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Info Representation

msset 0 Where to begin?
Computers store & process info

will do for
now.

> Info representation
In what form?
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Analog devices store
and process informa-
tion encoded as con-
tinuous physical
signals.

Quiz
What is the desired
information in shown
devices? What is the
continuos analog
signal in each case?
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Digital Representation

Analog to digital (A-D) sampling
conversion

quantization

Digital devices store
and process infor-

mation encoded as

numbers. @
cs212fig0.cdr
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Electronic circuits are E e Ct 1 O n l C l l Cu l t s

used to implement

From PhYSicaI digital devices. The transistor is an elemen-
. tary electronic switch (2-state
Device to Code

device). It’s the basic building The NAND gate is a
block of electronic circuits. logical switch. It switches
based on some logic

(always ON except when
all inputs are 1). Itisa
basic building block of
computing digital
devices.

bit (binary digit)

Any two symbols can encode
the two states of logic
switches (we like O and 1;
you will see why later).

3 This electronic circuit implements a very sim-

ple digital device (3-input NAND). Five elec- Sequences of Os and Byte = 8 bits
1s encode the states

of switches used in
digital devices (in

tronic switches are used: 4 transistors, and a

diode (simpler electric current switch). Source:

Microelectronics, Millman & Grabel, 2nd ed
cornae: MY electronics textbook when I was a student).

The resulting binary code can
other words. encode be interpreted as a number
the state of t’he expressed in the binary

Sunday, February 27, 2011 7:07:06 PM number System
© 2011 Dr. Muhammad Al-Hashimi . .
COPYRIGHT 1598 MORGAN KAU[Ff\I/IANN PUBLISHERS, INC. ALL RIGHTS RESERVED dev1ce). KAU - CPCS 214



A multifunction digital device
can be constructed from
many single-function elec-

tronic circuits. |

~——— add

o w>
111

B

nand

P control compare

&
select SEEN

load
Single-function circuits can 000 (m)
be “glued” together using

special select/control cir- e
cuitry. StO re
(out)

How to communicate with
..  the multifunction device?
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3

Each
instruction
tells the
control/select
circuits to
activate certain
functional
circuits and to
complete the
requested
operation.

L
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control
&
select
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ding, Instruction Sets

& Machine Language

add

store

nand

compare

load

Numbers can
encode (repre-
sent) operations
(ops) performed
in circuits.

add O 000
nand 1 001
compare 2 010
load 3 011
store 4 100

oo o An instruction uses the
operation’s binary code (or
opcode) to encode the
operation together with
any info needed to com-
plete that operation.
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control compute Example

0
M
' dd :
A X
ALU ;
— result
Ad
|
4 —>
Instruction [31-26]
Instruction [25-21] Read ».
gggfess register 1 Read
Instruction [20-16] | Read data 1 LU
Pro ram Instruction 1 register 2
8 [3190] a ) Read | ) ALU Read
. M »| Write data 2 ‘ result —¢—»| Address deaata —»(1
Counter | Instruction _ l?J( R egist u m
memo | Instruction [15-11] writeRkegisters X u
ry [~ data g + 1 ; Data (;(
Writ
5 g memoryr
) 16 [
This is a functional dia- Instruction (150}
gram of a very simple I
computer which you will _ F
study in Chapter 5. It can Instruction [5-0]
process 9 instructions:

add, subtract, and, or, nor, I t
compare (less than), load, Se e c

store, and brancivon-zero. control
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Hardware operation

Some circuit han-
dles the operation
directly. That

circuit is activated

by an instruction.

00000000101000010000000000011000

Software operation

No particular
circuit is able to
do the operation.
The operation is
logically defined
by a sequence of
simpler hardware
operations, each
encoded by an
instruction that
activates some
functional circuit.

cs212£ig0.cdr

ay, February 27, 2011
Dr. Muhammad Al-H

10101100111100100000000000000000
10101100011000100000000000000100
00000011111000000000000000001000

Example: repeat add num-
ber 3 times to create mul-
tiply-by-3 function

B B PM
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control
:> &
select
load

control
:> &
select
load

Hard vs. Soft Ops

add
nand

compare

store

add

nand

compare

store
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Programming

01010101010
Data 10101010101

01010101010
10101( 10101

— add
nand
00000000101000010000000000011000
00000000100011100001100000100001 |control compare
e | 10001100011000100000000000000000 sef;ct
(4]
§°< 10001100111100100000000000000100 load
S | 10101100111100100000000000000000 core
10101100011000100000000000000100

00000011111000000000000000001000
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Data 10101010101

01010101010 !;1t‘3[lf(:‘jl ]Prlﬂ()ﬁgilfilJ[llL

0000000010100001000000000001 1000
00« 100001100000100001

10¢ progra m 100000000000000000
10001100111100100000000000000100
10101100111100100000000000000000
1010110001 1000100000000000000100
_RQOO00011111000000000000000001000

010101010
nand

compare
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10

emory

G—

Memory is an
electronic circuit
which stores pro-
gram instructions
in the same form
as data.

& Quiz

Do you see now
why a computer is
much more that a
device to store and
process info?
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—eeep | u
Add X
—_— ALU 1
result
Ad
—
4 —
Instruction [31-26]
. —_—
cond Instruction [25-21] Read
Read register 1 Read
Instruction [20-16] Read data 1
Instruction L, 0 register 2 Read
) [31D0] M Write data 2 Address lsiea‘atg —(!
Instruction neracion 511 |5 ’eg'“&’egisters u
memo | Instruction [15- 1 Write
r'y ’ data Data (;(
Write
N wite MEMOry|
Instruction [15-0] 16 Sign R ] -
extend
[—>
Instruction [5-0] |

store program store data
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Check your textbook about
opinion on naming the
first modern computer
model after von Neumann.
(Use the index to lookup
“von Neumann”.)

The main feature of the
von Neumann com-

tions are binary-coded,
the same as data, and
stored in the same

I

|

|

|

|

|

|

1

|

puter is that instruc- !
|

|

|

1

|

memory. !
|

L

H Memory

CPU = Central Processing Unit
processor = microprocessor = CPU
CU = Control Unit

ALU = Arithmetic Logic Unit

Modern Computers
% Programmable: stored program

% Digital
2 Electronic o tan)
S Multifunction
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Input

Output

Quiz

Why is binary code so
essential to modern
computers?
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S— Early Modern Computers

ENIAC

First programmable electronic computer
US WW2-1946, Eckert & Mauchly

EDSAC

First stored program .
UK ]949, Wilkes 1st Week Asslgnment

v 1-Page syllabus

v FAQ (in Arabic)

v 1.1 (pp. 7-9 What
You Can Learn...)

Sunday, February 27, 2011 7:07:07 BM
© 2011 Dr. Muhammad Al-Hashimi
OPYRIGHT 1998 MORGAN KAUFMANN PUBLISHERS, | KAU - CPCS 214




