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Digital Systems

• Can you give me an example of an electronic 
device that is not digital?

• What advantages do digital systems have?

• Why the name “digital”?

• Signals in most present day digital systems are 
binary: 0 1

• Binary digIT � BIT

• Groups of bits can be made to represent discrete 
symbols



Digital Systems

• Digital quantities emerge from:

– Discrete measurements

– Quantized  from a continuous process

• Digital systems are composed of digital 

modules

• Need to understand digital circuits and their 

logical function



Number Systems and Binary Numbers

7392

7x103 3x102 9x101 2x100+ + +

Decimal Number 

(Base 10)



Number Systems and Binary Numbers

7392.45

7x103+ 3x102+9x101+2x100+4x10-1+5x10-2

Decimal Number 

(Base 10)



Number Systems and Binary Numbers

an an-1 an-2… a0 .a-1 a-2… a-m

anx10n+an-1x10n-1+…a0x100+…a-mx10-m

Decimal Number 

(Base 10)



Number Systems and Binary Numbers

11001.11

1x24+1x23+0x22+0x21+1x20+1x2-1+1x2-2

Binary Number 

(Base 2)

1x16+1x8+0x4+0x2+1x1+1x2-1+1x2-2

25.75



Number Systems and Binary Numbers

an an-1 an-2… a0 .a-1 a-2… a-m

An x rn+an-1 x rn-1+…a0 x r0+…a-m x r-m

Number Base r



Number Systems and Binary Numbers

(732.45)8

7x82+ 3x81+2x80+4x8-1+5x8-2

Number Base 8

7x64+ 3x8+2x1+4x8-1+5x8-2

474.578125



Number Systems and Binary Numbers



Number Systems and Binary Numbers

an an-1 an-2… a0 .a-1 a-2… a-m

An x rn+an-1 x rn-1+…a0 x r0+…a-m x r-m

Number Base r

Exercises: 

Convert the following numbers to decimal:

1)(10111.001)2

2)(7532.42)8



Number Systems and Binary Numbers

Exercises: 

Carry out the following operations:

1)(1011.11+1100)2

2)(5732-723)8

Arithmetic operations with numbers in base r follow the same rules as for decimal 

numbers. Examples:

Augend 101101 Minuend 101101 Multiplicand 1011

Addend +100111 Subtrahend -100111 Multiplier X101

Sum: 1010100 Difference 000110 1011

00000

101100

Product 110111



Number-Base Conversions

Integer 

Quotient

Remainder Coefficient

41/2= 20 + ½ a0=1

20/2= 10 + 0 a1=0

10/2= 5 + 0 a2=0

5/2= 2 + ½ a3=1

2/2= 1 + 0 a4=0

1/2= 0 + ½ a5=1

Conversion to binary



Number-Base Conversions

Integer Remainder

41

20 1

10 0

5 0

2 1

1 0

0 1

(101001)2

Conversion to binary



Number-Base Conversions

Integer Remainder

153

19 1

2 3

0 2

(231)8

Conversion to octal



Number-Base Conversions

Exercises

Convert (1024)10 to binary

Convert (1024)10 to octal



Number-Base Conversions

Integer Fraction Coefficient

0.6875x2= 1 + 0.3750 a-1=1

0.3750x2= 0 + 0.7500 a-2=0

0.7500x2= 1 + 0.5000 a-3=1

0.5000x2= 1 + 0.0000 a-4=1

Conversion to binary



Number-Base Conversions

Product Integer Coefficient

0.513x8= 4.104 4 a-1=4

0.104x8= 0.832 0 a-2=0

0.832x8= 6.656 6 a-3=6

0.656x8= 5.248 5 a-4=5

0.248x8= 1.984 1 a-4=1

0.984x8= 7.872 7 a-4=7

0.872

Conversion to octal



Number-Base Conversions

Exercises

Convert (3.2154)10 to binary

Convert (9.113)10 to octal



Octal and Hexadecimal Numbers



Complements

• Simplify subtraction and logical manipulation

• Simpler, less expensive circuits

• Two types of complements

– Radix Complement (r’s complement)

– Diminish Radix Complement ((r-1)’s complement)



Diminished Radix Complement

9’s complement of 546700 is 999999-546700 =453299

9’s complement of 012398 is 999999-012398 =987601

1’s complement of 1011000 is 1111111-1011000 =0100111

1’s complement of 0101101 is 1111111-0101101 =1010010



Radix Complement

10’s complement 

of 

546700 is 1000000-546700 =453300

10’s complement 

of 

012398 is 1000000-012398 =987602

2’s complement of 1011000 is 10000000-

1011000

=0101000

2’s complement of 0101101 is 10000000-

0101101

=1010011



Radix Complement

• 10’s complement

– Leave all least significant zeros unchanged

– Subtract the least significant non-zero digit from 10

– Subtract all other digits from 9

• 2’s complement

– Leave all least significant 0’s and the first 1 unchanged

– Replace all other 1’s with 0’s, and 0’s with 1’s in all 

other significant digits



Diminished Radix Exercises

• Compute 9’s complement of

– 0912367

– 82917364

– 9999999

• Compute 1’s complement of

– 11001101

– 00000000



Radix Exercises

• Compute 10’s complement of

– 0912367

– 82917364

– 9999999

• Compute 2’s complement of

– 11001101

– 00000000

• Compare results with diminished radix comp.



Subtraction with Complements

• Subtraction of two n-digit unsigned numbers 
M-N in base r is as follows

1. Add the minuend M to the r’s complement of 
the subtrahend N: M + (rn - N) = M – N + rn

2. If M ≥ N the sum will produce an end carry rn

which can be discarded

3. If M ≤ N the sum does not produce and end 
carry and is equal to rn – (N – M), which is the r’s
complement of (N – M). Take the r’s
complement and place a negative sign in front.



Example

Using 10’s complement, subtract 72532 - 3250

M = 72532

10’s complement of N = 96750

Sum = 169282

Discard end carry = -100000

Answer = 69282



Example

Using 10’s complement, subtract 3250 - 72532

M = 03250

10’s complement of N = 27468

Sum = 30718

10’s complement of Sum = 69282

Answer = 69282



Example

Using 2’s complement, subtract 1010100 - 1000011

M = 1010100

2’s complement of N = +0111101

Sum = 10010001

Discard end carry 27 = -10000000

Answer = 0010001



Example

Using 2’s complement, subtract  1000011 - 1010100

M = 1000011

2’s complement of N = +0101100

Sum = 1101111

(No carry) 2’s complement of Sum = -0010001

Answer = -0010001



Example

Using 1’s complement, subtract 1010100 - 1000011

M = 1010100

1’s complement of N = +0111100

Sum = 10010000

End around carry = +1

Answer = 0010001



Example

Using 2’s complement, subtract  1000011 - 1010100

M = 1000011

1’s complement of N = 0101011

Sum = 1101110

(No carry) 1’s complement of Sum = -0010001

Answer = -0010001



Exercise

• Subtract 28934 – 3456

• Subtract 3456 – 28934

• Subtract 110010 – 110100

• Subtract 0110011 - 0100001



Signed Binary Numbers

• Unsigned and Signed numbers are bit strings

• User determines when a number is signed or 

unsigned

• When signed, leftmost bit is the sign: 0 

positive; 1 negative

• Convenient to use signed-complement system 

for negative numbers



Signed Binary Numbers

Number

Signed-magnitude

Signed-complement

If negative ,1 followed by magnitude

If positive ,0 followed by magnitude

If negative ,complement number

If positive , leave number unchanged



Signed Binary Numbers

Number of 

bits

Number System Positive Negative

8 9 Signed-magnitude 00001001 10001001

8 9 Signed-Complement 1’s 00001001 11110110

8 9 Signed-Complement 2’s 00001001 11110111



Signed Binary Numbers



Arithmetic addition

+6 00000110 -6 11111010

+13 00001101 +13 00001101

+19 00010011 +7 00000111

+6 00000110 -6 11111010

-13 11110011 -13 11110011

-7 11111001 -19 11101101



Arithmetic subtraction

(±A) - (+B) = (±A) + (-B)

(±A) - (-B) = (±A) + (+B)

To convert a positive number into a 

negative number take the complement



Binary Codes



BCD addition

• Since each digit must no exceed 9, worst case 

is 9+9+carry digit=9+9+1=19

• Result in the range 0 to 19, i.e., 0000 to 1 

1001

• If result less than or equal 9, no problem

• If result greater or equal 10, i.e., 1010, add 6 

(0110) to convert result to correct BCD and 

carry, as required



BCD addition

4 0100 4 0100 8 1000

+5 +0101 +8 +1000 +9 +1001

9 1001 12 1100 17 10001

+0110 +0110

10010 10111



Other decimal Codes



Gray code



ASCII Code



ASCII Code



Error-detecting code

With Even Parity With Odd Parity

ASCII A = 1000001 01000001 11000001

ASCII T = 1010100 11010100 01010100



Binary Storage and Registers

• Binary Cell: device with two stable states and 

capable to store one bit (0 or 1)

• Register: A group of binary cells

• Register Transfer: basic operation to transfer 

binary information from one set of registers to 

another



Binary Storage and Registers

Transfer of information among registers



Binary Storage and Registers

Example of binary information processing



Binary Logic



Logic Gates



Logic Gates



Logic Gates



Logic Gates



Logic Gates



Logic Gates



Homework Assignment Chapter 1

• 1.1

• 1.3

• 1.9

• 1.10

• 1.14

• 1.15

• 1.18

• 1.21

• 1.25

• 1.28

• 1.34

• 1.35

• 1.36



Notice

Some of the figures and tables in this set of slides are obtained from material 

supplied by Pearson Prentice Hall to the instructor of the course and is copyrighted. 

Copy of this material in whole or in part without the permission of the textbook 

authors is prohibited.


