Sets, Boolean Operators, and Internet Searches

Launch

1.  The types of music that Jim and his friends listen to most often are rock and blues. They want to search for information about these two types of music.

a.
Jim wants information about rock, so he googles “rock.” Describe the results you think he will get. Try it and see what happens. What would be a better search?

b. 
Steve wants to find all the information he can about either type of music. What search phrase should he use?

c.
Mick likes music that blends rock and blues. What search phrase should he use to get information about the music he likes?

d.
Billie likes pure blues. How should she phrase her search?

Explore
Set theory is a branch of mathematics that can help you organize and search for information. A set is, roughly, any unordered collection of objects. Curly brackets are used to enclose the elements of a set. For example, all of the following are sets:

A = {83, π, 19.7, 20}

G = {hexagon, point, plane, trapezohedron}

I = {www.google.com, mathworld.worlfram.com, www.iowamodelcore.org}

2.
If an element x is in a set A, then we write x ( A, which is read as “x is an element of the set A” or “x is in A.”  To indicate that “x is not an element of the set B,” the notation  x ( B  is used.  Two sets are equal if and only if they have the same elements.

a.
How many elements are in each of sets A, G, and I above?

b.
Is  {2, 3, 4} = {3, 4, 2}?  Explain.

c.
List the elements in a set A that has the following properties: 5 ( A, 10 ( A, and A has five elements.

3.
The elements in a set often share a common property. In such cases, you can define a set in terms of that property. There is specific notation, often called set-builder notation, that is used to do this. For example,

A = {x | x is an odd integer greater than 2 and less than 10} is read:  
“A is the set containing all elements x such that x is an odd integer greater than 2 and less than 10.”  
Thus, A = {3, 5, 7, 9}.

a.
List the elements in each of the sets below. 

•
S = {x | x is an integer and  -2 ≤ x ≤ 5}

•
P = {x | x = 2n, where  n = 0, 1, 2, or 3}

•
M = {x | x is the name of a month that has exactly 30 days}

b.
Write each of the following sets using set-builder notation.

•
S = {1, 4, 9, 16, 25}

•
E = {2, 4, 6, 8, 10, …}

•
P = {Mercury, Venus, Earth}

4.
When you do an Internet search, you are creating a set – the collection of those websites that have the common feature defined by your search phrase. Moreover, your search phrase is composed, directly or indirectly, using set operations, which correspond to what are called logical operators or Boolean operators. Some of these operators are AND, OR, and NOT. By just using your common sense about what these operators probably mean, describe the kind of information you would get by searching with each of the following phrases.

a.
poverty AND Ecuador AND children

b.
civil war NOT American

c.
music NOT video

d.
art AND history

e.
art OR history

5.
Many websites have a “help” page or an “advanced search” page that will help you search more efficiently. For example, consider the help page below from the Library of Congress Online Catalog (http://catalog.loc.gov/help/boolean.htm).
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a.
Based on the information given in the table above from the Library of Congress, describe in words the effect of the operators AND, OR, NOT.

b.
Diagrams like those shown in the table are called Venn diagrams (named for the 19th-century British mathematician John Venn). Draw a Venn diagram that represents this search phrase:
“poverty AND children AND Ecuador”

6.
The operator AND corresponds to the set operation called intersection. The intersection of sets A and B is the set containing all elements that are in both A and B. This is denoted A ( B.  Thus,

A ( B = {x | x ( A  and also  x ( B}.

Using sets and set intersection you can represent the search for “rodgers AND hammerstein” as follows:

R = {x | x is a web page containing the word “rodgers”}

H = {x | x is a web page containing the word “hammerstein”}

R ( H = {x | x is a web page containing both the words “rodgers” and “hammerstein”}

a.
Suppose you want to do an Internet search for colleges in Boston. Represent this search using set notation and using a Venn diagram.

b.
Suppose that C = {1, 3, 4, 6, 8} and D = {2, 3, 4, 8, 10, 12}.  Find C ( D.  Draw a Venn diagram that illustrates this situation.

7.
The operator OR corresponds to the set operation called union. The union of sets A and B is the set containing all elements that are in either A or B (or both). This is denoted  A ( B.  Thus,

A ( B = {x | x ( A  or  x ( B}.

a.
Represent the search for “labor OR labour” using set notation and using a Venn diagram.

b.
Suppose that C = {1, 3, 4, 6, 8} and D = {2, 3, 4, 8, 10, 12}.  Find C ( D.  Draw a Venn diagram that illustrates this situation.

8.
The operator NOT corresponds to the set operation called set difference. The set difference of sets A and B is the set containing all elements that are in A and are not in B. This is denoted 
A – B.

a.
Suppose that X = {1, 3, 4, 6, 8} and Y = {2, 3, 4, 8, 10, 12}.  Find X – Y.

b.
Write the definition of A – B  using set-builder notation.  That is, complete the statement below.

A – B = {x |                   }

c.
Draw a Venn diagram that illustrates A – B.

d.
Use sets and the set difference operation to represent the search for “peanut NOT butter.” Draw a Venn diagram that illustrates this situation.

e.
Use sets and the set difference operation to represent the search for “butter NOT peanut.” Draw a Venn diagram that illustrates this situation.

9.
Examine the “Advanced Search” help page for Google, as of April 2009, at:
http://www.google.com/advanced_search?hl=en


Read the page and experiment with some search phrases.

a.
How is NOT represented in a Google search phrase?

b. 
What is the default operator used in a Google search phrase? That is, if you type two words into a standard Google search box without typing any operator between them, which operator seems to be applied implicitly – AND, OR, or NOT?
Summarize
10.
You have learned about sets, operators, and Venn diagrams, and how these relate to Internet searches.

a.
Describe how the operators AND, OR, NOT are related to set operations.

b.
For each of these operators, describe an Internet search that would involve the operator.

c.
Consider the following sets:

A = {2, 4, 6, 8, 10}

B = {1, 2, 3, 4, 5, 6}


Find  A ( B, A ( B, B – A, and A – B.  Draw Venn diagrams that illustrate each.

Check For Understanding

11.
a.
Describe an Internet search that has not already been discussed that would involve the intersection of three sets. Do the same for the difference of two sets.

b.
Consider the following sets.

A = {2, 4, 6, 8, 3, 17, π}
B = {1, 3, 5, 7, 2, 8}

•
Find  A ( B, A ( B, and  A – B.  Draw Venn diagrams that illustrate these three set operations.

•
Let  E = {x | x is an even number}.  Find  A ( E  and  A – E.

Extensions
	12.
Explain how you would shade regions of this Venn diagram to represent:

•
A ( B ( C
•
A ( B ( C
•
A ( (B – C)
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13.
A survey of political opinions asked 100 people whether they favored (1) public funding of private schools; (2) government control of health care costs; (3) increase in non-military aid to developing countries around the world. Results of the survey showed:


•
Only 5 people favored all three actions

•
10 people opposed all three actions

•
15 favored only the increase in aid to developing countries

•
13 favored both public funding for private schools and health care cost controls

•
20 favored health care cost control and aid to developing countries

•
A total of 48 favored health care cost control

•
25 favored only the public funding for private school action

	Use a copy of the Venn diagram at the right to model this situation and to help answer the following questions.

a.
How many people favored at least one of the proposed actions?

b.
How many people favored at least two of the proposed actions?
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c.
How many people favored either the health care cost control or aid to developing countries actions but not the public funding for private schools?

d.
Use set notation to show the sets of people counted in Parts a–c, using S for the school issue, H for the health issue, and A for the aid issue.

e.
Use the Principle of Inclusion/Exclusion to determine the answer to Part a. Compare to the answer you got when you first solved Part a. Resolve any differences.
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