Ways to Count

Basic Counting

Given a series of operations, begin counting the outcomes by asking “in how many ways can I do this first operation?” and then multiply the number of ways of performing each of the operations until the process is exhausted.

For example, many stores sell different pieces of clothing in coordinated colors and advertise that you can make a great many different outfits combining different pieces.

If a collection has 


Outerwear:
a sweater, a jacket, or a duster


Tops:

solid camp shirt, print camp shirt, camisole, or long sleeve shirt


Bottoms:
pants or skirt

How many different outfits can be made?


The first operation is picking the outerwear: 
3 ways


The second operation is picking the top:
4 ways


The third operation is picking the bottom:
2 ways

So there are different 24 outfits from 9 pieces of clothing.

Practice problem one:

At a local restaurant the standard fixed price dinner has your choice of appetizer, entrée, bread, and dessert.  If there are 3 appetizers, 5 entrees, 2 breads, and 4 desserts, how many different dinners can be had for the same price?

[answers to practice problems are at the end of the article]

Practice problem two:


In making license plates, one state decided to have 3 letters – no repeats allowed ( followed by 3 digits – repeats allowed.  How many license plates can be made?

(note:  digits are the set {0, 1, 2, 3, …., 8, 9})

Choosing from a collection of objects

In many problems, a sample is taken from a collection of objects.  In some cases, the order of the objects selected from the sample is relevant; in other cases, the order of the selection process is not.  When analyzing a problem, deciding on the matter of order dictates how the counting is done.  

When order is relevant, counting is accomplished using the permutation formula:
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this formula counts the ways to select r objects from n objects.  Note that, r ( n.  Your calculator will do the work quickly for you

For example, given a field of 5 contenders, how many tickets for President and Vice President can be made?  This is, then, 
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.  Let’s explore why:
Suppose Henry and Susan are two of the contenders:  the choice of Henry for President and Susan for Vice President is different from the choice of Susan for President and Henry for Vice President.

When order is not relevant, use the combination formula to count.  To select r objects from a collection of n objects (unordered)
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Again, your calculator will do the work.

For example, to attend the national convention, a club of 5 members is going to select two delegates.  This is then 
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 because choosing Henry and Susan as delegates is the same as choosing Susan and Henry as delegates.  As long as the delegates are indistinguishable, then use a combination to count them.  

[If one delegate got to vote and the other delegate was an “alternate”, then the permutation formula is the one to use.]

Practice problem 3:

A quality control team is going to test 4 batteries from a shipment of 50.  How many samples are possible?

Practice problem 4:


A science fair will be awarding scholarships:  one for best overall and one for first runner-up.  There are 45 entries.   How many outcomes are theoretically possible?

Applications

Often a problem will require using these methods in concert.  There are lots of scenarios that will require careful consideration of all three methods of counting.

For example,
Suppose a quality control team knows that there are 10 bad batteries in a collection of 50 batteries.  In how many ways can a random selection of 5 batteries contain exactly 2 bad batteries.  In analyzing the process of selection note 

· that there are two operations: 

· the selection of 2 bad batteries out of 10 and 

· the selection of 3 good batteries out of the 40 good ones

· order of selection is not relevant

So in how many ways can an inspector select 2 bad batteries from a collection of 10?
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In how many ways can an inspector select 3 good batteries from a collection of 40?
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How many samples of size 5 are possible:  
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Practice problem 5:
There are 25 test tubes in a shipment; 15 of them are sterile and the rest contaminated.  An inspector will test 6 of them.  How many samples will have at least 4 contaminated test tubes?
[ “at least 4” means 4 or 5 or 6].

Practice problem 6:
Suppose a decorator for an apartment complex is selecting paint for a makeover of the apartment interiors.  There are 9 colors to choose from and the surfaces that need to be painted are the walls, trim, ceiling, and doors.  How many different looks are possible?

Answers:
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