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Topics



4.1. Number Bases and Unsigned Integers 
4.2. Converting Between Bases





4.3. Signed Binary Integers



4.3.2. Two’s Complement
• Leftmost bit treated as -1 or 0

• All other bits treated as 1 or 0



4.3.2. Two’s Complement



Negation
• To find the negative of a number X

• Flip all the bits and add one

• Example: 13



C Programming With Signed versus Unsigned Integers

• int is a signed integer

• unsigned int is unsigned



4.4. Binary Integer Arithmetic



Addition



Subtraction



Subtraction



Addition



Ch 4a



4.5. Overflow



Unsigned Overflow



Signed Overflow



4.6. Bitwise Operators



4.6.1. Bitwise AND



4.6.2. Bitwise OR



4.6.3. Bitwise XOR (Exclusive OR)



4.6.4. Bitwise NOT



4.6.5. Bit Shifting
• Left shift



4.6.5. Bit Shifting
• Logical right shift 
• Prepends zeroes to the higher-order bits

• Logically shifting  0b10110011  

to the right yields 0b00101100

• Arithmetic right shift 
• Prepends a copy of the most significant 

bit to preserve the signedness of the 
higher-order bits


• Arithmetically shifting  0b10110011  
to the right yields         0b11101100



C Right-Shifting
• Does logical right-shift for unsigned int 
• Arithmetic right-shift for signed int





4.7. Integer Byte Order



Byte Order (Endianness)
• Consider a 16-bit integer (short)

• High-order byte is A, low is B



x86 uses Little-Endian



Byte Order (Endianness)



4.8. Real Numbers in Binary



4.8.1. Fixed-Point Representation
• x



4.8.2. Floating-Point Representation
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