Paul Erdös and the Party Problem
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Erdos was interested in problems like the following party problem, which has applications to scheduling: How many people must you have at a dinner party to ensure that there are at least 3 people who are either complete strangers or acquaintances?  The answer is six, and we'll see why in this worksheet. 
1) Pretend that the six dots represent six partygoers.  Choose whether you want to draw dashed or solid lines, and find a partner to draw the kind of lines you don't choose.  Take turns with a partner to connect the partygoers and indicate their relationships.  The first person to make a triangle of the same type of lines loses.
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	Can you ever have a tie game?




2) Why doesn't the game prove that you must have 6 people at a dinner party to ensure that there are at least 3 people who are either complete strangers or acquaintances?
3) Prove that 5 people at a dinner party is not enough to ensure that there are at least 3 people who are either complete strangers or acquaintances by sketching a 5 person party that doesn't work (ie doesn't contain a triangle).
To show that if there are 6 people at a dinner party then there are at least 3 people who are either complete strangers or acquaintances, first we choose one person. The other 5 people each know or don't know person 1. Hence, there will be 3 of those 5 that all either know or don't know person 1.  Then, we just look at person 1 and those 3 people.  

Cases:  If person 1 knows all three people, then we could attempt to not have 3 people who all know each other by making them strangers. But then these 3 all don't know each other. Otherwise, 2 of the people know each other, and combined with person 1, this forms 3 people who know each other. In either case, there are 3 people who either all know or all don't know each other.

4) Sketch diagrams for the above cases
In order to finish the proof, we could write out a similar argument for the case when person 1 doesn't know all 3 people. It would be the same as above, with the wording switched.

5) Paul Erdos' mathematics shows us that we don't have to examine all 32,768 cases for a proof of the party problem.  Instead, we changed our view of the problem and broke it up into easier problems by first looking at the relationship to one person, by next finding three people who had the same relationship to that one person, and then examining the related, much smaller number of cases. Give another example where we employed the same methodology and discuss how.

The result represents a special case stemming from a branch of mathematics known as Ramsey theory. Instead of talking about six people, you could consider groups consisting of any number of people. Instead of specifying just two relationships (acquaintances and strangers), you could have any number of mutually exclusive relations. For example, you could consider people (or nations) who are allies, foes, and neutral parties--representing three mutually exclusive relationships--embroiled in a widespread conflict. In general, Ramsey theory concerns the existence of highly regular patterns in sufficiently large sets of randomly selected objects, whether they are gatherings of people, sequences of randomly generated numbers, randomly placed points in the plane, or even stars in the night sky.

Some parts are taken from Ivars Peterson's Party Games
