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BI-PA1 – Programováńı a Algoritmizace I.

Ladislav Vagner

Katedra teoretické informatiky
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2. ř́ıjna 2013



Obsah
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Kódováńı do bajt̊u a bit̊u

1 Kolik r̊uzných hodnot můžeme uložit do 10 bit̊u?

1024 = 210

2 Kolik bit̊u je poťreba k uložeńı celých č́ısel z uzav̌reného
intervalu −987654321 až 123456789?

dlog2(123456789− (−987654321) + 1)e

3 Kolik bit̊u je poťreba k uložeńı desetinných č́ısel z uzav̌reného
intervalu −123456 až −56 s p̌resnost́ı 0.001?

dlog2(
−56− (−123456)

0.001
+ 1)e
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Dvojková soustava

Převed’te 7964dec do dvojkové soustavy:

7964 (dec) = ? (bin)

7964 : 2 = 3982 +0

3982 : 2 = 1991 +0

1991 : 2 = 995 +1

995 : 2 = 497 +1

497 : 2 = 248 +1

248 : 2 = 124 +0

124 : 2 = 62 +0

62 : 2 = 31 +0

31 : 2 = 15 +1

15 : 2 = 7 +1

7 : 2 = 3 +1

3 : 2 = 1 +1

1 : 2 = 0 +1

7964dec = 1111100011100bin = 1F1Chex
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Dvojková soustava

Převed’te 110111010bin = 1BAhex do deśıtkové soustavy:

110111010 (bin) = 1BA (hex)

0 * 1 = 0

1 * 2 = 2

0 * 4 = 0

1 * 8 = 8

1 * 16 = 16

1 * 32 = 32

0 * 64 = 0

1 * 128 = 128

1 * 256 = 256

sum 442

110111010bin = 1BAhex = 442dec
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Dvojková soustava

Převed’te 11110110110010001010111101011bin do šestnáctkové
soustavy:

0000 = 0 0001 = 1 0010 = 2 0011 = 3

0100 = 4 0101 = 5 0110 = 6 0111 = 7

1000 = 8 1001 = 9 1010 = A 1011 = B

1100 = C 1101 = D 1110 = E 1111 = F

11110110110010001010111101011 (bin)

0001 1110 1101 1001 0001 0101 1110 1011

1 E D 9 1 5 E B

1ED915EB (hex)
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Dvojková soustava

Převed’te 168.5685dec do dvojkové soustavy:

168 (dec) = ? (bin)

168 : 2 = 84 +0

84 : 2 = 42 +0

42 : 2 = 21 +0

21 : 2 = 10 +1

10 : 2 = 5 +0

5 : 2 = 2 +1

2 : 2 = 1 +0

1 : 2 = 0 +1

168dec = 10101000bin
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Dvojková soustava

Převed’te 168.5685dec do dvojkové soustavy:

0.5685 (dec) = ? (bin)

0.5685 * 2 = 1.137

0.137 * 2 = 0.274

0.274 * 2 = 0.548

0.548 * 2 = 1.096

0.096 * 2 = 0.192

0.192 * 2 = 0.384

0.384 * 2 = 0.768

0.768 * 2 = 1.563

0.536 * 2 = 1.072

... ...

0.5685dec ≈ 0.100100011bin(0.568359375)
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L. Vagner, ČVUT FIT Reprezentace dat, BI-PA1 8/28
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Dvojková soustava

Přepočet z deśıtkové do dvojkové soustavy:

168.5685dec ≈ 10101000.100100011bin

Nemá ukončený ”desetinný”(dvojkový) rozvoj, protože:

168.5685 = 168 +
1137

2000

a jmenovatel 2000 neńı mocnina 2.

Pozor:

0.1dec = 0.0001100110011 . . .
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Dvojková soustava

Převed’te 11010.01101bin do deśıtkové soustavy:

1 * 0.03125 = 0.03125

0 * 0.0625 = 0

1 * 0.125 = 0.125

1 * 0.25 = 0.25

0 * 0.5 = 0

0 * 1 = 0

1 * 2 = 2

0 * 4 = 0

1 * 8 = 8

1 * 16 = 16

sum 26.40625

11010.01101bin = 26.40625dec
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Celá č́ısla se znaménkem

Kódováńı:

doplňkový kód (dvojkový doplněk),
inverzńı kód,
aditivńı kód,
p̌ŕımý kód.

Typické použit́ı:

doplňkový kód – celá č́ısla,
aditivńı kód – exponent desetinných č́ısel,
p̌ŕımý kód – mantisa desetinných č́ısel.
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Doplňkový kód

Pro n bitovou reprezentaci je rozsah −2n−1 až 2n−1 − 1.

Kladná č́ısla a 0 se ukládaj́ı beze změny.

Záporné č́ıslo x je uloženo jako hodnota 2n + x (= x̄ + 1).
Tedy:

kladná č́ısla a nula maj́ı v nejvyš̌śım bitu 0,
záporná č́ısla maj́ı v nejvyš̌śım bitu 1.

Snadné sč́ıtáńı, odč́ıtáńı a porovnáváńı.

Obt́ıžněǰśı (ale zvládnutelné) násobeńı a děleńı.
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Př́ımý kód

Pro n bitovou reprezentaci je rozsah −2n−1 + 1 až 2n−1 − 1.

Nižśıch n − 1 bit̊u ukládá absolutńı hodnotu č́ısla.

Nejvyš̌śı bit kóduje znaménko (0 kladné, 1 záporné).

Existuj́ı dvě r̊uzné nuly: +0 a −0.

Snadné násobeńı a děleńı.

Pracněǰśı sč́ıtáńı a odč́ıtáńı.
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Aditivńı kód

Č́ısla se ukládaj́ı zvěťsená o konstantu A.

Typicky A = 2n−1 nebo A = 2n−1 − 1.

Nejvyš̌śı bit určuje znaménko (0 záporné, 1 kladné).

Snadné sč́ıtáńı, odč́ıtáńı a porovnáváńı.

Nevhodný pro násobeńı a děleńı.
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Č́ısla se znaménkem

Mějme č́ısla kódovaná v n = 8 bitech. Jaká je reprezentace:

doplňkový kód p̌ŕımý kód

108

0110 1100 0110 1100
-108 1001 0100 1110 1100

36 0010 0100 0010 0100
-36 1101 1100 1010 0100

0 0000 0000 0000 0000
1000 0000
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Č́ısla se znaménkem

Mějme č́ısla kódovaná v n = 8 bitech. Jaké č́ıslo uchovává
reprezentace:

doplňkový kód p̌ŕımý kód

0101 1010

90 90
1101 1110 -34 -94
1100 0001 -63 -65
1010 1010 -86 -42
1111 1111 -1 -127
1000 0000 -128 -0

L. Vagner, ČVUT FIT Reprezentace dat, BI-PA1 16/28
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L. Vagner, ČVUT FIT Reprezentace dat, BI-PA1 16/28
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Desetinná č́ısla

základ b, typicky b = 2,

mantisa m fixńı velikosti, 1
b ≤ |m| < 1,

exponent e fixńı velikosti,

znaménko s (1 bit).

x = (−1)s ×m × be = (−1)s ×m × 2e

Doporučeńı IEEE 754:
velikost mantisa exponent rozsah

4 B 23 + 1b 8b ≈ 1.18× 10−38.. ≈ 3.4× 1038

8 B 52 + 1b 11b ≈ 2.23× 10−308.. ≈ 1.8× 10308

10 B 64 + 1b 15b ≈ 3.36× 10−4932.. ≈ 1.19× 104932
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Desetinná č́ısla

Převod č́ısla 123.53125 do IEEE reprezentace (32 bit̊u):

Převedeme celou část:

12310 = 11110112

Převedeme desetinnou část:

0.5312510 = 0.100012

Urč́ıme mantisu:

m = 1111011.100012

Normalizace mantisy:

m = 1.111011100012 ∗ 26
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L. Vagner, ČVUT FIT Reprezentace dat, BI-PA1 18/28



Desetinná č́ısla
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Desetinná č́ısla (pokračováńı)

Převod č́ısla 123.53125 do IEEE reprezentace (32 bit̊u):

Normalizace mantisy:

m = 1.111011100012 ∗ 26

Odstraněńı skryté jedničky, doplněńı na 23 bit̊u:

111011100010000000000002

Určeńı exponentu (v aditivńım kódu, 8 bit̊u):

(6 + 127)10 = 100001012

Kladné č́ıslo – znaménko

s = 0
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Desetinná č́ısla (pokračováńı)

Převod č́ısla 123.53125 do IEEE reprezentace (32 bit̊u):

Výsledek:

znaménko exponent mantisa

= 0 10000101 11101110001000000000000 (bin)

= 01000010 11110111 00010000 00000000 (bin)

= 42 f7 10 00 (hex)
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Desetinná č́ısla - aritmetické operace

Jak se sečte 20.5 + 14.5 (IEEE, 32 bit):

20.5 (dec) = 10100.1 (bin)

= 1.01001000000000000000000 * 2^4

14.5 (dec) = 1110.1 (bin)

= 1.01010000000000000000000 * 2^3

Převod na společný exponent (zde 4):

14.5 (dec) = 1110.1 (bin)

= 0.11101000000000000000000 * 2^4

Součet mantis a p̌ŕıpadná normalizace:

1.01001000000000000000000 * 2^4

+ 0.11101000000000000000000 * 2^4

=10.00110000000000000000000 * 2^4

= 1.00011000000000000000000 * 2^5

= 100011.0 (bin) = 35 (dec)
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Převod na společný exponent (zde 4):

14.5 (dec) = 1110.1 (bin)

= 0.11101000000000000000000 * 2^4
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Desetinná č́ısla - aritmetické operace

Jak se sečte 20000000 + 9 (IEEE, 32 bit):

20000000 (dec) = 1001100010010110100000000.0 (bin)

= 1.00110001001011010000000 * 2^24

9 (dec) = 1001.0 (bin)

= 1.00100000000000000000000 * 2^3

Převod na společný exponent (zde 24):

9 (dec) = 1001.0 (bin)

= 0.00000000000000000000100 * 2^24

Společný exponent zde vede ke ztrátě p̌resnosti
Součet mantis a p̌ŕıpadná normalizace:

1.00110001001011010000000 * 2^24

+ 0.00000000000000000000100 * 2^24

= 1.00110001001011010000100 * 2^24

= 20000008 (dec)
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Jak se sečte 20000000 + 9 (IEEE, 32 bit):

20000000 (dec) = 1001100010010110100000000.0 (bin)

= 1.00110001001011010000000 * 2^24

9 (dec) = 1001.0 (bin)

= 1.00100000000000000000000 * 2^3
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Převod na společný exponent (zde 24):

9 (dec) = 1001.0 (bin)

= 0.00000000000000000000100 * 2^24
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Převod na společný exponent (zde 24):

9 (dec) = 1001.0 (bin)

= 0.00000000000000000000100 * 2^24
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Desetinná č́ısla

Jak se urč́ı počet platných cifer?

x =
mantisa bit̊u

log2 10

Jak se urč́ı rozsah?

x = 22exponent bit̊u - 1

Nejmenš́ı a nejvěťśı hodnoty exponentu jsou rezervované pro
speciálńı hodnoty (inf, NaN, 0), skutečný rozsah je tedy
polovičńı.

Doporučeńı IEEE 754:
velikost mantisa platné des. cifry

4 B 23 + skrytá 1 7.22
8 B 52 + skrytá 1 15.95

10 B 64 19.26
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speciálńı hodnoty (inf, NaN, 0), skutečný rozsah je tedy
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4 B 23 + skrytá 1 7.22
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Znaky, řetězce

Znaky kódované č́ısly:

každý znak má p̌rǐrazené nějaké č́ıslo,
p̌rǐrazeńı určené tabulkou (norma, dohoda).

ASCII

128 pozic, znaky US abacedy, č́ıslice, speciálńı znaky,
chyb́ı znaky použ́ıvané v jiných jazyćıch (slovanské, řecké,
azbuka, č́ınské, . . . ).

Rozš́ı̌rená ASCII:

Prvńıch 128 pozic = ASCII, nad 128 znaky národńıch abeced,
r̊uzné tabulky pro r̊uzné státy (iso 8859-2, cp1250, . . . ).

UNICODE:

všechny (věťsina) použ́ıvaných znak̊u,
velikost tabulky = 220 + 216 pozic,
prvńıch 128 pozic = ASCII.
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Znaky, řetězce

Kódováńı znak̊u v paměti poč́ıtače:

ASCII (rozš́ı̌rená ASCII):

1 bajt = znak.

UNICODE:

2 bajty = znak (UCS-2),
4 bajty = znak (UCS-4 = UTF-32),
2 nebo 4 bajty = znak (UTF-16),
1-4 bajty = znak (UTF-8).
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Znaky, řetězce

Př́ıklad kódováńı řetězce Žlutý kůň:

cp1250:

8e 6c 75 74 fd 20 6b f9 f2

iso-8859-2:

ae 6c 75 74 fd 20 6b f9 f2

UTF-32:

7d 01 00 00 6c 00 00 00 75 00 00 00 74 00 00 00

fd 00 00 00 20 00 00 00 6b 00 00 00 6f 01 00 00

48 01 00 00

UTF-16:

7d 01 6c 00 75 00 74 00 fd 00 20 00 6b 00 6f 01

48 01

UTF-8:

c5 bd 6c 75 74 c3 bd 20 6b c5 af c5 88
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Znaky, řetězce

Co znamená následuj́ıćı pamět’ový obsah (bajty):

c4 8c 56 55 54 2e 2e 2e

UTF-8 řetězec:

ČVUT...

Windows-1250 řetězec:

ÄŚVUT...

Desetinné č́ıslo, 64b, big-endian:

-1.6727353762607028764672e22

Desetinné č́ıslo, 64b, little-endian:

3.03434186412706258304835428833e-86

Celé č́ıslo bez znaménka, 64b, little-endian:

3327648114417241284

. . .
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L. Vagner, ČVUT FIT Reprezentace dat, BI-PA1 27/28



Znaky, řetězce
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Desetinné č́ıslo, 64b, big-endian:

-1.6727353762607028764672e22
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Dotazy

Dotazy . . .

Děkuji za pozornost.
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