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» Leonardo Torres y Quevedo 1914 — Analytical Engine
s floating point

» Floating point vs fixed point (von Neumann)
» RuUzné implementace az do 1985 — IEEE 754-1985
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» Raketa Ariane 5 (1996), 10 let vyvoje, 7 miliard
dolar(

» Konvertovali 64-bitovy float na 16-bitovy int
» “NeocCekavany overflow”

» Burza ve Vancouveru (1983)
» Index podhodnoceny o 44 %
» Zaokrouhlovaci chyba se sbirala 22 mésicu

» Strely Patriot (1991)
» 28 mrtvych, nepresnost 1/20 s kvUli 24-bitovym float
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Reprezentace — védecka notace

4.2 x 108

4.2 —mantisa
8 — exponent
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Reprezentace floatu

+1.110015 x 2! (= 3648)

[ Float [ +/— [ Exponent ] Mantisa
31 30 23 22 0
32 (1+8+23) bitu

[ Double[ +/— [ Exponent | Mantisa

63 62 52 51
64 (1+11+52) bitdl
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» Mantisa normalizovana: 1 < mantisa < 2

» Vzdy 1 na zacatku — neni tfeba ukladat (hidden bit)

» mantisa = 01000... Jaké Cislo je reprezentovano?
1+1/4=125
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Reprezentace floatu — exponent

Exp (bin) | Exp (dec) Hodnota

00000000 0 0 pokud mantisa = 0
00000001 1 2126

01111111 127 20

10000000 128 2!

11111110 254 217

11111111 255 inf pokud mantisa = 0, jinak NaN

double: 271022 — 21028



Reprezentace floatu — denormalizovana
mantisa

Pokud exponent = 0, stava se mantisa denormalizovana
0_00000000_10000000_000000000_000000000 = 0.5 x 2126



Cviceni

[ Double] +/— | Exponent Mantisa
63 62 52 51 0

10 /2



Cviceni

[ Double] +/— | Exponent Mantisa
63 62 52 51 0

0x8000-0000_-0000_0000

10 /2



Cviceni

[ Double] +/— | Exponent Mantisa
63 62 52 51 0

0x8000-0000_0000_0000 = -0.0

10 /2



Cviceni

[ Double] +/— | Exponent Mantisa
63 62 52 51 0

0x8000-0000_0000_0000 = -0.0
0x4008-0000_-0000_-0000

10 /2



Cviceni

[ Double] +/— | Exponent Mantisa
63 62 52 51 0

0x8000-0000_-0000_0000
0x4008-0000_-0000_-0000

-0.0
1.5 x 271

10 /2



Cviceni

[ Double] +/— | Exponent Mantisa
63 62 52 51 0

0x8000-0000_-0000_0000
0x4008-0000_-0000_-0000
0x7FF0_0000_0000_0000

-0.0
1.5 x 271

10 /2



Cviceni

[ Double] +/— | Exponent Mantisa
63 62 52 51

0x8000_0000_0000_0000 = -0.0

0x4008_0000_0000_0000 = 1.5 % 271

0x7FF0_0000_0000_0000

+Infinity

10 /2



Cviceni

[ Double] +/— | Exponent Mantisa
63 62 52 51 0

0x8000-0000_0000_0000 = -0.0
0x4008-0000_-0000_-0000 1.5 x 271
0x7FF0_0000_0000_0000 +Infinity
0x7FF0_0000_000A_0000

10 /2



Cviceni

[ Double] +/— | Exponent Mantisa
63 62 52 51 0

0x8000-0000_0000_0000 = -0.0

0x4008-0000_0000_0000 = 1.5 * 271
0x7FF0_0000_0000_0000 = +Infinity
0x7FF0_0000_000A_0000 = NaN

10 /2
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Nejveétsi, nejmensi

Nejvétsi float: 1.111...111 x 2127 = 3 x 103
Nejvétsi double: 1.111...111 x 21923 = 2 x 10308
Nejmensi zaporné analogicky

Co nejmensi pozitivni? Pozor na denormalizované!
Nejmensi float: 0.000...1 x 27126 = 1.4 x 10~
Nejmensi double: 0.000...1 x 271022 = 5 x 10732
Viz proménné Float a Double
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Machine epsilon

v

Definice: Rozdil mezi 1.0 a nejmensim
reprezentovatelnym Cislem, které je vétsSi nez jedna.

Minimalni rozdil mezi Cisly aby byla povazovana za
nestejna.

Float: 1.19209290E-7
Double: 2.2204460492503131E-16
Jednoduché vypocitat
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Porovnavani

float Ize porovnavat bitove jako int

[ Double][ +/— [ Exponent | Mantisa
63 62 52 51 0

12/922



Prvni uskali

Jak je reprezentovano 0.1?
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Prvni uskali

Jak je reprezentovano 0.1?
1.11111101110.0110011001100110011001100. . .

14/22



Aritmetika — nasobeni a déleni

(@x 2% - (bx 2™ =a-bx 2™
(ax2")/(bx2™) = a/bx 2"

+ normalizace

15/922
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Aritmetika — scitani a odcitani

1. Denormalizuj na vétsi Cislo
Ix2'4+1.9%x2=0.125 x 234+ 1.9 x 23

2. Secti/odecti
0.125 x 23 +1.9 x 23 = 2.025 x 23

3. Normalizuj
2.025 x 23 = 1.0125 x 2*

1R /2



Je scitani asociativni?

(1.0 + 1.0E40) - 1.0E40 = 1.0 + (1.0E40 - 1.0E40)
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Je scitani asociativni?

(1.0 + 1.0E40) - 1.0E40 = 1.0 + (1.0E40 - 1.0E40)

Hmm, nékdy neni...

17/292
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|IEEE-754 zaokrouhlovani

v

Zaokrouhlovani s preferenci sudé Cislice (unbiased
rounding)

1.56=2.0,25=20,35=4.0

Vyhoda: Statisticky stejné ¢asto .5 zaokrouhleno
nahoru a dolu

Ukazky RoundingProblem a RoundingProblem2

v

v

v
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» Pouziti knihoven (Apfloat, JScience), nastroju
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» V Javeé BigDecimal
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BigDecimal

» Libovolna presnost, nastroje pro manipulaci

» Naprosta kontrola zaokrouhlovani — idealni pro
finan¢ni matematiku

» docs.oracle.com/javase/7/docs/api/java/math/BigDecimal.html
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Dotazy, reseni problému?

augustin<at>zidek<dot>eu
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Dékuji za pozornost
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