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Number Systems,

CHAPTER

Operations, and Codes

CHAPTER OUTLINE

2-1  Decimal Numbers

2-2  Binary Numbers

2-3  Decimal-to-Binary Conversion
2-4  Binary Arithmetic

2-5 Complements of Binary Numbers
2-6  Signed Numbers

2-7  Arithmetic Operations with Signed Numbers
2-8 Hexadecimal Numbers

2-9  Octal Numbers

2-10 Binary Coded Decimal (BCD)
2-11 Digital Codes

2-12 Error Codes

CHAPTER OBJECTIVES

Review the decimal number system
Count in the binary number system

Convert from decimal to binary and from binary
to decimal

Apply arithmetic operations to binary numbers

Determine the 1’'s and 2’s complements of a binary
number

Express signed binary numbers in sign-magnitude,
1’s complement, 2’s complement, and floating-point
format

Carry out arithmetic operations with signed binary
numbers

Convert between the binary and hexadecimal
number systems

Add numbers in hexadecimal form

Convert between the binary and octal number
systems

Express decimal numbers in binary coded decimal
(BCD) form

Add BCD numbers

Convert between the binary system and the Gray
code

Interpret the American Standard Code for
Information Interchange (ASCII)

Explain how to detect code errors
Discuss the cyclic redundancy check (CRC)

KEY TERMS

Key terms are in order of appearance in the chapter.
LSB BCD
MSB Alphanumeric
Byte ASCII
Floating-point number Parity
Hexadecimal Cyclic redundancy
Octal check (CRC)

VISIT THE WEBSITE

Study aids for this chapter are available at
http://www.pearsonglobaleditions.com/floyd

INTRODUCTION

The binary number system and digital codes are
fundamental to computers and to digital electronics

in general. In this chapter, the binary number system
and its relationship to other number systems such as
decimal, hexadecimal, and octal are presented. Arith-
metic operations with binary numbers are covered to
provide a basis for understanding how computers and
many other types of digital systems work. Also, digital
codes such as binary coded decimal (BCD), the Gray
code, and the ASCII are covered. The parity method
for detecting errors in codes is introduced. The TI-36X
calculator is used to illustrate certain operations. The
procedures shown may vary on other types.

65
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Express the decimal number 47 as a sum of the values of each digit.

Solution

The digit 4 has a weight of 10, which is 10", as indicated by its position. The digit 7 has
a weight of 1, which is 10, as indicated by its position.

47 = (4 X 101 + (7 x 10%
=@4X10) +(7X1) =40 +7

Related Problem*

Determine the value of each digit in 939.

*Answers are at the end of the chapter.

Express the decimal number 568.23 as a sum of the values of each digit.

Solution
The whole number digit 5 has a weight of 100, which is 107, the digit 6 has a weight of 10,
which is 10", the digit 8 has a weight of 1, which is 10°, the fractional digit 2 has a weight
of 0.1, which is 1071, and the fractional digit 3 has a weight of 0.01, which is 1072
568.23 = (5 X 10%) + (6 X 10" + 8 X 109 + 2 x 1071 + 3 X 107?)
=B X100) + (6 X 10) + @ X 1) + 2 x0.1) + @3 Xx0.01)
= 500 + 60 + 8 + 0.2 + 0.03

Related Problem
Determine the value of each digit in 67.924.

SECTION 2-1 CHECKUP

Answers are at the end of the chapter.
1. What weight does the digit 7 have in each of the following numbers?
(a) 1370 (b) 6725 (c) 7051 (d) 58.72
2. Express each of the following decimal numbers as a sum of the products obtained by
multiplying each digit by its appropriate weight:
(a) 51 (b) 137 (c) 1492 (d) 106.58

2-2 Binary Numbers

The binary number system is another way to represent quantities. It is less complicated than
the decimal system because the binary system has only two digits. The decimal system with
its ten digits is a base-ten system; the binary system with its two digits is a base-two system.
The two binary digits (bits) are 1 and 0. The position of a 1 or 0 in a binary number indicates
its weight, or value within the number, just as the position of a decimal digit determines the
value of that digit. The weights in a binary number are based on powers of two.

Binary Numbers

CALCULATOR SESSION

Powers of Ten
Find the value of 10°.

TI-36X Step1: @B
step2: B (5]

1000
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Number Systems, Operations, and Codes

The binary number system has two
digits (bits).

The binary number system has
a base of 2.

InfoNote

In processor operations, there
are many cases where adding
or subtracting 1 to a number
stored in a counter is necessary.
Processors have special
instructions that use less time
and generate less machine code

than the ADD or SUB instructions.

For the Intel processors, the INC
(increment) instruction adds 1

to a number. For subtraction, the
corresponding instruction is DEC
(decrement), which subtracts 1
from a number.

The value of a bit is determined by
its position in the number.

CALCULATOR SESSION

Powers of Two
Find the value of 25.

TI-36X Step1: B ]
step2: @ (5]

32

After completing this section, you should be able to
+ Count in binary

+ Determine the largest decimal number that can be represented by a given number
of bits

¢ Convert a binary number to a decimal number

Counting in Binary

To learn to count in the binary system, first look at how you count in the decimal system.
You start at zero and count up to nine before you run out of digits. You then start another
digit position (to the left) and continue counting 10 through 99. At this point you have
exhausted all two-digit combinations, so a third digit position is needed to count from 100
through 999.

A comparable situation occurs when you count in binary, except that you have only two
digits, called bits. Begin counting: 0, 1. At this point you have used both digits, so include
another digit position and continue: 10, 11. You have now exhausted all combinations of
two digits, so a third position is required. With three digit positions you can continue to
count: 100, 101, 110, and 111. Now you need a fourth digit position to continue, and so on.
A binary count of zero through fifteen is shown in Table 2—1. Notice the patterns with
which the 1s and Os alternate in each column.

Decimal
Number Binary Number
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
10 1 0 1 0
11 1 0 1 1
12 1 1 0 0
13 1 1 0 1
14 1 1 1 0
15 1 1 1 1

As you have seen in Table 2—1, four bits are required to count from zero to 15. In general,
with n bits you can count up to a number equal to 2" — 1.

Largest decimal number = 2" — 1
For example, with five bits (n = 5) you can count from zero to thirty-one.
P —-1=32-1=31
With six bits (n = 6) you can count from zero to sixty-three.

2 —-1=64—-1=063

IPR2025-01399
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An Application

Learning to count in binary will help you to basically understand how digital circuits can
be used to count events. Let’s take a simple example of counting tennis balls going into a
box from a conveyor belt. Assume that nine balls are to go into each box.

The counter in Figure 2—1 counts the pulses from a sensor that detects the passing of a
ball and produces a sequence of logic levels (digital waveforms) on each of its four par-
allel outputs. Each set of logic levels represents a 4-bit binary number (HIGH = 1 and
LOW = 0), as indicated. As the decoder receives these waveforms, it decodes each set of
four bits and converts it to the corresponding decimal number in the 7-segment display.
When the counter gets to the binary state of 1001, it has counted nine tennis balls, the dis-
play shows decimal 9, and a new box is moved under the conveyor belt. Then the counter
goes back to its zero state (0000), and the process starts over. (The number 9 was used only
in the interest of single-digit simplicity.)

Binary Numbers

Ball count 1st 2nd 3rd 4th S5th 6th 7th 8th 9th

Ist ball UM SR T

thbanl | Counter

!

2nd ball oftfofrjol1]o|1]0

'

L Decoder

Y it

0

§ 00 0 0fl 1 1 1]0

[T
L

FIGURE 2-1 lllustration of a simple binary counting application.

The Weighting Structure of Binary Numbers

A binary number is a weighted number. The right-most bit is the LSB (least significant bit)
in a binary whole number and has a weight of 2° = 1. The weights increase from right to
left by a power of two for each bit. The left-most bit is the MSB (most significant bit); its
weight depends on the size of the binary number.

Fractional numbers can also be represented in binary by placing bits to the right of the
binary point, just as fractional decimal digits are placed to the right of the decimal point.
The left-most bit is the MSB in a binary fractional number and has a weight of 271 = 0.5.
The fractional weights decrease from left to right by a negative power of two for each bit.

The weight structure of a binary number is

ol 23022100 o7lp72 g

L Binary point

where n is the number of bits from the binary point. Thus, all the bits to the left of the
binary point have weights that are positive powers of two, as previously discussed for whole
numbers. All bits to the right of the binary point have weights that are negative powers of
two, or fractional weights.

The powers of two and their equivalent decimal weights for an 8-bit binary whole num-
ber and a 6-bit binary fractional number are shown in Table 2-2. Notice that the weight
doubles for each positive power of two and that the weight is halved for each negative
power of two. You can easily extend the table by doubling the weight of the most signifi-
cant positive power of two and halving the weight of the least significant negative power of
two; for example, 2° = 512 and 277 = 0.0078125.

| EE G

The weight or value of a bit increases
from right to left in a binary number.

InfoNote

Processors use binary numbers
to select memory locations. Each
location is assigned a unique
number called an address. Some
microprocessors, for example,
have 32 address lines which can
select 232 (4,294,967,296) unique
locations.

IPR2025-01399

CrowdStrike EX1019 Page 12



Number Systems, Operations, and Codes

Binary weights.

Positive Powers of Two
(Whole Numbers)

Negative Powers of Two
(Fractional Number)

28 27 26 23 24 23 22 2! 20 271 272 273 274 275 276
256 128 64 32 16 8 4 2 1 12 1/4 1/8 1/16 132 1/64
0.5 0.25 0.125 0.625  0.03125 0.015625

Binary-to-Decimal Conversion

Add the weights of all 1s in a binary
number to get the decimal value.

The decimal value of any binary number can be found by adding the weights of all bits that
are 1 and discarding the weights of all bits that are 0.

Convert the binary whole number 1101101 to decimal.

Solution
Determine the weight of each bit that is a 1, and then find the sum of the weights to get
the decimal number.
Weight: 202°2423222!20
Binarynumber: 1 1 0 1 1 0 1
1101101 = 26 + 25 + 23 + 22 4+ 20
=64 +32+8+4+1=109

Related Problem
Convert the binary number 10010001 to decimal.

Convert the fractional binary number 0.1011 to decimal.

Solution
Determine the weight of each bit that is a 1, and then sum the weights to get the decimal
fraction.
Weight: 27l 272 73
Binary number: 0.1 0 1 1
0.1011 = 27" + 273 + 274
= 0.5 + 0.125 + 0.0625 = 0.6875

Related Problem
Convert the binary number 10.111 to decimal.

SECTION 2-2 CHECKUP

1. What is the largest decimal number that can be represented in binary with eight bits?
2. Determine the weight of the 1 in the binary number 10000.
3. Convert the binary number 10111101.011 to decimal.

IPR2025-01399
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Decimal-to-Binary Conversion

2-3 Decimal-to-Binary Conversion

In Section 2-2 you learned how to convert a binary number to the equivalent decimal num-
ber. Now you will learn two ways of converting from a decimal number to a binary number.

After completing this section, you should be able to
+ Convert a decimal number to binary using the sum-of-weights method

+ Convert a decimal whole number to binary using the repeated division-by-2
method

¢ Convert a decimal fraction to binary using the repeated multiplication-by-2
method

Sum-of-Weights Method

One way to find the binary number that is equivalent to a given decimal number is to deter-
mine the set of binary weights whose sum is equal to the decimal number. An easy way
to remember binary weights is that the lowest is 1, which is 2°, and that by doubling any
weight, you get the next higher weight; thus, a list of seven binary weights would be 64, 32,
16, 8, 4, 2, 1 as you learned in the last section. The decimal number 9, for example, can be
expressed as the sum of binary weights as follows:

9=8+1 or 9=2%+20

Placing 1s in the appropriate weight positions, 23 and 2°, and Os in the 2 and 2! positions
determines the binary number for decimal 9.

23 22 ol 20

1 0 0 1 Binary number for decimal 9

Convert the following decimal numbers to binary:
(a) 12 (b) 25
(c) 58 (d) 82

Solution

(@ 12=8+4=2%+22 1100
b 25=16+8+1=2+2+20 11001
(© 58=32+16+8+2=2"+2%+2 42! 111010
d 82 =64+ 16 +2=120+2*+ 2! 1010010

Related Problem

Convert the decimal number 125 to binary.

Repeated Division-by-2 Method

A systematic method of converting whole numbers from decimal to binary is the repeated
division-by-2 process. For example, to convert the decimal number 12 to binary, begin by
dividing 12 by 2. Then divide each resulting quotient by 2 until there is a 0 whole-number
quotient. The remainders generated by each division form the binary number. The first
remainder to be produced is the LSB (least significant bit) in the binary number, and the

To get the binary number for a given
decimal number, find the binary
weights that add up to the decimal
number.

To get the binary number for a given
decimal number, divide the decimal
number by 2 until the quotient is 0.
Remainders form the binary number.
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