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Matlalb demo of the following slides



Floating point

1/3 = 0.3333333333333333
2/3 = 0.6666666666666666
+ = 1.0000000000000000

3/10 = 0.29999999999999999
4/10 = 0.40000000000000002
+ = 0.69999999999999996



Computers can’t subtract ????

>> X = 1e18;
>> X
X =

1.0000e+18
>>Vy =1e18;
>>Y=V+ 1;
>> Y - X
ans =

0

Shouldn’t this be equal to 17



Computers approximate!

>>X = 1e18;
>>Yy = 1el18;
>> X ==
ans =
]
>>V =Y+ 1;
>> X ==
ans =
]
>> explain_double(x)
IEEE 754 Double precision floating point representation (64-bits)

sigh = 0 (1 bit)
exp = 10000111010 (11 bits) (52 bits)
frac = 1011110000010110110101100111010011101100100000000000

val 1.0000000000000000e+138



Alternatives to floating point

(From Nick Trefethen) Exact (rational)
arithmetic, we want the roots of

p(x) = 2° — 22* —32° +32° — 22— 1.

No “analytical” formula. (Galois 1820s)



Alternatives to floating point

Using Newton’s Method to solve a polynomial

m“D::(),
D= 1
>
MO
05
i 11414146527
T —

36151783550



Alternatives to floating point

Using Newton’s Method to solve a polynomial

513(4) __43711566319307638440325676490949986758792998960085536
o 138634332790087616118408127558389003321268966090918625 ’
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20 Iterations produce a 16 terabyte file



Here’s an equation from my thesis
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Exact arithmetic doesn’t scale.



Fixed point

Use exact integer arithmetic. But keep a fixed
decimal place.

e.g. compute with “cents” but report “dollars”

It's hard to control scale, but for some
applications, it'll work great!



Uses of fixed point

Taxes!
Finance software (e.g. GNU Cash)

Many MP3 decoders.
Doom (the game)



What is and why floating point?

Floating point representations are like
scientific notation.

number = significant digits x base®®°"*™

12,342.1 = 1.23421 x 10*

It's a compromise!



A sense of floating point scale.

The floating point numbers we’ll use have
around 16 significant digits.

1 1‘*. stron ] I

1 49597871 x 1017 microns

hat’s enough of a dynamic range to (almost)

represent a 10 micron particle between here
and the sun.



Floating point arithmetic

Is x2 — y? or (x + y)(x — y) better?

How do | evaluate the roots of a quadratic?
ax?+bx+c=0

f(xX)=(X—t)(x—1t) (X — t)
f'(X) = >0y 22



Floating point lectures

1) Mechanics of floating point (Section 5.3)
2) Mathematics of floating point (Section 5.5)

3) Study of floating point properties (Misc. ex)



