+1 ulp
+0
+0
+ 0
+0

Operation Error
+ 0 0
+ 0 —0.25 ulp
+ 0 —0.50 ulp
+ 0 —0.75 ulp

Total —0.375 ulp

—H O MR OFOMFO

(b) Round-to-zero scheme

Copyright 2004 Koren (d) Round-to-minus-infinity scheme
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Feature Single/Short Double/Long
Word width in bits 32 64
Significand in bits 23 + 1 hidden 52 + 1 hidden
Significand range [1, 2 — 27%3] [1, 2 — 2-°7]
Exponent bits 8 11
Exponent bias 127 1023

Zero (x0) e +bias=0,f=0 e+bias=0,f=0

Denormal e+bias=0,f#0 e+bias=0,f#0
represents +0.f x 2126 | represents +0.f x 2-1022

Infinity (£e) e + bias =255,f=0 e + bias =2047,f=0

Not-a-number (NaN)

e + bias = 255,f#0

e + bias =2047,f#0

Ordinary number

e + bias € [1, 254]
e € [-126, 127]
represents 1.f x 28

e + bias € [1, 2046]
e € [-1022, 1023]
represents 1.f x 2

min

27126 =212 x 10738

271022 = 2 2 x 10308

Mmax

~ 2128 ~ 3.4 x 1038

= PN | ) s 0
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1. Compare the exponents of the two numbers;
shift the smaller number to the right until its

exponent would match the larger exponent @ -) i SM O‘ 1) S -) \) LmL')\QS \)S_-)\ . 1

Y
2. Add the significands

@ 138005 33c O b)E ) —
S0 elall Cuwl)

Y

|

3. Normalize the sum, either shifting right and ’Sg_ﬁ)w 84)4 M L-) LS)LE.\_C\ )__).)LB_A - 2

incrementing the exponent or shifting left

and decrementing the exponent 9 .)-2)»” Egég Q-b)fb )[ . . ) LJ_D‘A -3
SUDGO )1 1)9)S

" S0, 33 Juols 4
( Exception ) (,.U.)))._) SV 039-_) )‘ Q_ )' e .) \)-)A_ub [ )
4. Round the significand to the appropriate ° ) Q.ﬁ) (,J)

number of bits

Overflow or \_Yes

underflow?

Still normalized?

PP
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Sign | Exponent Fraction Sign | Exponent Fraction
Y Y
s \IKALU Compare
mal
exponents
Y _
Exponent > | @‘5
difference
Yy Y Y Y
Co 1 )=a—m »Co 1) ’—>(0 1)
Y v
Shift smaller
Control »| Shift right number right N
15[
Y Y _
N4 > P o5
Big ALU Acid
J
Y
—( 0 1 ——— =0 1 —
Increment or > :
™ decrement Shift left or right Normalize
l\—+
»{ Rounding hardware Round
 J Y Y

Sign | Exponent Fraction

pw
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Y
1. Add the biased exponents of the two
numbers, subtracting the bias from the sum
to get the new biased exponent

‘, 3o, gon oo b laply .1

2. Multiply the significands

JIUD AR i =]

X oo ) lasignificand .2

Y

3. Normalize the product if necessary, shiftin AL -
ol : QN0 WO
it right and incrementing the exponent n

)0) 0 osub jlaigy slacl .3

30,0 (55 12)0)8 [ )3y
&0 )3 § MIgie,0 3)5 slacl 4
i Jlaigy sane HB3 Oy
l Q-0

Overflow or
underflow?

Y

No

Still normalized? - - -
QN0 (Y 33E Clollc

5. Set the sign of the product to positive if the
signs of the original operands are the same;
if they differ make the sign negative
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