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Textbooks:  

1. Digital Design, Morris M. Mano, (3rd Edition), Prentice Hall, 2002  

2. Digital Fundamentals, Thomas L. Floyd, (9th Edition), Prentice Hall, 2006  

3. Microprocessor Architecture, Programming, and Applications with the 8085, by 

R. Gaonkar. 

 
 
Overview 

 The design of computers 

•It all starts with numbers 

•Building circuits 

•Building computing machines 

 Digital systems 

 Understanding decimal numbers 

 Binary and octal numbers 

•The basis of computers! 

 Conversion between different number systems 
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Digital Systems 
 

 Digital systems consider discrete amounts of data. 

Examples 

•26 letters in the alphabet 

•10 decimal digits  

 Larger quantities can be built from discrete values: 

•Words made of letters 

•Numbers made of decimal digits (e.g. 239875.32) 

 Computers operate on binary values (0 and 1) 

 Easy to represent binary values electrically  

•Voltages and currents. 

•Can be implemented using circuits 

•Create the building blocks of modern computers 

 
 

Understanding Decimal Numbers 
 

•Decimal numbers are made of decimal digits: (0,1,2,3,4,5,6,7,8,9) 

•But how many items does a decimal number represent? 

8653 = 8*10
3
+ 6*10

2
 + 5*10

1
 + 3*10

0
 

•What about fractions? 

97654.35 = 9*10
4
+ 7*10

3
 + 6*10

2
 + 5*10

1
 + 4*10

0
+ 3*10

-1
 + 5*10

-2
 

•In formal notation -> (97654.35)10 
 

Understanding Binary Numbers 
•Binary numbers are made of binary digits (bits): 0 and 1 

•How many items does a binary number represent? 

(1011)2= 1*2
3
+ 0*2

2
 + 1*2

1
 + 1*2

0
 = (11)10 

•What about fractions?   

 (110.10)2= 1*2
2
 + 1*2

1
 + 0*2

0
+ 1*2

-1
 + 0*2

-2
 

•Groups of eight bits are called a byte 

 (11001001)2 

•Groups of four bits are called a nibble.  

(1101)2 
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Why Use Binary Numbers? 
 

 Easy to represent 0 and 1 using 

electrical values. 

 Possible to tolerate noise. 

 Easy to transmit data 

 Easy to build binary circuits.  

 

 

 

 

 

 

 

 
 

Conversion Between Number Bases 

 
 Learn to convert between bases. 

 Already demonstrated how to convert from binary to decimal. 
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Convert an Integer from Decimal to another Base 
For each digit position: 

1. Divide decimal number by the base (e.g. 2) 

2. The remainder is the lowest-order digit3.Repeat first two steps until no divisor 

remains. 

 
 

Convert an Fraction from Decimal to another Base1. 
1. Multiply decimal number by the base (e.g. 2) 

2. The integer is the highest-order digit 

3. Repeat first two steps until fraction becomes zero. 
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The Growth of Binary Numbers 

 

Binary Addition 

 Binary addition is very simple. 

 This is best shown in an example of adding two binary numbers… 

 

Binary Subtraction 

 We can also perform subtraction (with borrows in place of carries). 

 Let’s subtract (10111)2 from (1001101)2… 

 

 
Binary Multiplication 
Binary multiplication is much the same as decimal multiplication, except that the 

multiplication operations are much simpler… 
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Convert an Integer from Decimal to Octal 

1. Divide decimal number by the base (8) 

2. The remainder is the lowest-order digit 

3. Repeat first two steps until no divisor remains. 

 

Convert an Fraction from Decimal to Octal 

1. Multiply decimal number by the base (e.g. 8) 

2. The integer is the highest-order digit 

3. Repeat first two steps until fraction becomes zero. 
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Understanding Hexadecimal Numbers 

 

 

Putting It All Together 
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Converting Between Base 16 and Base 2 

 

°Conversion is easy! 

 Determine 4-bit value for each hex digit 

°Note that there are 24= 16 different values of four bits 

°Easier to read and write in hexadecimal.  

°Representations are equivalent! 

Converting Between Base 16 and Base 8 

 

1. Convert from Base 16 to Base 2 

2. Regroup bits into groups of three starting from right 

3. Ignore leading zeros 

4. Each group of three bits forms an octal digit. 


