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Introduction

AThe binary system and digital codes are
fundamental to computers and to digital electronic
In general.

Aln this topic, the binary number system such as
decimal, hexadecimal and octal is presented.

AArithmetic operations with binary numbers are
covered to provide a basis for understanding how
computers and many other types of digital systems
work.

AAlso covers digital codes such as binary coded
decimal (BCD), Gray Coele
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Number System

. Decimal 10~9
. Binary i 0~1
. Octal 00~7
- Hexadecimal 00~F
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e e e
Decimal Numbers

Aln decimal number system each of the ten digits:
0123456789

Positional values Bﬁm‘ 0 Example:
vaslghte), o ———— Express the decimal
\_,|103 (210" 100 © © © l— number2745.214asa
# ¢ ¢ ¢ ¢ ¢ ¢_| sum of_the values of
each digit
2 | 1

. 4
MSD Decimal LSD
point
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Binary Numbers

AThe binary number system is another way to represen
guantities and less complicated than decimal.

AOnly two digits1 (HIGH and 0 LOW)

AThe binary numbering system hasase of Awith
each position weighted by a factor of 2:

2n1g . 2220 21222324¢ D
TABLE2-2

Binary weights.
Positive Powers of Two Negative Powers of Two
(Whole Numbers) (Fractional Number)
v/d 27 26 2* o 28 22 3 2? e 22 279 24 e g=e
256 128 64 32 16 8 4 2 1 172 1/4 1/8 1/16 1/32 1/64
0.5 0.25 0.125 0.625 0.03125 0.015625
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Binary Numbers

AHow to count O to 15 using
binary numbers?

ANotice the pattern?

Aln general witm-bits we can
count up to a number equal to
2"-1

ALSHLeast Significant Bit))SB
(Most Significant Bit)
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Decimal Binary
Number Number

0 0000
1 0001
2 0010
3 0011
4 0100
3) 0101
6 0110
I 0111
8 1000
9 1001
10 (1010
11 (1011
12 (1100
13 |1101
14 1110
15 (1111
j —
MSB — '— LSB




Binaryto-Decimal Conversion

ADecimal value of any binary numbers can be
determined by summing the weights of all bits

Convert the binary whole number 1001111 to decimal

Solution:

Weight: 26 25 24 23 22 21 20

Bnary:1 0 011 1 1

1001111 = 2°+ 23 + 22+ 21 + 20
=64+8+4+2+1=79
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Binaryto-Decimal Conversion

ATry this:

Convert the binary number of 1101.011 to decimal

Solution:

Weight: 23 22 21 20 2-1 2-2 23

Binary:1 1 01.0 1 1

1001111 =23+ 22 + 20 + 22 + 23
=8+4+1+0.25+0.125=13.375
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Decimal

Binary Number

Number
0 0 0 0
1 0 0 1
2 0 1 0
3 0 1 1
4 1 0 0
5 1 0 1
6 1 1 0
7 1 1 1

222120
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An Application

Ball count 1st 2nd 3rd 4th 5th 6th 7th 8th 9th

Sntintintoinl
o byl | Counter Decoder
___}L 0 0f1 0 0|1 1]0 0 E '—'
1 0 0 0 11 1 1[0 0 - —’l
00000000 T

@H@

lllustration of a Simple Binary Counting Application
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Decimalto-Binary Conversion

AMethods for decimawhole number:
.  Sumof-Weight Method
i. Repeatedivisionby 2 Method

AMlethods for decimafraction number:
. Sumof-Weight Method
Ii. Repeatedvultiplicationby 2 Method
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Decimal whole number to binary
I. Sum of Weight Method

POSITIVE POWERS OF TWO
(WHOLE NUMBEZ~2S
2 D

Example:
The decimal number 9, Convert the following decimal
for example, can be numbers to binary:

expressed as the sum of

binary weight of: a) 12 b) 25 ¢)58 d) 82

V2

1100 11001 111010 1010010
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Decimal whole number 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.

Remainder

Convert the 1_2 -6 0 7
decimal number 9 /\
12 to binary /_\
53, 0 110C
2
5%y
5 1\ MSB LSB
1
> ~

1 Convert decimal number
25 to binary?

Stop when the
whole-number
guotientis 0
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Decimal whole number 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.

Remainder
25 1 LSB
— =12
2
Convert the
decimal number 12 & 0
25 to binary 2
6
—=3 0
2
3
Stop whenthe 2
whole-number 1
quotient is 0 5 =0 1 VISB

ENT262/ENT263019/2020




Decimal fraction number to binary
. Sum of Weight Method

NEGATIVE POWERS Q

(FRACTIONAL NUMBER)
2~ 3 % a4 O 5
85 025 0135 00605 003125 0015605

0.625=0.5+0.125=21+23=0.101

0.3125=7 =22+24=0.0101
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Decimal fraction number to binary
Ii. Repeated Multiplication by 2 Method

MSB l_ LSB
Carry _l
101

0.625 x 2 :|.25 1 T

0.25 x 2 150 0

0.50 x 2 =/1.00 1

=

Stop
when the

fractional
part is all
Zeros
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Decimaito-Binary Conversion
Checkup:

AConvert each decimal number to binary by using
the sumof-weights method:
a) 23
b) 57
c) 45.5

AConvert eaclilecimal numbewusing other than
sumof-weight methods:

a) 14

b) 21

c) 0.375
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Decimaito-Binary Conversion
Checkup:

AConvert each decimal number to binary by using
the sumof-weights method:
a) 23
b) 57
c) 45.5

AConvert each decimal number using other methods
(not sumof-weights method):

a) 14

b) 21

c) 0.375

d) 0.188
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Binary Arithmetic

ABinaryarithmeticis essentiain all digital computers
andin manyother typesof digital systems

AArithmeticoperations
AAddition
ASubtraction
AMultiplication
ADivision
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Binary Addition

The four basic rules for adding binary digits (bits) are as follows:
0+0=0 (sum of O with a carry of 0)
O+1=1 (sum of 1 with a carry of 0)
1+0=1 (sum of 1 with a carry of 0)
1+1=10 (sum of O with a carry of 1)

S Carry
E | . 0 1 1
xamn e' 40 0 1 Try This:
0 11 + 11 = ?7
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Binary Subtraction

The four basic rules for subtracting bits are as follows:
01 0=0

171 1=0

110=1

101 1=1 (07 1 with a borrow of 1)

117 01=72?
EHIIIIIW: T Try This:
- 01 10171 011="2??

10
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Binary Multiplication

The four basic rules for multiplying bits are as follows:

0X0=0
O0X1=0
1X0=0
1X1=1

Try This:
111X101="7°7?
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11X11=77
11
X 11
11
+11
1001




Binary Division

Division in binary follows the same procedure as division in

decimal.
110611 ="2?
Example:
11/110
11
000 Try This:

110010="727
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MQa YR HQA [/ 2YLX SY
Numbers

AKS MQa YR HQ&A [/ 2YLX SY
very important because they permit the
representation ofhegative numbers.

AThe method off Q& O 2 YadrithrsewcSsy U
commonly used in computers to handiegative
numbers
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Signed Numbers

ADigital systems, such as the computer, must be
able to handle both positive and negative
numbers. A signed binary number consists of
both sign and magnitude information. The sign
Indicates whether a number Is positive or
negative and the magnitude is the value of the
number. There three forms in which signed
Integer (whole) numbers can be represented In
binary:

1. Sign-Magnitude
2.10s Compl ement
33.20s Compl ement
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SignMagnitude Form

ASign Bit Theleft-most bitin a signed binary
number is thesign bit, which tells you whether the
number Is positive or negative.

0 =Positive/Number
1 =/Negative!Number
AExample:

The decimal number of +25 inl8t signedmagnitude form

\QOOllOOll

Signed Bit —— — Magnitude Bit

Note: The magnitude bit are in true form (uncomplemented) binary number
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MQa [/ 2YLX SYSYU C2

The 10s complement of a binal
changing all 1s to Os and all Os to 1s.

Example:
llOllOOlO(Binary Number)
01001101(1060s Compl ement)

L A N O O A

NOT Gate
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HQa [/ 2YLX SYSYU C2

The 20s complement of a Dbina
adding1tothe LSBofthel1 6 s compl ement

2's Gomplement = (1's Gomplement) + 1

Example' Find the 26s compl ement o
10110010 (Binary number)
+ 01001101 (16s compl emen
1 (Add 1)

01001110
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HQa [/ 2YLX SYSYU C2

1‘ ‘1

° 0

YYYYYYYY,

Input bits
Adder

Output bits (sum)

Carry|

00110101 (16s compl em
+1
00110110 ( 26s compl em

in

ol d 1 k o
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HQa [/ 2YLX SYSY(G 6!

I.  Start at the right with theeSBand write the bits as
they are up and including the first 1

i. ¢F1S GKS mMQa O2YLX SYSyi

10111000 (Binary Number) Try This:
01001000 (26s Compl en

/——\ 100110001

16s Compl ement s olNESEDHS;Sigythe game pj t 501101111
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