
Sets, relations, functions, simplest 

combinatorial formulas 

 

Lections 1-2 



Sets 
• It is useful to have a way of describing a 

collection of “things” and the mathematical 
name for such a collection is a set 

• Any well defined collection of items 
• The collection of colors {Red, Blue, Green} is a 

set we might call A and write as A={Red, Blue, 
Green} 

• The items in a set- the elements of the set 
• Order of elements is meaningless 

 {1,2,3} is the same as {3,2,1} 
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• It does not matter how often the same element is 
listed 

• aA   “a is an element of A”                         
    “a is a member of A” 

• aA   “a is not an element of A” 

• A = {a1, a2, …, an}  “A contains…” 

 

 

3 



Examples  

• Empty set- A= 
• N={0,1,2,3,...} - the set of integers. 
• Z={..., -3, -2, -2, 0, 1, 2, 3, ...} 
• Q=the set of fractions 
• R=the set of real numbers 
• The set that contains everything -the universal set 

written S, U, or Ω 
• We will write ~A when we mean the set of things 

which are not in A 
 

 
 

4 



Subsets 

•
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•
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The power set and the cardinality 

•
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Venn Diagrams and Manipulating Sets 
• We can think of the universal set S as a rectangle 

and a set, say A as the interior of the circle 
drawn in S 

 

 

 

 

• The speckled area is A, while the remainder of 
the area of the rectangle is ~A 

• A together with ~A make up S 
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Intersection 

•
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Union 
•
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•



Cartesian Product 

•
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Relations  

 
•
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• A relation R is the subset {(1,1), (2,2), (3,3), 
(4,4), (5,5), (6,6)} or the set {(i,j): i=j}  

• Other example: 

R={(i, j): i+j=8} = ((2,6), (3,5), (4,4), (5,3), (6,2)} 
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•
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• asymmetric: for all x and y in X it follows that if 
xRy then not yRx 

▫  ’’Greater than” is an asymmetric relation, because if  

x > y then not y > x 

• transitive: for all x, y and z in X it follows that if 
xRy and yRz then xRz  

▫ "Is an ancestor of" is a transitive relation, because if x 
is an ancestor of y and y is an ancestor of z, then x is 
an ancestor of z 

• Euclidean: for all x, y and z in X it follows that if 
xRy and xRz, then yRz 

• A relation which is reflexive, symmetric and 
transitive is called an equivalence relation 
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Partial order relation 

•
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Functions 

•
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•

20 



•
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Surjections 

• Surjections (or onto functions): for every y in the 
codomain there is an x in the domain such that 
f(x) = y 

• codomain is bigger than the range of the 
function 

• If the range and codomain are the same then out 
function is a surjection 

 This means every y has a corresponding x for 
which y=f(x) 
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Range of A 

Domain A 

An onto function 



Injection 
• Another important kind of function is the 

injection (or one-to-one function), which have 
the property that x1=x2 then y1 must equal y2 
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Domain A 

Range of A 

An 1 to 1 function 
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Bijections 

•
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Composition of functions 

•
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Composition of two functions f and g 

x X 



29 



•
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•
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x 
g(f(x)) 

f g 

y=f(x) 



Simplest combinatorial formulas 

•
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Multiplication principle 

•
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Permutations 

 
•
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•
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•
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Examples 

•
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Combinations 

•
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