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Bytes

Lecture 2

Bits, Bytes, and Words

Stands for binary digit

Radix — 2, therefore all representations are in 1’s and 0’s

All information in the computer is stored in binary (programs, data (numbers, strings), pictures, ....

Bits are easily represented in hardware
0 An open switch means a “0’, closed switch means 1’ (or vice versa)

0 Switches can be electrical, mechanical, semiconductor, magnetic

A group of 8 bits is called a byte

With 8 bits, there are 28 = 256 different bit patterns are possible
o0 Decimal numbers from 0-255
0 256 ASCII symbols

ASCII is a 7-bit code for alphanumeric and special characters
o0 Each byte can hold 1 ASCII character. The unused highest bit will be zero.
o ASCII ‘e’, for example, is 01100101,

o There for 2’ = 128 characters
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Binary Hex

ASCII ‘a’ = 0 110 0001, = Ox61
ASCII >’ =0 011 1110, = Ox3E

First 32 characters are non-printing characters

NUL (null)

SOH (start of heading)

STX (start of text)

ETX (end of text)

EOT (end of transmission) - Not the same as ETB
ENQ (enquiry)

ACK (acknowledge)

BEL (bell) - Caused teletype machines to ring a bell.
Causes a beep

BS (backspace) - Moves the cursor (or print head)
move backwards (left) one space.

TAB (horizontal tab) - Moves the cursor (or print head)
right to the next tab stop

LF (NL line feed, new line) - Moves the cursor (or print
head) to a new line.

VT (vertical tab)

FF (form feed) - Advances paper to the top of the next
page (if the output device is a printer).

CR (carriage return) - Moves the cursor all the way to
the left, but does not advance to the next line.

SO (shift out) - Switches output device to alternate
character set.

S| (shiftin) - Switches output device back to default
character set.

DLE (data link escape)

DC1 (device control 1)

DC2 (device control 2)

DC3 (device control 3)

DC4 (device control 4)

NAK (negative acknowledge)
SYN (synchronous idle)

ETB (end of transmission block) - Not the same as EOT
CAN (cancel)

EM (end of medium)

SUB (substitute)

ESC (escape)

FS (file separator)

GS (group separator)

RS (record separator)

US (unit separator)



With the 8" bit of the byte, additional control characters can be represented.
o Instandard ASCII, this 8" bit is always 0
o These additional characters are considered extended ASCII; for these, the 8" bit is 1

o Platform dependent (i.e., there is more than one extended ASCII coding/representation)
= ANSI (Windows/UNIX)
= OEM (PC/DOS)

ANSI Extended ASCII (Windows)
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OEM Extended ASCII
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Words
- Agroup of bytes is called a word.

- Word size is dependent on the architecture platform (e.g., 32-bit machine, 64-bit machine)

- A 32-bit word contains 4 bytes; a 64-bit word contains 8 bytes
o Ina 32-bit machine, everything is 32-bits wide (all registers, buses, numbers, etc.)

- The memory of the computer will deliver 1 word at a time (i.e., during a read of write operation)

- The wider the word, the higher the processing power
0 Why? More data is transmitted from memory to registers, computed upon, etc., per operation.
The processor is handling more information at each step

- Memory is an array of cells.
o Each cell is accessible by an address of m bits
o Example of 96-bit memory, with cell size of (a) 8-bits, (b) 12-bits, (c) 16 bits

Address Address 1 Cell Address

of
1]
2
3

0f |
]
|
|
] 4]
|
|
]

1]
2]
3]

of |
]
|
|
] 4]
|
|
]

1]
2
3]
4
5]
6
7

5| 5|
6 |

71

I [
[ [
I |
I |
[ [
I [
I [
[ [

o If an address is represented by m bits, the maximum number of cells (rows) addressable is 2™
= (a) needs a 4-bit address to represent cell locations 0-11; (c) requires 3-bits for the
address
= The number of bits in the address determines the amount of directly accessible memory
and is independent of the number of bits per cell.
o0 Modern machines have standardized on a 8-bit cell (1 byte), and words of 32 or 64 bits.
= A 32-bit machine addresses 2* memory cells (bytes)
= 4 GB [Gigabytes] = 2% words of 4 bytes each.
= A 64-bit machine addresses 2°* memory cells (bytes)
= 16 EB [Exabytes; 1 Exabyte = 2%° bytes] = 2°* words of 8 bytes each.



Byte Ordering

- Byte ordering within a word can be left-to-right or right-to left
- Bigendian numbers from the left to the right (*big” or high side of the binary number)
- Little endian numbers form the right to the left (“little” or small side of the binary number)

- Naming came from Jonathan Swift’s “Gulliver’s Travels”, where he satirized politicians who made

war over their dispute about whether eggs should be broken on the big end or the little end.

Address Big endian Little endian Address
0 0 1 2 3 3 2 1 0 0
4| 4 5 6 7 7 6 5 4 | 4
8 8 9 10 11 11 10 9 8 8
12| 12 13 14 15 15 14 13 12 |12
Byie. Byte.
~——— 32-bit word - - 32-bit word ——
(a) Big endian memory (b) Little endian memory
(SPARC or IBM mainframe) (Intel)

Example: Representation of the decimal number 6

- Numbers are always stored in standard binary form, right-to-left

Big endian Little endian
- Binary: 00000000 00000000 00000000 00000110 - Binary: 00000000 00000000 00000000 00000110

- Byte: 0006 (the 6 is stored in byte 3, 7, 11, or 15) - Byte: 000 6 (the 6 stored is in byte 0, 4, 8, or 12)

- No problems if we only need to store numbers.

- But data stored in machines is often a mix of integers, character strings and other data.




Example: Personnel record consisting of a string (employee name), and two integers (age and department

number).

- Strings are terminated with 0’s to fill out the word.

Jim Smith, age 21, department 260

Big endian Little endian
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- Independently, structure is 0.k.

0

4 Why is 260 storedas0014 ?

8 Binary: 00000000 00000000 00000001 00000100
12
16

- But, if data is transferred on network between machines (for example, big endian - little endian),

problems arise.
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Transfer from

big endian to Transfer and
little endian swap
MIT[J JlI([M
T|II|M]|S S|M| I
0Ol0|O|H Hl{o|O

21({0]0 |0 0j0|0|21

4111010 0|0|1]4

(c)

(d)

12
16

- Assume bytes are not reversed additionally. Byte 0 transfers to 0, 1 to 1, etc. (Bits inside words are not

reversed.)

- (c) When little endian tries to print name, it is 0.k. But the integers come out wrong: the integers are

reversed.

- (d) Obvious solution: reverse all the bytes within a word after copy is made. But then strings print

incorrectly: “ MIJTIMS”, with the *H’ left hanging nowhere.

- No simple solution. Possible: header in front of each address indicating type of data and how many bytes.

- Lack of standardization is a major nuisance.



