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Desetinna cCisla

= Dany pocet desetinnych mist
= Zaokrouhlovani (dle pozadavku)
= 3.1415926535
= 3.14
= 3.142
" 42
= 42.000
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Realna cisla — C
= printf
printf (“$£”, pi); 3.141593

printf (“%.2f", pi); 3.14
printf (“%0.3f"”, pi); 3.142

printf ("%.3£7|, 0.25); 0.250

printf (“"3%8.3f”, 0.25); 0.250
printf (“308.3f”, 0.25); 0000.250
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" cout

= Manipulator
cout << setprecision(N) << num;

<< std::setprecision(6) 3.141593
<< std: :setprecision(2) 3.14

<<|std: :setprecision(3) - 3.142

<< std::setw(8) 0.250
<< setw(8) << setfill ('0’); 0000.250
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Realna cisla — Java

= java.text.*
= MessageFormat, NumberFormat, DecimalFormat

out.println(new DecimalFormat("0") .format(pi)) ;
Prlntln (pl) : 3.141592653589793
DecimalFormat (“0”) ; 3
DecimalFormat (“0.000") ; 3.142

DecimalFormat (Y*000.000") ; 003.142

DecimalFormat (“###. ###") ; 3.142

DecimalFormat (['O. 000’ 42 .250

DecimalFormat (“#.###") ; 42 .25
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Vystupni veta s Cisly
" Doplnéni hodnot do vystupni vety

C/C++

printf (“Strazny ujde %d kroku.\n”, cnt);

printf (“Prumer kruhu je %.3f cm.\n”, diam);

System.out.println(“Strazny ujde ” ::Bb
+ cnt + ™ kroku.”); ¢

System.out.println (“"Prumer kruhu je ”

+ NUMFORMAT. format(diam) + “ cm.”);
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Slozitejsi formatovani

= Pozadavky na presné rozmistéeni
= mezery, ASCII-art apod.

FHHfH RS HHHH
B #
4 # #
#X ——#
HH##HE  #
A # 00#
FHE#HHHHHA

i
i
i
i
i
i

i
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Slozitejsi formatovani

= Pozadavky na presné rozmistéeni
= Vetsinou se vyplati zapisovat do pole

char map[20] [61];
for (r = 0; r < 20; ++r)

for (¢ = 0; ¢ < 060; ++c¢)

L U

map[r] [c] :
map[r] [60] = ‘\O0O’;

}
while(...)

map[1] [J] =
map [1+1] []]
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Slozitejsi formatovani

= Pozadavky na presné rozmistéeni
= Pole pak vypiseme celé najednou

char map[20] [607];

for (r = 0; r < 20, ++r)
printf (“%s\n”, mapl[r]);

char ch[][] = new char[20] [30];

for (int 1 = 0, 1 < 20, ++1)
System.out.println(ch[1]);
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Interaktivni
Ulohy

x5



Interaktivni uloha

= Nepouziva soubor
= Komunikuje s programem
= Stridani vstupu a vystupu
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Interaktivni uloha — priklad

Hadani Cisel
= Ukolem je uhodnout éislo 1-1000000
= Program vypise na vystup cislo

= Na vstupu se objevi informace,
zda je vetsi nebo mensi

= Maximalné 25 pokusu
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Interaktivni uloha — reseni

Hadani Cisel

= Reseni:
Samozrejmé binarni puleni

= Nebojte se implementace...
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Interaktivni ulohy — specifika

= Existence bufferu
= Vystup
= Po kazdém vystupu volat flush

= Knihovny casto deélaji automaticky,
ale bezpecnejsi je na to nespoléhat
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Interaktivni ulohy — specifika

= \/stup — vznika postupne

= NecCist (ani nezkouset) vic, nez existuje
= OK:

= Ccin >>str

= scanf("%d", &n)
= BufferedReader.readLine()

= scanf("%d\n", &n)
= scanf("%d ", &n)
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Interaktivni uloha — reseni

int 1 =1, r = 1000000;

while (1 '= r) {
int mid = (1 + r +1) / 2;
printf ("$d\n", mid) ;
fflush (stdout) ;

char response([3];

scanf ("%s", response);

if (strcmp (response, "<") == 0)
r = mid - 1;

else

1l = mid;
}
printf ("! %d\n",
fflush (stdout) ;
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Realna aritmetika

REAL NUMBERS

IR
I.-."""---—_—._____““‘‘-.‘_._.—____'_,_,.-..-"

FLOATING-POINT
NUMBERS




Realna cisla

" Reprezentace: mantisa + exponent

sigh exponent (8 bits) fraction (23 bits)
| |

exponent
sign (11 bit)

= Umoznuje velky rozsah
= Rozlisuje jen urcity pocet ,,platnych cCislic*
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Realna cisla

" Reprezentace: mantisa + exponent

= Dusledky:

= 314159265358979000000000000000000000000 —
= (0,00000000000000000000000314159265358979 —
= ... ale pri soucCtu se presnost ztrati!
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Realna Cisla — nepresnosti

b4

= Cisla jsou nepresna sama o sobé
= Ne kazdeé realne cislo jde ulozit
= Jen racionalni a jesté ne vSechna
= ...vcetneé tech s konecnym des. rozvojem

= 0,125 desitkove > binarneé
= (0,2 desitkove - binarneé
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Nepresnosti — kdy vadi?
= Pri vypisu se zaokrouhli => nevadi
= Kdy nam nepresnosti budou vadit??

=" Pri operacich se chyby ,,nabaluji*
= Zalezi na okolnostech (priklad s odrazy)
" Nutnho nato pamatovat

= Ale to neni vse ... kdy to jeste vadi?
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Nepresnosti — kdy vadi?

= .| mala nepresnost muze zpusobit

velké nasledky ...“
= Kdy?

= Rychle rostouci funkce (zejm. do «)
= Tangens, 1/x

= Nespojite funkce
= Porovnani
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Porovnavani realnych cCisel

= Co vypise nasledujici kéd?

double x;
for (x = 0.0; x !'= 1.0; x += 0.1)
printf ("$f\n", x);

}

double x;

for (x = 0.0; x < 1.0; x += 0.02)
printf ("$f\n", x);

}
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Porovnavani realnych cCisel

= PAMATUJTE: Desetinna Cisla jsou nepresnal!!

0.000000
0.100000
0.200000
0.300000
0.400000
0.500000

double x;

for ‘x = 0.0,

x += 0.1) |

printf ("$f\n", x);

0.000000
0.700000
0.300000

1.000000
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Porovnavani realnych cCisel

= PAMATUJTE: Desetinna Cisla jsou nepresnal!!

double x;
for (x = 0.0; . ..
.860000
x += 0.02) { .880000
printf ("$f\n", x); .900000
.920000

.940000
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Realna cCisla — priklad

= Zjistete, zda je bod [ X,Y] uvnitr kruhu o poloméru R

if (sqrt(x*x + y*y) <= r)

= Odmocnina je zbytecné pomala a nepresna

= Lepsi STn P

= Funguje i pro cela Cisla
= ... alevlastne pro cela Cisla
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Realna cCisla — priklad

STOP

= Nevhodné kvuli nepresnostem realnych ¢isel
= Bod lezici na kruznici testem projit miize a nemusi

static fina @

if (x*x + y*y < r*r + EPS)

/* véetné kruznice */

if (x*x + y*y < r*r - EPS)

/* vyjma kruzZnice */
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,Magicke epsilon®

= Vzdy pouzivejte pro porovnavani!
= Pokud existuje rozdil mezi < a <=
= Na uplnou rovnost

if ( abs(a-b) < EPS ) @J

= Jak epsilon vybrat?
= Dostatecne velké, aby pomohlo
= Dostatecnée male, aby nevadilo
= = o0 nékolik radi mensi nez hodnoty
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Epsilon

= Co kdyz nezname rozsah hodnot?
= Relativni epsilon

if (Math.abs((a-b)/b) < EPS) . . .

= Co je na tomhle spatne?

*" Problém blizko nuly
= b nebo obé (a<0 && b>0 => false)

= Neni symetrickeé!
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Epsilon

= Situace se nam komplikuje...
= http://floating-point-gui.de/errors/comparison/

float absA Math.abs (a) ;
float absB Math.abs (b) ; ‘::SP
float diff Math.abs(a - Db);

if (a == b) { // shortcut, handles infinities

return true;
} else if (a * b == 0) {

// a or b or both are zero
// relative error is not meaningful here
return diff < (epsilon * epsilon);
} else {
// use relative error
return diff / (absA + absB) < epsilon;
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Porovnavani realnych cCisel

» . Ukrok stranou*

= Norma IEEE 754 ma dalsi pozitivum:

= ,Po sobé nasledujici“ (co to znamena??)
realna Cisla jsou bitove reprezentovana
stejné jako po sobeé jdouci cela Cisla

C/C++

if (*(int*)&fl < *(int¥*) &£f2)

if (£f1 < £2)
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Porovnavani realnych cCisel

= => | ze porovnat jako Int

= Rovnost <=> nelezi mezi vice nez X jinych
= Ale pozor!

= specialni pripady (NaN, nejvetsi cislo)

= presnou delku (float — int, double — long)

bool almostEquals (float A, float B) { c"""
if (A == B) return true;
int intDiff = abs(*(int*)&A - *(int*) &B) ;

return (intDiff <= MAX ERROR) ;
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Porovnavani Cisel — dusledky

" To se nam to zkomplikovalo, ze?

Praktické dusledky:

= Double misto Float
= Pokud zalezi na rovnosti, musi byt EPS
= Zname-li rozsahy Cisel, muze byt pevné

= Nastesti pro nas, v techto ulohach vétsinou
rozsahy zname...

¥ u AL &4
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Specialni hodnoty

" Interpretace:

= Exponent: +127 (,offsetovy kéd“)
= 001 FF je specialni (tj. pouzito -126 az +127)

= Mantisa: implicitni 1 na zacatku

sign exponent (8 bits) fraction (23 bits)
|

- 1]
olo12]]3]1]o]o]o]1]ofofo[ofofo]o]oofofo]o]o[o]o]o]oofofo]o] = 0.15625
0 ' X IR
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Specialni hodnoty

= +0 /-0 (EXP=x00, M=0)
= Tisk
= Neéekteré operace (1/x)

= subnormal (EXP=x00, M#0)
= neni implicitni 1
= mala Cisla blizka nule
= => postupna ztrata presnosti
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Specialni hodnoty

" 400 [ -0 (EXP=0xXFF, M=0)
= | ze s nimi pocitat

= NaN (EXP=0xFF, M#0)
= Nedefinovano / chyba atp.
= tichy“ x ,,signalizacni*
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Kdyz to potrebujeme presne

=" Pevna desetinna carka
= Napr. penézni castky (halére misto korun)
=" Pozor narozsah!
= Cisla s vysokou presnosti (Java: BigDecimal)
= Ukladany Cislice (desitkoveé)
= Pocita se s nimi ,jako ve skole“
= Rychlost, obzvilast’' u dlouhych
= Chyba pri nekonecném rozvoji (!)
= Racionalni Cisla
= Decimal floating point
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Racionalni cisla

= Reprezentace: Citatel + jmenovatel

= Operace
= Nasobeni a déleni — relativhé snadné
= Porovnavani — viceméne take
= Pozor narozsah
= Scitani a odcCitani — spolecny jmenovatel
= Jak?
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Nejvetsi spolecny delitel
= Eukleiduv algoritmus

= gcd(U, V)
=" V=0 => return U
= gcd(V, U mod V)

= Slozitost O(log v)
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Decimal Floating Point

= |EEE 754-2008

" Mantisa v desitkoveé soustave
= Usporné mapovani na bity

= Pozor, tady uz neplati, ze

vetsi Cislo = vetsi reprezentace
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Decimal Floating Point

= Ruzné velikosti

IEEE 852 Decimal32 Decimal64 Decimall128
Bity mantisa

Bity exponent
Max mantisa

Min exponent

Max exponent

= Kombinovani bitu
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Decimal Floating Point

= Kombinovani bitu (from wikipedia.org)

Sign Combination  Exponent continuation Coefficient continuation

Kombinationsfeld MSBs des Kod.
Beschreibung

m4 m3 m2 m1 m0 Exp. Signifikant Wert

a b ¢ 00 Oabc
a b 01 Oabc (0-7) | Ziffer bis 7
b 10 Oabc
0 00 100c
01 100c (8-9) | Ziffer grolier 7
10 100c
tlInfinity

NaN




To je pro dnesek vse

Ulohy pro dalsi tyden:
e Jednoduché
* Uz bodované

* Realna Cisla

* Formatovani vystupu

* Interaktivni uloha

* Dalsi (jak efektivhé naprogramovat)
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