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Experiments and Outcomes

An experiment is a procedure which:
1) Has a well-defined set of possible results known as outcomes

and
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Experiments and Outcomes

An experiment is a procedure which:

1) Has a well-defined set of possible results known as outcomes

and

2) Can be repeated an infinite number of times (at least in theory).
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Sample Outcomes and Sample Spaces

The set of possible results or outcomes of an experiment taken as a
whole is called the sample space .
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Sample Outcomes and Sample Spaces

The set of possible results or outcomes of an experiment taken as a
whole is called the sample space .

A subset of the sample space is called an event.

Events include:
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Probability Functions

A probability function is a real-valued function that maps events into
real numbers in the closed interval [0, 1] in a manner that is consistent
with the Kolmogorov axioms.
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Probability Functions

A probability function is a real-valued function that maps events into
real numbers in the closed interval [0, 1] in a manner that is consistent
with the Kolmogorov axioms.

The domain of a probability function is a collection of sets, usually the
power set of a sample space.
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Discrete Random Variables

Definition

A discrete random variable is a real-valued function whose domain is
a sample space S having finite or countably infinite cardinality.

A random variable maps an outcome of an experiment into a real
number.
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Discrete Random Variables

Definition

A discrete random variable is a real-valued function whose domain is
a sample space S having finite or countably infinite cardinality.

A random variable maps an outcome of an experiment into a real
number.
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Probability Overview

Keep in mind the following similarities and differences between a
probability function and a random variable:

Probability Function Random Variable
maps sets into real numbers | maps sets into real numbers
domain is the power set domain is a sample space
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Probability Density Function

A probability density function  maps a random variable into a real
number in the interval [0, 1].
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Probability Density Function

A probability density function  maps a random variable into a real
number in the interval [0, 1].

Definition:

The probability density function  or pdf of a random variable X,
px (k) is defined by
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Probability Density Function

A probability density function  maps a random variable into a real
number in the interval [0, 1].

Definition:

The probability density function  or pdf of a random variable X,
px (k) is defined by
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Probability Density Function

Every discrete random variable X has an associated probability
density function (pdf).
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Probability Density Function

Every discrete random variable X has an associated probability
density function (pdf).

The value of the pdf is defined to be zero for any value of k that is not
in the range of X.
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Examples

Two fair dice are rolled. The sample space (the set of possible
outcomes) is a set of ordered pairs:

S = {(z,y)|z,y € {1,2,3,4,5,6}}
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Examples

Two fair dice are rolled. The sample space (the set of possible
outcomes) is a set of ordered pairs:

S = {(z,y)|z,y € {1,2,3,4,5,6}}

The 36 elements of the sample space S are:
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Examples

Two fair dice are rolled. The sample space (the set of possible
outcomes) is a set of ordered pairs:

S = {(z,y)|z,y € {1,2,3,4,5,6}}

The 36 elements of the sample space S are:
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Examples

The usual choice for a probability function on S is:

P(S):%, se s

This is equivalent to the statement the 36 possible outcomes are
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Examples

The usual choice for a probability function on S is:

P(S):%, se s

This is equivalent to the statement the 36 possible outcomes are
equally likely.
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Examples

We may proceed to define a random variable X on S, the set of
outcomes, by the formula

X =u+v for (u,v)eS={(u,v)|uvei{l,23,4,506}}
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Examples

We may proceed to define a random variable X on S, the set of
outcomes, by the formula

X =u+v for (u,v)eS={(u,v)|uve{l23,4506}}

The range of the random variable X contains 11 elements:
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Examples

A probability density function px (k) can be defined for X, with

px(k) = P(X=k), ke{23,4,56,7,8,9,10,11,12}
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Examples

A probability density function px (k) can be defined for X, with
px(k) = P(X =k), ke€{23,4,5,6,7,8,9,10,11,12}

By counting the number of outcomes that produce each value of k for

X, we can assign specific values to px (k):
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Examples

Suppose an experiment consists of tossing a fair coin three times.
The sample space contains 8 possible outcomes:

S = {HHH,HHT,HTH, THH, HTT,THT, TTH, TTT)}
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Examples

Suppose an experiment consists of tossing a fair coin three times.
The sample space contains 8 possible outcomes:

S = {HHH,HHT,HTH, THH, HTT,THT, TTH, TTT)}

As in the previous example, it is usual to define the probability function
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Examples

Suppose an experiment consists of tossing a fair coin three times.
The sample space contains 8 possible outcomes:

S = {HHH,HHT,HTH, THH, HTT,THT, TTH, TTT)}

As in the previous example, it is usual to define the probability function

Probability Overview — p.13/1



Examples

Define a random variable X on S as follows:

X = Number of heads obtained in three tosses
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Examples

Define a random variable X on S as follows:

X = Number of heads obtained in three tosses

The range of X is then {0, 1, 2, 3}. By counting the outcomes with 0, 1,
2, and 3 heads and using P as defined above, we can construct a

Probability Overview — p.14/1



Examples

We will show that in general if an experiment consists of n independent
Bernoulli trials with probability of success p and X is the number of
successes, the probability density of X can be written as:

n

px(b) = PX=1) = (]

)pk(l_p)l_k7 k:()v]-)"')n
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