00990F60 54 68 69 73 20 69 73 20 61 6E 20 65 78 61 6D 70 6C 65 20 6F 66
00990F77 61 20 6D 65 6D 6F 72 79 20 64 75 6D 70 20 66 72 6F 6D 20 20 61
Camvart liese 00990E8E 74 79 70 69 63 61 6C 20 20 63 6F 6D 70 75 74 65 72 20 20 6D 85
hexadecimal 00990EAS5 6D 6F 72 79 20 73 68 6F 77 69 6E 67 20 74 68 65 20 20 63 6F 6E
numbers into binary. 00990EBC 74 65 6E 74 73 20 6F 66 20 61 20 6E 75 6D 62 65 72 20 20 6F 66
6C 00990ED3 6C 6F 63 61 74 69 6F 6E 73 20 20 69 6E 20 20 68 65 78 20 20 20
59 00990EEA 6E 6F 74 61 74 69 6F 6E 20 20 00 00 00 00 00 00 00 00 00 00 00
AA A Table 1.4 Memory dump
232 A program developer can look at each of the hexadecimal codes (as shown in
Table 1.4) and determine where the error lies. The value on the far left shows
BAS the memory location, so it is possible to find out exactly where in memory
9CC the fault occurs. Using hexadecimal is more manageable than binary. Itis a
4LOAA powerful fault-tracing tool, but requires considerable knowledge of computer
DA4T7 architecture to be able to interpret the results.
1TABO

1.1.4 Binary-coded decimal (BCD) system

The binary-coded decimal (BCD) system uses a 4-bit code to represent each
denary digit:

0000=0 0101=5
0001=1 0110=6
0010=2 0111=7
0011=3 1000=8
0100=4 1001=9
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Therefore, the denary number 316 5 wouldbe0011000101100101
in BCD format.

The 4-bit code can be stored in the computer either as half a byte or two 4-bit
codes stored together to form one byte. For example, using 3 1 6 5 again ...

Method 1: four single bytes

0|0 |0 |0 |0 |0 |1 |1 3
0|0 |0 |0 |0 |0 |0 |1 1
00 |0 |0 ]O |1 |1 |0 6
0|0 |0 |0 |0 |1 |0 |1 5
Method 2: two bytes

00 (1 ]1]0 0|0 |1 31
01|10 |0 |1 |0 |1 6 5

Convert these denary numbers into BCD format.
271 5006 7990
Convert these BCD numbers into denary numbers.
100100110111
0111011101100010



Uses of BCD

The most obvious use of BCD is in the representation of digits on a calculator
or clock display.

Each denary digit will have a BCD equivalent value which makes it easy to
convert from computer output to denary display.

As you will learn in Chapter 13, it is nearly impossible to represent decimal
values exactly in computer memories which use the binary number system.
Normally this doesn’t cause a major issue since the differences can be dealt
with. However, when it comes to accounting and representing monetary
values in computers, exact values need to be stored to prevent significant
errors from accumulating. Monetary values use a fixed-point notation, for
example $1.31, so one solution is to represent each denary digit as a BCD
value.

Consider adding $0.37 and $0.94 together using fixed-point decimals.

$0.37

$0.94

060o00O0O0OO0OO0OC.O00O01110111

0000O0OOO0OO0O.1700110100 Expected result = $1.31

Using binary addition, this sum will produce:

00000000.11001011which produces 1100 (denary 12) and 1

0 11 (denary 11), which is clearly incorrect. The problem was caused by 3
+9 =12 and 7 + 4 = 11, as neither 12 nor 11 are single denary digits. The
solution to this problem, enabling the computer to store monetary values
accurately, is to add 0 1 1 0 (denary 6) whenever such a problem arises. The
computer can be programmed to recognise this issue and add 0 1 1 0 at each
appropriate point.

If we look at the example again, we can add .07 and .04 (the two digits in the
second decimal place) first.

[of1]a]1]
+
[o]afo]o]

| 1] 0] 1] 1] <«— This produces 10 1 1 which
l isn't a denary digit; this

will flag an error and the
computer needs to add
0110.

This now . |1|0|1|1|
produces a fifth " /
bit which is

carried to the lojal1]o]

next decimal =
digit position. —| 1 [0 [0 [0 ] 1|

Ll

uonejuasaidal ejeq
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Carry out these BCD
additions.

0.45+0.21
0.66 + 0.51
0.88 +0.75

Now we will add .3 and .9 together (the two digits in the first decimal place)
remembering the carry bit from the addition above:

'

[ofola]1]

\
[1]ofo]1]

\
Ll o fe—
[1]1]o]1]

This produces 1 1 0 1 which isn’t a denary digit; this will flag an error and the
computer again needs to add 0 1 1 0.

ENENINEN

This again produces +
a fifth bit which is [o]1]1]0]
carried to the next =
decimal digit position. _'| 1Jolo]1]1]

Adding 1to 00000 0 0 0 produces:

[ofojojofofofo]u1]

Final answer:

[ofoJojofofoJofuf . [ofofifrfojofof1]

which is 1.31 in denary - the correct answer.

1.1.5 ASCII codes and Unicodes

The ASCII code system (American Standard Code for Information Interchange)
was set up in 1963 for use in communication systems and computer systems.
The newer version of the code was published in 1986. The standard ASCII
code character set consists of 7-bit codes (0 to 127 denary or 0 to 7F in
hexadecimal); this represents the letters, numbers and characters found on a
standard keyboard together with 32 control codes (which use up codes 0 to 31
(denary) or 0 to 19 (hexadecimal)).

Table 1.5 shows part of the standard ASCII code table (only the control codes
have been removed from the table).



A Table 1.5 Part of the ASCIl code table

Notice the storage of characters with uppercase and lowercase. For example:

a 1 1.0 0 0 0 1 hex 61 (lower case)
A 10 0 0 0 0 1 hex 41 (upper case)
y 111 1 0 0 1 hex 79 (lower case)

Y 10 1 1 0 0 1 hex 59 (uppercase)

Notice the sixth bit changes from 1 to 0 when comparing lower and uppercase
characters. This makes the conversion between the two an easy operation. It

is also noticeable that the character sets (such as a to z, 0 to 9, and so on) are
grouped together in sequence, which speeds up usability.

Extended ASCII uses 8-bit codes (128 to 255 in denary or 80 to FF in hex). This
allows for non-English characters and for drawing characters to be included.

Dec Hex Char Dec Hex Char Dec Hex Char
32 20 <SPACE> | 64 40 @ 96 60
33 21 ! 65 4 A 97 61 a
34 22 “ 66 42 B 98 62 b
35 23 # 67 43 C 99 63 c
36 24 $ 68 bt D 100 64 d
37 25 % 69 45 E 101 65 e
38 26 & 70 46 F 102 66 f P =
39 27 ‘ 71 47 G 103 67 g :
40 28 ( 72 48 H 104 |68 h | g
Q
41 29 ) 73 49 I 105 69 i ' 3
o
42 2A * 74 4A J 106 6A j ! g
wn
43 2B + 75 4B K 107 6B k 1 2
l ~
bb 2C , 76 4C L 108 6C L =
45 20 - 77 4D M 100 | 6D m =
46 2F . 78 4E N 110 | 6E n |
47 2F / 79 4F 0 111 6F 0 |
48 30 0 80 50 P 12 |70 p |
49 31 1 81 51 Q 113 71 q |
50 32 2 82 52 R 114 72 r :
51 33 3 83 53 S 115 73 s :
52 34 4 84 54 T 116 74 t :
53 35 5 85 55 u 117 75 u :
54 36 6 86 56 v 118 76 v !
55 37 7 87 57 w 119 77 w I
[}
56 38 8 88 58 X 120 78 X I
[}
57 39 9 89 59 Y 121 79 y I
58 3A : 90 5A z 122 |7A 2 |
59 3B ; 91 58 [ 123 7B { |
60 3C < 92 5C \ 124 | 7C | :
61 3D = 93 5D ] 125 7D } |
62 3E > 94 5E A 126 7E ~ :
63 3F ? 95 5F _ 127 7F <DELETE> :
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
!



Dec [Hex |Char|Dec |Hex |Char|Dec |Hex |Char|Dec [Hex |Char|Dec |Hex |Char
128 [80 [¢ [154 |9A |[U |180 [B4 |4 [206 [CE |4 [232 |E8 |o
129 |81 | 155 (9B |¢ 181 |B5 |4 207 |CF |L |233 [E9 | O
130 (82 |[¢é 156 |9C |£ 182 |B6 | 208 |DO |1 234 |[EA | Q
131 |83 |a 157 |9D (¥ 183 |B7 |1 209 (D1 |T |235 |EB )
132 (84 |i 158 [9E (Ps [184 |B8 |1 210 |D2 |T |236 |[EC | =
133 (85 |a 159 (9F |f 185 |B9 |4 211 (D3 L 237 |[ED |@
134 186 |a 160 |AO |4 186 |BA | 212 |D4 L |238 |[EE |¢
< 135 (87 |¢ 161 [A1 |1 187 |BB |1 213 |D5 F 1239 |EF N
E 136 |88 |¢ 162 |A2 |6 188 (BC |4 214 (D6 | r [240 |[FO |=
é 137 {89 |[& 163 |A3 |u 189 [BD |41 215 |[D7 |4 [241 |F1 +
5' 138 [8A |¢& 164 (A4 A 190 |BE |4 216 |D8 =|= 242 (F2 >
E 139 (8B |[i 165 [A5 |N 191 |BF 1 217 |D9 | d 243 (F3 <
= 140 (8C |1 166 |A6 |2 192 |CO L |218 |DA | r [244 |F4 (
; 141 18D |[i 167 |A7 |° 193 [C1 |+ [219 |DB . 245 |F5 |
E 142 |8E |A 168 [A8 |, 194 (C2 | T 220 (DC |(m [246 |F6 +
ﬁ 143 [8F (A 169 |A9 |~ 195 |C3 F 221 |DD l 247 (F7 =
E 144 190 |E 170 |AA |— 196 |[C4 |— |222 |DE l 248 |F8 |°
1 145 191 |= 171 |AB % 197 |C5 |+ |223 |DF |®M 249 |F9 -
E 146 (92 (£ |172 |AC |V 198 |C6 F 224 |EO o 250 [FA | =
o 147193 |6 [173 |AaD |; 199 [c7 |k [225|E1 |B [251 |FB |V
§ 148 194 |6 174 |AE |« 200 |C8 | L 226 |E2 |T 252 |FC |3
E 149 {95 |o 175 |AF  |» 201 |C9 | F |227 |E3 n |253 [FD |2
E 150 (96 [0 176 |BO 202 [CA |4 228 |E4 | > |254 |FE [
E 151 (97 |1 177 |B1 203 [CB |7 229 |E5 c 255 |FF O
= 152 198 |y 178 |B2 204 [CC | 230 |E6 |
- 153 {99 |0 179 B3 205 |CD | = 231 (E7 T

A Table 1.6 Extended ASCII code table

Since ASCII code has a number of disadvantages and is unsuitable for some
purposes, different methods of coding have been developed over the years.
One coding system is called Unicode. Unicode allows characters in a code

form to represent all languages of the world, thus supporting many operating
systems, search engines and internet browsers used globally. There is overlap
with standard ASCII code, since the first 128 (English) characters are the same,
but Unicode can support several thousand different characters in total. As can
be seen in Tables 1.5 and 1.6, ASCII uses one byte to represent a character,
whereas Unicode will support up to four bytes per character.

The Unicode consortium was set up in 1991. Version 1.0 was published with five
goals, these were to

» create a universal standard that covered all languages and all writing systems

» produce a more efficient coding system than ASCII

» adopt uniform encoding where each character is encoded as 16-bit or 32-bit code

» create unambiguous encoding where each 16-bit or 32-bit value always
represents the same character (it is worth pointing out here that the ASCII
code tables are not standardised and versions other than the ones shown in
tables 1.5 and 1.6 exist)

» reserve part of the code for private use to enable a user to assign codes for their
own characters and symbols (useful for Chinese and Japanese character sets).

A sample of Unicode characters are shown in Table 1.7. As can be seen from
the table, characters used in languages such as Russian, Greek, Romanian and
Croatian can now be represented in a computer).



-

(=)]
~N
-]
(C-]

01A0

Q

= N

01BO

G

N | Ul
M| ~
4
| = m

AREIE

01Co

<

N
o)
N<

N oo
—
iy

C:<

01D0

ul
ol »lu|~lo
oon| — q-"

C"

o] o

ol

01EO0

01F0

| O
N
a
N

=S | 0¢
B 7| G = | o
| N

0200

[¢))
—

0210

ce| | o

0220

0230

| cu|w | o g |0

0240

-

0250

[¢] me...mum —GZAW(z:«

O ||g ||

0260

R ENEREER
glw|%|«w|o|z|o

-

0270

=
=

0280

“log || a|le|—|o|o

0290

NI EIR IR

02A0

AR EERIE R E R R ERE

gl ~le|=|e|>|=|~n]=|o|oe|on]|

gl o~ ||~

[
"””“"”5OU”<'®W’>’§EE|°‘+GQN

ey | N WEQNN Ol | = e =< >4 =| —| 5| Q| ©
m"\-’NWB@Q'\)O'IDQ."*‘

-

02B0

&Rz s |l |IN| ol e ol @ = Ol 9 &

“N‘QGH-'”‘mp&oﬂ””""mmocj:‘zw“"w
[}

:WGC:HH@‘-D>O"'H'—O>°"O;KEM
Jelx2 >~ || e| < = o = O oy i =

=

AN K )

“

NEIEE:
===
R Rl - K Kl Y
le e

A Table 1.7 Sample of Unicode characters

1.2 Multimedia

Key terms

Bit-map image — system that uses pixels to make up an
image.

Pixel - smallest picture element that makes up an image.

Colour depth — number of bits used to represent the
colours in a pixel, e.g. 8 bit colour depth can represent
28 =256 colours.

Bit depth - number of bits used to represent the
smallest unit in, for example, a sound or image file -
the larger the bit depth, the better the quality of the
sound or colour image.

Image resolution - number of pixels that make up an
image, for example, an image could contain 4096 x 3192
pixels (12738656 pixels in total).

Screen resolution — number of horizontal and vertical
pixels that make up a screen display. If the screen

resolution is smaller than the image resolution, the
whole image cannot be shown on the screen, or the
original image will become lower quality.

Resolution - number of pixels per column and per row
on a monitor or television screen.

Pixel density — number of pixels per square centimetre.
Vector graphics - images that use 2D points to describe
lines and curves and their properties that are grouped to
form geometric shapes.

Sampling resolution - number of bits used to represent
sound amplitude (also known as bit depth].

Sampling rate — number of sound samples taken per
second.

Frame rate - number of video frames that make up a
video per second.

Images can be stored in a computer in two common formats: bit-map image and

vector graphic.

1.21

Bit-map images

Bit-map images are made up of pixels (picture elements); the image is stored
in a two-dimensional matrix of pixels.

Pixels can take different shapes, such as il or %
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EXTENSION

Find out how HTML
is used to control
the colour of each
pixel on a screen.
How is HTML used in
the design stage of
a web page screen
layout?

ol

A Figure 1.2 Image cropped
and rotated through 90°

When storing images as pixels, we have to consider

» at least 8bits (1byte) per pixel are needed to code a coloured image (this
gives 256 possible colours by varying the intensity of the blue, green and
red elements)

» true colour requires 3 bytes per pixel (24 bits), which gives more than one
million colours

» the number of bits used to represent a pixel is called the colour depth.

In terms of images, we need to distinguish between bit depth and colour
depth; for example, the number of bits that are used to represent a single
pixel (bit depth) will determine the colour depth of that pixel. As the bit
depth increases, the number of possible colours which can be represented also
increases. For example, a bit depth of 8bits per pixel allows 256 (28) different
colours (the colour depth) to be represented, whereas using a bit depth of
32bits per pixel results in 4294967 296 (232) different colours. The impact of
bit depth and colour depth is considered later.

We will now consider the actual image itself and how it can be displayed on a
screen. There are two important definitions here:

» Image resolution refers to the number of pixels that make up an image; for
example, an image could contain 4096 x 3192 pixels (12738 656 pixels in
total).

» Screen resolution refers to the number of horizontal pixels and the number
of vertical pixels that make up a screen display (for example, if the screen
resolution is smaller than the image resolution then the whole image cannot
be shown on the screen or the original image will now be a lower quality).

We will try to clarify the difference by using an example.

Figure 1.1 has been taken by a digital camera using an image resolution of
4096 x 3192 pixels:

£

A Figure 1.1 Image taken by a digital camera

Suppose we wish to display Figure 1.1 on a screen with screen resolution of
1920 x 1080. To display this image the web browser (or other software) would
need to re-size Figure 1.1 so that it now fits the screen. This could be done by
removing pixels so that it could now be displayed, or part of the image could
be cropped (and, in this case, rotated through 90°) as shown in Figure 1.2.



