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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 (65 + 1) bits 48 bits ﬂ
Exponent 7 bits 8 bits 11 bits N
Bias 64 128 1024
Base 16 2 2
Range of M = <M<1 <M<l 1< M <2
Representation of M Signed-magnitude Signed-magnitude |One’s complement
Approximate range 163 ~ 7.107° 2127 ~1.9. 1038 RS R
Approximate resolution [272% =~ 10=7 (10=17)|272* ~ 10=7 (107 17)| 274 ~ 10~
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Exponential Notation=—

Aibl,o 1234

123,400.0 : x 102
12,340.0 x 10-!

1,234.0 x 100 |
123.4 x 10!
12.34 % 10°
1.234 x 103

0.1234 x 10*
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* single
* double
single: 8 bits single: 23 bits ﬁf
double: 11 bits double: 52 bits JAOR
S| Exponent Fraction

x = (—1)° x (1+ Fraction)x 2(®®enen-ies)

Single: Bias = 127; Double: Bias = 1023



Single Precision Format=—

32 bits

¢ Mantissa (23 bits)

¢ Exponent (8 bits)

»
>

Sign of mantissa (1 bit)

Value = (—I)S 1.F x 257147




Denormal Numbers Jaial 5)sc)m—

Exponent = 000...0 = hidden bit is O

x = (—1)° x(0 +Fraction)x 2>

onalad 133 1) (533005 slac) plgIe L) oIne
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X =(=1)°>x(0+0)x27°% =+0.0
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Infinities and NaNs

colges 9 oclm—

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

— F00
Ol ax3@xw! Jad 1 (say Obuwlas )y —
 Exponent =111...1, Fraction # 000...0
(Not-a-Number (NaN)) sscl —
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Single precision Double precision Object represented 3
ponent Fractio Exponent Fraction b

0 0 0] 0 0]

0] Nonzero 0 Nonzero + denormalized number

1-254 Anything 1-2046 Anything * floating-point number

2bb 0 2047 0 * infinity
255 Nonzero 2047 Nonzero NaN (Not a Number)




ol polio el =—

+0) + (+0) = (+0) — (-0) = +0
+0) x (+5) = +0
0)/(-5)=-0

+OO) (+oo) = 4+

-+

(
(
(
(

X — (+oo) = —0

(+0) x X = *oo, depending on the sign of x

x/ (+0) = +0, depending on the signof x =
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Ol Joacs
0 10000011 01000000000000G00000000
4 |11 A|0[O0[O0[O0| O
110000010 11110110000000000000000, =%
| ;
1 = negative -
0 = positive q
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(+0) / (x0) = NaN

(+o0) + (—o0) = NaN
(£0) x (o) = NaN
(£o0) / (+o0) = NaN

(aan@s ¢ Obuwlas ys 33cl

NaN + x = NaN
NaN + NaN = NaN
NaN x 0 = NaN
NaN x NaN = NaN

NaN < 2 - false

NaN = Nan - false
NaN # (+w0) - true
NaN = NaN - true
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Short (32-bit) format
{ | |
_i18bits, | 23 bits for fractional part L
7 ibias =127} (plus hidden 1ininteger part) ~>~.__
L 112610127,
iSignE :E::;nent \‘\ Significand b \\\\ iO, iOO, NaN
‘. Ibias=1023, \ its for fracti \
~ I—1aoszzto1023; ?;iut:tiigenam?stle%aer:pan) 5 1f X 2e
t | |
Long (64-bit) format
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| | | | | | | >
00.0 00.1 01.0 01.1 10.0 10.1 11.0 11.1 * TTU?’LC(ZE)

Round-to- 4
nearest(z)

100. | _
011. ,—, i

010. |

001. |

000. | R

I R R R T R R Round-to-nearest(z)
00.0 00.1 01.0 011 10.0 10.1 11.0 11.1 X

X
X + 1
X + 1
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Number | Round(x) Number
X0.00 XO0. X1.00
X0.01 X0. X1.01
X0.10 XO0. X1.10
X0.11 X1. X1.11




IEEE754 5))30Uw) o cioS oS cslagui =—

Operation| FError
+ 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
+0.5 ulp | +0.25 ulp + 0

Total 0 +0

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

R
0
0
1
1
0
0
1
1

_ O, O,k O~ OoOln

_H_ OO F~OOoOlXT
—_ O = O~ O~ OoOln

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

w2

Operation

Operation

Error

+0
+ 0
+0
+ 0

0
—0.25 ulp
—0.50 ulp
—0.75 ulp

Total

—0.375 ulp

(b) Round-to-zero scheme

Copyright 2004 Koren

—_ O = O = O = O

+ 0
+1 ulp
+1 ulp
+1 ulp

+ 0

+ 0

+ 0

+ 0

(d) Round-to-minus-infinity scheme
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0o H)Isbo P8I °
— Exponent: 00000001
— actual exponent=1-127 =-126

— Fraction: 000...00 = significand = 1.0
—+1.0 x 27126 =~ +1.2 x 1038
0300 )Ishs (RIPS)
—exponent: 11111110
—> actual exponent = 254 — 127 = +127

— Fraction: 111...11 = significand = 2.0
—4+2.0 x 2t127 =43 4 x 10*38
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038 Ysdos 33005 °
— Exponent: 00000000001
— actual exponent = 1 — 1023 = -1022
— Fraction: 000...00 = significand = 1.0
— 1.0 x 271022 = £2 2 x 10308

0360 )1sBs (PGS °

— Exponent: 11111111110

— actual exponent = 2046 — 1023 = +1023 2
— Fraction: 111...11 = significand = 2.0 |
— +2.0 x 271023 = +1.8 x 10+308
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— Single: approx 223
* Equivalent to 23 x log,;2 =23 x 0.3 =6

O3B Jle) @38) Jubd L Pl °

— Double: approx 252
* Equivalent to 52 x log,,2 =52 x 0.3 = 16
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IEEE 754 ;i juow 5)xc) < batin=—

Feature Single/Short Double/Long
Word width in bits 32 64
Significand in bits 23 + 1 hidden 52 + 1 hidden
Significand range [1, 2 — 2-29] [1, 2 — 2757
Exponent bits 8 11
Exponent bias 127 1023
Zero (£0) 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 2-126 represents £0.f x 2-1022
Infinity (o) e + bias =255,f=0 e + bias =2047,f=0 &
Not-a-number (NaN) | e + bias = 255, f#0 e +bias =2047,f#0 | A,
Ordinary number e + bias € [1, 254] e + bias € [1, 2046] \“T;%j"
e € [-126, 127] e € [-1022, 1023] T
represents 1.f x 2¢ represents 1.f x 2¢ el
min 2-126 ~ 1.2 x 10-38 2-1022 = 2 2 x 10308 | b
max ~ 2128~ 3.4 x 1038 ~ 21024 ~ 1 8 x 10308 -
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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 . @ -) )' S L‘A U‘ | U\ i_) \) LQU\QS \).S.?\ . 1

2. Add Iha:ighificands Q )3(5995 3 m b )(5 U'l‘ —

> °39:“(r° @ng\ Cu‘“\)

Y

3. Normalize the sum, either shifting right and Mgﬁ)(’_‘) EAA (0Y) L) (S)L\-n_C\ )_2)(_(-)_4) 2

incrementing the exponent or shifting left

and decrementing the exponent Q .)-).))n) Egég Q.bﬁ) )[ . . ) d_D(A .3
SUDG0 ()1 1)9)S

S0W¢,8 33 Jols 4
( Excemrun ) (,_D))).) \AC L))‘)-) )‘ A ) g) \)3 Q D °
4. Round the sﬁr{il‘:;e:n; ::: t:m appropriate .) gm (,.A

l

Still normalized?

Overflow or ™. _Yes

underflow?

Mo
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Sign | Exponent Fraction Sign | Exponent Fraction
L L |
N Cao re
\B{ill ALU pe
exponents
Y
Exponent
difference
rry Yy Y
o1 )= - O ~C D
L
' Y
Shift smallar
Control #=| Shift right number right
14 Y
S
Big ALU Add
Y
—_ 0 1
_ | Increment or [ y .
| decrement Shitt baft or right Nomalize
1_+
* Rounding hardware Round

b

r

Sign | Exponent

Fraction

J

J \

- A




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

.r 3,0 gos oo b laplgs .1

2. Multiply the significands

JIUD AR i =

- oo ) lasignificand .2

Y

- - e L] - L
3. Normalize the product if necessary, shifting : ) ( ) ) ) o
it right and incramenting the exponeant ° ) ("‘6 =

l 19)3 § o3 Jlaigy slacl .3
— 306 (38 13)9)8 b
) (o) )3 § Mg 333 shacl 4

number of bits )(A.\.GJ ARVAWL )Lé.) D)Q.)D
| SIQW (-0

No

Still normalized? .)().ﬁ)(,.b . i\ —l \\C ..! n-c

5. Sat the sign of the product to positive if the

signs of the original operands are the same,
if they differ make the sign negative

Y

I: Done )
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JoULD juow 32 )gm—

LocO Loc4 Loc 8
4 B / location

Memory

m <232

up to 2 30words

Loc Loc
m-8 m-4

EIU 50| Execution FPU-~ " [ g0 | Fidating-
(Main proc.)| g1 | & integer (Coproc. 1) [ g1 | point unit
$2 unit / $2 \
\
I I | :'
ol Integer \\‘ FP 531 /
AA N 7/
ALU I mul/div “arith | 7 et
!
Hi Lo
— T™MU Badvaddl Trap &
(Coproc. 0) [ status | mMemory
Cause unit
EPC

Coprocesspr 1




MIPS 55 9 jusw cslac los))jgims =—0o

)9l Jras Cilalac sl ASlas O ¢ g (w
:3)1> 3980
— $f0, $f1, ... $f31
W 03 o) Lhcbos 8y i) aslatw) Gy )s —
233195, Y118 a3a3w] 3)g.0 (20 93 )0

« $f0/3f1, $f2/$f3
)1 3 Ylga 9 Cuoib 03 9396w MIPS P (saiums —

:'él?-
oo SOl (59) B i )qu o u\)w> - 4B




(.anl)) MIPS 5 j9lid junw cslac o)) jgiwy =—oy

O3ngd § O3lgd Olygiws
- lwcl, 1dcl, swcl, sdcl
e 1dcl $f8, 32($sp)
(0828 08y b Obuwlas ©

e add.s, sub.s, mul.s, div.s
-add.s $f0, $f1, $f6

cacbis @8y b Sbuwlas o B

. add.d, sub.d, mul.d, div.d e

—eg.,mul.d $f4, $f4, $f6 "
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awsds Ol °
-C.XX.S,c.xx.d (xxis eq, 1t, le, ...)

— Sets or clears FP condition-code bit
eg.c.lt.s $f3, $f4

OBy Olygians

- bclt, bclf
* e.g., bclt TargetLabel v

MOB

ey
Ed
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Copy

Arithmetic <

Conversions:

J9Ud oo <Jjgilns j) cslanwdd =—

Instruction

Usage

Move s/d registers

mov.* fd, fs

Memory access{

Control transfer{

Move fm coprocessor 1 mfcl rt,rd
Move to coprocessor 1 mtcl rd,rt
Add single/double add.* fd, fs, ft
Subtract single/double sub.* fd,fs, ft
Multiply single/double mul.* fd,fs,ft
Divide single/double div.* fd,fs, ft
Negate single/double neg.* fd,fs
Compare equal s/d c.eq.* fs,ft
Compare less s/d c.lt.* fs,ft
Compare less or eq s/d c.le.* fs,ft
Convert integer to single cvt.s.w fd, fs
Convert integer to double cvt.d.w fd, fs
Convert single to double cvt.d.s fd,fs
Convert double to single cvt.s.d fd, fs
Convert single to integer cvt.w.s fd, fs
Convert double to integer cvt.w.d fd, fs
Load word coprocessor 1 | lwcl £ft,imm(rs)
Store word coprocessor 1 swcl ft,imm(rs)
Branch coproc 1 true bclt L
Branch coproc 1 false bclf L
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Cobyawss e

float f2c (float fahr) {
return ((5.0/9.0)*(fahr - 32.0));

}

f2c: lwcl $f16, const5(5gp)
lwc2 $f18, const9($gp)
div.s $f16, $f16, $f18

lwcl $f18, const32(Sgp)
sub.s $f18, $f12, $f18
mul.s $fO, $f16, $f18
ir Sra
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