FCt 2077 0 Lecowe |/

T v 70 I 2Pl ruRitoans

/ﬁz@{gm

—d M . ML, A7 CLA!L YA
NEYT Tks

~ LR SHerc Tyeesasy — Sphow up 7o
GET Yok BOIZU./

. /|
= TLEASE Frie our  gmk Dackeanp
CorVts 7 o TE  AEALTE -



ECE2049-E22

1-1

Module 1. Intro to Number Representations

Topics )
e How do we store (or “encode”) information in digital systems? ) ?2 J/
e Specifically: how do we store numbers? N )
First things first: Remembering Digital Logic ! ) )

oY

Before we can talk about how computing systems are built, we first need to talk about their basic

building block: digital logic. In digital logic, information is represented in binary bits
l_/___.

/?17 > %Lug O ou |

Digital logic defines how we can process information using bits:

éoé/@b (/44//3 Or /l/d/»\.Q — Sromdeg

— e
~ A2 e, (+~ /, N> e

First things first: n bits diff 27 thi secr 70 Boersd
irst things first: n bits differentiate among 2" things /Z@ A
@4&4&7 CoVZewr s
Wape = 2" |
2)1L

2 UN)QUE //CQO&U é; 2F/7x

’:, -~ // < J
1 byte = 8 binary digits = 8 bits (e.g. 10010011) 2 s y COPES 7
1/bte=1ﬁ€' ble = 4 bits o O
12 yd 2 ( )b >MSP43O d =2 byt “ § /J/O/ /!
- r
wor or more) bytes ) ytes (6 P, 7@
1 double word = 2 words (4 bytes MSP430)

B (72 271253

In computers, information and memory space is organized in to multiples of bytes
But what do the bytes mean?

Terminology:
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The meaning of bits and bytes assigned by convention! )0/t 0o0)
‘_/_\_/_’\
>> Under a given coding convention, a byte can represent up to 28 = 256 things
==

For example, 1 byte (8 bits) could encode:

e A letter in an alphabet /4 <C //

Y _
7 NOET LEAS]
e One or more decimal numbers L4 ;;;7/ (/5 ¢ 3} $60) 71T

_ N7 l/ 5
42“/ L/Z’/ /Z.S/ 7417 320 (4p)

e The state of eight individual things (one per bit)

Bir cTie J/72 _077°

£6, B)76 ) 2 71
=6
e An instruction thattells the CPU to do something:

Jjo0 Coll <2 Ik

—_
=D RET  {ow 1)
<__ CHo NSTRoCTOW TO LETOLLD f720A
oA EULCTION
We call these conventions encoding formats. They represent a kind of contract on how data will
be stored and used. As prom to us to assign meaning to those bits—which

defines what operations we perform on them.
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Conversion between Bases and Formats: Binary
Positional Number Systems

BAD/x  (BACE)

We write numbers in a positional system, which can be defined as: §/
0
Py (738 =2 [ 0009 75067 ¢ F’ + LD
) p-1 4 - Yo
( B)U L)Y p % [\’ -
é /" WRNEE (> = ) 5 pig)T
7
.OM‘[/'M =N = D1 LEFT oF
For binary numbers, we can write this deﬁmtlon as: /U ﬁ/ { ot

Buse 2; Ol p-1 P o prseTs grepr

:éb,’ (zf) WNLLE b} 62/0)/27 OF ®

Unsigned integers = All bits used to convey magnitude (whole numbers > O)
-~ MR cr g

h?’, /00/ 000/ b = /,Z [ @,z F Oyz + /42 4

TG i1 032, )28
Zymry =2 Drcipde ==

= )28 /64 | :@

Decimal to Binary Conversion — Successive Division

L> e B/ 2, (oo, T
& 7Z < LAt
vy )z 2 722 K[O\& LSE
22/o =/! KO cyst 1®

)je = & Bl /E@

S/z = 2 F 5i20g 1

) )e = o £l M8 2248+ Y= yly”

Note: To differentiatetfumbers in different formats, we use notation to denote the radix used wo
write it. For binary: 10102 or 1010b; decimal: 101010 or 1010d (or just 1010)
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Hexadecimal: A common way to write binary numbers
Since working in binary can be cumbersome, we often write numbers in sexadecimal, which is

base 16§- . ) 2 lvy/é
imple rule for conversion: OA/E 7{)&\)( /2/6/7’ )= / ) >

--> 1 Hex character represents values from 0 to 15d using digits 0 — Fh

DEC BIN HEX | DEC BIN HEX
0 0000 0 | 8 1000 8 Ex. 158d= \
1 0001 1 | ’9 ‘to01 9 /‘f(//‘_éf 7 ['{
2 0010 2 | 1T 1010 ‘=&
3 0011 3 | 11 1011 B
4 0100 4 | 12 1100 C //é 0 ?
5 0101 5 | 13 1101 D
6 0110 6 | 14 1110 E&
7 0111 7 | 15 11IT F 7E}l
—

If vou memorize anything in this class, memorize these!

—-ol— Qr ik
Notation: Numbers in hex are written as 1010h or 0x1010

Conversion between hex and binary is piece of cake! Just convert each hex digit to a binary
nibble... }z 1 °

)60 | =2
1001 1110b = 1584 ﬂ\élll L opa) 2T
J

‘l/ Zzz,z
it ¢4z

Or vice versa:
C 4

(0)0 J(°0 (5/00

Note: A modern computer always stores information in binary form. Writing in hex is just a
faster way for us to read and write these numbers—the machine’s representation is still binary.
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One way: Sign Magnitude integers = n-1 bits used to convey magnitude with “most

How do we store negative numbers?

significant bit” or MSB used for sign. Convention: 0=+, 1 = -

) For ¢ mis SHAML pih
. A pdeprrvpg )

J|lolo oco| =-355

Olooo oegp = O
) oo o 000@5“0\7{(
AN 6000(

Note: This format has 2 representations of 0 =+0 and -0 ! //’/ LFRCI V)
N

Another way: Two's Complement integers = More common format for signed integers. For n

bits, values range from -2V to 2(D-1

How it works:

Positive numbers: Follow same format as unsigned numbers
(/_“/‘

ttttt

-_—

23 2 < ozt 25 (026
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Negative numbers: Write magnitude, Complement each bit, Add 1

—~
5= kY )P PEATIVE

ECE2049-E22

o pooo 11! ) MPEmITIDE
> 7711 ©000 conPLEMT
- Z : L) ,/b>
ADD )L gy

ot |
)] =10
([T _c001)s

N /e BIT S SET

Iz
ooop 000! ]
/)7 /Nf | )) 2
\/\J
0/ 1) =2 v
| &0

Range of Values for 2's Complement 7’
' .o
O 7= C ) Z,/&i ) -
+ P2767

0111 1111 1111 1111b=7+ 22 %7
0111 1111 1111 1110b #4274/

<)

00600 0000 opooo ©99G|
0000 0000 0000 0000b = @

J) 1010y ) & =

1000 0000 0000 0001b
1000 0000 0000 0000b = = 227%/

7
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Ex: Find the 8-bit two's complement representation of 104 and -80

Ly 10) = 2 PefITIVE, Txedr p ke LY 6]

WY
52/2 = 2RO ‘

\

)

Z_-}( o~ J@ = > N _ﬂf/VB\, Co NWEZED 2 /_f (ONP frocCDV/E.

—Q For. SucceSSIVE % ,\D
Dipslon EUNPLE, L a)o /] @lo)ép J0é
SEE NEIT PUEE « -~ /0/0 )/// / C@/’LF

p6G6° oo/

)
o] 1 2000]= - 0,/

Ex: What are the decimal equivalent values of these 2'Ws

N4
/’o)nooonb 29+ 2)/, 2 = 2424 i@

fosmv/ﬁ

jOO 0011b
-
VE, S0 pMEED 2 't conP  fReCOILE

. peed7!
- )6co 00!l Jom3en
o))) j)o? cont
! 4DD)

@/2 170) - /Zg <>://2{/

| FovD mie., //) )
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Ex: What decimal value does 8008h represent as an... ’.ﬁ
al—

s, 2
(a) unsigned integer (b) 2's comp integer (c) sign-magnitude integer 2 7 Z 7" /

JMSL b &D JNTBh
AR , :
/4’ fOOVé: /000 QOO@ OO0 Sl e

7 )00 0O
15 '
=Z 2 o[ 3272¢

=

R 271 cons , )
JERATIVE £ WEEO 23 Conp Aeckover

)vo@ ©090 ool p0I0
o0 2200 111) Ul cenp
coclO GCocl Jdoco Cco )

01)) 1)) )y, 000

BRI
vZ+ZJf~\V ,,Zzzﬂ‘/

C., S;sw SAVITVOE P f J
$) 6w =0 NEeATIVE
/y;déﬂ//TI/OZf: 22: (fz ;> —y

+

]

A

, . 4
%&Of\‘?w@ 0000 040"
——

U :
Nwﬁ’ \ W% 7= g



