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MSB - most significant bit
or high-order bit

|

Byte, Nibble, Bit

LSB - least significant byte

LSB - least significant bit or right-most bit

‘MSB - most

significant byte

high word *

l

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 1312 1110 9 8 7 6 5 4 3 2 1 O

high low ‘
nibble nibble
high byte low byte
low word *

double word *

* \elikost slova "word" neni standardem, ale vyjadienim prirozené jednotky architektury

pocitace;




-g: Hexadecimal or Hex aka Base Sixteen

cz: Hexadecimalni Cisla
m 4 bity se kdduji jako 1 hex Cislice pro strucny zapis binarnich Cisel

i i ] Napiste |1111"OOO(|) Jako hex
64 16°% 162 16! 160
VoYY PO
1000 1010 1111 IPr"idéma O pro zachovani Ciselného typu
hex binary hex binary

0000
0001
0010
0011
0100
0101
0110
0111

1000
1001
1010
1011
1100
1101
1110
1111 =)
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_ Binary Encoded Unsigned Integers

m Kazda pozice reprezentuje kvantitu; symbol na dané
pozici udava prirustek kvantity.

; - 5 2 3
Baze 10 (decimal) n 2"
104 103 102 10 10° 0 1
® ® 1 2
E 2 4
® 3 8
[ ]
°® 4 16
- 5 32
Baze 2 (binary) . 6 64
i 7 128
1 0 1 - 2
O: Kolik? o 256
24 23 22 o1 o0 ©+o0=0 9 512
[ ] [ ) [ ] [ ) © ©
o o 10 1,024
[ ] [ ) [ ]
e o © : 11 2,048
[ ] [ ) —_
S 4+ 1= 5 12 4,096
° 13 8,192
: 14| 16,384
15| 32,768
16| 65,536




N B Prevod gisel bez znaménka.

m Desitkoveé Cislo:

b) delenim 2 LSB
13/2 =6 zbytek 1 ‘

6/2 = zbytek O

32 = zbytek 1 MSB
1/2 = zbytek 1 ‘

délenim 2 provadime
logicky posun cCisla doprava

a) postupnym odecitanim mocnin
i 2 postupnée od nejvetsi k nejmensi

32 16 8 4 2 1 VEtsi

32 16 8 4 2 1 VEtsi

0O 0 1
3216 8 4 2 1 ok, 13-8=5

2 16 8 4 2 1 —Ot4=
ok, 5-4=1
0O 011 =
32 16 8 4 2 1 vetSinez 1
O 01101
32 16 8 4 2 1 =8+4+1=13
1-1=0



Specialni kédy

Dec. Binary Octal | Hex BCD
8421 421 (VHDL binary / hex
syntax)
00

0 0000 x"0” 0000 0000 = x"00"
1 0001 01 x"1” 0000 0001 = x"01"
2 0010 02 xX'2" 0000 0010 = x"02"
3 0011 03 x"3" 0000 0011 = x"03"
4 0100 04 x"4” 0000 0100 = x"04"
5 0101 05 X"5" 0000 0101 = x"05"
6 0110 06 xX"6" 0000 0110 = x"06"
7 0111 07 X"7" 0000 0111 =x"07"
8 1000 10 x"8" 0000 1000 = x"08"
9 1001 11 X"9” 0000 1001 = x"09"
10 1010 12 xX"A” 0001 0000 = x"10"
11 1011 13 x"B” 0001 0001 = x"11"
12 1100 14 x"C” 0001 0010 = x"12"
13 1101 15 x"D” 0001 0011 = x"13"
14 1110 16 xX"E” 0001 0100 = x"14"

15 1111 17 xX"F” 0001 0101 = x"15"




Prevod binarni na BCD

m BCD (Binary-coded decimal) - zjednodusuje Ciselné displeje

35 jako BCD = x"3 5"
=0011 0101

35 binarne= x"23"
= 100011

TOTO T100

a a
Do—D b b
Co—C < I I"
d d
Bo—B e
Ao——A f f “
_.OCK g g
a a
Do— b b
e | |
d d
Bo— B e
Ao A f f ©
LOCK g g
B to 7 Segment 7-Segment
Decoder LED Display



- Reprezentace cCisel bez znaménka
Predpokladejme 4bitovy pocitac

Unsigned 4-bit numbers - 4bitove cislo bez znameénka
+15 +0

MSB

¥

0100=+4

1100=12

%

MSB

m Neprehledné odcitani

[Seungryoul Maeng:Digital Systems]
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-by ulozeni vicebytovych Cisel v pameéti
m Hex Cislo: 1234567

Big Endian - downto 0x100 0x101 0x102 0x103
01 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 Lilliputa. Jeji stoupenci jedli vajicka od uzsiho konce k
SirSimu, zatimco

Big Endien postupovali opacné. A valka nedala na sebe
dlouho Cekat...
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- Reprezentace cCisel se znaménkem

Excess-K, offset binary or biased representation
(cz: Aditivni kod, kéd s posunutou nulou)

7 8
5 -6 N

4 0011 | o{oo =-4

3 0100 | -4 1 ‘1(00 =+4

1000 0111

m Jedna reprezentace 0, mozno zvolit si ofset, a tim 1 pocet zapornych
Cisel - Casto uzivany pi1 zpracovani signala

m BéZné aritmetické jednotky neumi s kodem pocitat

SPS 11




- Reprezentace cCisel se znaménkem

Znameénko a hodnota, tzv. primy kod.
"Sign and Magnitude Representation”

1111 0000

y o #
0011 0100=+4
-3 | 1011 0100 | +4 1‘100 =-4

1000 0111

m Nevyhoda: pi1 aritmetickych se jinak pracuje se znaménkovym
bitem a jinak s hodnotou.

m 2 ruzna vyjadieni nuly.
[Seungryoul Maeng:Digital Systems]
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- Reprezentace cCisel se znaménkem

Ones Complement
(cz: Jednickovy doplnek, inverzni kod)

+

0/100=+4
1011 =-4
>

m Dv¢ reprezentace 0!
m Obtizné;si sCitani
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- Reprezentace cCisel

Twos Complement
(cz: Dvojkovy doplnék, doplnkovy kod)

1111 0000

_3 +2 +
-4 +3 /
0011 0100 =+4
-5 11011 0100/ +4 1\100 =-4

-8 +7/

m Jedna reprezentace 0, stejna aritmeticka jednotka jako pro
Cisla bez znaménka
m Zapornych Cisel mame o jedno vice

SES
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Basic Steps of C Compiler

0"v l “0
code.tmp
v 1

‘optional parts [gcc C-compiler passes 1to M ] optlonal parts

18

. metacode
&
"’.,‘[Compiler passes M to N: Optimization of metacode ]

e ]
:system libraries . |relative object
’ i |module

A g NIOS

Linker == | Loader ]—> processor

_ses i




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 BYTEQ 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 LWORD® 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) Ws best to specify.
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- Definition of BYTE and BOOL

// by substitution rule no ; and no type check
m #define BYTE unsigned char
m #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.
17




DeTilnlng a !arameterized Macro

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

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

types.

m Syntax:
#define MACRONAME (parameter list) text

-
"—
-
-
-
-
-
L
-
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Examples:
#define MAXVAL(A,B) ((A) > (B)) ? (A) : (B)

#define PRINT (el,e2) printf (”%c\t%d\n”, (el), (e2));
#define putchar(x) putc(x, stdout)

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

19




Side-effects!!!

Example:
#define PROD1(A,B) A * B

Wrong result:
PROD1 (1+43,2) — 143 * 2

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

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

20




Sign Extension Examplein C

short int x = 15213;

int ix = (int) x;

short int y = -15213;

int iy = (int) y;

Decimal Hex Binary

X 15213 3B 6D 00111011 01101101
ix 15213100 00 C4 92| 00000000 00000000 00111011 01101101
% -15213 C4 93 11000100 10010011
iy -15213|FF FF C4 93| 11111111 11111111 11000100 10010011
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- Bitwise Logic Instructions

Examples:
E AND & n =n & OxFO;
m OR ‘ n =n | OXFFOO;
m XOR N n=n " 0x80;
m |eft shift << n = OXFF << 4;
m right shift >S n=n>>4
m NOT - n = ~OxFF;

In C, operator << usually behaves as logical for unsigned operand
and as arithmetic shift for signed operands.

e

SES




- Pointer Operators

m & (address operator)
1Returns the address of its operand

1Example
int y = 5;
int *yPtr;
yPtr = &y; // yPtr gets address of y

CyPtr “points to” y

yptr

500000 600000

Y
5
yPtr address of y
-/ is value of
yptr \

600000 5




_ Pointer Operators

m & (address operator)

Returns the address of its operand

m * dereference address
Get operand stored in address location

m* and & are inverses
(though not always applicable)

Cancel each other out
*&myVar == myVar

and
&*yPtr == yPtr

24




B size of Pointer in C-koc

INt * ptri; | b
char * ptrc; gs
double * ptrd,;
ptlri+1
*ptrx = ptrx[O] ptrc
*(ptrx+1) = ptrx[1. oo ]
*(ptrx+n) = ptrx[n’
*(ptrx-n) = ptrx[-n] 2
nrl = sizeof (double);
nr2 = sizeof (double*);
trd+1
nrl!=nr2 D

SPS




