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Module 1. Intro to Number Representations

Topics
e How do we store (or “encode™) information in digital systems? T — 3 '3/ )
e Specifically: how do we store numbers? T L‘—-
To— —_— -,
First things first: Remembering Digital Logic —J-_ 0

oV

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.

/| BT * dwt of O orn [

Digital logic defines how we can process information using bits:

- éa;»/c (o, oty mof). — Sroraer

=7 CanBINE T© Burey
'7412/7’M£ﬂc (t-, /.- 7 g
First things first: 2 bits diffcrer‘:tiate(a;ong 2’2hings‘ ﬁ:“‘ aﬁﬂg c‘ﬂmﬂm
M., ” ) ) t#' 2’3”’ zzs N
7 oMk caslt 2 Passigee cooes

/b 00
Terminology: 1 byte = 8 binary digits = 8 bits (e.g. 10010011) 4 OI/ /0, '

2 byte = 1 nibble = 4 bits

1@, = 2.(01' more) bytes --> MSP430 word xm ( ] ‘ ﬂ/}")

1 double word = 2 words (4 bytes on MSP430)
" (832 pi1x)

In computers, information and memory space is organized in jo multiples of bges.
But what do the bytes mean?
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~—  The meaning of bits and bytes assigned by convention!
ﬁ

>> Under a given coding convention, a byte can represent up to 2% = 256 things

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

( e Aletter in an alphabet
« D ! A ASC)
¢ One or more decimal numbers

Yr, -2, ~f2.5

e The state of eight individual things (cm; per 9)@_’ 2210

"@ i1 vecror" /1t 610
birg=1t " ™ Leusr SIPIFICAT
172 = 0 /1OST Si6piFtcamy BIT (L58)

A e An instruction that tells ;;he: CPU to do something: B/ (/.7 s p)

= 00 0ol
C3h <7 1 gf CPV sustroctIon
:) RET 7o Reruamd Frop  pometiop)

We call these conventions engoding formats. They represent a kind of contract on how data will
be stored and used. As programmers, It 1s up 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 B/‘ 5€ ( RI‘DI)()

We write numbers in a positional system, which can be defined as: N

= / .
g T 57 10?4 70 1 300" Ly
BASE 19 D- 2’1'/‘. 7= RADIX
/

ddel . Al WHERE W </nv oy,
For bmary numbers, we can write this definition as: N p/‘ 775 LEFf or
Base 2: o-t P2 Dr61rs RIGRT o

B- ZA,(Z) WHERE b g £ 6/)
bnsmned integers = All bm used to convey magmmde (whole numbers > 0)
£ /’/OOI o°°l¢cz..tp =7 /xZ s OxZ 4 0,«2.’«/ /,27
n e 01271 042"+ 0,2’ 1/y2°

L /Z’?/é'f/ :57;;(7

Decimal to Binary Conversion — Successive Division
Ly Dinpe By Z, Look AT REMApSIL

7 LSP _
yyfy =22 KO [1or oob[

z - /f
/ zNote To dlfferennate numbers in different formats, we use notation to denote the radix used wo

write it. For binary: 101(}3 or 1010b decimal: 101010 or 1010d (or just 1010)
s %
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Hexadecimal: A common way to write binary numbers

Since working in binary can be cumbersome, we often write numbers in hexadecimal, which is
o s e
base 16.

Simple rule for conversion: AT ONE Ntx %/‘17, y 7 B/ff

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

DEC BIN HEX | DEC BIN  HEX
et S — Ex. 158d =
0 ,0000 0 | 8 1000 8 e
1 0001 1 | 9 1001 9 g
2 0010 2 | 10 1010 \A / ;f//(‘ ? (/f
3 0011 3 |11 1011 B
4 0100 4 | 12 1100 C W
5 0101 5 | 13 1101 D
6 0110 6 |14 1110 E - 7
7 0111 7 | 15 111T F 7//[ z O 'e

:527 t%

If you memorize anything in this class, memorize these!

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...

1001 1110b = 158d Io i
<
1 £y / ¥

:23’(2'0:}4/:7

Or vice versa:
.SAC% = 8 A C 4

wd [ \
[iioo [6]0 /00 oamr
o160 | b

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.

& P
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—. How do we store negative numbers?

One way: Sign Magnitude integers = n-1 bits used to convey mwe with “most

significant bit” or MSB used for %& mxventicm: O0=+,1=-
rs -
Fore & Byis: SMMM MMMHM

0l0/0 GCowf =#37
Iloro @00 = _33
&5 ENTAY.
TL’O KE”Z, olpooe pooed < O
For LEA% looe 0000 =-0 £87

- ANB1gvove

Note: This format has 2 representations of 0 = +0 and -0 ! / NE} FF /¢ /&’W

Another way: Two's Complement integers = More common format for signed integers. For n
, bits, values range from -2 to 2(-1)_]

How it works:

Positive numbers: Follow same format as unsigned numbers

1026 = 0000 0100 0000 0010b = 0402h

16, . _
27+ 2 ¢ JoRY+2 </02¢
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ﬂSS”ﬂE & BIT wM/AMBERS -6

o Negative numbers: Write magnitude, Complement each bit, Add |

«}15 &

ONLY |F M pTIE

Qoo0e (11 MACN TUPE

[l1) ©Ooso CIMPLEMEWT

4 | - (Fap AL gy
1711 660]] , l+)
Es. g 1k 444 710
Slew 81y 1S SeT S ¥
@=s R o
0000 000/ 1010
N REVERSE:
/10t e _—,éff, e
— 7,/7”11 :7’, cooc 0 /u;'.
Range of Values for 2's Complement =7 9%0¢ li¢p) = /5
Y, 15
For (6 81751 (3*),, (2 -1) -5

0111 1111 1111 1111b = # 327€7
0111 1111 1111 1110b = *317“
1\ . .
OCve 00e® op0d c0e/p= (
0000 0000 0000 0000b
vin e na = =

1000 0000 0000 0001b

F@oo 0000 0000 00003@[ - —-}27(‘7

v
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~.  Ex: Find the 8-bit two's complement representation of 104 and -80
e

Ea. 704  fosimiVE S0 TREAT 1T LiKE uwSiéueD
/0‘//z= 52 RO ]B//a /000 67
s/ = 26 R6 © 2 2642%12° /6

A Y
.

_ $0 37 NECATIVE, N 25 CoA?  PascEpuce

Fo =, OIOI Jo°90e0
/azo VRN CoMP

P

| [o/ / ~0oov]’

Ex: What are the decimal equivalent vglues-ef=thest2"S COmplcment values

16 0011b
N { I 6 - P
}’ojﬁnvz 2° 4242 = 32+42¢)° BS}L’

000 0011b c NEED 2's  comP precEodr€

NEGATIVE
Jooo 001l
orii! [00 Cdﬂp
F > | Avd |

g

@1/ iol] - Z—/zfi'
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~  Ex: What decimal value does éOOSh represent as an...
(a) ugsigned integer (b) 2% cc:mp integer (¢) sign-magnitude integer
] .8

A UPLIpED e 5
JooZ) = (00O 0000 0000 /009

N
=2 127 :'1327727
B. pomser. /5 NEGUTIVE, o w

Py, {
Freccoors 23 camr
/090 0000 /000
~0 /1) ’
Feoose 110 1111 0101 comp
= ) o 0000 o0009¢ 000/

N Y VTINYIT /90 g

C. Srew -ppemiTope

'y 7 E8
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What about things that aren’t integers?

Characters

To handle letters and other displayable characters, we need an encoding format to describe how
we can represent these values in binary. One very common format for this is ASCII (American

Standard Code for Information Exchange), which defines a table of binary cades that represent
various characters.

ASAU) = 7 op @ & BiT ENCoD) 16
IV Prpcnice: ) cppqacree = | BYIE,

/

D' - 1Y 7,

@

Note: Other formats exists for representing different types of characters (alphabets and character
sets for all human languages, emoji, etc.). For information on this, see "Unicode".
GEETE R,

Unicode Examples /W vV "O"if Ok ClptAcTiL = 7 ! 3775'

Unicode Name Bit representation Character
U+00FC LATIN SMALL LETTER U WITH DIAERESIS |C2 BC ii
U+1F602 FACE WITH TEARS OF JOY FO 9f 98 82 &3
U+1F363 SUSHI FO 9F 8D 83

Non-integer Numbers

In future lectures we will talk about representing non-integer data. These are called fixed-point
® and floating-point data types, which we will cover soon!




777N

T&
double f; // 64-bit"IE
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Preview: How is data actually stored in a program?

C defines a set of standard data types to store information. Each datatype has a specific
representation, which depends on the compiler and the CPU architecture.

For the MSP430 architecture, the standard datatypes are defined as follows: Ny
b it a; /f 16=bit two's~ complement signed (2 hytes) y

unsigned int b; // lé6-bit unsigned integer (2 bytes) )“[CJ *
long int c; // 32~bit signed integer (two's complement} (4 bytes)
char d; 7/ B“bzg unsigned integer (1 byte)

float e; //*32~bit

EE754 single-precision floating point value (4 bytes)
EE754 double-precision floating point value (8 bytes)

Note that the types char, float, and double have the same size on all architectures—these are
part of the C standard.

We can use these standard datatypes to hold different kinds of information (signed/unsigned
numbers, characters, decimal values), or compose more complex types (like arrays or structs).

Impeortant: The size and type of a variable define the range of values they can represent!
e The value of a variable CANNOT exceed the fixed size of the variable
D TSTT——
e Variables will "overflow" or "roll over" if the value exceeds the variable size!

INT = 2 possigie s7ATES, Fon umwsrimep
¥ 0= (2"%-/) = 6- 4553

i (!
0 =(2%1) : 0-25¢

CNAR™ 2

T CHAR €2 283
c= e+l y2st —= [7777 /7/aJ
C=C4)) 17255 77 777¢]

I o
C: Cfl/ // 0 JS000 ooool =




