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Computers & Binary

Why Do Computers Use Binary?

All data needs to be converted to binary to be processed by a computer

Binary is a numbering system that uses only Os (off) and 1s (on)

A computeruses binary data for all of its operations

The O’sand 1's are called bits. “Bits” is short for binary digits

Abitis the smallest unit of data a computer can use (a single O or1)

Bits can be grouped to form larger units of data, such as bytes, kilobytes, etc.

By using binary, computers can process and store data using electronic transistors that can be either
onoroff

Millions or billions of transistors fit onto a microchip

Any form of data, including text, images, and sound, needs to be converted to binary before it can be
processed by acomputer

This conversion process involves assigning a binary code to each character, pixel, orsample in the data
The resulting binary code canthenbe processed usinglogic gates and stored inregisters

Logic Gates

Logic gates are electronic devices that perform logical operations on binary data

Logic gates are used to process binary data by applying Boolean logic to the input values and
producing a binary output

Registers are temporary storage areas in a computer's CPU (central processing unit) that hold binary
data during processing

Registers are used to store data that needs to be accessed quickly, such as variables in a program or
data being manipulated by logic gates

The size of aregister determines the maximum amount of binary data that can be storedinit at one time

AND OR NOT
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Number Systems

The Denary, Binary & Hexadecimal Number Systems

In Computer Science there are 3 numbering systems used to represent data:
= Denary
= Binary
= Hexadecimal

The Denary Number System

The denary number system, also known as the decimal system, is a base-10 numbering system that
uses 10 digits: 0,1,2,3,4,5,6,7,8,and 9
Denary numbers can be used to represent any quantity, including whole numbers, fractions, and
decimals
Each digit in a denary number represents a power of 10, with the rightmost digit representing 10°, the
next representing 10!, and so on
Itis necessary to convert data from one number system to another eg. denary to binary or denary to
hexadecimal
Itis much easier to do conversions with a table:

= Thenumber 3268 (three thousand two hundred and sixty-eight) can be representedin the

following table:

x10  x10 x10
LN N

THESE ARE 1000 | 100 | 10 1 THIS IS THE
THE COLUMN T NUMBER WE
HEADINGS 10° 107 110" {10 WANT TO

USING 10 3 | 2|68 RESPRESENT

(3x1000) +(2x100) +(6x10) + (8 x 1) = 3268

The Binary Number System

The binary number system s a base-2 numbering system that uses only two digits: O and 1

Each digitin a binary number represents a power of 2, with the rightmost digit representing 2°, the next
representing 2!, and so on.

Eg: the number12representedinbinary is 1100:
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= Weknowthisas(1x8)+(1x4)+(0x2)+(0Ox1)=12

The Hexadecimal Number System:

X2 2 x2
THESE ARE ] A 2 1 THIS IS THE
THE COLUMN 53 52 > 50 NUMBER WE
HEADINGS WANT TO
USING 2% 1 1 0 0 RESPRESENT

= The hexadecimal number systemis a base-16 numbering system thatuses 16 digits: 0,1,2, 3,4,5, 6, 7,
8,9,A,B,C,D,E,and Fwhere 10 isrepresented by A, 11by B and so onup to 15 represented by F

= Eachdigitin a hexadecimal numberrepresents a power of 16, with the rightmost digit representing 16°,
the next representing 16!, and so on

= E.g.thenumber14é representedin hexadecimalis 92

x16 x16 x16
LN N

THESE ARE A096 | 256 | 16 1 THIS IS THE
THE COLUMN P Ee B R NUMBER WE
HEADINGS 16" [167 116" [ 16 WANT TO

USING 16 o |0 |9 ]2 RESPRESENT

= (Ox4096)+(0x256)+(9x16)+(2x1)=146

O Exam Tip

= Youneedto be able to make conversions in both directions, e.g. denary to binary or binary to
denary. Make sure you write the table the correct way round (with Tin the right hand column) & use
the correct number of bits in your answer (the question should tell you but use multiples of 4 bits if
you’re not sure)
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Converting Between Binary & Denary

Converting Between Binary & Denary

Converting Denary to Binary Walkthrough:

= Write down the powers of 2 in binary from right to left, starting with 2° (1), 2 (2), 22 (4), 23 (8), and so on,
untilyou reach 128 (as answers must be givenin 8 bits)

= Starting fromthe leftmost column, write a 1if the corresponding power of 2 is less than or equal to the
numberyou’re converting, 171in this example, otherwise write a 0.

= Check your working by adding together all column headings with alunderneath (128+32+8+2+1=171)
= Readthe binary digits from left to right to get the binary equivalent of 171.
1010101

Converting Binary to Denary Walkthrough:

= Write down the powers of 2 in decimal from right to left, starting with 2° (1), 21(2), 22 (4), 23(8), and so
on, untilyoureach 128 (as answers must be givenin 8 bits)

128 64 32 16 8 4 2 1

= Starting from the leftmost column, write the binary digitin the columnifitisalwrite 1,and write O if itis
aO0.

= Addup the valuesin each column where the binary digitis 1.
64+32+4+2=102

O Exam Tip

= |fthe question tells you to show your working you will get a mark for this so don't forget to write
downyours
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Converting Between Hexadecimal & Binary /

Your notes

Converting Between Hexadecimal & Binary

Converting Binary to Hexadecimal Walkthrough:

= Group the binary digits into groups of 4, starting from the rightmost digit. If there are not enough digits
to make a group of 4, add leading zeros as needed.
o110 1m0

= Add column headings to work out the value of each nibble

442=6 '  8+4+2=14=Einhex

= Replace each group of 4 bits with its corresponding hexadecimal value:
o110 1m0
6 E

= Write down the resulting hexadecimal values to get the final answer:
6E

Converting Hexadecimal to Binary Walkthrough:

= To convertaHexnumberlike A2 into binary write each hex digit in 4-bit binary
= A=10

= The binary representationis the numbers altogether: 10100010
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Converting Between Hexadecimal & Denary

Converting Between Hexadecimal & Denary

Converting Denary to Hexadecimal Walkthrough:

1. Divide the decimal number (in this example 57) by 16 and write down the answer including the
remainder:
57 +16 = 3remainder 9
2.If theremainderis above 9, replace this with the corresponding letter
3. Repeat steps 1and 2 until the number you're dividing is zero:
3+16 =0remainder3
4. Write the hexadecimal values from step 3 to step Tinreverse order:
39
Alternatively, you can turn your denary numberinto binary, and then turn the binary numberinto
hexadecimal:

1. Work out 57 in binary

3. Turneachnibble intoits hex value

2+1=3 8+1=9
Answeris 39

Converting Hexadecimal to Denary Walkthrough:

= Write down the place value of each digitin the number, starting from the right and increasing by a
power of 16:

16! 169

16 1

= |fthe hexdigitis aletter, convertit toits denary equivalent (Using the following table to help you):
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Hexadecimal Decimal ,
Your notes
B 1
C 12
D 13
E 14
F 15

= The hexadecimalvalue of the leftmost digit Ehas a decimal value of 14. The hexadecimal value of the
rightmost digitis 5, which has a decimal value of 5

16 1

E 5

= Multiply each decimal value by its corresponding place value, and sum the products:
(14x16)+(5x1) =224 +5=229

Therefore, the denary equivalent of E5 is 229.

Alternatively, you can turn your hexadecimal numberinto binary, and then turn the binary number
into denary:

1. Write each hex digitin binary

8 4 2 1 8 4 2 1

1 1 0 0 1 0 1
2. Convert the binary to denary

128 64 32 16 8 4 2 1

1 1 1 0 0 1 0] 1
128+64+32+4+1=229

O Exam Tip

= When doing conversions don’t remove any Os on the right hand side of your answer as this will cost
youmarks. E.g. BOisn’t the same as B, justlike 30 isn’t the same as 3.
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Hexadecimal

Hexadecimal

Why Use Hexadecimal?

= Hexadecimal numbers are often used as a beneficial method of data representation in computer
science
= |ttakes fewer digits to represent a given value in hexadecimal than in binary
= One hexadecimal digit can represent four bits of binary data
= |tisbeneficial to use hexadecimal over binary because:
= The more bits there are in a binary number, the harderitis toread
= Numbers with more bits are more prone to errors when being copied

@ Worked example

The following binary number has 24 bits: 101110110011101011101010. Write the numberin hexadecimal
and explainwhy it is better to write the numberin hexadecimal rather thanin binary.

= Thisnumber canbe represented with only 6 digitsin hexadecimal:

= BB 3 AE A Mark foreach character[6]
= Thisnumberis:
= Much shorter and a more efficient way of representing numbers [1]
. Easierto spotany errorsin[1]

How is Hexadecimal used in Computers?

= Using hexadecimal allows computer scientists to represent large amounts of binary data in a more
manageable and readable format
= There are many uses of hexadecimalin computers:
= Memory addresses and other hardware related values
= Representation of colourvalues
= Error messages
= Memory dump
= Debugging
= IPaddresses
= ASCIl/ Unicode
= Assemblylanguage
= URLs
= Representation of colour values in HTML/CSS and in computer graphics: eg. RGB (red-green-blue)
colourvalues canberepresentedinacompact andreadable format. E.g. #FFO000
= Error messages & debugging: eg. 0x80070643 to give technicians/developers information about
what the errorisinrelationto
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Memory dump: this is arecord of what happened in the computer's memory at the time of an error. ,
These are often difficult to read because they contain a lot of technical information, but computers can
use hexadecimal values in memory dumps to identify specific memory locations and values. Your notes

= Eg.Avideogame onacomputercrashes and amemory dump is created. Atechnician analyses the
memory dump and looks for hexadecimal values to identify the cause of the crash. They might look
for specific memory addresses and values that relate to the game being played or the graphics
cardinthe computer.
IP addresses:
= Hexadecimalvalues can be usedtorepresent each set of numbersinan IP address
= Eachsetof numbers canbe convertedinto a two-digit hexadecimal value, giving a total of eight
digitsinthe IP address
= Eg.thelPaddress"192.168.0.1" could be represented in hexadecimal as "COA80001"
= The hexadecimalvalues can make IP addresses easier to work with in some cases, such as when
configuring network devices or writing scripts that interact with IP addresses, however, they are
not commonly used in everyday applications or browsing the internet
ASCIl /Unicode: eg. The letter "A" isrepresented in ASCIl as the decimal value 65, which is equivalent
to the binary value 01000001. This binary value can also be represented in hexadecimal as the value 41
Assembly language:
= Hexadecimalvalues are usedin assembly language to represent the binary code for the
instructions and data
= Eachinstruction or data value is represented by a specific sequence of hexadecimal digits, which
can make it easier for programmers to read and understand the code
= Eg."MOV AX, 5"instructionis represented by the hexadecimal value "B805", which tells the
computer to move the value 5 into register AX
URLs:
= Toencode aspaceinaURL using hexadecimal, the space characteris replaced by a percent sign
("%") followed by the hexadecimal value of the space character. In ASCII, the space character has
adecimal value of 32, which canbe representedin hexadecimal as "20".
= So,toencode the URL "my website.com/page one" using hexadecimal, it would look like this:
my%20website.com/page%20one

O Exam Tip

= Whena questionis asked which asks you to name a certain number of uses of hexadecimal, ensure
you write the number asked forand no more. E.g. name 3 uses of hexadecimal - if you write more
than 3, the last ones will be ignored by the examiner, evenif they’re correct

= |fyou're asked to name any uses of hexadecimal, don't write down any givenin the question as you
won't get marks for this
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Binary Addition

Binary Addition

= Adding binary numbers follows a similar process to adding denary numbers

347
+ 2, offs é/!ETHESE ARE OUR
T 190

=7 = CARRIES

= The binary addingrules are:

0+0=0

1+1=10 (The 1is carried into the next column on the left)
1+141=11(The Tis carried into the next column on the left)

Adding binary steps:

Step 1

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Start by writing the two binary numbers you want to add underneath each other, with the
least significant bit (LSB) on the right.

Begin by adding the LSBs together. If the sumisless than orequal to1, write it downin the
sum column. If the sumis 2 or greater, write the remainder of the sum (i.e., the sum minus 2) in
the sum column and carry over the quotient (i.e., 1) to the next column

Repeat this process for the next column to the left, adding the two bits and any carryover
from the previous column. Again, if the sumis less than orequal to 1, write it down in the sum
column;if the sumis 2 or greater, write the remainder of the sumin the sum column and carry
over the quotient to the next column.

Continue this process for each subsequent column until you have added all the bits.

If the sum of the last two bits produces a carryover, add an additional bit to the left of the
sum to represent the carryover.

Check the sum to make sure it fits within 8 bits. If it doesn't, you will need to use more bits to
represent the sum.

Adding binary walkthrough:
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OVERFLOW BIT ek i CARRIES
101110000

= |nthis example, we start by adding the two LSBs: O + O = O, which we write down in the sum column

= We then move to the next column to the left and add the two bits and the carryover from the previous
column:1+1+0=10

= We write down the remainder of the sum (i.e., O) in the sum column and carry over the quotient (i.e., 1) to
the next column

= Werepeat this process for the next two columns, and end up with the sum 101110000

Overflow

= Anoverflow error occurs when the result of a binary addition exceeds the maximum value that canbe
represented. Inthe case of 8-bits, the maximum value is 255

= Overflow occurs when the addition of two numbers results in a carry bit that cannot be
accommodated

= To avoid overflow errors, it'simportant to check the result of binary addition to ensure that it doesn't
exceed the maximum value that can be represented

= Qverflow errors can also occurin other operations besides addition, such as multiplication or division

O Exam Tip

= Youcan convert your binary numbers to denary, then perform the calculation and then convert
them back to checkyou’ve got the right answer. Label this as checking to make sure that the
examiner knows thisis a check and not part of your working out
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Binary Shifts

Binary Shifts

Abinary shiftis the term used for multiplying or dividing in binary

Abinary shift moves all the bits in a binary number a certain number of positions to the left orright
When performing alogical binary shift to the left, the bits shifted from the end of the register are lost,
and zeros are shifted in at the opposite end

When performing a logical binary shift to the right, the bits shifted from the beginning of the register
are lost, and zeros are shifted in at the opposite end

When performing alogical binary shift, the positive binary integeris multiplied or divided according to
the shift performed. A shift to the leftis equivalent to multiplication by a power of 2, while a shift to
the right is equivalent to division by a power of 2

When performing alogical binary shift, the most significant bit(s) or least significant bit(s) are lost,
depending on the direction of the shift

Binary shift walkthrough:

E.g. shifting the binary number 11001100 to the left by two positions gives 00110000. The two bits
shifted from the end are lost, and two zeros are shifted in at the opposite end

E.g. shifting the binary number 11001100 to the right by two positions gives O0T10011. The two bits
shifted from the beginning are lost, and two zeros are shifted in at the opposite end

E.g. shifting 11001100 to the left by two positions, is multiplying it by 22, or 4. The resultis 00110000,
whichis equalto 4 times the original value

Shifting the binary number 11001100 to the right by two positions, is dividing it by 22, or 4. The result is
00110011, whichis equal to the original value divided by 4

O Exam Tip

= Make sure you've got the same number of bits in your answer as there were in the question. Check

your answer by converting the binary number to denary, working out your answer and converting it
back again. Make sure to label this checking so the examiner knows it isn’t part of your working out
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Two's Complement 4

Your notes
Two's Complement

= Two's complementis a method of representing signed integersin binary form, where the leftmost bit
represents the sign (O for positive and 1 for negative)

= To convert a positive numberto atwo's complement 8-bitinteger, first represent the numberin binary
form withleading zeros untilitis 8 bits long. If the number is positive, the leftmost bit should be O

= Toconvertanegative numberto atwo's complement 8-bitinteger, firstinvert all the bits in the binary
representation of the positive equivalent of the number (i.e., flipallthe I'sto O'sand allthe O's to 1's).
Then, add 1to the result to obtain the two's complement representation

Two's complement walkthrough:

= The binary number 00101011 represents the positive integer 43 in 8-bit binary form

= E.g.torepresent the negative integer-43intwo's complement 8-bit form, start by representing the
positive equivalent of 43 in binary form: 00101011. Then invert all the bits to get 11010100, and add 1to
get 11010101
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