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Introduction

•
H

ow
 digital system

s encode program
s and data

−
i.e. D

ata
Program

 representation

•
R

epresentation understanding im
portant for

−
hardw

are engineers

−
softw

are program
m

ers
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D
igital L

ogic A
nd A

bstraction

•
A

bstraction

−
hide underlying details and use high levelrepresentations.

−
exam

ple False is 0V
.

−
allow

s com
plex

system
s like

processors and m
em

ories to
be built w

ithout w
orrying about low

lev eldetails like
individual transistors

•
Program

m
er concerned about representation used for data

and program
s
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B
its, B

ytes

•
B

it

−
binary digit that describes a digital entity

−
tw

o perm
issible values 0, 1.

•
B

yte

−
m

ultiple bits to represent com
plex

data

−
sm

allest data item
 larger than a bit that hardw

are can
m

anipulate

•
So

how
 big is a byte ?

−
6,8,10

bits ?

−
depends on the com

puter

−
8

is default
C

S250 -- Part 1
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B
yte Size A

nd P
ossible V

alues

•
Program

s use bytes to store values.

•
B

yte size
im

portant to program
m

ers.

•
B

yte size determ
ines m

axim
um

 value that can
be stored.

−
k

bits, byte can represent 2 k
values

−
m

axim
um

 value is 2 k-1

•
E

xam
ple w

ith 2 bits

−
00, 01, 10, 11

−
above 4 values can be represented, m

axim
um

 value is 3

•
B

its do not have intrinsic m
eaning, they

are interpreted by
hardw

are or softw
are
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B
inary A

rithm
etic

•
D

ecim
al 123

−
1

X
100 +

 2 X
 10 +

 3 X
 1

−
i.e. 1 X

 10 2
+

2
X

10 1
+

3
X

10 0

•
B

inary 010101

−
0

X
2 5

+
1

X
2 4

+
0

X
2 3

+
1

X
2 2

+
0

X
2 1

+
1

X
2 0

=
21
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B
inary A

rithm
etic

•
N

ote, k bits can represent 2 k
values betw

een 0 and 2 (k-1)

2
0

=
1

2
1

=
2

2
2

=
4

2
3

=
8

2
4

=
16

2
5

=
32

•
V

alue associated w
ith the first six positions in binary num

ber
system

.
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H
exadecim

al N
otation

•
Program

m
ers find

−
decim

al difficult to understand

−
binary m

ay be unw
ieldy (long strings)

•
C

om
prom

ise

−
positional num

bering system
 w

ith larger base

−
base m

ultiple of tw
o, easy to translate to binary
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H
exadecim

al N
otation

•
Solution: H

exadecim
al =

 base 16

−
strings are shorter.

−
converting to binary is trivial

•
E

ncode 4 bits to single hex
betw

een 0-15

−
H

ex 0-F

−
D

ecim
al 0-15

−
B

inary 0000-1111
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N
otation F

or C
onstants

•
H

ow
 to

tell if the num
ber is binary,decim

al, or hex?

−
subscripts for non-decim

al, exam
ple 132

16 .

−
prefi

x 0x for hexadecim
al, 0b for binary.

−
exam

ple 0x132.
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C
haracter Sets

•
D

efi
ned by the com

puter system
, encoding decided by

architect

•
N

eed representation for upper/low
er case letters, digits,

punctuation.

•
B

yte size-character set relationship: 8 bit byte allow
s a 256

characters set.
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C
haracter Sets

•
E

ncoding standards

−
E

B
C

D
IC

*
E

xtended B
inary C

oded D
ecim

al interchange
C

ode

−
A

SC
II (A

N
SI)

*
A

m
erican Standard

C
ode for Inform

ation Interchange

*
A

m
erican N

ational Standards Institute

*
7-bit bytes

−
U

nicode

*
proposal for 16+

 bit set to accom
m

odate all languages
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U
nsigned Integers, O

verflow
, A

nd U
nderflow

•
Situations arising w

ith unsigned integer operations

−
overflow

during addition

−
neg ative result from

 subtraction

•
Solution

−
w

raparound, and set carry bit to overflow
/underflow

1
0

0
+

1
1

0
1

0
1

0

overflowresult

•
Illustration of addition w

ith unsigned producing overflow
.
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T
he L

ittle B
ig E

ndian

•
Should set of bits be num

bered from
 left or right?

−
from

 left if view
ed as a

string.

−
from

 right (least signifi
cant bit, L

SB
) if view

ed as a
binary num

ber

•
W

hat happens w
hen transferring 32 bits, byte at tim

e?
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T
he L

ittle B
ig E

ndian

•
L

ittle E
ndian: num

ber from
 L

SB
 to M

SB

•
B

ig endian: num
ber from

M
SB

 to L
SB

•
B

it little endian: num
ber bits w

ithin byte from
 L

SB
 to M

SB

L
ittle E

n
d

ian

B
ig

 E
n

d
ian

0
1

2
3 0

1
2

3

0
x

0
1

0
x

0
0

0
x

0
0

0
x

0
0

0
x

0
0

0
x

0
0

0
x

0
0

0
x

0
1

•
Illustration of big endian and little endian byte num

bering for
a

32
bit integer equal to 1.
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Signed Integers

•
Positional representation can’tdeal w

ith negative num
bers

•
A

lternatives

−
signed m

agnitude: a separate bit (leftm
ost i.e.e M

SB
)

stores the sign

−
1’s com

plem
ent: reverse each bit for negative

−
2’s com

plem
ent: subtract 1, then reverse each bit

C
S250 -- Part 1

18
D

r.R
ajesh Subram

anyan, 2005



Signed Integers

•
Q

uirks in signed integers

−
sign m

agnitude: N
egative 0

−
1’s com

plem
ent: tw

o
values for 0

−
2’s com

plem
ent: one extra negative num

ber than positive
num

bers

•
B

est interpretation: sign m
agnitude, 1’s

or
2’s com

plem
ent?

−
depends !!

−
com

puter architects usually choose 2’s
com

plem
ent
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Signed Integers

•
E

xam
ple of 2’s

com
plem

ent

−
K

bits now
represents 2 (k-1)-1 num

bers

−
M

SB
 is 1 for negative num

bers

•
C

om
puter can use single piece of hardw

are to provide
unsigned or 2’s

com
plem

ent integer arithm
etic

•
Softw

are can choose the interpretation
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U
nsigned A

nd E
quivalent T

w
o’s C

om
plem

ent

B
in

ar y
U

n
sig

n
ed

 
Tw

o
’s C

o
m

p
lem

en
t

V
alu

e 
E

q
u

ivalen
t 

E
q

u
ivalen

t
1

1
1

1
 

15
-1

1
1

1
0

 
14

-2
1

1
0

1
 

13
-3

1
1

0
0

 
12

-4
1

0
1

1
 

11
-5

1
0

1
0

 
10

-6
1

0
0

1
 

9
-7

1
0

0
0

 
8

-8
0

1
1

1
 

7
7

0
1

1
0

 
6

6
0

1
0

1
 

5
5

0
1

0
0

 
4

4
0

0
1

1
 

3
3

0
0

1
0

 
2

2
0

0
0

1
 

1
1

0
0

0
0

 
0

0
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Sign E
xtension

•
W

hat happens if sm
aller size integer is copied to larger size

integer in 2’s
com

plem
ent ?

−
Positive:fi

ll M
SB

’s
w

ith 0.

−
N

eg ative:fi
ll M

SB
’s

w
ith 1’s

•
B

ecause 2’s
com

plem
ent hardw

are perform
s sign extension;

copying an
unsigned integer to a larger unsigned integer changes the
value.
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F
loating P

oint

•
M

antissa and exponent are encoded separately in binary

•
A

dvantage, optim
izes space

−
norm

alize value

*
rem

ove leading 0’s
from

 m
antissa

*
leading bit is im

plicit as 1 and can be dropped, saving
a

bit

−
exponent can be biased to allow

representation of very
sm

all or very large num
bers
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IE
E

E
 Standard 754 Specification F

or Single A
nd

D
ouble P

recision0
23

31

0
52

63

S
exp

o
n

.
m

an
tissa (b

its 0 - 22)

S
exp

o
n

en
t

m
an

tissa (b
its 0 - 51)
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O
ther R

epresentation Issues

•
Special values

−
positive and negative infi

nity

*
exponent all 1; m

antissa all 0

*
H

elps softw
are determ

ine overflow
s

•
R

ange

−
2 -126

to 2 127

−
10 -38

to 10 38

−
double precision 10 -308

to 10 308
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O
ther R

epresentation Issues

•
D

ata A
ggregates

−
arrays, records, structures stored in contiguous bytes

−
note: som

e m
em

ories disallow
(i)

•
Program

s stored in m
em

ory

−
instructions and data
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C
lass E

xercises

•
C

hoosing data representation (num
ber of bits) for designing a

keyboard

•
D

ecim
al to binary,decim

al to octal, decim
al to hex

conversion

•
B

inary to decim
al, octal to decim

al, hex
to

decim
al

conversion

•
C

onverting decim
al fraction to binary equivalent

•
C

onverting binary fraction to decim
al equivalent

C
S250 -- Part 1

27
D

r.R
ajesh Subram

anyan, 2005



C
lass E

xercises

•
C

onverting sign m
agnitude num

bers to equivalent 1’s
and 2’st

com
plem

ent

•
A

ddition and subtraction using 1’s
and 2’s

com
plem

ent

•
C

om
puting suitable bias constant to im

prove accuracy
of

very sm
all num

bers

C
S250 -- Part 1

28
D

r.R
ajesh Subram

anyan, 2005



V
ocabulary

•
B

its, bytes

•
B

inary,hex,decim
al

•
A

scii character set

•
O

verflow
, underflow

•
B

ig little endian

•
Sign-m

agnitude, 1’s, 2’s
com

plem
ent

•
Floating point

•
and that´s it ..
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