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Based on

"C How to Program",
Paul Deitel and Harvey Deitel

I, the copyright holder of this work, hereby publish it under the following licenses: GNU head Permission is granted to
copy, distribute and/or modify this document under the terms of the GNU Free Documentation License, Version 1.2
or any later version published by the Free Software Foundation; with no Invariant Sections, no Front-Cover Texts,
and no Back-Cover Texts. A copy of the license is included in the section entitled GNU Free Documentation License.

CC BY SA This file is licensed under the Creative Commons Attribution ShareAlike 3.0 Unported License. In short:
you are free to share and make derivative works of the file under the conditions that you appropriately attribute it,
and that you distribute it only under a license compatible with this one.
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The size of a union type

keyword: union
shares the same storage space (memory location)
the size of a union type is the largest size of its members
the members of a union can be of any data type
only one member of a union can be referenced at a time
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Operations over a union variables

assigning a union variable to another of the same type
taking the address (&) of a union variable
accessing union members (. and ->)
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Initializing a union variables

can be initialized in a declaration
with the value of the same type
as the first union member
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Bits of integral operands

a bit : 0 or 1
a byte : 8 bits

00000000 ~ 11111111
256 patterns

to manipulate the bits of the integral operands
char type
short type
int type
long type
signed
unsigned
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Bitwise Operators

bitwise operator
bitwise AND (&)
bitwise OR (|)
bitwise Exclusive OR XOR (ˆ)
bitwise NOT (~)
left shift («)
right shfit (»)
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Bitwise Assignment Operators

bitwise assignment operator s
a &= b (a = a & b)
a |= b (a = a | b)
a ^= b (a = a ^ b)
a ~= b (a = a ~ b)
a <<= b (a = a << b)
a >>= b (a = a >> b)
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Mask Operations

A = abcdefgh

A : 8-bit byte
a, b, ..., h : bit variable
A & 00001111 = 0000efgh (mask abcd, extract efgh)
A | 00001111 = abcd1111 (extract abcd, mask efgh)
A ^ 00001111 = abcd~e~f~g~h (extract abcd, toggle efgh)
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Bitwise AND Operator

i = 0x87654321 = 1000_0111_0110_0101_0100_0011_0010_0001
m1 = 0xF0F0F0F0 = 1111_0000_1111_0000_1111_0000_1111_0000
m2 = 0x0F0F0F0F = 0000_1111_0000_1111_0000_1111_0000_1111
m3 = 0xFFFF0000 = 1111_1111_1111_1111_0000_0000_0000_0000
m4 = 0x0000FFFF = 0000_0000_0000_0000_1111_1111_1111_1111

----------------------------------------------------------------
i = 0x87654321 = 1000_0111_0110_0101_0100_0011_0010_0001
m1 = 0xF0F0F0F0 = 1111_0000_1111_0000_1111_0000_1111_0000

i & m1 = 0x80604020 = 1000_0000_0110_0000_0100_0000_0010_0000

i = 0x87654321 = 1000_0111_0110_0101_0100_0011_0010_0001
m2 = 0x0F0F0F0F = 0000_1111_0000_1111_0000_1111_0000_1111

i & m2 = 0x07050301 = 0000_0111_0000_0101_0000_0011_0000_0001

i = 0x87654321 = 1000_0111_0110_0101_0100_0011_0010_0001
m3 = 0xFFFF0000 = 1111_1111_1111_1111_0000_0000_0000_0000

i & m3 = 0x87650000 = 1000_0111_0110_0101_0000_0000_0000_0000

i = 0x87654321 = 1000_0111_0110_0101_0100_0011_0010_0001
m4 = 0x0000FFFF = 0000_0000_0000_0000_1111_1111_1111_1111

i & m4 = 0x00004321 = 0000_0000_0000_0000_0100_0011_0010_0001
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Bitwise OR Operator

i = 0x87654321 = 1000_0111_0110_0101_0100_0011_0010_0001
m1 = 0xF0F0F0F0 = 1111_0000_1111_0000_1111_0000_1111_0000
m2 = 0x0F0F0F0F = 0000_1111_0000_1111_0000_1111_0000_1111
m3 = 0xFFFF0000 = 1111_1111_1111_1111_0000_0000_0000_0000
m4 = 0x0000FFFF = 0000_0000_0000_0000_1111_1111_1111_1111

----------------------------------------------------------------
i = 0x87654321 = 1000_0111_0110_0101_0100_0011_0010_0001
m1 = 0xF0F0F0F0 = 1111_0000_1111_0000_1111_0000_1111_0000

i | m1 = 0xF7F5F3F1 = 1111_0111_1111_0101_1111_0011_1111_0001

i = 0x87654321 = 1000_0111_0110_0101_0100_0011_0010_0001
m2 = 0x0F0F0F0F = 0000_1111_0000_1111_0000_1111_0000_1111

i | m2 = 0x8F6F4F2F = 1000_1111_0110_1111_0100_1111_0010_1111

i = 0x87654321 = 1000_0111_0110_0101_0100_0011_0010_0001
m3 = 0xFFFF0000 = 1111_1111_1111_1111_0000_0000_0000_0000

i | m3 = 0xFFFF4321 = 1111_1111_1111_1111_0100_0011_0010_0001

i = 0x87654321 = 1000_0111_0110_0101_0100_0011_0010_0001
m4 = 0x0000FFFF = 0000_0000_0000_0000_1111_1111_1111_1111

i | m4 = 0x8765FFFF = 1000_0111_0110_0101_1111_1111_1111_1111
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Bitwise XOR Operator

i = 0x87654321 = 1000_0111_0110_0101_0100_0011_0010_0001
m1 = 0xF0F0F0F0 = 1111_0000_1111_0000_1111_0000_1111_0000
m2 = 0x0F0F0F0F = 0000_1111_0000_1111_0000_1111_0000_1111
m3 = 0xFFFF0000 = 1111_1111_1111_1111_0000_0000_0000_0000
m4 = 0x0000FFFF = 0000_0000_0000_0000_1111_1111_1111_1111

----------------------------------------------------------------
i = 0x87654321 = 1000_0111_0110_0101_0100_0011_0010_0001
m1 = 0xF0F0F0F0 = 1111_0000_1111_0000_1111_0000_1111_0000

i ^ m1 = 0x7795B3D1 = 0111_0111_1001_0101_1011_0011_1101_0001

i = 0x87654321 = 1000_0111_0110_0101_0100_0011_0010_0001
m2 = 0x0F0F0F0F = 0000_1111_0000_1111_0000_1111_0000_1111

i ^ m2 = 0x886A4C2E = 1000_1000_0110_1010_0100_1100_0010_1110

i = 0x87654321 = 1000_0111_0110_0101_0100_0011_0010_0001
m3 = 0xFFFF0000 = 1111_1111_1111_1111_0000_0000_0000_0000

i ^ m3 = 0x789A4321 = 0111_1000_1001_1010_0100_0011_0010_0001

i = 0x87654321 = 1000_0111_0110_0101_0100_0011_0010_0001
m4 = 0x0000FFFF = 0000_0000_0000_0000_1111_1111_1111_1111

i ^ m4 = 0x8765BCDE = 1000_0111_0110_0101_1011_1100_1101_1110
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Shift Operator

<< (left shift operator)
a << b : shift a by to the left by b bits
the old msb is shifted off and is lost
the new lsb is filled with 0

>> (right shift operator)
a >> b : shift a by to the right by b bits
the new msb is filled with 0
the old lsb is shifted off and is lost
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Enumeration

an enum defines a set of integer constants
represented by identifiers
Values in an enum

start with 0, unless specified otherwise,
incremented by 1
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Enumeration constrains

the identifiers in an enum must be unique
the value of an enum constant can be set explicitly

via assignment in the enum definition

multiple members of an enumeration
can have the same constant value
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Enumeration examples

#include <stdio.h>

enum aaa { XAA, XBB, XCC };
enum bbb { YAA=3, YBB, YCC };
enum ccc { ZAA=3, ZBB=5, ZCC=-9 };

int main(void) {
enum aaa X;
enum bbb Y;
enum ccc Z;

X = XAA; printf("X= %d \n", X);
X = XBB; printf("X= %d \n", X);
X = XCC; printf("X= %d \n", X);

Y = YAA; printf("Y= %d \n", Y);
Y = YBB; printf("Y= %d \n", Y);
Y = YCC; printf("Y= %d \n", Y);

Z = ZAA; printf("Z= %d \n", Z);
Z = ZBB; printf("Z= %d \n", Z);
Z = ZCC; printf("Z= %d \n", Z);

}

X= 0
X= 1
X= 2
Y= 3
Y= 4
Y= 5
Z= 3
Z= 5
Z= -9
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