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Numbers and Numerals

* Numbers: Mathematical objects

NCNoCcZcCcQcCR

 Numerals: Symbolic representation of a number

 Example for representing “fiftteen”
MO (tally marks) 15 (decimal numeral)
XV  (roman numeral) OxF (hexadecimal numeral)
017 (octal numeral)
b1111 (binary numeral)



Unsigned Decimal Numerals

 Example with four digits

KRITO

1234 :=1-10004+2-1004+3-10+4 -1

—1-10°+2-10°+3-10' +4-10°
e Digits O, 1, 2, .., 9

e Positional notation with base 10



Unsigned Decimal Numerals with n Digits

* (General notation with 4 digits
3

u(as(azg@s@y @ndog = Z ap10F € {0,...,10* — 1}

k=0

* (General notation with n digits

n—1

U(Ap_1,...,00) = Zaklok c{0,...,10" — 1}
k=0



Unsigned n-Digit Numerals with Base b

* (General notation with n digits

n—1
U(Ap 1y, 00)p = Zakbk c{0,...,b" —1}
k=0

e« Example withn=4andb =2 | Bit=Binary Digit

3
U(Cbg, a2, dy, Cl,())b = Z a'kzk = {07 U 15}
/ \ k=0
MOSt least
significant significant
bit bit




Hexadecimal: Base 16

 \We have 16 digits

* Convention: “Prefix Ox indicates hexadecimal”
O®x1B) =1-16 +11-16" = 27
O®x12) =1-16" +2-16° = 18



Representing Bit Patterns with Hex-Digits

* 4 Dbits can be represented with 1 hex-digit

0000 = 0 0100 = 4 1000 = 8 1100 = C
0001 = 1 0101 =5 1001 =9 11601 = D
0010 = 2 0110 = 6 1010 = A 1110 = E
0011 = 3 0111 = /7 1011 =B 1111 = F

* Preserves the value of unsigned integers

u(0111111))> = u(Ox3F)



Octal: Base 8

 We have 8 digits

o, 1, 2, 3, 4, 5, 6, 7

* Convention: “Leading zero indicates octal”

w(017) =1-8"4+7.8° =15

* 3 bits can be represented with 1 oct-digit



Bit Pattern Decimal Hexadecimal Octal
0000 0) Ox0 00
0001 1 Ox1 01
0010 2 Ox2 02
0011 3 Ox3 03
0100 4 Ox4 04
0101 5 Ox5 05
0110 6 Ox6 06
0111 7 Ox7 07
1000 8 Ox8 010
1001 9 Ox9 011
1010 10 OXxA 012
1011 11 OxB 013
1100 12 OxC 014
1101 13 OxD 015
1110 14 OXE 016
1111 15 OxF 017




