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Lecture 2
Note: Syllabus has been tweaked (due date for 'background information about topic' has been delayed by a lecture)

§13.2 – Voting
Plurality (With Elimination) Voting
For each candidate, count the number of 1st place rankings they got.  

The candidate with the lowest number is eliminated.

This means that the candidate's row is removed from the table

Preferences have to be adjusted – remember that the relative order doesn't change

Repeat until you've only got one candidate – this last candidate is the winner

Pairwise Comparison Voting
Create another, helper table
For each pair of candidates, figure out how many people prefer one to the other

Note that this isn't just first place votes, but in general – if a person ranks A higher than B, then that person prefers A to B (even if A is 99th out of 100, and B is 100th ( )

If one person is more preferred, that person wins that comparison

If they both have the same votes, then they've tied

Each candidate gets points, person with the highest total wins:

1 point for being preferred

½ point for tying someone

0 points for not being preferred
Fairness Criteria
Can we find a voting method that is 'fair' – it won't produce weird results

In order to answer this question, we need a clear definition of what 'fair' means

In order to be completely fair, we'll say that it needs to satisfy the following criteria:

· Majority Criterion:
A candidate with the majority of 1st place votes should win

· Monotonicity Criterion:
If some candidate wins, that candidate should still win if people are allowed to change their votes, but the only changes they make are to switch votes to the winner
· Condorcet Criterion:
A candidate who wins all head-to-head matchups should win the election

· Independence of Irrelevant Alternatives:
If some candidate wins, and one (or more) losing candidates are removed from the race, then that candidate should still win

Arrow's Impossibility Theorem:

No voting system will be able to satisfy all four fairness criteria, if there are three or more candidates running.

§13.2 – Apportionment
We've covered various methods of counting votes, but how should we determine how many votes are cast?
For population-wide elections, each person gets 1 vote

For example (at the U.S. federal level), each person who's elected to the House of Representatives, or to the Senate gets 1 vote each
But how do we determine how many representatives/senators do we need?

a method of apportionment is a procedure for figuring how many representatives to assign to which <states>

We'll assume a set number of representatives (i.e., we'll have 26 rep.s), and look at the question of dividing up those rep.s among the population

We'll assume that we're not allowed to change state borders

In general, we want to try to set things up so that there is equal representation – each rep should represent about the same number of people each

The complication is that we typically won't end up with an exact answer – each rep might need to represent 2,000 (ideally), so what do we do with a state with 3,000 people?
And, of course, there are several different methods of dealing with this (
Hamilton Method:
Each state gets a number of reps equal to at least the standard quota.

Standard divisor = 
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( this is the number of citizens represented by each representative
Standard Quota = 
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(Interesting aside: plug std. divisor into the std. quota, do the obvious algebra, and you end up with 
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meaning that under the Hamilton method, each state is essentially getting a number of reps equal to it's percentage of the total population that it has
Note that since you started with a given number of representatives, and you're rounding down to get the standard quota, you many end up with fewer total reps than you wanted.

Go back to the Std. Quota, and figure out which state had the highest remainder (i.e., those that were closest to getting an extra rep, if they had a some more people), and an extra rep there.  

If you've still got extra reps, add another rep to the state with the second highest remainder

Then third, fourth, etc, etc

Jefferson Method:

Very similar to the Hamilton method

Instead of adding in the 'missing reps' at the end, twiddle with the standard divisor by hand so that we allocate all the reps at the start
If we want to INCREASE the number of reps, we need to LOWER the standard divisor

(Why?)

If we want to DECREASE the number of reps, we need to RAISE the standard divisor

(Why?)

Questions:
· Is it possible for a state to be given no reps?

· Can a state get all the reps?

· Under the Jefferson method, is it possible that no such modified standard divisor exists?

Fairness:

Quota Rule:
After we do all the apportionment, the # reps given to any particular state should be either the standard quota, or else the standard quota + 1

The Hamilton plan will pay attention to this, but the Jefferson plan might not.
What other methods might we use to measure fairness?

Average Constituency:
Very similar to the standard divisor, except per-state, AFTER apportionment
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Absolute Unfairness of an apportionment (between two states):
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Relative Unfairness of an apportionment (between two states):
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Notice that the more 'underrepresented' a state is (the smaller the number of reps per unit of population), the larger the average constituency will be. That, in turn will result in a smaller relative unfairness.
Apportionment Principle:

When adding an additional rep, assign rep to the state that results in the smallest relative unfairness

However, this is only good if we've got two states that we're comparing.

We'd like a way to efficiently figure out where to add a rep to a bunch of different states:

Huntington-Hill Number:
PA = population of state A

a = #reps currently assigned to state A

PB = population of state B

a = #reps currently assigned to state B
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relative unfairness of giving a new rep to A:
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(we can get rid of the absolute value signs since A's avg. const.  will have gone down, thus

 the result must be positive

=  
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We should assign the additional rep to this state if this is less than the relative unfairness of giving state B the rep:
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Notice that each side depends only on the properties of A (or B, depending on the side).  Thus, we can calculate these numbers, and then figure out who to give the extra rep to.  

Since we started with the assumption that we'd be assigning it to A (that the relative unfairness is less than giving it to B), we observe that the state that gets the new rep should have the LARGER H-H number
Huntington-Hill Number for state A:
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