Data Lab

Evenness example

Bitwise AND

Float -~ Unsigned

Checking for NaN - Today’s lecture



What is going on here (base 10)

* Binary scientific notation ... sort of.

exponent

..--""'”I"'-u
2469/200 = 12.345 = 12345 x 103
S’ N

significand  base


https://en.wikipedia.org/wiki/Floating-point_arithmetic

Floats Represent Binary Fractions

e Power of 2 fractions
e Surprise Quiz?

Representation Value Decimal
0.0 4 0.0

0.01, 1 0.2549
0.010, 2 0.2510
0.0011, & 0.1875¢
0.00110, 2 0.1875;,
0.001101, o 0.203125;
0.0011010, B 0.203125;
0.00110011, A 0.19921875,



What Is going on here (base 2)

* Position 2*-n ... Inverse powers of 2.

Fractional value Binary representation

5 0.001 0.125

3
5
16

Decimal representation

10.1011
1.001

5.875
3.1875



Attempting to use technology

e | et us use a whiteboard



The chunks and bits

* Higher precision means bigger

Single precision

31 30 23 22 0
s exp frac

Double precision

63 62 92 51 32
s exp frac (51:32)

31 0

frac (31:0)




Special Values

1. Normalized

s # 0 and # 255 f

2. Denormalized

s(0|0|/0|0|0Of0O|0OfO f

3a. Infinity

s(1{1(1{1)1f1y1{1,0({0|0|0|0|0|0O|0|0|0|0|0O|0O|0O|0O




Single Precision

* MSDhit Is a simple sign +/-
 EXP Is how you move the decimal point

- Powers of 2 indicator — 2%exp

Single precision
31 30 23 22 0

exp frac




Single Precision

* Fraction Is your binary number
- Multiply by 2”exp to get the real number

Single precision
31 30 23 22

S exp frac




Double Precision

e Can store more precision.

Double precision
63 62 52 51

s exp frac (51:32)

31

frac (31:0)




Fake format: 8 bit floats

* 1 sign bit, 3 exponent bits, 3 fraction bits

Exponent Fraction Value
Description Bit representation e E 28 f M 2ExM 0V Decimal
Zeto 0 0000 000 o 6 & 2 9 = 0 0.0
Smallest positive 0 0000 001 o 6 & L 1} sh b 0.001953
1 2 2 2 1
00000 010 0o -6 & i i 5 = 0.003906
00000 011 o 6 & 3 3 535 s 0.003859
Largest denormalized 00000 111 o 6 & I i sk e 0.013672
Smallest normalized 0 0001 000 1 -6 & 8§ 8 & & 0.015625
0 0001 001 1 -6 & & 3 s . 0.017578
00110 110 6 -1 1 & 4 B z 0.875
00110 111 6 -1 1 I B B B 0.9375
One 00111 000 7 o 1 § & 8 1 1.0
00111 001 70 1 L 2 3 3 1.125
00111 010 7 o 1 1 Wb 1 2 1.25
01110 110 14 7 128 § M I 934 2340
Largest normalized 01110 111 14 7 128 1 B BY 240 2400
Infinity 01111 000 - - = = = = o —

Figure 2.35 Example nonnegative values for 8-bit floating-point format. There are k = 4 exponent bits
and n = 3 fraction bits. The bias is 7.
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