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Digital Operations and Computations 01-Number Systems
Course Notes Text: Unit 1
Winter 2011 ECEGR/ISSC 201
Professor H. Louie Digital Operations and Computations

Department of Electrical & Computer Engineering
Seattle University

Overview What is a Digital System?
« Introduction to digital systems » Digital: something taking on a discrete set of
« Decimal system values
« Non-decimal systems = True, False

= On, Off
= -5 Volts, 0 Volts, 5 Volts
+ Analog: something that can assume a continuous
range of values
= Temperature
= 0-5 Volts

« Conversion to decimal
« Conversion from decimal
« Binary Codes

What is a Digital System?

+ Alphabet

» Abacus

* Morse Code
+ Computer

+ Light Switch
A/D
E> Converter $

=
! )
time time =
]
Analog Signal Digital Signal
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Decimal System Decimal System

« What are the characteristics of our (decimal)

10
numbering system? =10 x 10 = 100
= Valid digits: 0, 1, 2, ..., 9 + 103 =10 x 10 x 10 = 1000
. P05|t|or_1al not.atlon o _ . What about:
« 100 is ten times greater than 10, which is ten times . 100 = ?

greater than 1, which is ten times greater than 0.1, -

etc. =101=7?
= Positive, negative and zero can be represented = 102=7

« We use a base 10 (decimal) system

Decimal System Example
-« 101 =10 + Find a,, a;, ap, and a.; (values between 0 and 9)
+ 102 = 100 such that:
. 103 = 1000 13 = a, x 102 + a; x 10 + ap x 10° + a.; x 10!

« What about:
= 100 = 1 (any value to Ot power = 1)
= 101 =1/10=0.1
= 102=1/10/10 = 1/100 = 0.01

Example

» Find a,, a;,ap, and a.; such that: » Another example

13 =a,x 102 + a; x 10! + ag x 10° + a_; x 10t 953.7 =9x 102 + 5x 10! + 3 x 10° + 7 x 10!
» Try a negative number
-205 = -2 x102-0x 10! - 5 x 10°

Decimal System

« Solution
13=0x102+1x10' + 3x10°+ 0 x 10!

013.0
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Other Numbering Systems

+ What other numbering systems do you know of?
= Binary (base 2)
= Ternary (base 3)
= Quintal (base 5)
= QOctal (base 8)
= Hexadecimal (base 16)
« The base is also known as the radix
« Is there a base 1? base 0?
= No!

Binary

« We are especially interested in binary
= electronic systems
= digital logic (true, false)

Binary

« Valid digits: 0, 1 (called bits)
* Some examples
= 0, = 0y (subscript refers to the base)

"l=1y

" 01, =1y
" 10, = 24
" 11, =3y
= 100, = 44,

Binary

+ What is the decimal equivalent of 101,?
= Recall that 953 = 9 x 102 + 5 x 10! + 3 x 10°

= Similarly, 101, =1x 22+ 0x 2! + 1 x 20
=4+0+1=5

Example

* What is the decimal equivalent of 1011.11,?

Example

+ What is the decimal equivalent of 1011.11,?
= 1011.11,=1x23 +0x 22+ 1x 21+ 1x2°
+1x21+1x22
=8+0+2+1+0.5+0.25=11.754
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S Binary
« In binary conversion, knowing powers of 2
becomes very important:
= 20=1
=21=2
.22 =
= 23=8
= 24=16
= 25=32
= 26 =64
= 27 =128
= 28 =256
= and so on

Binary
» Negative powers of two:

= 21=1/21=1/2=0.5

= 22=1/22=1/4=0.25

= 23=1/23=1/8 =0.125

= and so on

Conversion

« In general, when positional notation is used:
= N = (a,333,3,30.2.13.2)r
=a;XR*+a3xR3+a,xR2+ a; xRl + 3, xR0 +a,
X R1 + a, x R?
= Where a; is a digit between 0 and R-1 (inclusive)
= The result is the decimal equivalent of N

Hexadecimal

" lig =1y

= 2,6 = 2;pand so on...
" 916 = 90

= Ae = 105

= Byg = 11;5and so on...
* Fig =155

= 0,6 = 049 (subscript refers to the base)

Examples

« Convert the following to decimal
= 10.11,
= 10.114
= 10.114
" AFyg

Examples

+ Convert the following to decimal
= 10.11,=2.75
= 10.114 = 8.140625
= 10.11;5 = 16.06640625
= AF = 175
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Conversion from Decimal

« Convert 53, to Binary
« Cannot directly apply the previous method
« First consider the case of a decimal integer

Conversion of Decimal
Integers by Division

» Consider an integer
* N = (anap-1 .. @32@130)r
=a,R" + a,;R™ +..+ a;R! + a,

» Dividing by R yields

N -1 -2 1
E=anR" +a,,R"+...+a,R'+a,=Q,

= where the remainder is a,

Conversion of Decimal
Integers by Division

* Next divide the quotient Q; by R

%:a"R”'2+an,1R"'3...a3R1+aZ=QZ

= where the remainder is a;
« The process repeats until a, is left

Conversion of Decimal
Integers by Division

+ Convert 53, to Binary

© R5g2

2)53 remainder 1

2)26 rer8ainder 0

Ja, &
8

2)13 remainder 1
. %2 =1

2)6 remainder 0

a;=0
=a,=1
sag=1

Conversion of Decimal
Integers by Division

« Putting the digits together

53,0 = 110101,

« Now try converting 53, to hexadecimal (base
16)

Conversion of Decimal
Integers by Division

+ Putting the digits together
53;0 = 110101,
Now try converting 53;, to hexadecimal (base
16)
3
16)53 remainder 5=a,

0
16)3 remainder 3=a,

* 5310 = 3556
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Conversion of Decimal
> Fractions by Division

« F=(.a433...amk
=a,R! + a,R™ +..+ aRM
« We know what R (base converting to) and F
(decimal number) are
* Need to isolate a_;

Conversion of Decimal
> Fractions by Division

* F=(a4a;z.. amh
=a; Rl + a,R"2 +..4+ a,R™

» We know what R (base converting to) and F
(decimal number) are

» Need to isolate a_;

« Multiply by R
PR =2, + R T8 R a R 2, F)

» Where a_ is the integer part of the result and F;
is the fractional part

Conversion of Decimal
Fractions by Division

* Repeat by multiplying F; with R
FR=a,+a,R?...+a, R™?=a,+F,

* The process may not terminate, in which case the
result is a repeating fraction

Conversion of Decimal
Fractions by Division

+ Convert 0.75;4 to binary
= R=2,F=0.75

Conversion of Decimal
Fractions by Division

« Convert 0.75;4 to binary
= R=2,F=0.75
FR=a +a,R’'+a,R?..+a R =a,+F
1.5=a +F,
=>a,=1
=>F=0.5

Conversion of Decimal
Fractions by Division

+ Convert 0.75;, to binary
= R=2,F=0.75
FR=a +a,R"'+aR?..+a R =a,+F
1.5=a +F,
=>a,=1
=>F=0.5
* Next step
FR=a,+a,R'+...+a, R"™?=a,+F,
1=a,+F,
=>a,=1
=>F,=0
- stop
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Conversion of Decimal
Fractions by Division

« Putting it together:
0.75;9 = 0.11,

Example

» Now try converting 0.704, to binary

Example

* Now try converting 0.70,, to binary

Conversion of Decimal Numbers

» If converting 11.75, do the integer division
method for 11, and the decimal method for .75

1) RF=1.4=a +F, 4) RF=1.2=a,+F,
=>a,=1 =>a,=1
=>F=0.4 =>F,=0.2
2) RF=0.8=a,+F, 5) RF=0.4=a+F
=>a,=0 =>a,=0
=>F,=0.8 =>F=0.4
3) RF=1.6=a,+F, 6) RF=0.8=a,+F;
=>a,=1 =>a,=0
=>F,=0.6 =>F,=0.8

* Repeating result: 0.1 0110 0

and combine the result

» Itis possible to use either method when
converting from bases other than decimal, but
this is difficult because it involves non-decimal
based math

« Better idea is to convert to decimal, then convert
to the desired base

Binary to Hexadecimal Conversion

« A few shortcuts exist
« Consider 1001101.010111, in hexadecimal
« Regroup as 0100 1101 . 0101 1100
« Convert each word
= 0100 1101 . 0101 1100

4 D 5 C

.

The result is 4D.5C;¢

Binary Codes

» Binary codes are a way of representing decimal
numbers that are intended to be easier than
converting the entire decimal number to binary




12/31/2010

Binary Codes Binary Codes
« Binary codes are a way of representn_wg decimal becimal | 8421 | 63-11 ey
numbers that are intended to be easier than Digit Code Code Code
converting the entire decimal number to binary 0 0000 0000 0000
« Example: 1 0001 0001 0001
2 0010 0011 0011
3 0011 0100 0010
4 0100 0101 0110
1001 0011 0111 . 0010 0101 5 0101 0111 1110
6 0110 1000 1010
e This is known as 8-4-2-1 BCD (Binary Coded 7 0111 1001 1011
Decimal) 8 1000 1011 1001
9 1001 1100 1000

Binary Codes Binary Codes
* 8-4-2-1 and 6-3-1-1 are weighted codes » Gray Code: only one digit changes Gray
« N = wsas + wya + wia; + Woag = Useful in analog to digital conversion zgg:
« Decimal 8 in 8-4-2-1 is: 1000 - Mhore rel(iattzle th?l? ilf txotdigits 0001
Change (It Is unlike at two or
P8+ 4(_0)_+ 2(0) +1(0)=8 moregswitches woulg occur o011
« In6-3-1-1 itis: 1011 simultaneously) 0010
= 6(1) + 3(0) + 1(1) + 1(1)=8 0110
1110
1010
1011
1001
1000

ASCII Code Bits and Bytes
« ASCII (American Standard Code for Information » In binary, the digits are known as bits (binary-
Interchange) digits)
« Alphanumeric code » Collection of 8 bits is commonly known as a byte
.« 7-bits =>128 symbols (or more specifically, as a octet)
« See text page 22 for a partial list = Able to represent keyboard characters
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Bits and Bytes

« kilobyte: 210 bytes (1,024)
« megabyte: 220 bytes (1,048,576)
- gigabyte: 230 bytes (1,073,741,824)




