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Bitwise Operators, Bit
Manipulation, Testing

Bits
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Bitwise Operatorsin C

* Used to manipulate data at the bit level.
* Common in embedded systems and performance-critical code.
* True/False test for IF and Loop structures and how they really work.

Binary Basics

* Computers use binary (0s and 1s).
* Each bit represents a power of 2.
* Example: 5 = 00000101
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Bitwise AND (&)

* Compares bits: 1 & 1 = 1, otherwise 0.
* Example:

*5&3=1

* (0101 & 0011 = 0001)

MEMPHIS

Bitwise OR (|)

* Compares bits: 1 if either bit is 1.
* Example:

*5(3=7

(0101 | 0011 = 0111)

Bitwise XOR (*)

* 1if bits are different.
* Example:
*573=6
+ (0101 2 0011 = 0110)
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Bitwise NOT (™)

* Flips all bits.
* Example:
* ~5 = -6 (two’s complement representation)
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Left Shift (<<)

« Shifts bits left, adds zeros on right.
* Example:
*+5<<1=10

Right Shift (>>)

« Shifts bits right.
* Example:
*5>>1=2
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Bit Manipulation Techniques

*Setabit:x | (1<<n)
* Clear a bit: x & ¥(1 << n)
« Toggle a bit: x * (1 << n)
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Checking a Bit

* Check if nth bit is set:
«if (x & (1 << n))
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Real-World Applications

* Embedded systems
* Flags and masks

* Data compression
* Cryptography
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Example Code

t#include <stdio.h>

// program starts with x=5 (b00000101) and ANDs with 3 (b00000011) and prints answer of 1 (b00000001)

int main()

{
intx=5;
printf("%d", x & 3);
return O;
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Bitwise vs. Boolean Operators
in ANSI C

Two very different operators that look almost identical
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Bitwise AND & vs Logical AND

. Bitwise AND (&) && Logical AND (8&&)

Compares operands bit by bit. Works on the binary representation of

Compares the truth value of two expressions. Result is always 0 or 1. Short-
integers

circuits: ight side isn't evaluated if the left s false.

unsigned char r = a & b;




Bitwise OR | vs Logical OR

‘ Bitwise OR ( ) I Logical OR ([])

Sets each result bit to 1 if either operand has that bit set. Used to combine

True f either condition s true. Result s 0 or 1. Short-circuits: stops as soon
bt flags

as one sde istrue.

unsigned char r = a | b; if (x>0 11y >

ANSI C « CONTROL FLOW

False True

low if, while, and for actually test their conditions in C

THE CORE RULE

In classic C, every condition is really just an integer. The machine only asks one question:

9/15/2026




9/15/2026

Other languages have a dedicated Boolean type. ANSCII C does not
— if, while, and for all evaluate their condition as an int and
branch on whether it is zero,

x> 5 evaluates to the int 1
(true) or O (false).

a &&, ||, and ! also produce
plain 1 or 0 values.

B #include <stdbool.h> gives you
bool, true, and false — but
they're just 1 and 0

underneath.
HE UVERSITY OF
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EXAMPLE 1
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EXAMPLE 2
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EXAMPLE 3

Key Idea

COMMON PITFALL
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Quick Recap

ing el Don't confuse = with
:lny!hmg else means All share one rule. on't confuse = witt
rue =

Zero means false

ViEvBHE
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