BINARY NUMBERS
BINARY NUMBERS: The binary numeral system, or base-2 number system, represents numeric values using two symbols, 0 and 1. More specifically, the usual base-2 system is a positional notation with a radix of 2.
DECIMAL NUMBERS: The decimal numeral system (also called base ten or occasionally denary) has ten as its base and represents the value range of 0-9.
OCTAL NUMBERS: The octal numeral system, or oct for short, is the base-8 number system, and uses the digits 0 to 7.
HEXADECIMAL: In mathematics and computer science, hexadecimal (also base 16, or hex) is a positional numeral system with a radix, or base, of 16. It uses sixteen distinct symbols, most often the symbols 0–9 to represent values zero to nine, and A, B, C, D, E, F (or alternatively a–f) to represent values ten to fifteen.
CONVERSIONS:
DECIMAL TO BINARY:
· The first step in the conversion is to take the decimal number and divide it by 2. Put the division expression in the upper left-most cell of our table. Take the quotient of the division result and put it in the second cell of the row. Put the remainder in the last cell of the row. Important: NEVER carry your divisions past the decimal point! 
	Decimal Number=97 

	Division Expression 
	Quotient 
	Remainder 

	97/2 
	48 
	1 



· For each subsequent row, we take the quotient from the previous row and divide it by two. We put the new quotient in the second cell of the row and put the remainder in the last cell of the row: 
	Decimal Number=97 

	Division Expression 
	Quotient 
	Remainder 

	97/2 
	48 
	1 

	48/2 
	24 
	0 

	24/2 
	12 
	0 

	12/2 
	6 
	0 

	6/2 
	3 
	0 

	3/2 
	1 
	1 

	1/2 
	0 
	1 



· The last step in the proces is concerned only with the last column in our table -- the "Remainder" column. Notice that the remainder column only has ones or zeros. Also note that the cell in the remainder column of the last row must be a "1". If we read the 1s and 0s in the remainder column from the bottom to the top, we'll have our binary number! 
	Decimal Number=97 

	Division Expression 
	Quotient 
	Remainder 
	Direction 

	97/2 
	48 
	1 
	[image: http://www.cs.iupui.edu/%7En241/readings/images/arrowUp.gif]

	48/2 
	24 
	0 
	

	24/2 
	12 
	0 
	

	12/2 
	6 
	0 
	

	6/2 
	3 
	0 
	

	3/2 
	1 
	1 
	

	1/2 
	0 
	1 
	

	Binary Number=1100001 


[bookmark: Bin2Dec]BINARY TO DECIMAL:
So, how can I convert the binary number 1101 to a good-old decimal number? The best way to to this is construct a table in which you can do some simple arithmetic operations to solve the conversion! Let's try it! 
1. First, I want to write the binary number in a row, separating the digits into columns: 

	Number 
	1 
	1 
	0 
	1 



2. Next, I want to decide whether each digit placeholder is "ON" or "OFF." The reason for this will become a little clearer in a few minutes, but for right now just remember that a "1" is "ON" and a "0" is "OFF." When we calculate the exponential expressions, we don't have to calculate any digit placeholders that are turned off: 

	Number 
	1 
	1 
	0 
	1 

	ON/OFF 
	ON 
	ON 
	OFF 
	ON 



3. In the third step, we write the exponential expressions ("powers of two") that represent each placeholder and multiply each expression by 1. We do this only for the placeholders that are turned ON. For the placeholders which are turned OFF, we simply bring down the zero from the number itself: 

	Number 
	1 
	1 
	0 
	1 

	ON/OFF 
	ON 
	ON 
	OFF 
	ON 

	Exponential 
Expression 
	23*1 
	22*1 
	0 
	20*1 



4. Now, we can calulate the exponents to get a simple multiplication expression for each placeholder. Again, we do this only for placeholders which are turned "ON." Again, we bring down the zero if the placeholder is turned "OFF": 

	Number 
	1 
	1 
	0 
	1 

	ON/OFF 
	ON 
	ON 
	OFF 
	ON 

	Exponential 
Expression 
	23*1 
	22*1 
	0 
	20*1 

	Calculated 
Exponent 
	8*1 
	4*1 
	0 
	1*1 



5. In the fifth step, we solve the multiplication expressions from step #4. Again, we bring down any zeros for placeholders which are turned OFF: 

	Number 
	1 
	1 
	0 
	1 

	ON/OFF 
	ON 
	ON 
	OFF 
	ON 

	Exponential 
Expression 
	23*1 
	22*1 
	0 
	20*1 

	Calculated 
Exponent 
	8*1 
	4*1 
	0 
	1*1 

	Solved 
Multiplication 
	8 
	4 
	0 
	1 



6. In the final step, we add all the multiplication answers from step #5 together to get our decimal number! 

	Number 
	1 
	1 
	0 
	1 

	ON/OFF 
	ON 
	ON 
	OFF 
	ON 

	Exponential 
Expression 
	23*1 
	22*1 
	0 
	20*1 

	Calculated 
Exponent 
	8*1 
	4*1 
	0 
	1*1 

	Solved 
Multiplication 
	8 
	4 
	0 
	1 

	Add to Calculate 
Decimal Value 
	8+4+0+1=13 





TRUTH TABLE:
A truth table is a mathematical table used in logic—specifically in connection with Boolean algebra, boolean functions, and propositional calculus—to compute the functional values of logical expressions on each of their functional arguments, that is, on each combination of values taken by their logical variables (Enderton, 2001). In particular, truth tables can be used to tell whether a propositional expression is true for all legitimate input values, that is, logically valid.
Practically, a truth table is composed of one column for each input variable (for example, A and B), and one final column for all of the possible results of the logical operation that the table is meant to represent (for example, A XOR B). Each row of the truth table therefore contains one possible configuration of the input variables (for instance, A=true B=false), and the result of the operation for those values.
[bookmark: binary]AND OPERATOR:
The first logical operator which we will discuss is the "AND", or conjunction operator. For the computer scientist, it is perhaps the most useful logical operator we will discuss. It is a "binary" operator (a binary operator is defined as an operator that takes two operands; not binary in the sense of the binary number system): 
p AND q 
It is traditionally represented using the following symbol: 
[image: http://www.rwc.uc.edu/koehler/comath/images/and.jpg]
but we will represent it using the ampersand ("&") since that is the symbol most commonly used on computers to represent a logical AND. It has the following truth table: 
	p
	q
	p & q

	T
	T
	T

	T
	F
	F

	F
	T
	F

	F
	F
	F


[bookmark: mask]Notice that p & q is only T if both p and q are T.
OR OPERATOR:
[bookmark: or]The OR (or disjunction) operator is also a binary operator, and is traditionally represented using the following symbol: 
[image: http://www.rwc.uc.edu/koehler/comath/images/or.jpg]
We will represent OR using the stroke ("|"), again due to common usage on computers. It has the following truth table: 
	p
	q
	p | q

	T
	T
	T

	T
	F
	T

	F
	T
	T

	F
	F
	F


p | q is true whenever either p is true, q is true or both p and q are true.
[bookmark: unary]NOT OPERATOR:
The NOT (or negation or inversion) operator is a "unary" operator: it takes just one operand, like the unary minus in arithmetic (for instance, -x). NOT is traditionally represented using either the tilde ("~") or the following symbol: 
[image: http://www.rwc.uc.edu/koehler/comath/images/not.jpg]
In a programming environment, NOT is frequently represented using the exclamation point ("!"). Since the exclamation point is too easy to mistake for the stroke, we will use the tilde instead. Not has the following truth table: 
	p
	~ p

	T
	F

	F
	T


~ p is the negation of p, so it again agrees with its colloquial counterpart; it is essentially the 1's complement operation.
[bookmark: xor]XOR OPERATOR:
The XOR (eXclusive OR) operator is a binary operator, and is not independent of the operators we have presented thus far (many texts do not introduce it as a separate logical operator). It has no traditional notation, and is not often used in programming (where our usual logical operator symbols originate), so we will simply adopt the "X" as the symbol for the XOR: 


	p
	q
	p X q

	T
	T
	F

	T
	F
	T

	F
	T
	T

	F
	F
	F


p X q is T if either p is T or q is T, but not both.
[bookmark: implies]IMPLICATION OPERATOR:
The implication operator (IMPLIES) is a binary operator, and is defined in a somewhat counterintuitive manner (until you appreciate it, that is!). It is traditional notated by one of the following symbols: 
[image: http://www.rwc.uc.edu/koehler/comath/images/implies.jpg]
but we will denote it with an arrow ("->"): 
	p
	q
	p -> q

	T
	T
	T

	T
	F
	F

	F
	T
	T

	F
	F
	T


So p -> q follows the following reasoning: 
1. a True premise implies a True conclusion, therefore T -> T is T;
2. a True premise cannot imply a False conclusion, therefore T -> F is F; and
3. you can conclude anything from a false assumption, so F -> anything is T.
IMPLIES (implication) is definitely one to watch; while its definition makes sense (after a bit of thought), it is probably not what you are used to thinking of as implication. 
[bookmark: equiv]EQUIVALENCE: is our final logical operator; it is a binary operator, and is traditionally notated by either an equal sign, a three-lined equal sign or a double arrow ("<->"): 
	p
	q
	p <-> q

	T
	T
	T

	T
	F
	F

	F
	T
	F

	F
	F
	T


p <-> q is T if p and q are the same.
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