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Rychlost integer operaci

Operace

Jazyk C

Bitova negace

~X

Nasobeni &i déleni 2"

X<<n ,  X>>n

Increment, decrement

++X, X++, --X, X--

Negace Cisla <- bitova negace + increment | -x
Scitani X+y
Odcitani <- negace Cisla + scitani X-y
Nasobeni na hardwarové nasobicce

, 5 T X*y
Nasobeni na sekvencni nasobicce
Déleni xX/y




Logical Shift Arithmetic Shift

<< <<
< <

O | VA bg=— 0 O | VA bg=— 0

nasobeni 2 x

O R | Y A —— bd——[d L —— bd——Ld

deleni 2 unsigned deleni 2 signed



PretecCeni - unsigned

« V tomto pripade sledujeme prenos z nejvyssiho radu

» QOpet situace, kdy vysledek operace neni spravny, protoze
se nevesel do zobrazitelného rozsahu.
Méjme k dispozici 5 bitu:
28 11100
21 + 10101

217 1\10001*

28 11100 \ AN
5 + 00101 12 01100 28 11100
21 1(0000198 +5 + 00101 19 + 10011
VAN 17 010001¢ 215 1\01111*
"N \J

Chybny vysledek je vzdy menSi nez oba scitance!
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PretecCeni signed

Preplnéni - fika se tomu také preteceni (overflow).

« Situace, kdy vysledek operace neni spravny, protoze se
nevesel do zobrazitelneho rozsahu.

« Nastava v situaci, kdy znaménko vysledku je jiné, nez
znaménka operandu, byla-li stejna, nebo

* Nonekvivalenci prenosu do a z nejvyssiho radu.

4 11100
Méjme k dispozici 5 bitu: 11 + 10101
.15 1\10001“
-4 11100 \/\/\/
+5 + 00101 12 01100 4 11100
1 1\00001¢+5 + 00101 13 + 10011
VALV, ?-150\10001* 215 1\01111*
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Sign Extension Example in C

short int x = 15213;
ix
short int y

int

(int) x;
-15213;

int iy = (int) y;
Decimal Hex Binary
X 15213 3B 6D 00111011 01101101
1x 1521300 00 Cc4 92| 00000000 00000000 00111011 01101101
% -15213 c4 93 11000100 10010011
1y -15213|FF FF C4 93| 11111111 11111111 11000100 10010011




Mutliplication of signed numbers

Multiplication in Two's complement cannot be accomplished with
the standard technigue since, as far as the machine itself is concerned,
for Y[n].
-Y =0-Y = 2"-Y
since, when subtracting from zero, need to "borrow" from next column

leftwards.

Consider X x (-Y)
Internal manipulation of =Y isas 2" -Y
Therefore X x (-Y) = Xx(2"-Y) = 2"x X - XxY

However the expected result should be 22" - (X x Y)



Signed Multiplication

* Case 1: Positive Multiplier

Multiplicand 1100, = -4
Multiplier X 0101, = +5
: : 11111100
Sign-extension { -

11110000
Product 11101100, = -20

*» Case 2: Negative Multiplier

Multiplicand 1100, = -4
Multiplier X 1101, = -3
Sign-extension { 11111100

11110000

00100000 (2's complement of 1100)

Product

00001100,

+12



HW deliCka — algoritmus deleni

Non-restoring division

111 :011
773 000111 - o 011 |ALUnevizdajecislo
[ 1100 : : negace menSi €1 ne, musi
7 _4*3 = 5 1 . : horkd 1 odecist, aby to zjistila,
c1110.. - =0 a pripadné vysledek
% % é % korigovat prictenim.
(non-restoring) | 0011 .
5+2*3 = 1 1“‘“?1 + =1
=7-2%3 0001
= 1100
1
13.2 NI 0011 navrat
(restoring) 1 0001
er3=1 0 01 — zbytek 010 — podil
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Sekvencni HW delicka (varianta 32b)

111 :011] délenec = podilxdélitel + zbytek

000111 : o 011
1100 : : negace B
1 S th‘kél l
i[ i[ [% % 32-bit ALU
[[H 0011 . -—>
100001 + =1 Shift Right
1111
0001 Shift Left
El 110 2 AC MQ Write
01110 _ = 0 A modB 64-bit AdivB
N 0011 navrat
10001
0 01 — zbytek 010 — podil

Non-restoring division
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Algoritmus déleni v C

MQ = délenec; Restoring division
B = délitel; (Podminka: délitel razny od 0!)
AC = 0;

for(inti=1;1<=n; i++) {
SL (posun registr AC MQ o jednu pozici vlevo, pfitemz vpravo se pfipise nula)

if(AC >=B) {
AC =AC - B;
MQ, = 1;

— Nyni registr MQ obsahuje podil a zbytek je v AC
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Priklad x/y
Déelenec x=1010 a delitel y=001"

Restoring division

I operace AC MQ B komentaf
0000 | 1010 | 0011 |prvotni nastaveni
1 |sL 0001 | 0100
nic 0001 | 0100 podminka if neni splnéna
2 |SL 0010 | 1000
0010 | 1000 podminka if neni splnéna
3 |sL 0101 | 0000 r>y
AC=AC-B; MQ,=1; | 0010 | 0001
4 |sL 0100 | 0010 r>y
AC=AC-B; MQ,=1; 0001 | 0011 konec cyklu

X 1y =1010: 0011 = 0011 zbytek 0001,
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*Realna ¢isla

a jejich zobrazeni v pocitaci



Jak se v pocitaci zobrazuji Cisla typu REAL?

Vedecka, neboli semilogaritmicka notace.

. Dvojice: EXPONENT (E), ZLOMKOVA &ast (nazyvana téz
mantisa M).

« Mantisa x zakladExponent

Notace je normalizovana.

« Zlomkova Cast vzdy zacCina binarni Cislici 1,
« Obecné: nenulovou Cislici <1, z - 1>.
Dekadicky: 7,26478 x 103

Binarné: 1,010011 x 21001
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Fractional Binary Numbers
(zlomkova binarni Cisla / Cisla v pevné fadove Carce )

21'71

4
[

b, b, ess b, b by .b,bybyeee b

12 —
1/4 [ BN
1/8
Reprezentace 5 |
bity vpravo od “binary point” udavaji zlomky mocnin 2 > b 2k
k=—J

reprezentuje realna Cisla



Zlomkova cisla / Pevna radova carka

Hodnota Reprezentace
5-3/4 101.11,
2-7/8 10.111,
63/64 0.111111,
Operace

Déleni 2 posunem vpravo
Nasobeni 2 posunem vievo
Cislapod 0.111111.., jsou mendi nez 1.0

1/2+1/4+1/8+ ...+1/2+... > 1.0
Presna notace > 1.0 —¢



Binarni=» Dekadicke

23.47 = 2x101 + 3x100 + 4x101 + 7x102
I desetinna tec¢ka

10.01,,, = 1x2% + 0%20 + Ox21 + 1x2-2
t binarni tecka
=1x2 +0x1 +0x% +1x7,
=2+0.25=2.25

gmp Sci 251 -- Floating point



Védecka notace

Dekadicke cislo:
-123,000,000,000,000 =»>» -1.23 x 1014
0.000 000 000 000 000 123 =»>» +1.23x 1016

Binarni ¢islo:
110 1100 0000 0000 =>» 1.1011x 214 =29696,,

-0.0000 0000 0000 0001 1011 =» -1.1101 x 216
=-2.765655517578125 x 10~

gmp Sci 251 -- Floating point



Pozor

Konecné dekadické Cislo = konecné binarni Cislo
Priklad:
01, 202=204=208=2160=232=204=>128=->...

ten

0.1,,=0.00011001100110011...,
= 0.00011, (nekonecCny fetézec bitu)
S vice bity se zpresnuje reprezentace 0.1,

gmp Sci 251 -- Floating point



y N~ I

Priklad O'liﬂ - Prevedte na realné Cislo
0.110 = 0.000110011....2 =

0. 0001100110011001100110011001100110011001100110011001100110011001100110011
0011001100110011001100110011001100110011001100110011001100110011001100110011
0011001100110011001100110011001100110011001100110011001100110011001100110011
0011001100110011001100110011001100110011001100110011001100110011001100110011
0011001100110011001100110011001100110011001100110011001100110011001100110011
0011001100110011001100110011001100110011001100110011001100110011001100110011
0011001100110011001100110011001100110011001100110011001100110011001100110011
0011001100110011001100110011001100110011001100110011001100110011001100110011
0011001100110011001100110011001100110011001100110011001100110011001100110011
0011001100110011001100110011001100110011001100110011001100110011001100110011
0011001100110011001100110011001100110011001100110011001100110011001100110011
0011001100110011001100110011001100110011001100110011001100110011001100110011
0011001100110011001100110011001100110011001100110011001100110011001100110011
0011001100110011001100110011001100110011001100110011001100110011001100110011
0011001100110011001100110011001100110011001100110011001100110011001100110011
0011001100110011001100110011001100110011001100110011001100110011001100110011
0011001100110011001100110011001100110011001100110011001100110011001100110011
0011001100110011001100110011001100110011001100110011001100110011001100110011
ooll...




Reprezentace
Omezeni
Ize presné vyjadfit jen Cisla x/2k

Ostatni Cisla jsou uloZzena nepfesné

Hodnota Reprezentace
1/3 0.0101010101[01]..,
1/5 0.001100110011[0011]..,
1/10 0.0001100110011[0011]7..,



Propojeni hardware, signalu a software

. Reprezentace je definovana normou IEEE754 ve verzich
« jednoducha (32 bitu)
« dvojnasobna pfesnost (64 bitl)

« Nové (IEEE 754-2008) i polovi¢ni (16 bitu — pfedevsim pro
hry a barvy), a Ctyfnasobna (128 bitu) a osminasobna
presnost (256 bitu) pro specialni védecké vypocty

« V programovacim jazyce C se promenné s jednoduchou
a dvojnasobnou presnosti deklaruji jako £1loat

a double.

B35APO Architektura pocitach
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Format Cisla v pohyblive radové carce

Kod mantisy: pfimy kod — znaménko a absolutni hodnota

Kod exponentu: aditivni kdd (s posunutou nulou - pro float
posun +127, pro double +1023).

Znaménko M

\l/ ra N ™,
s AEY| 0 [M|

}
Poloha fadové Carky (teCky) pro E i M




ANSI/IEEE Std 754-1985 (2008) — 32b a 64b format

ANSI/IEEE Std 754-1985 — jednoduchy format — 32b

8 b
E+127 24 b
B—7 T ] |
L dvojkova ¢arka (pro M i pro E)
8 b {L 23 b
sl__9 f |

ANSI/IEEE Std 754-1985 — dvojnasobny format — 64b

g...11b

B35APO Architektura pocitaci

f..

. 52b
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Reprezentace/kodovani Cisla v pohyblivé radoveé Carce

« Kod mantisy: primy kod — znaménko a absolutni hodnota

« Kaod exponentu: aditivni kod (s posunutou nulou) (K=127
pro jednoduchou presnost)

« Implicitni po¢ateéni jedniCka muze byt pro
normalizovanou mantisu vynechana m € (1, 2)
rozliseni 23+1 implicitni bit pro jednoduchou presnost

X = -18 2AB)-127'm kde m € (1, 2)
m=1+22M
znaménko M
l 4 N,
g AEBY RN

Poloha fadové Carky (teCky) pro E i M

B35APO Architektura pocitach
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PFiklady

—2.34 % 10°°

normalized

+0.002 x 104 ~—u—

+987.02 x 10°

not normalized

binarné

+1 XXXXXXX, x 2YYYY

Znameénko
\’ .
s A(E)

-

Poloha fadové Carky (teCky) pro E i M
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|IEEE-754 konverze float

« Prevedte -12.625,, IEEE-754 float format.

» Krok #1: Pfevedte -12.625,,=-1100.101, =101/8
« Krok #2: Normalizujte -1100.101, =-1.100101, * 23
« Krok #3:

Vyplrite pole, znaménko je zaporneé -> S=1.

Exponent + 127 -> 130 -> 1000 0010 .

Uvodni bit 1 mantisy je skryty ->

1 1000 0010 . 1001 0100 0000 0000 0000 000



0.75,,=0.11,=1.1x 2 1= 3/4
11=1.F—>F=1
E—127=-1 > F =127 -1 = 126 = 01111110,

00111111020000000000000000000000 =
0x3F400000




Priklad 0.1,, - Prevedte na float

0.1,, = 0.000110011....,

= 1.10011,X 24 = 1.F x 2 E127
F=10011 -4=E-127
E =127 -4 = 123 = 01111011,

N\

0011 1101 1100 1100 1100 1100 1100 1100 11..
0x3DCCCCCD, proc je D ?




Specialni hodnoty NaN, +Inf a -Inf

. Pokud neni vysledek matematické operace pro dany vstup
definovany (log -1) nebo je vysledek nejednoznacny 0/0, +Inf - +Inf
tak je ulozena hodnota NaN (Not-a-Number) — exponent nastaveny
na samé jedniCky, mantisa nenulova

. Vysledkem operaci, které pouze preteCou z rozsahu 1/0 (=+Inf), +Inf
+ +Inf (= +Inf) atd., je reprezentovany hodnotou nekonec¢no (+Inf
nebo -Inf) — exponent samé jedniCky, mantisa nuly

NaN
kladné 0 11111111 mantisa !=0 NaN
Nekonecno
kladné O 11111111 00000000000000000000000 H4Int
zaporné 1 11111111 00000000000000000000000 |-Inf

B35APO Architektura pocitach
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Skryty bit

* Nejvyssi platny bit mantisy (ktery se do bitové
reprezentace operandu neuklada) je zavisly na hodnoté
obrazu exponentu.

« Jestlize je obraz exponentu nenulovy, je tento bit 1,
mluvime o normalizovanych Cislech.

* Na druhou stranu jestlize je obraz exponentu nulovy, je
skryty bit 0. Pak mluvime o denormalizovaném Cisle, viz

dale.




Denormalizované cislo?

« Smyslem zavedeni denormalizovanych Cisel je rozsSireni
reprezentovatelnosti Cisel, ktera se nachazeji blize k nule,
tedy Cisel velmi malych (v nasledujicim obrazku oblast
oznacCena modre).

 Denormalizovana cisla maji nulovy exponent a i skryty bit
pred radovou carkou je implicitne nulovy.

« Cenou je nutnost specialniho oSetreni pripadu nulovy
exponent, nenulova mantisa -> denormalizovana cisla
podporuji jen nektere implementace.

(Intel ko-procesory maji)




Implicitni (skryta) poCatecCni jedniCka

« Pro kazde normalizované Cislo je nejvyznamnejsi bit mantisy
jedna a neni ho potreba ukladat (rezervovat pro nej misto)

. Pokud je reprezentace exponentu 0 (-K) nebo pokud je Cislo
,denormalizovane®, tak je prostor pro ulozeni mantisy vyuzity
pro hodnotu vCetné pocCatecni jedniCky nebo nuly

« Denormalizovana Cisla umoznuji zachovat rozliSeni v rozsahu
od nejmensiho normalizovaného Cisla smérem k nule

oblast -
- podtecCeni - normalizovanych d&isel
| l l l
° X
denormalizované - normalizovaneé -

- nejmensi kladné vyjadritelné Cislo
B35APO Architektura pocitach
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Denormalizované cislo?

Denormal computations use hardware and/or operating system
resources to handle denormals; these can cost hundreds of clock
cycles.

Denormal computations take much longer to calculate than normal
computations.

There are several ways to avoid denormals and increase the
performance of your application:

 Scale the values into the normalized range.
« Use a higher precision data type with a larger range.
 Flush denormals to zero.

[Source: ]
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https://software.intel.com/en-us/node/523326
https://software.intel.com/en-us/node/523326
https://software.intel.com/en-us/node/523326

Priklady reprezentace nékterych dulezitych hodnot

Nula
kladna 0 00000000 00000000000000000000000 +0.0
zaporna 1 00000000 00000000000000000000000 |-0.0
Nekonecnho
kladné 0 11111111 00000000000000000000000 +Inf
zaporné 1 11111111 00000000000000000000000 -Inf

HraniCni hodnoty pro jednoduchy format

Nejvétsi
normalizované

0

11111110 1111111711171111111111111

(2_2—23) 2127
+3.4028 10%38

Nejmensi
normalizované

*

00000001 00000000O00O00OOOOOOOOOOOOOO

+ 2 (1-127)
+1.1755 1038

Nejvétsi
denormalizované

*

00000000 11117171171717171717171711717111711111

+ (1_2—23) 2—126

Nejmensi
denormalizované

*

00000000 000000O00O0OOOOOOOOOOOOOOO1

2—23 2—126

+1.4013 10

B35APO Architektura pocitach

35




Sirsi prehled

Type

Zero

One

Minus One

Smallest denormalized number

"Middle" denormalized number

Largest denormalized number

Smallest normalized number

Largest normalized number

Positive infinity

Megative infinity

Mot a number

3l 28 24 20 16 12 8 4 ]

sign exponent(8)

fraction (23-bit)

00000000000 0:0000

0 0 ] ]

0000i0000{0000/0000

00000000000 0:0000

0 0 ] ]

00000000000 0:000

0o . 0 | 0 0 0 ) 0 1
- 0D000000000000000000000
o 0 0 . 4 | 0 0 7 0 0
F F
00000000
— 0 | 0
F F
00000000
0 0
00000000
0 0

* Sign bitcan be either Dor 1.
Figure: Floating-point Binary

Watch in Windows® Valule

0.00000000

1.00000000

-1.0000000

1.401e-0455DEN

5.877e-039#DEN

1.175e-0384DEN

1.1754944e-038

3A4028235e+038

1.#INFOOO

-1LAINFOOO

1 H#QNANOD

+(2-28) 2 2 +3 4 %107

+co

MaM

Copyright libg.org
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Short and Long |IEEE 754 Formats: Features

Some features of ANSI/IEEE standard floating-point formats

Feature Single/Short Double/Long

Word width in bits 32 64

Significand in bits 23 + 1 hidden 52 + 1 hidden

Significand range [1, 2 —2-23] [1, 2 —25]

Exponent bits 8 11

Exponent bias 127 1023

Zero (£0) e+bias=0,f=0 e+bias=0,f=0

Denormal e+bias=0,f£0 e+bias=0,f£0
represents +0.f x 2-126 represents £0.f x 2-1022

Infinity (£oo) e+ bias=255,f=0 e+ bias=2047,f=0

Not-a-number (NaN)

e +blas=255f#0

e + blas=2047,f#0

Ordinary number

e + bias € [1, 254]
e e [-126, 127]
represents 1.f x 2¢

e + bias € [1, 2046]
e € [-1022, 1023]
represents 1.f x 2¢

min

27126 ~12 %1073

21022~ 2 2 x 10308

max

~ 2128~ 3.4 x 10%

~ 21024 ~ 1.8 x 10308




IEEE 754 Formats

. . . exponent fraction
Half precision (binaryl6) sin skt (10bi
I
o o o
15 10 o}
. . . sign exponent (8 bits) fraction (23 hits)
Single precision (binary32) 1 I |
ojoj1f{1]1{1]{1|o|ojo|1|ojofjo|ofojojo|ofojofjojofjojojojojojofjojojo] = 0.15625
31 30 2322 (bit index) 0
exponent fraction
sign (11 bit) (52 bit)
Double precision (binary64) X
(o] o o
63 52 0

Quadruple precision (binary128)

exponent fraction

sign (15 bit) (112 bit}
I I |
o o [5)
127 112 0

Source: Herbert G. Mayer, PSU



X86 Extended precision (80 bits)

exponent Integer Part fraction
sign (15 bit) (1 bit) (63 bit)
[l [ |
o [} o
79 54\ Where: 0
e b =the bias

Bit 1. neni skryty!

Or, equivalently:

* n =the number of bits in the exponent

More simply, the biases are shown in the table below:

Type Bits Bias
Half 3 15
Single 8 127
Double 11 1023
Extended 15 16383
Quad 15 16383)




*Realna ¢isla

a jejich zobrazeni v pocitaci



Zpusoby ulozeni vicebytovych Cisel v paméti
Hex Cislo: 1234567

Big Endian - downto  ox100 0x101 0x102 0x103
01l 23 45 67

Little Endian - to 0x100 0x101 0x102 0x103
67 45 23 01

Little-Endien pochazi z knihy Gulliverovy cesty,
Jonathon Swift 1726, v niz oznacovalo jednu ze dvou
znepratelenych frakci Lilliputd. Jeji stoupenci jedli
vajicka od uzsiho konce k SirSimu, zatimco

Big Endien postupovali opacné. A valka nedala na sebe
dlouho ¢ekat...

Pamatujete si, jak valka skoncila?




Uvodni cviceni

[* Simple program to examine how are different data types encoded in memory */

#include <stdio.h>
[** The macro determines size of given variable and then
* prints individual bytes of the value representation */

#define PRINT_MEM(a) print_mem((unsigned char*)&(a), sizeof(a))

void print_mem(unsigned char *ptr, int size)
{ inti;
printf("address = 0x%08Ix\n", (long unsigned int)ptr);
for (i=0;1<size; i++)
{ printf("0x%02x ", *(ptr +1)); }
printf("\n");



Uvodni cviceni

int main()

{ I* try for more types: long, float, double, pointer */
unsigned int unsig = 5;
int sig = -5;

[* Read GNU C Library manual for conversion syntax for other types */
[* https:/lwww.gnu.org/software/libc/manual/html_node/Formatted-Output.html */

printf("value = %d\n", unsig);
PRINT_MEM(unsig);

printf("\nvalue = %d\n", sig);
PRINT_MEM(sig);

return O;

}
-]



Basic Steps of C Compiler

stdio.h - istring.h icode.h

g — dpg— T e 5 ’
: [c preprocessor modifies source code by substitutions
: code.tmp
".‘ ........... 3 “’.
optional [gcc C-compiler passes 1to M ] optional
parts (]  parts
. metacode
I
"'."[Compiler passes M to N: Optimization of metacode]
D S 4
system . |relative object
gllbrarles ' module

N i NIOS
Linker Loader processor
a4
=)



C primitive types

Size |Java C C alternative Range

1 boolean any integer, true if 1=0 BOOL® 0 to!=0

8 byte char signed char —128 to +127

8 unsigned char BYTEU 0 to 255

16 short Int signed short —-32768 to +32767
16 unsigned short 0 to + 65535

32 int int signed int -2/31 to 2°31-1
32 unsigned int DWORD® 0 to 2/32-1

64 long long long int -2/63 to 2°63-1
64 unsigned long LWORDU! 0 to 2764-1

1) In many implementations, it is not a standard C datatype, but only common
custom for user's "#define" macro definitions, see next slides

2) Default is signed, but the best way is to specify.

>




Definition of BYTE and BOOL

/1 by substitution rule no , and no type check

#define BYTE unsigned char
#define BOOL int

// by Introducing new type, ending ; IS required
m typedef unsigned char BYTE;
m typedef int BOOL,;

C language has no strict type checking #define ~ typedef,
but typedef is usually better integrated into compiler. e




Defining a Parameterized Macro
#define PRINT_MEM(a) print_mem((unsigned char*)&(a), sizeof(a))

Similar to a C function, preprocessor macros can be
defined with a parameter list; parameters are without
data types.

Syntax:
#define MACRONAME (parameter list) text

—
-
-
-
"—-
-
-
-

No white space before (.



Examples:
#define MAXVAL(A,B) ((A) > (B)) ? (A) : (B)

#define PRINT (el,e2)
printf (”"%c\t3d\n”, (el), (e2));

#define putchar(x) putc(x, stdout)

#define PRINT_MEM(a) print._mem((unsigned char*)&(a),
sizeof(a))



Side-effects!!!
Example:
#define PROD1(A,B) A * B

Wrong result:
PROD1 (143,2) — 143 * 2

Improved example with ()
#define PROD2 (A,B) (A) * (B)

PROD2 (1+3,2) - (1+3) * (2)



Pointer Operators

& (address operator)
Returns the address of its operand

Example
int y = 5;
int *yPtr;
yPtr = &y; // yPtr gets address of y

yPtr “points to” y

yptr
y 500000 600000
yPtr /- address of y
o is value of
yptr \
600000 5




Pointer Operators

& (address operator)
Returns the address of its operand

* dereference address
Get operand stored in address location

* and & are inverses
(though not always applicable)

Cancel each other out
*&myVar == myVar
and
&*yPtr == yPtr




Size of Pointer in C-kod

Int * ptri; A
char * ptrc; Dfri >
double * ptrd;
ptlri+1
*ptrx = ptrx[0] ptrc
*(ptrx+1) = ptrx[1] ptrc+1 |
*(ptrx+n) = ptrx[n] |
*(ptrx-n) = ptrx[-n] e
nrl = sizeof (double);
nr2 = sizeof (double*);
trd+1
nrl!=nr2 B *




Prekvapeni na zaver ?7?

int main() { float x; double d;

X

X

=116777215.0;

printf("%.3f\n", x);  // 116777216.000

printf("%.3IA\n", x); /[ 116777216.000 - pro float/double nema | vyznam
printf("%.3g\n", x); /[ 1.17e+08

printf("%.3e\n", x);  // 1.168e+08

printf("%Ix %f\n", x, x); // 0 0.00000 - Jak kdy - | nemusi vZdy znamenat 64 bitovy long
printf("%IIx %f\n", x, x); // 419bd78400000000 116777216.000000

printf("%Ix %f\n", *(long *)&x, x); // 4cdebc20 116777216.00000

=116777216.3; printf("%.31\n", x); // 116777216.000 - float ofizne mantisu

d =116777216.3; printf("%.3f\n", d); // 116777216.300

X
X
X
X
X

=116777217.0; printf("%.3f\n", x); // 116777216.000
=116777218.0; printf("%.3f\n", x); // 116777216.000
=116777219.0; printf("%.3f\n", x); // 116777216.000
=116777220.0; printf("%.3f\n", x); // 116777216.000
=116777221.0; printf("%.3\n", x); // 116777224.00

return O;

)
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