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Binary Numbers 

EECE259: Introduction to 
Microcomputers 

Prof. Guy Lemieux 

Lecture 2 2 

Binary Numbers 

•  Humans 
– Powers of 10:  1, 10, 100, 1000, … 
– Example:   2113 = 211310 

•  Computers 
– Powers of 2:  1, 2, 4, 8, … 
– Example:   2113 = 2048+64+1 
      =    1000 0100 00012 
      = %1000 0100 0001 
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Binary Numbers 

•  Why? 
– Humans have 10 fingers 

•  0, 1, 2, 3, 4, 5, 6, 7, 8, 9 
•  Fingers are called digits! 

– Computer switches have 2 states: on, off 
•  0, 1 
•  Called binary digits, or “bits” for short 
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Common Number Bases 
•  Base 2:  binary    0,1 

 %0100 or 0b0100 or 01002 

•  Base 10: decimal    0 to 9 
 2113 or 211310 

•  Base 8: octal     0 to 7 
 8 digits 
 04101 or @4101 or 41018 

•  Base 16: hexadecimal   0 to 9, A to F 
 16 digits, also known as “hex” 
 $841 or 0x841 or 84116      
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Computer Number Storage 

•  Computers use binary exclusively 
– Everything stored as sequence of 0s and 1s 

•  0110010110100001101101111000100110… 
– Grouped into… 

•  Nibble    4 bits   1 hex digit 
•  Byte     8 bits   2 hex digits 
•  Halfword / short / word  16 bits   4 hex digits 
•  Word / long    32 bits   8 hex digits 
•  Long / long long   64 bits   16 hex digits 

6 

Number Format 

•  In any base, each digit has a rank 

•  Example 
– 211310 = 2*103 + 1*102 + 1*101 + 3*100 

Notice the increasing exponents or ranks 
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Important Ranks 

•  Important Definitions 
– MSB  Most Significant Bit (leftmost digit) 

•  Always “bit 7 of byte”, “bit 31 of word” 
– LSB  Least Significant Bit (rightmost digit) 

•  Always “bit 0” 

– Example 
    %1001 0111 

LSB MSB 

bit 0 bit 1 bit 7 
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Base Conversions 
•  Converting Binary to Decimal is easy 

–  Just expand digits with ranks, and add 

•  Example 
 10012 or %1001 to decimal 

%1001  = 1*23 + 0*22 + 0*21 + 1*20 

   = 1*8  +  0*4 +  0*2  + 1*1 
   = 8 + 0 + 0 + 1 
   = 9 
   = 910 
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Base Conversions 

•  Example 
 %1001 0111 to decimal 
= 1*27 + 0*26 + 0*25 + 1*24

 + 0*23 + 1*22 + 1*21 + 1*20 

 = 1*128 + 0*64 + 0*32 + 1*16 + 0*8 + 1*4 + 1*2 + 1*1 

 = 128 + 16 + 4 + 2 + 1 
 = 144 + 7 
 = 151 
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Base Conversions 

•  Leading 0s don’t change value 
– Example 
  %101 = 4 + 0*2 + 1 = 5 
  %0101 = 0*8 + 4 + 0*2 + 1 = 5 

•  We often drop leading 0s in written form 
– Computers cannot! 
– Must store all 8 bits of byte, 32 bits of word 

11 

Base Conversions 

•  Converting Decimal to Binary a bit harder 
– Expand value using powers of 2 

•  Example 
  5310  = 32 + 16 + 4 + 1 
   = 32 + 16 + 0*8 + 4 + 0*2 + 1 
   = %110101 
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Base Conversions 
•  Converting Decimal to Binary 

–  Easier way: divide by 2 approach (produces LSB first) 

•  53    odd?  Y = 1 
•  53/2 = 26  odd?  N = 0 
•  26/2 = 13  odd?  Y = 1 
•  13/2 = 6   odd?  N = 0 
•  6/2 = 3   odd?  Y = 1 
•  3/2 = 1   odd?  Y = 1 
•  1/2 = 0   stop 

= %110101 

How do you modify this to convert decimal ! hexadecimal ? 

LSB 

MSB 
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Memorize These! 

0 1 
1 2 
2 4 
3 8 
4 16 
5 32 
6 64 
7 128 

8 256 
9 512 

10 1024 

11 2048 

12 4096 

13 8192 

14 16384 

16 65,536 

20 1,048,576 
Mega 

24 16,771,216 
“16 Meg” 

30 1,073,741,824 
Giga 


