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How Many Bits?

Storing Information in a Computer

Installment 1

I. How many bits does it take to store data in a computer? That depends on how many different types of information we want to store, and also on the amount of information. For example, suppose we wanted to store some “Yes / No” responses to questions, as compactly as possible. We would set up a special code where, say, 0 represented “No” and 1 represented “Yes.” That would be one bit per response. Then we would need one bit per question asked, or per person responding. If we asked ten million people a question, we would need ten million bits. But what about more complex data? How many values are stored in a certain number of bits? If we have a number of bits, what are the lowest and highest values that we can store in those bits? 
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The picture above shows 8 bits or one byte. Bits are often numbered right to left instead of the normal right to left, because we start at the right in adding and multiplying. To think about a smaller number of bits, imagine the right-hand bits only. To think about a larger number, imagine them added at the left.

A. The lowest value is to put a 0 in each of the bits. That number of bits cannot hold a lower value (we are ignoring negative numbers here, which is common. Negative numbers are also more complicated.) The value of this lowest number that we can store is always 0, no matter how many bits we are talking about.

B. The way to store the highest value is to put a 1 in each of the bits. That number of bits cannot store a higher value. To see this, consider three bits. The possible values are 000, 001, 010, 011, 100, 101, 110 and 111 (0, 1, 2, 3, 4, 5, 6 and 7 respectively). Which has the largest value? The one with all 1s. The value of this number depends on how many bits we are using for storage.

C. Here is how it works out for different numbers of bits:

1. 1 bit. Values are 0 and 1, for a total of 2 values.

2. 2 bits. Values are 0 and 11 digital = 3 decimal, for a total of 4 values.

3. 3 bits. Values are 0 and 111 = 7 decimal, for a total of 8 values.

4. 4 bits. Values are 0 and 1111 = 15 decimal, for a total of 16 values.

5. Looking at the above, we can see a pattern; the number of values starts at 2 and doubles for each additional bit. If we have n bits, where n can equal 1, 2, 3, 4 or any number of bits, then the number of total values we can store is given by 2n. The lowest value is always 0, and the highest value is always 1 less than 2n.
Reminder: 2n = 2 x 2 x 2n n times.

a. 1 bit, 21 = 2 values, 0 and 1

b. 2 bits, 22 = 2 x 2 = 4 values, from 0 to 3

c. 3 bits, 23 = 2 x 2 x 2 = 8 values, from 0 to 7

d. 4 bits, 24 = 2 x 2 x 2 x 2 = 16 values, from 0 to 15

e. 5 bits, 25 = 2 x 2 x 2 x 2 x 2 = 32 values, from 0 to 31

f. 6 bits, 26 = 64 values, from 0 to 63

g. 7 bits, 27 = 128 values, from 0 to 127

h. 8 bits, 28 = 256 values, from 0 to 255

i. 9 bits, 29 = 512 values, from 0 to 511

j. 10 bits, 210 = 1024 values, from 0 to 1023

D. The number of bits needed to represent numbers is a major consideration in storing computer information, and deciding how much RAM and disk space is needed. We will go into further detail for the major types of computer information.

II. Representing text in a computer. Last class we went over the ASCII code. But wait! There is more! ASCII, ANSI and Unicode. 

A. Representing text - ASCII code
NON-PRINTING OR CONTROL CHARACTERS, NOT USED IN THIS CLASS, INCLUDED FOR INTEREST ONLY
0 Null (nothing)
7 Bell
8 Back space
9 Tab
10 Line feed (new line at present column)
13 Carriage return (return to beginning of line)
26 End of file
27 [Esc] (Escape key)

ASCII CHARACTER CODES
32 [space]   64 @        96 `
33 !         65 A        97 a
34 "         66 B        98 b
35 #         67 C        99 c
36 $         68 D       100 d
37 %         69 E       101 e
38 &         70 F       102 f
39 '         71 G       103 g
40 (         72 H       104 h
41 )         73 I       105 i
42 *         74 J       106 j
43 +         75 K       107 k
44 ,         76 L       108 l
45 -         77 M       109 m
46 .         78 N       110 n
47 /         79 O       111 o
48 0         80 P       112 p
49 1         81 Q       113 q
50 2         82 R       114 r
51 3         83 S       115 s
52 4         84 T       116 t
53 5         85 U       117 u
54 6         86 V       118 v
55 7         87 W       119 w
56 8         88 X       120 x
57 9         89 Y       121 y
58 :         90 Z       122 z
59 ;         91 [       123 {
60 <         92 \       124 |
61 =         93 ]       125 }
62 >         94 ^       126 ~
63 ?         95 _

[You will not be asked to memorize the ASCII codes, but you will be asked to use them on homework, quizzes and exams, given the table above.]

B. The ASCII code has 128 characters (one more than we will use in this course) from 0 to 127; 32 non-printing control codes, codes 0 through 31, and then 96 printing characters, codes 32 through 127. How many bits does it take to represent this many codes? Answer: _____

C. Some applications, namely Internet email, use just this many bits, but most applications use 1 byte = 8 bits, resulting in 256 codes from 0 to 255. What are the codes above 127 used for? In "extended ASCII" these are graphics codes for shapes. There were used by earlier IBM/Intel computers for drawing boxes and similar shapes on the screen, using monospacing characters. But now Windows can draw graphics directly using bitmaps, so the high-order text codes use the ASNI (American National Standards Institute, the group promulgating this standard) code. ANSI = ASCII for the low-order codes 0 - 127, and the higher codes are characters in foreign languages, mainly European languages (ç and è, for example). Windows uses the ANSII code instead of ASCII.

D. With the internationalization of computers, many more characters are needed. "Unicode" represents each character by 2 bytes, resulting in 65,536 codes. This is apparently almost enough codes to represent all of the major alphabets, and is the new recommended standard. The first codes are the ANSI codes, followed by other alphabets. Windows supports Unicode as well as ANSI.

III. Representing graphics in a computer.
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A. Basics. How does a computer represent colors? Monitors, and most color printers, represent colors by combining various intensities of the three primary colors Red, Green and Blue (RGB). The intensity of each of the three is a number from zero to 255. How many bits? How many shades? Zero is none of that shade, and 0, 0, 0 is black. 255 is the maximum intensity, and 255, 255, 255 is white. The result is a 2563 different shades, or slightly over 16 million different colors. The screen or page is divided into dots or pixels (picture cells - get it?) and each pixel has a shade given by its own R, G and B codes. A typical screen these days is 1280 pixels wide and 1024 pixels high, and so requires 3 × 1280 × 1024 ~ 4 MB of storage. Since this is such a large amount of storage, graphics are often stored with lesser color resolution. Here are a few (you do not need to memorize these): 

1. Black and white, say black = 0 and white = 1. One bit per pixel, not three bytes.

2. Grayscale. R = G = B, one byte per pixel. Black and white photo quality

3. 8-bit color: 1 byte per pixel. 256 different colors. 

4. 16-bit color (sometimes called High Color): 2 bytes per pixel. 65536 colors.

5. 24-bit color (True Color): 3 bytes per pixel. 16,777,216 colors. High quality color.

6. 32-bit color. Some graphics programs are now advertising 32 bit color. I do not believe that this changes the number of colors that can be displayed or printed.

B. Graphics hardware. Your computer has a "graphics adapter" to produce and store the bitmap sent to the monitor. If your graphics adapter has limited memory, it may not generate all of the 16 million colors that the monitor could display. Modern graphics adapters, however, have more than adequate memory. You can still restrict the number of on-screen pixels and colors through software using Start > Control Panel > Display > Settings. The maximum number of pixels and colors are limited by the hardware on the graphics adapter. 

C. Graphics files. There are two basic formats for graphics files: Bitmap and Vector. 

1. A bitmap format stores a color code for each pixel, starting at the upper left corner, proceeding left across the top row, then left to right for the second row, and so forth, ending in the bottom right corner of the picture. There are many schemes for compressing the file size. For example, the "gif" format, popular because of the web, uses Run Length Limiting or RLL compression. In this scheme, a string of pixels of the same color is represented by the code for the first pixel, followed by the number of subsequent pixels with the same color. This scheme works very well for "poster-style" graphics with large fields of the same color. Alternately, the "jpg" format stores codes for a color gradient, which is a sequence of pixels with a uniform color shift from pixel to pixel. This format is very good for photographs, with shading. Most printers, including laserjet and inkjet, also use a bitmap format. 

a. The size of a bitmap graphic file can be found using the following formula (this formula will be given to you on quizzes and exams, but you need to know how to use it:
File size in bytes = Height (in) × Width (in) × (Pixels per inch)2 × (Bytes per Pixel) /
(Compression factor). You do not actually need to know which dimension is the height and which is the width, since the product is the same both ways.

b. Pixels per inch is typically 50 to 150 for monitors, and 300 to 1200 for printers.

c. Example 1: Find the bytes needed to store a 2" × 3" grayscale graphic at 100 pixels per inch, with a compression factor of 3.

d. Example 2: Find the bytes sent to the printer for a 4" × 5" True Color graphic at 600 dpi (dots per inch).

2. A vector format stores codes for graphical objects such as circles, square, and so forth, with information on size, location, color, line thickness and so forth. Example: '4"  5" picture, white background, hollow black 3-inch square drawn with ¼" line thickness, drawn with the upper-left corner 1' down from the top and 1½" from the left edge.' A vector file must always be translated to a bitmap in order to be displayed on the screen or printed with a typical printer.

3. Comparisons: Bitmaps work well only for their original size. Scaling or redrawing bitmaps at larger or smaller sizes causes loss of resolution and distortion. In contrast, a vector format graphic redraws the bitmap every time it is scaled, so the picture quality does not degrade due to scaling. But, bitmap graphics can have a higher quality on the screen, because a human editor can improve the bitmap "by hand," while the vector file draws the bitmap automatically, and the bitmap cannot be tweaked. So, bitmap graphics can ultimately have a higher quality.
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