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Number Systems

Binary Decimal
» Binary-To-Decimal Conversion: o e B 0
olo|o0]|1 1
1x2° 0x2? 1x2"  ox2" 0jo0]1]0 2
BR AR AR o [o [ [ ]
1 0 1 0 |=0+2+0+8=10 oOo|1]0]|O 4
o101 5
0 1 1 0 6
» Decimal-To-Binary Conversion: o(1]1]1 7
Suppose you want to convert a decimal number 25 B B 8
into a corresponding binary number, then express 25 tjojo;1 2
as a sum of powers of 2 and then write 1s and 0s in tjoj1]o 10
the appropriate digit positions: 1011 11
1|1]0]o0 12
25=16+8+0+0+1 =-—11001 1101 13
1 1 1 0 14
1 1 1 1 15

Binary to Decimal conversion Table
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Decimal to Binary equivalences

» Whenever a binary number has all 1s , then we can find its decimal

equivalent by using the following formulae:

Decimal =2B -1

where B is the number of bits.

111 2 bits 22-1=3
1 11(1]1 4 bits 24-1=15
1]1]1 1 1 ({1111 8 bits 28-1 =255
1111 1 1]11]1 1 1 ({1111 12 bits 212-1 = 4095
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Hexadecimal Numbers

O Hexadecimal numbers are much shorter than
binary numbers and easy to write and remember.
The hexadecimal number system consists of : 0O, 1,
2,3,4,5,6,7,8,9, A, B,C, D, E,F and as shown
in the table:

0 Hexadecimal to Binary Conversion

To convert a hexadecimal number to a binary
number, convert each hexadecimal number to its 4-bit
equivalent using the table. For example, convert a
hexadecimal number 8CF to binary;

8 C F

oYy

1000 1100 1111

O Binary to Hexadecimal Conversion

Again, use the table to do the conversion. For
example convert a binary 1010 1110 to hexadecimal,
1010 1110

v

A E

Binary Hexadecimal
o(0J0]|oO 0
0(0]|0]1 1
o(fo0o|]1]o0 2
0(0]|1]1 3
o(f1]0]0 4
0O(1]|]0]1 5
of1]1]o0 6
O[1(1]1 7
11]0(0]|O 8
11001 9
11]0(1]|0 A (10)
110|111 B (11)
111]0]0 C(12)
111(0]1 D (13)
111(1]0 E (14)
111111 F (15)

The hexadecimal number system
has a base of 16.




Example

» A computer memory contains binary instructions and data as shown below.
The memory has 65,536 addresses, each storing a byte. Convert these bytes
to their hexadecimal equivalents.

16-bit Address D7 D6 | D5 | D4 | D3 | D2 | D1 DO
0000 0000 0000 0000 0 0 0 0 0
0000 0000 0000 0001
0000 0001 1001 1101 0 0 0 0 0 1 1 0
1100 1111 1101 0001 0 0 0 0 1 0 0 1
______________________________ Memory Content
11101110 1011 0000 0 1 0 1 1 0 1 1
11111111 11111110 1 0 1 1 0 1 1
111111111111 1111 1 1 1 0 1 0 1
» Answer: Address in Memory
Hexadecimal | contentin
Hexadecimal

0000 00

0001 C8

019D 06

CFD1 09

EEDO 5B

FFFE B6

FFFF EA




Binary Arithmetic

Binary Addition: Four basic cases of binary addition are given
below:

0 0 1 1
+0 +1 +0 + 1
0 1 NN 1
»_
Carry =1

8-Bit Arithmetic: Using the above four basic rules, we can add
column by column to find the sum of two binary number,
regardless of how long they may be.

Add the following 8- bit numbers and show the same numbers in
hexadecimal notation.

MSB i”‘ LSB
v Y
0001 1110 TEHE T
e letter H is used to signi
g ? g} 1 g g] ? 8 + ggn Hexadecirlrj1al numbgrs ’
-
Y

In the fifth column, 1+ 1 =10+ 1 (carry) = 11



Unsigned Binary Numbers

Addition of unsigned numbers: In applications where all data
are either positive or negative, we can ignore the signs and
concentrate on the absolute value of the numbers.

For example, the smallest 8 - bit number is 0000 0000 (00H) and
the largest is 1111 1111 (FFH) and this is equivalent to a decimal 0
to 255 respectively.

Binary Hex Decimal

00000000 OOH 004

1111 1111 FFH 2554



Unsigned Binary Numbers

= Qverflow: In 8-bit arithmetic, if two unsigned numbers are added
and if the sum is greater than 255, an overflow will occur, ie. A
carry into the 9" column will happen and this will cause the 8-bit
sum to be invalid. See examples below:

Example 2
Example 1

MSB LSB
M+SB L?B + +

01101000 10040
01010100 844 A 100000110 5
11110010 242 NS 10
The sum is between % With 8-bit arithmetic, only lower 8-bits are used and it gives
0 and 255, hence no overflow the sum as 6 as opposed to 258. the 8-bit answer is wrong.

If the overflow is taken into account, the answer is correct,
but then we are no longer using 8-bit arithmetic.




1's and 2’s Complement Representation

2's Complement representation is used to represent the
positive and negative numbers in binary arithmetic.

1's Complement of a binary number is obtained when we

complement (i.e invert) each bit of the number. Examples of 1's

complements are:
1010

1'complement —=0 1 0 1

00000000

)Invert 1'complement—=1 111 111 1

2'Complement of a binary number is obtained when we add 1 to
the 1's complement of the number.

2'complement = 1's complement +1

Find the 2’s complement of 1000 1001,

10001001
1'complement—»=0 111 0110
Add 1 to the LSB 1

2'complement—=0 111 011 1



Positive and Negative Numbers

The table shows how positive and negative
numbers are represented in 2's complement
form.

The MSB is the sign bit (see table): O
represents a positive number (blue ) and 1
represents a negative (red ) number.,

The negative numbers in the table are the 2's
complements of the positive numbers (except
for the last entry)

2’'s complement of a positive binary number
corresponds to negative binary number

0101 = +5 (see table)

1T'complement—» 1010
Add 1 to the LSB 1

2complement—>= 1011 = -5 (see table)

After taking the 2’s complement of 0101 ( = +5) , we get
1011, which represents -5.

In 2’s complement representation, positive
numbers always have the MSB zero and the
negative numbers always have the MSB of 1

Decimal numbers represented as

2's complements

MSB

LSB

Decimal

+7

+6

+5

+4

+3

+2

+1

RPlRPr|P|IP|IP|P|IP|PIO|OCO|OC|OC|OC|O|O|O

O|O0O|0O|O0O|FRP|IFRP|IRLR|RLP|OC|IOCO|OC|OC|IFR|IFR|FRL]|F
O|Oo|Rr|IFRP|OCO|IOC|FR|IFP|O|OC|FRL,|FPLP|O|IOC|FR]|F
O|FrRr|IO|FRP|IO|FR,|IO|FR|OC|IFRP|IO|FRP|IO|FR|O|RK

Note: when using 4-bit binary
number +7 is the largest
positive number and -8 largest
negative number




2'Complement Arithmetic - Addition

Addition: As long as positive and negative numbers are expressed in
2’'s complement representation, the result of an addition is always

correct (assuming that the digital sum is within the negative to positive
range)

CASE1: Add two positive CASEZ2: Add a positive and a
numbers +82 and +15 negative numbers +124 and -67
01010010 + 824 01111100 + 1244
0000 1111 + 1549 10111101 - 674
0110 0001+ 9710 1\00111001~—ﬂ

Disregard the final carry, because it
is meaningless in 8-bit 2's
complement arithmetic

CASE3: Add two negative
numbers -44 and -77

NOTE: In all three cases the results (sum) are
11010110 - 444 correct. As long as the decimal sum is within the
10110001 - T4 +127 to -128 range (for an 8-bit 2's complement
11000 011 1< 1210 representation) the addition works. If the added
_ v sum is outside this range, we will get an overflow.
We ignore the final carry into the

ninth column

10



2'Complement Arithmetic - Subtraction

= Subtraction: The format for subtraction is that the Subtrahend (bottom
number) is taken away from the Minuend (top number).

* |n 2's complement representation, we can use an adder to do
subtraction.

= We know that adding a negative number is equivalent to subtracting a
positive number

= |f we take the 2’s complement of the subtrahend and add that to the
minuend, we get the correct answer.

=  Perform 8-bit subtraction of the numbers +82 and +15;

Procedure: First take the 2's complement of +15 to obtain -15 and then
add +82 and -15 to get the result

+82,,=0101 0010, and +15,,=0000 1111,
-15,, =1111 0001, (take 2's complement of +15)

01010010 + 824
1111 0001 + (150

10100 001 1<+— S0

Ignore
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2'Complement Arithmetic - Overflow

Overflow: In 8-bit arithmetic, if the sum is outside the range of -128 to
+127, there is an overflow into the sign bit causing a sign change.

Overflow can arise only when two positive numbers or two negative
numbers are added.

Casel: Suppose the numbers being added are +101 and +51 and the
sum is +152, so an overflow occurs into the MSB position causing the
sign bit of the answer to change.

The sign bit is negative,
despite of the fact that we 01100101 + 10140

added two positive numbers 0011 00 11 + 514
1001 100 0«—_15210

Overflow has produced an incorrect answer

Case 2: When the numbers -84 and -98 are added an overflow will

OCCur. |
1010 1011 - 844 We must test for an overflow after each
Ignore 1001 1100 - 98¢ addition and subtraction by comparing the
-182 sign bits of the two numbers being added
- 10
1 U‘_"\I 000111 or subtracted.

The sign bit is positive, despite of the fact
that we added two negative numbers



Chapter 1b: Exercisel

What are the decimal equivalents for each of the following binary numbers?
(a) 010101, (b)11101.011, (c)1100 1000 0111 0011,
Convert the following decimal numbers to binary numbers:
(a) 28, (b) 105,, (c) 108.354,,
What are the hexadecimal numbers that follow each of the following?
(a) FECD (b)105B (c) 7TFFF
Convert the following hexadecimal numbers to binary numbers:
(a) F6 (b) BAD (c) 8AF5
Convert the binary numbers into hexadecimal numbers:
(a) 1100 1000, (b) 0110 0111, (c) 1111 1110 1101 1001,
Convert the hexadecimal number EF59 to its decimal equivalent.
What is the hexadecimal equivalent of decimal 65302,,?
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Chapter 1b: Exercise 2

What is the binary sum of 0101 1111, + 1000 1011,?
Show the binary addition of 756,, and 637, using 16-bit numbers?

Which of the following additions produces an overflow with 8-bit unsigned
arithmetic?

(@) 5815+ 7815 (b) CFy5+ 6846
Convert each of the following to a 2's complement representation?
(@) +78,5 (b) -25,, (c) - 122,

Perform an 8-bit addition of the following decimal numbers in 2’s
complement representation?

(@) +39, +62 (b) +67,-99, (c)-25, -40

Perform an 8-bit subtraction of the following decimal numbers in 2’s
complement representation?

(@) -39, -62 (b)+67,-43, (c)+25, +40
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