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Introduction to computers

\_

e Computer: Machine that processes information

eInformation |:>

eCOMPUTER

|:> eProcessed Information

/
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Analog and Digital Systems

e Analog Systems: Systems where variables have
continuous values
Physical magnitudes are usually analog

e Digital systems: Systems where variables have
discrete values
Discrete values are called digits
Limited precision
Digital magnitudes are easier to handle

Analog magnitudes can be converted to digital using
sampling

\_ /
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Analog and Digital Systems

\_

e Analog System e Digital System

/
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Binary Systems

e Binary Systems: Digital systems that use only two
possible values
Binary digits are named bits (Blnary Digit)
They are represented with symbols 0 and 1, or L and H

Binary Systems are almost the only digital systems used.
By extension, the term digital is used as a synonym of
binary

e ;Why binary?
More reliability: more inmunity to noise
Easier to build: only two values to distinguish

\_ /

© Luis Entrena, Celia Lopez, Mario Garcia, Enrique San Millan. Universidad Carlos 11l de Madrid, 2008 5




s

Outline

\_

e Number Systems
e Number Systems Conversions
e Binary Codes:

BCD Codes

Progressive and cyclic codes
Alphanumeric codes

Error detection and error correction codes
Real and integer numbers representation

/
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Number Systems

e Numbers are represented using digits

e The system we commonly use is decimal:
N=a,10"+a, ,10™"+ ... +a,10 + q,
Example: 272,,=2*102 + 7*10 + 2

e The same representation can be used with different

bases:
Digit Weight

v

N=anb”+b‘”\-1+...+a1b+a0

\_ /
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Number Systems

e In a system using base b, possible digits are:
0,1, ..., b-1

e Using n digits, b" different possible numbers can be
represented, from 0 to b"-1

e This representation can be used for not natural
numbers as well:
Example: 727,23,,=7*102+ 2*10 + 7 + 2*10"" + 2* 102

e The numeral systems used in digital systems are:
binary (b=2), octal (b=8) and hexadecimal (b=16)

\_ /
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Binary System

e In this system the base is 2.
Possible digits are 0 and 1. A digit in binary system is named
“bit”.
2" different numbers can be represented using n bits.
e The bit with highest weight is called MSB (“Most
Significant Bit”), and the lowest weighted bit is called
LSB (“Least Significant Bit")

MSB LSB
Example: (10010105 = 1%26 + 123 + 1*21 = 74,

\_

/
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Octal Number System

e In this system the base is 8
Digits are 0,1,2,3,4,5,6,7
8" different numbers can be represented with n digits

e ltis related to the binary system (8 is a power of 2,
23=8)
This relationship allows to convert easily from octal to binary
and from binary to octal.

e Example:
1375=1*82 + 3*81 + 7*80 = 95,

\_

/
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Hexadecimal Number System

e In this system de base is 16.
Digits are 0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F.
It is related to binary system as well (24=16)

A hexadecimal digit allows to represent the same as 4 bits
(because 24=16). An hexadecimal digit can be named as
“nibble”.

Two hexadecimal digits are equivalent to 8 bits. A set of 8
bits, or equivalently 2 hexadecimal digits, are called “byte”.

o Notations: 23AF, =23AF,., = 23AFh = 0x23AF = 0x23 OXAF.

e Example: 23AFh=2%163 + 3*162 + 10*16 +15 = 9135,

\_

/
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Number Systems Conversions

\_

e Conversion from any system to decimal:
N=a ,b"+a _,b™+ ... +a,b+a,
Examples:
® 1001010,= 1*26 + 1*23 + 1*21 = 74,
® 137,=1"82 + 3*8! + 7*80 = 95,
® 23AFh =2*163% + 3*162 + 10*16 +15 = 9135,

e Conversion from decimal to any other system:

Weight decomposition
Repeated division
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Weight Decomposition

e The number is decomposed in powers of the base.
The nearest power of the base (lower) is searched.

lteratively, powers of the base are been searched so that the sum of all of
them is the decimal number to convert

Finally, the weights are used to represent the number in the desired base.

e This method is only useful for systems with well known powers.
For example, for binary system: 1, 2, 8, 16, 32, 64, 128, 256, ...

e Example:
25,,=16+8+1=24+23+20=11001,

\_ /

© Luis Entrena, Celia Lopez, Mario Garcia, Enrique San Millan. Universidad Carlos 11l de Madrid, 2008 13




s

Repeated Division

e The number and the quotients in previous divisions are divided
repeatedly by the destination base
The last quotient obtained is the MSB
The remainders are the other bits, the first one corresponding to the LSB.

e Example:

LSB

ZSL
12|2
6l2 —} 25. = 11001
@3 2 10 2
MSB

e This method is more general than the previous one. It can be
used for any base conversion

\_ /
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Real numbers conversion

e Conversion from binary to decimal can be obtained using the
same method as for integer numbers (just using negative
weights for the decimal part) :

101,011, =122+ 0*2T + 1*2T + 0*21 + 1* 22 + 1* 23 =
=4+1+0,25+0,125=5,375,,

e Conversion from decimal to binary is obtained in two steps:

Convert first the integer part, using repeated division or weight
decomposition.

Then convert the decimal part, using an analogous method: repeated
multiplication by the base.

\_ /
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Repeated multiplication method
(decimal part)

e The decimal part of the number is multiplied repeatedly by the

base:
The decimal part is multiplied by 2. Then the integer part of the result is the
first bit (MSB of the decimal part) of the conversion.
The obtained decimal part is multiplied by 2, and again, the integer part is
the next digit of the conversion.

lterate this procedure several times, depending on the desired precision for
the conversion.

e Examples: 0,1,,= 0,0 0011 0011 ... ,
0,1x2=02=>0
02x2=0,4=>0

0,3125 ,,=0,0101, 04x2=08=>0
0,3125x2=0,625=>0 0,8x2=16=>1
0,625x2=1,25=>1 06x2=12=>1
0,25x2=0,5=>0 0,2 x 2 =0,4 => 0 <- the last four digits will repeat periodically

05x2=1=>1 0,4x2=08=>0
k 0,8x2=16=>1 /
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Other conversion methods

e Octal and Hexadecimal number systems are related with binary
because their bases are exact powers of the binary base. This makes
very easy the conversion between these systems and binary.

OCTAL to BINARY: Convert each digit into binary (3 bits each digit)
* Example: 7354 = 111 011 101,

e el el
BINARY to OCTAL: Gruop
¢ Example: 1011 100 011,= 13434
i i el el

HEXADECIMAL to BINARY: Convert each digit into binary (4 bits each digit)
* Example: 3B2h = 0011 1011 0010,

BINARY to HEXADECIMAL.: Agrupar en grupos de 4 bits y convertirlos de forma
independiente a octal

* Example: 10 1110 0011, = 2E3h

N - /
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Binary Codes

\_

e Binary codes are codes that use only Os and 1s to represent

information

e Information that can be represented with binary codes can be of
several types:
Natural Numbers
Integer Numbers

Real Numbers
Alphanumeric characters and other symbols

e The same information (a natural number for example) can be

represented using different codes

It is important to especify which encoding is been used when some
information is represented with a binary code

/
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Natural Binary Code

e Itis a binary code where a natural number is
represented using its binary number
representation

It is the simplest binary code

This can be done because the binary number system for
natural numbers needs only Os and 1s (no extra symbols
for decimal point or sign)

e Notation: The “BIN” subindex is used to especify
that a binary code corresponds to the natural
binary code.

k 10014, = 1001, /
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BCD Codes ("Binary-Coded

- 9’
Decimal’)
e They are an alternative to the natural binary code for Decimal
_ - BCD code
representation of natural numbers digit
e A 4-bit encoding is assigned to each decimal digit. A 0 O0O0O
decimal number is encoded in BCD code digit to digit. 1 000 1
e The most common BCD code is natural BCD q
(there are other BCD codes). 2 0010
e Example: 3 0011
7840 =01111000gp 4 0100
e The BCD encoding of a number may be different to the 5 010 1
natural binary encoding
78,0 = 1001110, 6 0110
e CONS: No all encodings correspond to a binary BCD 7 o111
encoding. For example,11105-p does not exist. 8 100 0
k e PRO: Itis easy to convert natural numbers to BCD. 9 100 y

N
o
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Progressive and Cyclic Codes

e Two binary encodings are adjacent if there is only 1 different
bit between them.

e 0000y 0001 are adjacent, as they differ only in the last bit
e 0001y 0010 are not, because the last two bits are different

e A code is progressive is all consecutive encodings are
adjacent.

e Natural binary code is not progressive, as 0001 y 0010 are not adjacent.
e A code is cyclic if the first and the last encodings are adjacent.
e The most used progressive and cyclic codes are:

e Gray code
e Johnson code

\_ /
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Gray Code

e Example: 3-bit Gray Code

e Gray codes are progressive and cyclic

: Gray
Decimal Code
0 0O 0O
1 0O 0 1 _
All consecutive
2 011 encodings are
3 01020 adjacent
4 11 0
5 11 1
6 1 0 1
\ 7 1 0O

/
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Gray Code

e Construction of n-bit Gray codes:
First the n-1 bit code is copied. Then it is copied again in inverse order
Then a 0 is added in the first part of the table, and a 1 in the second part

e 1-bit code:

e 2-bits code:

0

1

0

1 0 1
_1q_

0

.
o -

\_

/
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Codigo Gray

e 3-bits code:
00 0 0 0
0 1 0 0 1
1 1 0 1 1
10 0 1 0
1.0 _}110
1 1 1 1 1
0 1 1.0 1
0 0 1.0 0

\ e n-bit Gray codes can be obtained by iteration

/
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conversions

Binary-Gray and Gray-Binary

It is possible to convert directly from Gray to Binary and from
Binary to Gray, there is no need to build the whole table

BINARY TO GRAY:
(AOA1A2 An)BIN 2 (BOB‘IBZ Bn)GRAY
* By=A
By =R+ A Example:
* By=A+A;
.« 10115,y 2 11105y
¢ n- An-1 + An-2

GRAY TO BINARY:
(A0A1A2 An)GRAY > (BOB']BZ "'Bn)BIN
* Bo=A
* Bi=A+By
* B,=A,+B;

. -
\ * Bn='A\r1-|-Bn-1

Example:
101155y =2 11015,

BIN

GRAY

- = - -, 0 O O O
[= I = R e N T Y < B -]

O =) =2 O O =2 =2 O

_E RS A A A 20 O O O O O o o

-—

- =S A O O O O|=m =2 =2 a2 O O o o
- O O =) =2 O O|=, = 0 O = -~ o o

—
-

© =, O = O = O|= O = O = 0 = o©°

-—

= =mS A A A a2 A0 O O O O o o o
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Johnson Codes

e Itis another progressive and cyclic code

e In each encoding, zeros are grouped to the left and ones to the right,
or vice versa.

e Example: 3 bits Johnson code

Decimal Johnson
0 O 0 O
1 o o0 1
2 o 1 1
3 1 1 1
4 1 1 0
5 1 0 O

\_ /
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Alphanumeric Codes

e They can represent different symbols:
Number Digits
Uppercase and lowercase letters
Punctuation marks
Control characters (espace, carriage return, line feed, etc.)
Other graphical symbols (mathematical operators, etc.)

e An alphanumeric code to represent at least 10 digits and 52
alphabet letters (26 lowercase and 26 uppercase) needs at
least 6 bits.

e The most used alphanumeric codes are:
ASCII code (7 bits)
Extended ASCII codes (8 bits)

k Unicode (8-32 bits) /
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ASCII codes and extended ASCII*

codes

\_

e ASCII code ("“American Standard Code for Information
Interchange”) was publish for the first time in1963.

e Itis a standard 7-bit code (128 encodings) which contains:
Digits
Uppercase and lower case letters (international English alphabet)
Punctuation marks
Basic control characters

e Extended ASCII codes are used to complement with additional
characters:
Not standard, they change from a regional zone to another
The first 128 encodings are the same as in ASCII code for compatibility

/
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/Standard ASCII Code

o 1 /2 3 4 &5 6|7
Q0 NUL DLE space [J @ P : p
1 (soH B&,| ! |1 A Q@ a g
2 |STX |DC2 | " 2 B R | b r
3 E™ &5F # 13 C St s
4 (eotr/pc4 | § | 4 |D| T | d |t
§ ENG NAK % 5 E U e wu
6 ACK SYN & B F VW  f @ w
7 | BEL [ETB @ 716 W g @ w
8 |BS (CAN| ( | B | H | X | h | X
9 |HT (EM | )}  § | | Y | i | ¥
A LF |suB| * JI|IZ || z
B | vT |ESC| + K | [ k I
C|FF|FS | , | < L\ | |
D|cR|6s| - [ = | M| ] |m]|}
E | S0 RS = N 4 n o~
F 7?0 0 | del

\ s |us | 7 | % B

/
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Extended ASCII Codes

0 1 2 3 4 5 6 7 8 9 -A B -C -D -E -F

oom 0002 0003 0004 0005 0006 0007 oQos 0002 000A 000B 000C 0000 000 000F
0010 001 013 0014 Q015 0018 017 0018 0019 001A 0018 001C 0010 e Qa01F
1
- ! #19|%| & (L) | *|+ -l ./
0020 021 0023 D024 oo2s 0026 oo27 00z8 o022 00azA 0I2B ogeC 002D 0RE 002F
3.1 0|1 3|14 /|5 71 8|9]|: <|=|>]?
0030 001 Q033 B 0o3C 0030 Q03 Q03F

6
0035 0038 0037 0038 0039 003A
F

0043 0044 0045 0048 Q047 0048 ] 004A 0048 D04C 0040 O4E 004F

Q053

a al|b d
EXAM P L E : 6 0060 0061 o062 0083 D064 0065 0066 goos? 0068

P|q T t
LATIN-1 extended ACII ool G| ool oo o] ows| ovel eorr| wem
(ISO 8859'1 ) = - = o8 0084 0085 0086 0087 0088 0089 0084 0088 008G 0080 008€ Q08F

Q055 00568 Q057 0058 0054 0058 005C 0050 Q05 Q05F

0064 0068 006C 0060 006E 006F

007TA 007B 0o7C 0070 007E 007F

0080 o021 ooez 003 D084 0095 0096 ooar o8 ooee aoeA 009B ooec 0020 009E 009F
' .. -
A- il e | £ | ¥| |8 ©|2 |« |=|-|®
00AD 00A1 00A2 0043 00A4 Q0AS 00A8 Q0AT 0048 0049 00AA 0D0AB 00AC 0QAD Q0AE QDAF
° . 0
B- + 2|3 plY| -, ' (»|%|%|%]|
0080 aoB1 ooBs2 00B3 ooe4 00BS 00B6 oos7 ooBB oos2 00BA 08B 0o8C 00BD 00BE 00BF
~ ’, ~ - ~ rd

E[T [T |1]|T

E
3 00C4 00C5 a0Ce 0c? ance 0ac9 QA0CA oace acc 00CD DOCE DOCF
2

00D& 07 0008 0009 00DA 0008 000C 0000 DOOE DOOF

a .

ES 00ES QOE7 00E8 00E9 00EA DoEE DOEC 0QED QDEE Q0EF

.
5 00F& 00F7 00F8 00F2 A 00FB 00FC 00FD DOFE OFF

© Luis Entrena, Celia Lopez, Mario Garcia, Enrique San Millan. Universidad Carlos Ill de Madrid, 2008 30



Extended ASCII Codes

0 1 2 3 4 5 6 7 8 9 -A B C D -E -F
o- oom 000z 0033 0004 0005 0aoe 0oa7 ooos 0002 0ooA DI0B ooac o000 [ 000F
L ooof oot ootz| oois| oos| oois| co| aoi7| cos| oot ooia| ooe| ooic| oo oo oorr
2. v lwlslwm|&| [y =+, -1.]7
D020 o021 o2z o023 D24 oS 0026 o2y o0z Do28 002A OI2E oteC ozD 002E 002F
30| 12|33 (4|[5|6|7|8|9|:]|;([<|=|>]2?
oo oo3r| oosz| ooss| ooss| ooas| cose| ooor| coss| oose| oosa| ‘oose| oosc| cosmo| oose| oosr
4-|@|A|B|C|D|E|F|G H I |J|KILIM[N|O
ooeo| oon| ooe2| ooes|  ooes| ooes| oose| ooer| ooss| oneo| ooaa| ooes| oosc| ooso| ooe| aoer
5-| P RS T|U|IVIW X |Y|[Z [ |\N|[]1["™]_-
ooso| 0051 oosz| ooss| ooss| ooss| oose| aos7| ooss| oose| oosa| oose| oosc| ooso| oose| oose
. | " |a|b|c|d|e]|f h|li|j|k|]l|m|n|o
Exa m p Ie - 6 ooeo| oos1| ooe2| ooss| ooes| ooes| oces| “aoer| ooes| ooee JooeA ooes| ooec| ooeo| ooee|  ooer
Y £ r|is|tjiu|v | w|lXx z -
Cyrl I I I C eXte n d ed AS C I I 7 pDD7D fuoal ooz 0073 DoTa 0075 oaTe o077 0a78 yDDm 0a7A 0078 IDDTC 0070 007E 007F
I S O 8 8 59_ 5 8- ooeo| oos1| oos2| oosa| ooes| ooes| ooss| ooer| ooss| ooss| oosa| ooes| ooec| ooso| oose|  aoer
9- D80 o021 boaz 0033 D084 0035 0026 o037 o028 Doea 00RA -] ooec o0 009E 00aF
. E(B|rf|lels|1|1|1|m|®B|R|K]|-|[¥V|U
L I I ) I ) I I I I I I I I I
B-|A|B|B|T E|X|3| U N|K|J M|H|O|II
0410 M D412 0413 D414 0415 0416 0417 0418 D412 1A 041B nd1c 1D 041E 041F
c-|P|C|T|V || X| || U Dj{Il|Db|bl|b|3|[K|A
os20| osz1| os2| oazs| os2s| osas| oece| osa7| osz8| oaze| oe2a| owee| oec| ouo| ome| osr
p-la |6 |B|r|a|le|x|3|u|#|K|JX|M o | m
oa30| o3| oase| ouss| oasa| oass| oase| oaar| ouss| oam| oeaa| oasm| oasc| osso| osse| o
E-lplc|T | x| o9 |w|m|s|Bl|b |3 || 1
0440 0441 0442 0443 0444 0445 0448 0447 0448 0449 0448 ns4e 044C 0440 044€ 0asF
-l é || |e|ls|i|i|j|m|wm|h|k|§|V|u
ave|  oust|  oaso| oess|  oasa| oess| oase| aasz| Touss| oaso| oesa| oese| oasc| oowr| Cosse| s
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Unicode

e Unicode codes (“Universal Codes”) were created in 1991 to introduce an
standard alphanumeric code for all regions
The same code for languages like Chinese, Arabic, etc.

e Maximum 32 bits
First 7 bits allow compatibility with ASCII
Using 1 byte the US-ASCII can be represented
Using 2 bytes: latin, arabic, greek, cyrillic, armenian, hebrew, syriac and thaana alphabets
Using 3 bytes: rest of characters in remaining languages
Using 4 bytes: graphic characters and uncommon symbols

e Different versions of the representation. The most common are:
UTF-8: 1-byte codes, variable length (4 groups of 1 byte can be used to represent 1 symbol)
UCS-2: 1-byte codes, fixed lenght
UTF-16: 2-byte codes, variable length (2 groups of 2 bytes can be used to represent 1 symbol)
UTF-32: 4-byte codes
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Unicode

0400 Cyrillic 04FF

040 041 042 043 044 045 046 047 048 049 04A 04B 04C 04D O04E O4F

oJJE|A|P|a|p|e WV |GQ|T|K|Y|I|A|I3|V

|E|B|C|6|c|é|w|{|lq|r|x|y[K| i ¥

/B|B|T|8|T|h|B|O|#|F | H|IX|XA XY

Example: J|C|T|Y|r|y|f|B|le|d|F|lu|x|K|d|@|y
e Unicode fragment, correspondingto  ¢|€ || 2|2 |® ¢V | | BIHTx | &) T
Cyrillic alphabet s S|IE|X|e|x|s e/ v) &5 mim|]] e i q

A second byte is needed for the | LK x|u|1|A VIO Kb d /2| EOT
representation L3 |93 |a|i|a|¥)0 x| w4« HE6|T

J M| i [EA|Oy|22 q O |bI

e Full tables can be found at: ) Hr AWZI29T 5205
) olJb| M |IIL| 1 1|76 [EA |0y |55 (3 |@ |9 |H |9 |6 |BI
http://www.unicode.org/charts S D U B B S B iy PR B i B B v v
AB|K|B |k |5 |®B|ROH|K|Ch g9 M6|F

s/ B|JI|bI|a |1 h|® 51 ¢|h 3|6 |¥F

JKM|b|M|b |k RO b|K|T|€|ulK DX

o H H U EmO|b|K|[T|eM|Xk|5|x%

el Y|OO|olwo|y |28 P|K|Y|E€M3 ITIX

flIIII(A|o|sa|lu|2|®|plk|y|e|]|3|F]|x

© Luis Entrena, Celia Lopez, Mario Garcia, Enrique San Millan. Universidad Carlos Ill de Madrid, 2008 33



s

Error detector and Error
corrector codes

e Errors may appear in digital systems

Physical errors in the circuits
Electromagnetic interferences (EMI)

Power supply errors
Etc.

e Error detector codes:
They can detect an error in an encoding

e Error corrector codes:
They can detect an error an even correct it

e Error detector and error corrector codes don’ t use all

k 2" posible n-bit encodings of the n-bit code /
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Error detector codes

e Parity codes:

An additional bit is added (parity) which allow to detect simple
errors in the encoding
The considered parity is the sum of the encoding n-bits

® NOTE: parity does not mean if a number is even or odd (a binary
number is even if the last bit is 0 and odd if it is 1). In our case parity is
related to the addition of all the bits in the encoding.

Two possible conventions:

® Add 0 when parity is even and 1 if it is odd. In this case the parity code
is named even parity code (as the addition of n bits + parity bit is
always even)

® Add 1 when parity is even and 0 if it is odd. In this case the parity code
is named odd parity code (as the addition of n bits + parity bit is always

NG /
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Error detector codes

\_

e Parity example:

Error detector code (odd-parity code) obtain
from a 2-bit natural binary code:

e Application example:

ed

If we use this code in a communication between

two digital systems, the receiver may detect

there is an error in the transmitted encoding

(checking the parity bit).

Example: 001 is transmitted but the receiver

recieves 000 (there is an error in the last bit)
Parity of 001: odd

Parity of 000: even

if

Different:
Error detected

- O - O

a0 O -

/
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Error detector codes

e There are more error detector codes:

Number of ones:
® The sum of the ones in the encoding is added (not only the parity, but
de full addition)
Number of transitions:

® The number of transitions from 0 to 1 and 1 to O is added to the
encoding

CRC codes (Cyclic Redundancy Checking):

® They try to add the least possible number of bits to detect the
maximum possible number or errors

¢ Some CRC codes may also correct some errors

e The most used codes are parity (for simplicity) and
CRC (for effectiveness)
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Error corrector codes

e These codes allow not only to detect errors, they can correct
them as well.

e The minimum distance (minimum number of different bits
between two encodings) must be greater than 2 so that a code
can correct errors.

The encoding can be corrected by looking for the closest encoding
belonging to the code.

e Hamming showed a general method to obtain codes with
minimum distance equal to 3, which are known as Hammig
codes.

e These codes are important, many of the currently codes used in

k communications are obtained from them (for example Reed- /

Solomon codes)
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Integer and real number codes

e There are more codes to represent integer and real
numbers:

Integer numbers: Sign and magnitude, 1s-complement, 2s-
complement

Real numbers: Fixed point and floating point

e We will see these codes in detail in unit 4 (Arithmetic
combinational circuits)
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