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This is a group project: I randomly assign the students to groups of 3 or so (using a deck of cards), then circulate through the room answering questions.
	You’ll notice that the missing formula is not explicitly derived in full generality.  I address that in a subsequent lecture that follows up on the project.  The formula, in the nCr notation, is 
(n + r – 1) C r  =  (n + r – 1) C (n – 1)
(whether you want to think about placing dots / scoops or bars / separators, respectively).
	This formula is addressed in most discrete math, combinatorics, and probability texts, but I find it accessible to first year finite math students.  The table of counting formulas helps motivate the question and solidify understanding of previous material (which is also used to fill in the question marks).
	Feel free to modify this in any way that helps (I’m sure I’ll tinker with it again next time).  And please let me know if and how you end up using it.








MA106 Project 6: Another Counting Formula

Remember the two questions to ask in a counting problem: (1) is repetition allowed? and (2) does order matter?  There are four ways to answer those two questions, and we’ve come up with formulas for three of the possibilities.  In the following table,  n  is the number of objects to choose from and  r  is the number chosen.
	order matters	order doesn’t matter
no repetition		nPr		nCr
repetition OK		nr		???
The purpose of this project is to fill in the remaining formula. We’ll work out two examples first.  Suppose you’re at Baskin Robbins, which has 31 flavors of ice cream.  You’re going to get a shake containing two dips of ice cream.
1) How many different shakes are possible using two different ice cream flavors?
2) How many different shakes are possible using two dips of one flavor?
3) What’s the probability that a “random shake” uses two different flavors?
Now we want to count solutions to  a + b + c = 4  where  a, b, c  are all integers, zero or greater.  We count  2 + 1 + 1  and  1 + 2 + 1  as different solutions.
4) Count the number of solutions by writing them all out by hand.
5) What’s the probability that a “random solution” uses numbers all 3 or less?
6) What’s the probability that a “random solution” uses no zeros?
To get a formula, represent the sums above as follows.  For  2 + 1 + 1,  draw  • • | • | •.  For  1 + 2 + 1,  draw  • | • • | •.
7) Give the pictures that correspond to  1 + 1 + 2  and to  2 + 0 + 2.
8) Give the sums that correspond to  • • • | • |  and to  | | • • • •.
You see that there are 6 positions to fill, 4 with dots and 2 with bars.  Each choice of dot & bar pattern corresponds to a sum, and vice versa.  Choosing 4 places for the dots tells you everything, since the bars go in the remaining spots, so there are 6C4 = 15 solutions.
9) Determine the number of solutions to  a + b + c + d = 11.
Back to ice cream: there are 2 dots (scoops) and 30 bars (to separate the 31 flavors).
10) Use the new method to get the sum of your answers to (1) and (2).
11) How many ways could you get a three-dip shake choosing from 50 flavors?

