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Chapter 1

Professor Brendan Morris, SEB 3216, brendan.morris@unlv.edu
http://www.ee.unlv.edu/~b1morris/cpel00/

CPE100: Digital Logic Design |

Section 1004: Dr. Morris
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Background: Digital Logic Design

O‘  How have digital devices changed the world?
@ * How have digital devices changed your life?
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Background

* Digital Devices have revolutionized our world
* Internet, cell phones, rapid advances in medicine, etc.

e The semiconductor industry has grown from $21
billion in 1985 to over $300 billion in 2015
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FROM ZERO TO ONE
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The Game Plan

* Purpose of course:
* Learn the principles of digital design

e Learn to systematically debug increasingly
complex designs
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Chapter 1: Topics

o * The Art of Managing Complexity
O * The Digital Abstraction

' [ J
— Nurr'mlc?er Systems
O * Addition
m' * Binary Codes
L ° Signed Numbers
NI« Logic Gates
EI * Logic Levels
O * CMOS Transistors
2 . power Consumption
e
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The Art of Managing Complexity

e Abstraction

* Discipline

* The Three —y’s

* Hierarchy
 Modularity

* Regularity

FROM ZERO TO ONE
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Abstraction

O e What is abstraction? Application [>"netio] | oorams
l Software |world!”
Oé)erating @ device drivers
. e . ystems
O‘ * Hiding details when - -
. . EEEE | INnstructions
- they are not important A | registers
% Micro- g datapaths
| 3 architecture |:|<—>|:| controllers
M § Logic ?ndedrﬁz)sries
NS * Electronic computer g — R
H Circuit NOT gat
abstraction i weits oD gates
] . Analgg amplifiers
E * Different levels with Cirouits 31??0 filters
O| different building blocks Cimtene @ ransisors
l10a0es
mﬂ Physics % electrons

EASIE
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* Intentionally restrict design choices
« Example: Digital discipline
— Discrete voltages (0 V, 5 V) instead of continuous
(0V -5V)

— Simpler to design than analog circuits — can build
more sophisticated systems

— Digital systems replacing analog predecessors:

* |.e., digital cameras, digital television, cell phones,
CDs

FROM ZERO TO ONE
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The Three —y’s

E

* Hierarchy
A system divided into modules and submodules

 Modularity
« Having well-defined functions and interfaces

* Regularity

« Encouraging uniformity, so modules can be easily
reused

FROM ZERO TO ON
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* Hierarchy

\ * Three main modules:
' Lock, stock, and barrel

| Hammer, flint, frizzen,
| etc.

<
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<
8' + Submodules of lock:
e .
N
S
8
e
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Example: Flintlock Rifle
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Example Flintlock Rifle

O‘  Modularity

* Function of stock:

O‘ mount barrel and lock
- * Interface of stock: [
O' length and location of

| mounting pins

Y Regularity

o
v
N
E: * Interchangeable parts
=
e

P e
il .“} 9/ Pan Frizzen Spring
5 o -

Trigger
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The Art of Managing Complexity

e Abstraction

* Discipline

* The Three —y’s

* Hierarchy
 Modularity

* Regularity

FROM ZERO TO ONE
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The Digital Abstraction

* Most physical variables are continuous
* Voltage on a wire (1.33V,9V, 12.2 V)

* Frequency of an oscillation (60 Hz, 33.3 Hz, 44.1
kHz)

* Position of mass (0.25 m, 3.2 m)

* Digital abstraction considers discrete subset
of values
*0V,5V
.« “0” “1”

FROM ZERO TO ONE
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* Desighed by Charles
Babbage from 1834 —
1871

* Considered to be the
first digital computer

Built from mechanical
gears, where each gear
represented a discrete
value (0-9)

* Babbage died before it
was finished

FROM ZERO TO ONE
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Digital Discipline: Binary Values

 Two discrete values
e 1andO
e 1 =TRUE = HIGH = ON
e 0 = FALSE = LOW = OFF

* How to represent 1 and O
e Voltage levels, rotating gears, fluid levels, etc.

* Digital circuits use voltage levels to represent
1and O
* Bit = binary digit
* Represents the status of a digital signal (2 values) ;e
Pe
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* Easier to design

 Fast

e Can overcome noise

* Error detection/correction

FROM ZERO TO ONE
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George Boole, 1815-1864

* Born to working class parents

e Taught himself mathematics
and joined the faculty of
Queen’s College in Ireland

* Wrote An Investigation of the
Laws of Thought (1854)

* Introduced binary variables

* Introduced the three
fundamental logic operations:
AND, OR, and NOT

N N £ ,_,‘ ‘.
- 3 g
SRl era2
Scanned at the American
Institute of Physics
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Number Systems

e Decimal
e Base 10

* Binary

e Base 2

e Hexadecimal
e Base 16

FROM ZERO TO ONE
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FROM ZERO TO ONE
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Decimal Numbers

e Base 10 (our everyday number system)

uwin|o) s,000T
uwn|o) s,00T
uwn|o) s,01
uwn|od s,

5374, =5x10°+3x10%+7 x 10! + 4 x 10°
/‘\

Five Three Seven Four
Thousand Hundred Tens Ones

Base 10
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Binary Numbers

e Base 2 (computer number system)

0 AN R
nmv unu u u
OO OO0
oo o9
CcC C C C
3 3 3 3
>0 O O O

1101, =1x234+1x224+0x21+1x2°

ﬂ\ One One Zero One
Eight Four Two One

Base 2




. 20—
. 2L =
. 22—
. 23 =
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28 =

29 =

210 =
211 —
212 —
713 —
214 —

715 —
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|

L)
S . 20=1 . 28 =256
o e 21=72 .« 29 =512
H_f . 22=4 . 210=1024
O| e 238 o 211=2048
m. e 24=16 e 212=14096
W . 25=32 . 213=8192
; . 26=64 . 214 = 16384
© . 27=128 . 215=32768
8‘ « Handy to memorize up to 210
Ty
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Bits, Bytes, Nibbles ...

hw

=
Q

=
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e Bits

* Bytes = 8 bits
* Nibble =4 bits

e Words = 32 bits

* Hex digit to
represent nibble

10010110

most least
significant significant
bit bit
byte

10010110

nlbble

CEBF9AD7

most least
significant significant
byte byte

ELSEVIER
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Decimal to Binary Conversion

e Two Methods:

 Method 1: Find largest power of 2 that fits,
subtract and repeat

* Method 2: Repeatedly divide by 2, remainder
goes in next most significant bit

L
<
o
2
8
N
>
8‘
iy
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FROM ZERO TO ONE
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D2B: Method 1

* Find largest power of 2 that fits, subtract,
repeat




D2B: Method 1

* Find largest power of 2 that fits, subtract,
repeat

534, 32x1
53-32=21 16x1
21-16=5  4x1
5-4 =1 1x1

= 110101,

FROM ZERO TO ONE
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FROM ZERO TO ONE
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D2B: Method 2

* Repeatedly divide by 2, remainder goes in
next most significant bit




D2B: Method 2

O Repeatedly divide by 2, remainder goes in
next most significant bit

Ml 5310 - 53/12 =26 R1 LSB
Qo 26/2 = 13 RO

Cc 13/2=6 R1

L

N 6/2 =3 RO

E: 3/2 =1 R1

O' 1/2 =0 R1 MSB
E = 110101,
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FROM ZERO TO ONE

Number Conversion

* Binary to decimal conversion
* Convert 10011, to decimal

16 X1+8X0+4X0+2X1+1X1=19

* Decimal to binary conversion
* Convert 474, to binary

32Xx1+16x0+8Xx1+4x1+2%Xx1+1%x1=101111,

SRt Rama
AR / SR
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m D2B Example

<

o Convert 754, to binary
=
o
™
N
=
>
iy
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D2B Example

» Convert 75,4 to binary

75,,=64+8+2+1=1001011,

 Or 75/2 =37 RI1
37/2 =18 Rl
18/2 =9 RO
9/2 =4 RI1
4/2 =2 RO
2/2 =1 RO
1/2 = R1

FROM ZERO TO ONE
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Binary Values and Range

* N-digit decimal number

* How many values?

* Range?

e Example:
3-digit decimal number

* Possible values

* Range

FROM ZERO TO ONE
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Binary Values and Range

O * N-digit decimal number

* How many values?

Ol « 10V
- e Range?

' . [0,10V — 1]

Q

o

. Example:

N 3-digit decimal number
§: * Possible values

O *+ 103 = 1000

' * Range

E' « [0,999]

© Digital Design and Computer Architecture, 2™ Edition, 2012
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Binary Values and Range

e N-bit binary number

* How many values?

* Range?

e Example:
3-bit binary number

* Possible values

* Range

FROM ZERO TO ONE
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Binary Values and Range

O e N-bit binary number

* How many values?

e} . 2V
- e Range?

' . [0,2N — 1]

Q

o

L) ¢ Example:

NI 3-bit binary number
§: * Possible values

O « 23=8

' * Range

E' . [0,7] = [000,,111,]
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Binary Values and Range

* N-digit decimal number

<

g‘ * How many values?
‘ « 10V

oy

* Range?
Ot  [0,10N — 1]
E  Example:
N‘ 3-digit decimal number
. * Possible values
E: « 103 = 1000

O * Range

l
o . [0,999]
ol

© Digital Design and Computer Architecture, 2" Edition, 2012

* N-bit binary number
* How many values?
e 2N
 Range?
 [0,2N —1]

 Example:
3-bit binary number
e Possible values
- 23=8
* Range
* [0,7] = [000,,111,]
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Hexadecimal Numbers

* Base 16 number system

e Shorthand for binary

* Four binary digits (4-bit binary number) is a
single hex digit

FROM ZERO TO ONE
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Hexadecimal Numbers

Hex Digit Decimal Equivalent Binary Equivalent
01 0 0
1 1
Qo z z
M. 3 3
4 4
Q : :
m- 6 6
“.I' 7 7
| 8 8
NI ; ;
' A 10
§: B 11
O' C 12
| D 13
m. E 14
M. F 15
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Hexadecimal Numbers

Hex Digit Decimal Equivalent Binary Equivalent
Ol 0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
15 1111

Ol | N|O|JO|P|WO[IN|FL,|O

=
o

|
[EEN

R
N

=
w

=
N

nmm|lo|lo|lw|>|loe|lo|vN|lo|la|r|lw|Nv| k- |o
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FROM ZERO TO ONE
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Hexadecimal to Binary Conversion

* Hexadecimal to binary conversion:
* Convert 4AF 4 (also written Ox4AF) to binary

e Hexadecimal to decimal conversion:
e Convert Ox4AF to decimal




Hexadecimal to Binary Conversion

o Hexadecimal to binary conversion:

O * Convert 4AF 4 (also written Ox4AF) to binary
l
H~l * Ox4AF =010010101111,

~ ¢ Hexadecimal to decimal conversion:
| e Convert Ox4AF to decimal

Qg
RN
N
E * 4x16%+ 10 x 161 + 15 x 16% = 1199104,
Qc
e
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Number Systems

I-ZI.M

O‘ * Popular

O‘ e Decimal Base 10
— * Binary Base 2
O‘ e Hexadecimal Base 16
E:J:

N: e Others

§- e Qctal Base 8

' * Any other base

QO

<

Ll
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Octal Numbers

o Same as hex with one less binary digit

M' Octal Digit Decimal Equivalent Binary Equivalent
000
001
010
011
100
101
110
111

~N~N|jojfoa|lh~|lWIN|FHL|O

N oo~ |lWINMN|FHL|O
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W Number Systems

* |n general, an N-digit number
fay_1ay_o ...aq1aq} of base R in decimal
equals

¢ aN_lRN_l + aN_zRN_Z + + alRl + aoRO

-~ Example: 4-digit {5173} of base 8 (octal)

© Digital Design and Computer Architecture, 2" Edition, 2012 Chapter 1 <44>



g Number Systems

o In general, an N-digit number
fay_1ay_o ...aq1aq} of base R in decimal

O equals

O' ¢ aN_lRN_l + aN_zRN_Z + + alRl + aoRO

o

H * Example: 4-digit {5173} of base 8 (octal)
E « 5x83+1x82+7x81+3x8°=2683,
2
e
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Decimal to Octal Conversion

e Remember two methods for D2B conversion

* 1: remove largest multiple; 2: repeated divide

* Convert 294, to octal

FROM ZERO TO ONE
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Decimal to Octal Conversion

O‘ * Remember two methods for D2B conversion
O * 1: remove largest multiple; 2: repeated divide
l

. * Convert 29, to octal
Ol * Method 2

| 29/8 =3 R5 Isb
| 3/8 =0 R3 msb

<
Ly
N
g 29,, = 354
o
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FROM ZERO TO ONE

Decimal to Octal Conversion

e Remember two methods for D2B conversion

* 1: remove largest multiple; 2: repeated divide
* Convert 294, to octal
* Method 1

29 8X3=24
29-24=5

29,0 =24+5=3x8'+5x8%=35
e Or (better scalability)
29,0 =16+8+4+1=11101, = 355 ”“Q

© Digital Design and Computer Architecture, 2" Edition, 2012 Chapter 1 <48> BT SEVIER



Octal to Decimal Conversion

O‘ * Convert 1635 to decimal

o
N
3
>
&
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Octal to Decimal Conversion

* Convert 1634 to decimal

¢+ 163, =1x82+6x 8! +3
* 1633 =64 +48+ 3
¢ 1638=11510

FROM ZERO TO ONE
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Recap: Binary and Hex Numbers

* Example 1: Convert 83, to hex

* Example 2: Convert 01101011, to hex and decimal

 Example 3: Convert 0xCA3 to binary and decimal

FROM ZERO TO ONE
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Recap: Binary and Hex Numbers

* Example 1: Convert 83, to hex
* 83,,=64+16+2+1=1010011,
+ 1010011, = 1010011, = 534

* Example 2: Convert 01101011, to hex and decimal
« 01101011, = 0110 1011, = 6By,
e 0X6B=6 x 161 + 11 x16° =96 + 11 = 107

 Example 3: Convert 0xCA3 to binary and decimal
* OxCA3=110010100011,

FROM ZERO TO ONE
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W Large Powers of Two

« 210=1kilo -1000 (1024)

e 220=1 mega -1 million (1,048,576)

e 230=1giga =1 billion(1,073,741,824)

. ¢ 290=1tera =1trillion(1,099,511,627,776)
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Large Powers of Two: Abbreviations

E' e 219=1kilo ~1000 (1024)

O‘ for example: 1 kB =1024 Bytes

— 1 kb = 1024 bits

o

E e 220=1mega -1 million (1,048,576)
N} for example: 1 MiB, 1 Mib (1 megabit)

Q) - 2¥=1giga -1billion(1,073,741,824)
E for example: 1 GiB, 1 Gib
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FROM ZERO TO ONE

Estimating Powers of Two

* What is the value of 224?

* How many values can a 32-bit variable
represent?
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Estimating Powers of Two

* What is the value of 224?

e 24 x 220 = 16 million

* How many values can a 32-bit variable
represent?

o 22 x 230 = 4 billion

FROM ZERO TO ONE
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Binary Codes

Another way of representing decimal numbers

Example binary codes:

* Weighted codes
* Binary Coded Decimal (BCD) (8-4-2-1 code)
e 6-3-1-1 code
e 8-4-2-1 code (simple binary)

* Gray codes

* Excess-3 code

e 2-out-of-5 code

FROM ZERO TO ONE
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Binary Codes

Decimal # | 8-4-2-1 Gray
(BCD)

0 0000 0000 0011 00011 0000
1 0001 0001 0100 00101 0001
2 0010 0011 0101 00110 0011
3 0011 0100 0110 01001 0010
4 0100 0101 0111 01010 0110
5 0101 0111 1000 01100 1110
6 0110 1000 1001 10001 1010
7 0111 1001 1010 10010 1011
8 1000 1011 1011 10100 1001
9 1001 1100 1100 11000 1000

FROM ZERO TO ONE

Each code combination represents a single decimal digit.

¥ ‘\_-I’: :
© Digital Design and Computer Architecture, 2" Edition, 2012 Chapter 1 <58> ELSEVIER



Weighted Codes

* Weighted codes: each bit position has a given
weight
* Binary Coded Decimal (BCD) (8-4-2-1 code)
* Example: 726,,=0111 0010 01104,
* 6-3-1-1 code
 Example: 1001 (6-3-1-1 code) = 1x6 + 0x3 + Ox1 + 1x1
* Example: 726,,=1001 0011 1000.,,,
 BCD numbers are used to represent fractional
numbers exactly (vs. floating point numbers —
which can’t - see Chapter 5)

FROM ZERO TO ONE

e A e
x 35
$)

e 4

< { )'
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Weighted Codes

Decimal# | 8-4-2-1 | 6-3-1-1
(BCD)

0 0000 0000

OI . e * BCD Example:
726,,=0111 0010 0110,

2 0010 0011

O‘ 3 0011 0100

E' p S - * 6-3-1-1 code Example:

'\l: i — 726,, = 1001 0011 1000,;,,
, 6 0110 1000

§: 7 0111 1001

O‘ 8 1000 1011

E: 9 1001 1100
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Excess-3 Code

< COMEIEN - Add 3 torumben thr
O‘ 0011 represent in binary
O| 1 0100  Example:5,,=5+3=8=
—_ 1000,

? oot * Also called a biased
O‘ 3 0110 number
c 4 0111 e Excess-3 codes (also
Ly 5 1000 called XS-3) were used in
N . 1001 the 1970’ to ease
E arithmetic

7 1010
O‘ S oL * Excess-3 Example:
m 9 1100 _
™ 726,,= 1010 0101 1001, ,

© Digital Design and Computer Architecture, 2™ Edition, 2012 Chapter 1 <61> ELSEVIER



2-out-of-5 Code

m e 2 out of the 5 bits

0 00011 are 1
' 1 00101
' 2 00110
. 3 01001 * Used for error
l : 01010 detection:
| 5 01100
| 6 10001 e If more or less than 2
| 7 10010 of 5 bits are 1, error
' 8 10100
9 11000

FROM ZERO TO ONE

i
R >
>4 A
o \4
A
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Gray Codes

0
1
2

O 00 N O

FROM ZERO TO ONE

© Digital Design and Computer Architecture, 2" Edition, 2012

0000
0001
0011
0010
0110
1110
1010
1011
1001
1000

* Next number differs in
only one bit position
 Example: 000, 001, 011,
010, 110, 111, 101, 100
 Example use: Analog-
to-Digital (A/D)
converters. Changing 2
bits at a time (i.e., 011
—>100) could cause
large inaccuracies.
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.

(
e Decimal

3734
+ 5168

* Binary

1011
+ 0011

FROM ZERO TO ONE
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e Decimal

11 < carries
3734
+ 5168

8902

* Binary

1011
+ 0011

FROM ZERO TO ONE
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e Decimal

11 < carries
3734
+ 5168

8902

* Binary

11 < carries

1011
+ 0011

1110

FROM ZERO TO ONE
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W Binary Addition Examples

 Add the following 4-bit
binary numbers 1001

' + 0101

.+ Add the following 4-bit
| binary numbers 1011

: + 0110
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W Binary Addition Examples

 Add the following 4-bit 1
binary numbers 1001
| + 0101
1110

.+ Add the following 4-bit
| binary numbers 1011

+ 0110
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W Binary Addition Examples

L

8'  Add the following 4-bit 1
binary numbers 1001

o + 0101

oy

o 1110

< . .

LLy  + Add the following 4-bit 111

N binary numbers 1011

§: + 0110

O, 10001

El Overflow!
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o Digital systems operate on a fixed number of
bits

= * Overflow: when result is too big to fit in the

)  available number of bits

» See previous example of 11 + 6
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Signed Binary Numbers

 Sign/Magnitude Numbers
* Two’s Complement Numbers

FROM ZERO TO ONE
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FROM ZERO TO ONE
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Sign/Magnitude

1 sign bit, N-1 magnitude bits
 Sign bit is the most significant (left-most) bit

— Positive number: signbit=0 A- {aN_l, ay_,,+a,,a, ao}
— Negative number: sign bit =1

A= (=1)* nfai 2!
=0

« Example, 4-bit sign/magnitude representations of + 6:

« Range of an N-bit sign/magnitude number:




FROM ZERO TO ONE
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Sign/Magnitude

1 sign bit, N-1 magnitude bits
 Sign bit is the most significant (left-most) bit

— Positive number: signbit=0 A- {aN_l, ay_,,+a,,a, ao}
— Negative number: sign bit =1

A= (=1)* nfai 2!
=0

« Example, 4-bit sign/magnitude representations of + 6:
« +6=0110
e« -6=1110

« Range of an N-bit sign/magnitude number:
o [-(2N-1-1), 2N-1-1]




Sign/Magnitude Numbers

 Problems:
 Addition doesn’t work, for example -6 + 6:

1110
+ 0110

* Two representations of 0 (x 0):
* (-0) =

FROM ZERO TO ONE
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Sign/Magnitude Numbers

 Problems:
 Addition doesn’t work, for example -6 + 6:

-

<

Qo

E 1110

@ + 0110

ﬁi 10100 (wrong!)
S

2

e

| * Two representations of 0 (x 0):
« (+0) = 0000
 (—0) = 1000
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Two’s Complement Numbers

E

* Don’t have same problems as
sign/magnitude numbers:

 Addition works

e Single representation for 0

* Range of representable numbers not
symmetric

* One extra negative number

FROM ZERO TO ON
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Two’s Complement Numbers

* msb has value of —2V-1

* The most significant bit still indicates the sign
(1 = negative, 0 = positive)

» Range of an N-bit two’s comp number?

* Most positive 4-bit number?
* Most negative 4-bit number?

FROM ZERO TO ONE
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Two’s Complement Numbers

* msb has value of —2V-1

* The most significant bit still indicates the sign
(1 = negative, 0 = positive)

» Range of an N-bit two’s comp number?
 [-(2FH), 2N = 1]

* Most positive 4-bit number? 0111

* Most negative 4-bit number? 1000

FROM ZERO TO ONE
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FROM ZERO TO ONE
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“Taking the Two’s Complement”

Flips the sign of a two’s complement
number

Method:

1. Invert the bits
2. Add1

Example: Flip the sign of 3,, = 0011,




FROM ZERO TO ONE
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“Taking the Two’s Complement”

Flips the sign of a two’s complement
number

Method:

1. Invert the bits
2. Add1

Example: Flip the sign of 3,, = 0011,
1. 1100
2. + 1
1101 = -3,




FROM ZERO TO ONE
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Two’s Complement Examples

Take the two’s complement of 6,, = 0110,

What 1s the decimal value of the two’s
complement number 1001,?




FROM ZERO TO ONE
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Two’s Complement Examples

Take the two’s complement of 6,, = 0110,
1. 1001
2. + 1
1010, = -6,

What 1s the decimal value of the two’s

complement number 1001,?
1. 0110
2. + 1
0111, = 7,9, S0 1001, = -7,




* Add 6 + (-6) using two’s complement
numbers

0110
+ 1010

* Add -2 + 3 using two’s complement numbers

1110
+ 0011

FROM ZERO TO ONE
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Two’s Complement Addition

* Add 6 + (-6) using two’s complement
numbers 111

L

<

o)

E' 0110
' + 1010

g 70000

N

>

8‘

Ty

* Add -2 + 3 using two’s complement numbers

1110
+ 0011
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Two’s Complement Addition

* Add 6 + (-6) using two’s complement
numbers 111

L

<

o)

E' 0110
' + 1010

g 70000

N

>

8‘

Ty

* Add -2 + 3 using two’s complement numbers

111
1110

+ 0011
10001
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FROM ZERO TO ONE
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Increasing Bit Width

* Extend number from N to M bits (M > N) :
* Sign-extension
* Zero-extension




Sign-Extension

o Sign bit copied to msb’s
0 * Number value is same

o - Example 1
| e 4-bit representation of 3 = 0011
| * 8-bit sign-extended value:

<

L)

N

E e Example 2
O' e 4-bit representation of -7 = 1001
< » 8-bit sign-extended value:

ke
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Sign-Extension

o Sign bit copied to msb’s
o Number value is same

Q- Example 1
E e 4-bit representation of 3 = 0011
N e 8-bit sign-extended value: 00000011
E * Example 2

O' * 4-bit representation of -7 = 1001
& * 8-bit sign-extended value: 11111001
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/ero-Extension

0' e Zeros copied to msb’s
o * Value changes for negative numbers

QcC - Example 1
E * 4-bit value = 0011,
N * 8-bit zero-extended value:

EI e Example 2

O. * 4-bit value = 1001
E 8-bit zero-extended value:
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/ero-Extension

O Zeros copied to msb’s
0 * Value changes for negative numbers

Q- Example 1
E * 4-bit value = 0011,
N * 8-bit zero-extended value: 00000011
E * Example 2

@'  4-bit value = 1001
& * 8-bit zero-extended value: 00001001
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/ero-Extension

O Zeros copied to msb’s
0 * Value changes for negative numbers

Q- Example 1
E * 4-bit value = 0011, = 3,,
N * 8-bit zero-extended value: 00000011 = 3,
E e Example 2

O - 4bitvalue= 1001 = -7,
& - 8-bit zero-extended value: 00001001 =9,
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Number System Comparison

Number System  Range

Unsigned 0, 2N-1]

E‘ Sign/Magnitude -(2MV1-1), 2VE-1]
' Two’s Complement -2N-1 2N-1.1]

- For example, 4-bit representation:.

rr»~ 1~ 1 _ 1 T T 1T T T T T T T T 1 T T T T T T T 1
Nl 84 v 6 5 4 3 2 -1 0 1 2 3 4 5 6 v 8 9 10 11 12 13 14 15

L Unsigned 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111

0000 . .
( 1111 1110 1101 1100 1011 1010 1001 1000 0001 0010 0011 0100 0101 0110 0111 S|gn/Magn|tude

O 1000 1001 1010 1011 1100 1101 1110 1111 0000 0001 0010 0011 0100 0101 0110 O111 Two's Complement
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