Computer Architecture (S/W)

Digital Computer Concept and Practice

CPU Process

Von Neumann architecture | T
= Processing unit I I.
A class of logic machines that
can execute computer
programs Gﬁnh::l
= Storage unit it
Hold data, instructions and
programs
Execute programs
= A CPU reads stored instructions
in order from storage units and
decodes and executes actions that
they indicate.
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Process Cycle

Step 1. Fetch
Obtain program
instruction or data
item from memory

ep 2. Decode
Step 4. Store Translate
Write result to instruction into
memos commands
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Pipelining

Pipelining is an implementation technique in which
multiple instructions are overlapped in execution.

CPU begins fetching second instruction before
completing machine cycle for first instruction.

A sort of parallel processing
Results in faster processing
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Storage Unit (Memory)

Address Storage values
16 Store 3 in the variable X
Program 20 Store 1 in the variable Y
24 Store X +Y in the variable Z
32 X:3
Data 36 Y:1
40 Z:4
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Single-Cycle Processor vs. Pipelining

Single-cycle processor Pipelining processor

For single-cycle processor it takes 16 nanosecond to
execute four instructions, while for pipelining processor it
takes only 7 nanoseconds.
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Data Representation

How do computers represent data?
Digital
Recognize only two electronic states: on or off
Use a binary number system to recognize two states
0and 1, called bits (short for binary digits)
Word: data processing unit in the computer

BINARY DIGIT ELECTRONIC ELECTRONIC
®m GHARGE. STATE
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Data Representation

Byte
Eight bits grouped together as a unit
Provides enough different combinations of 0s and 1s to
represent 256 individual characters
8 bits = 1 byte > 25=256 information

Numbers, uppercase and lowercase letters, punctuation
marks etc.
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ASCII Table

Dec HxOct Char Dee Hy Oct Himl Chr |Dec Hy Oct Himl Chr| Dee Hx Oct Himl Chr
00 000 NUL (null) 32 20 040 s#32; Space| 54 40 100 ;0| 96 60 140 &§96;
1 1001 S0H (start of heading) 33 21 04l 65 41 101 :h | 97 61 141 &97; a
2 2 002 ETX (start of text) 34 22 042 66 42 102 E | 98 62 142 s#98; b
3 3 003 ETX (end of text) 35 23 043 67 43 103 ;0| 99 63 143 &#99; ©
4 4004 EOT (end of transmission) 36 24 044 68 44 104 ;D |100 64 L4 &#l00; 2
5 5 005 ENO (enquiry) 37 25 045 69 45 105 T |101 65 145 &l0l: e
£ 6 006 ACK (acknowledge) 36 26 046 70 46 106 : F |10z 66 148 sfloz; ©
7 7 007 BEL (bell) 39 27 047 71 47 107 ;G103 67 147 &#103; ¢
5 8 010 BS [backspace) 40 28 050 72 48 110 : H 104 68 150 &#l04; h
9 9 011 TAE (horizontal tab) 41 29 051 73 49 111 I |105 69 151 sl0s; 1
10 & 012 LF (ML line feed, new line) 42 24 052 74 44 112 7 |108 64 152 «#108; 1
11 B 013 VT (vertical tah) 43 2B 053 75 4B 113 T |107 6B 153 &fl07: k
12 C 014 FF (NP form feed, new page)| 44 2C 054 76 4C 114 L |108 6C 154 sglog; L
13 D 015 CR  (carriage return) 45 2p 055 77 4D 115 M |108 6D 155 s£109; 1
14 E 016 50 (shift ouc) 46 2E 056 78 4E 116 T |110 6E 156 &#l10: n
15 F 017 I (shift in) 47 2F 057 79 4F 117 0 111 6F 157 &£lll; 0
16 10 020 DLE (daca link escape) 48 30 080 80 S0 120 P11z 70 180 s§112; D
17 11 021 DCL (device control 1) 49 31 061 81 51 121 0 |113 71 161 s§l13; o
13 12 022 DCZ (device control 2) 50 32 D062 82 52 122 R [114 72 162 &#l14; T
19 13 023 DC3 (device control 3) 51 33 063 83 53 123 5 |115 73 183 «fl15; 3
20 14 024 DC4 (device control 4) 52 34 064 84 54 124 T |116 74 164 s#lls; t
21 15 025 NAK (negative acknowledge) | 53 35 DES 85 55 125 U [117 75 165 &fll7; 0
22 16 026 SV (synchronous idle) 54 36 086 86 56 126 ¥ |118 76 166 s£118; v
23 17 027 ETB (end of ctrans. block) 55 37 067 87 57 127 W 119 77 167 &#llS: w
24 18 030 CAN (cancel) 56 38 070 88 58 130 X |120 78 170 &#l20; x
25 15 031 EM  (end of medium) 57 33 071 89 59 131 ;7 (121 79 171 efl2l; ¥
26 1k 032 SUB [substitute) 56 34 072 90 54 132 ;T |122 7A L72 &#122; 2
27 1B 033 ESC (escape) 59 3B 073 91 5B 133 ;[ |123 7B 173 &fl23: (
23 IC 034 F& (file separator) 80 3C 074 9z SC 134 ;1 |124 70 174 efl24; |
29 1D 035 G5 (group separator) 61 3D 075 93 SD 135 ;1 |125 70 175 &#125; }
30 1E 036 RS (record separator) 62 3E 076 94 SE 136 * |1z TE 176 w#l28; -
« 31 1F 037 U% (unit separator) 63 3F 077 95 5F 137 127 7F 177 &#l27; DEL

Source: www.LookupTables.com

Data Representation

Types of coding systems to represent data

ASCII— American Standard Code for Information
Interchange

It provides for 256 characters
E.g.) 01000001 - A, 01000010 - B

EBCDIC —Extended Binary Coded Decimal
Interchange Code

Unicode —coding scheme capable of representing all
world’s languages
UTF (Unicode Transformation Format) encodings

UCS (Universal Character Set) encodings
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Data Representation Process

How is a letter converted to binary form and back?

Step 2.
i;:ép 1 An electronic signal
e user presses for the capital letter
the capital letter T T is sent to the
on the keyboard. system unit.
Step 4.
After processing, the
binary code for the
capital letter T is Step 3.
CODVE_ﬂEd to an image, The signal for the capital
and displayed on the letter T is converted to its
output device. ASCII binary code

(01010100) and is stored
in memory for prucessingﬂ °4 \v




Hangul Character Representation

Combination code (Z&&) Completion code (2HA &)

The beginning consonant,

a middle vowel and an
optional ending consonant
are represented by each 5 bit.

A pre-defined set of
Korean character codes,
which maps pre-selected
Hangul into two-byte

coding space

Binary Arithmetic Example

00001000

+ 00000111
[0][_ 00001111
00001000

+ 11111111
00000111

i

[ 00101011 |
+ 00000001
[0][ 00101100
[ 11000100 |
+ [ 01000001
00000101

ALY

1] ?\o\o\ 1 ?\ ?\ ol of1] } \ }\ o[1] 1\}\ umber | craracter
Initial Medial Final B0A1 7t
phoneme phoneme phoneme BOA2 2t
o i H BOA3 2t
English =0
Hangul =1
Currently, Unicode is the standard i
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Binary Arithmetic

The rules for binary arithmetic are:

Result 1010

‘O+O=O,Carry=0 ‘ /
‘1+0=1, carry =0 ‘ ]S\i]:,‘i
‘0+1=1, carry =0 ‘ 0101

|

‘1+1= 0, carry =1
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Handling Numbers (Integers)

00000100
4+3=7
[ 00000011 |

ADD ———

_00000111

00000100 |

=
1

w
]

—_

[ 00000100 |

00000011 | Z=<omelement 191171701 |

SUB

DD

A
[_ooooseen | [ 00000001 |

00000011
T'-complement [,

031 11111100
130

11111101

2'-complement

= 1’-complement + 1
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Logical Operation

Input1 | input2 | result 01010111
AND 0 0 0 10010001
0 1 0 AND | OROOL T
1 0 0 00010001
1 1 1
inputl | input2 | result
OR 0 0 0 01010111
0 1 1 OR 10010001
1 0 1 11010111
1 1 1
i t 1t
NOT mg“ reslu NOT [ 10010001
1 0 01101110

Xor .4V

Instruction Representation

Instructions are coded as a sequence of binary digits.
Instruction: operation code + address
E.g) Al € A2+ A3

Load A2, 3: (hexadecimal) 05 02 00 03

Load A3, 1: 05 03 00 01

ADD A1, A2, A3:7001 0203
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