OFFICE HOURS:

Tuesdays and Thursdays, 10:50-11:50 in Van Vleck 813

(10:55-11:55 isn’t working for me), plus the café hours (as announced before; see the web page)

Also by appointment.

Come to my office and cafe hours.  (I'll say this again.)

READING

For Thursday: read section 5.1.  (Note that we’re skipping Chapter 4.)

HOMEWORK

Return assignment #1

Assignment #3: due on Thursday (see web by Friday night)

Remind students that I'm strict about deadlines.

On each assignment, you must indicate how many hours you spent on each problem.  This will help me to keep the problem sets from being too hard or too easy.  We'll keep track of who isn't doing this and give a nominal (1%) penalty on your homework grade.

If you didn’t work with anyone else (including me) you should write “I worked alone”.

PERMUTATIONS AND COMBINATIONS

There are 40 students enrolled in a combinatorics course.  There are 50 seats in the classroom, but only 32 students show up on any given day.  How many different photographs might the lecturer take ... if we only pay attention to who sits where? 

Which of the possible answers is correct?

        C(40,32) C(50,32)

        C(40,32) P(50,32)

        P(40,32) C(50,32)

        P(40,32) P(50,32) 

... Both the second and third are correct!

Note that this is just like ... the Example of page 62.

MOTIVATING MULTISETS

Lining up a boys and b girls: Let n = a+b.  The numbers of ways to line up a boys and b girls is n!=(a+b)! (on the one hand) and C(n,a) a! b! on the other.  

Let’s look more closely at that factor of C(n,a).

Before, we were thinking of it as the number of ways to choose a subset of {1,2,…,n} of size a (representing the positions to be occupied by boys).

But now let’s think of it as the number of ways to write down as sequence of a B’s and b G’s, representing which positions are occupied by boys and which are represented by girls.

For instance, the C(4,2) ways to decide where to put the boys can be represented by the six sets

{1,2},{1,3},{1,4},{2,3},{2,4},{3,4}

or by the six sequences

(BBGG),(BGBG),(BGGB),(GBBG),(GBGB),(GGBB).

These sequences are like permutations, in that order matters.

But they’re unlike permutations, in that we’re allowed to repeat things.

So we’ll call these sequences the 4-permutations of the multiset {2(B, 2(G}.

This is a special case of permutations of a multiset.

On the other hand, suppose we’ve got two boys and two girls and we want to form a committee of two students.

How many different gender patterns are possible?

The committee can either consist of two boys or two girls or one of each kind.  These are the 2-combinations of the multiset {2(B, 2(G}.  We can write them as {2(B} and {1(B, 1(G} and {2(B}.

This is a special case of combinations of a multiset.

PERMUTATIONS OF MULTISETS

Discuss multisets and repetition number

Discuss infinite repetition number

Theorem 3.4.2: another way to prove? … Division principle.

No nice formula for k-permutations of a multiset of size n when k<n

Questions on section 3.4?

Note that P(n,n) = n! = P(n,n-1).  Why? …

This gives us an alternative approach to the example on page 70:

Each 9-permutation of {3(a,2(b,4(c} becomes an 8-permutation of that multiset if we drop the last element, and each 8-permutation arises in this way exactly once.

That is, there is a one-to-one correspondence between 8-permutations of the multiset {3(a,2(b,4(c} and 9-permutations of that multiset.

E.g., (a,b,c,a,b,c,a,c) (( (a,b,c,a,b,c,a,c,c).

So the number of 8-permutations of the multiset equals the number of 9-permutations of the multiset, which by Theorem 3.4.3 equals 9!/3!2!4! = 1260.

Can we use this to count the 7-permutations of that multiset? …

What if we use the division principle? …

No go: some 7-permutations (like a,b,c,a,b,c,a) extend to only ONE 9-permutation, while others (like a,b,c,a,b,c,c) extend to TWO.

COMBINATIONS OF MULTISETS

Let S be a set with n elements.  Recall that the number of ways of choosing r distinct elements from S is C(n,r).

Claim: the number of ways of choosing r elements from S, with repetition, equals C(n+r-1,r).

Let S be a set with n elements.  Then the number of ways of choosing r elements from S, with repetition, and with each element occurring at least once, is C(r-1,n-1).

(Proof next time.)

