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Today’s draft problem

To be presented by today’s draftee.

A standard Indiana license plate always
consists of 3 numbers (0-9) followed by

INDIANA 3 |etters from the standard

Latin/English alphabet (A-Z, capitalized).
9 9 9 Z Z (a) How many possible license plates
Y are there?
- R B (b) What if the letters can be in either
. . l}"‘”‘“O lower or upper case?

(c) What if no number or letter can be
repeated (and we only use upper
case)?
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Permutations

If we have some things, then the permutations of those things are the
different ways the things can be arranged in a linear order.

1. If weonly had 1thing, then how many ways  Answers:
can we arrange it? (Not supposed to be a 1. 1

trick question.) 2. 2
2. If we had 2 things, then how many ways can 3, 6;_;‘

we arrange them in order? (Alsonotatrick 4. 1 e

question) | o L ¢
3. If we had 3 things, then how many ways can oy * "N \““ »

we order them? _ S 11 ped
4. "Trick” question: how many ways are there e LK dole Agte < &9

to order O things?

Keeping our ducks in a row.
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Permutations

In general

If we have n objects, then there are

n=nxnh—-1)xXxmn—-2)x---x3 x2 x1

ways to permute them. By convention, 0! = 1.

The ! here is read “factorial.”

E PURDUE Department of Mathematics

UNIVERSITY 1/15/2025 5




Permutations with indistinguishable copies?

The previous slides assumed the things we had were all
distinguishable. Howeuver, it also makes sense to consider the
permutations of things when we have multiple copies of the same
thing.

= How many ways are there to rearrange the
letters in the word VIVIENNE?

Ans: 2520

= \What about ANNETTE?
Ans: 630

What if we can’t tell some of our ducks apart?
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Permutations with indistinguishable copies

In general

ype, n, are of a second type, ..., and n,. are of an rt" type, then

il:f we have n = nqy + n, + ---n,- objects total, of which n; are of one
here are

nl

nydn,!l--n,

ways to permute them.
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ANY QUESTIONS
ABOUT
PERMUTATIONS?
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Combinations

If we have n things, then an r combination of those things is a way of
choosing r of the things (without the order mattering and without

repetition).
Answers:
1. How many ways are there to choose 1 duck 1. §
out of the 5 on the right? 2. 10
2. 2 ducks? 3. 10 a
3. 3 ducks? 4. § = W/ e
4. 4 ducks? 5 1 <% L (
? <. oat -
o R A s
. ucks: 7. 0 S T .
7. 10 ducks? O e ¢ s - A SV B -
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Combinations

In general

If we have n objects total and 0 < r < n, then there are

n n!
(r) RS (n—r)!

ways to choose 7 of them (without repetition, ignoring the order in
which we choose them). If r < 0 orr > n, then (’:) = (.

We read the notation (:}) as "n choose r”
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Pascal’s identity

The first of many useful
algebraic facts about
binomial coefficients.

Means that when we evaluate this:

(5)
¢

() ()
(2)

(o)
(3)

@) Q) ()

) =G+

G G G G)
G © 6O 6

We get this: 1

(4)
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Two proofs of Pascal’s identity

“Analytic proof” just means that we prove the identity by doing algebra:

n—1 n-1y _ (n-1)! (n-1!
(7”—1) ¥ ( r )  (n=1-(r-1)!(r-1)! T (n-D)-r'r!

.- = (") (see chalkboard)
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Two proofs of Pascal’s identity

“Combinatorial proof” means that we prove the identity “conceptually:”

uppose we want to choose r objects out of n objects. We might as well assume that then

bjects are “named” 1, 2, ..., n. Any time we choose r of them, we either DO choose the object
named 1 or we do NOT choose the object named n. Moreover, these two cases are mutually
exclusive. Thus, the number of ways to choose r objects out of n equals the number of ways to
choose r objects out of n ASSUMING WE PICK THE OBJECT NAMED n PLUS the number of ways
ito choose r objects out of n ASSUMING THAT WE DO NOT PICK THE OBJECT NAMED n.

In the first case, since we are assuming we must choose the object named n, then we are only
really choosing r — 1 objects out of the first n — 1. In the second case, since we know we’re

NOT picking the object named n, then we are really just picking r objects out of the firstn — 1
of them.

Thus: Pick object named n

(n) (nlLl) (n 1) Do NOT pick object named 7
/
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THAT’S THE
HARDEST THING
WE’LL DO TODAY

But you DO need to make sure you eventually understand
it. Itis exactly what “combinatorics” is all about: fancy
ways to count things!
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Binomial theorem

Another useful algebraic fact about binomial coefficients (and
explains their name):

(x+y)" = 2 (Z) xkeyn=k
k=0

The book gives two proofs: an “analytic one” (i.e. using algebra and mathematical
induction) and a “combinatorial one.” You should do your best to understand both.
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ANY QUESTIONS
ABOUT
COMBINATIONS?
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Friday’s draft problem

To be presented by the draftee determined at the beginning of class on Friday.

“ ¥ ‘HOLL OR BOWL el A PN
1 Choose your 2 Add your Protein 3 Select your
Wl‘ap or BOWI This determines the price of your roll FrQSh PrOd uce
Cooked: 5_\223;;& ulpéco three(?oitgsr’ns )
Ituonal irems are pU.49 eac
Wraps: Teriyaki Chicken $799
Seaweed Short Rib Beef $9.99 Aquragus
Soy + $0.99 Roasted Tofu $799 English Cucumber
Crabstick $7.99 Mango
Bowls: Spicy Crab Mix $7.99 Avocado
Sushi Rice Tempura Shrimp ~~ $899 Carrot
Green Leaf Lettuce Spicy Shrimp $8.99 Green Onion
Raw: Jalapefio
pouble your Tuna* $8.99 Strawberries
tein for : * Cream Cheese
pro 99 Spicy Tuna $8.99 . :
Hours $2. Marinated Tuna*  $8.99 Pickled Radish
Mon - Fri 10:30a - 8p - Sa!mon* $8.99 Sweet Peppers
Sat 1la- 9p E Spicy Salmon* $8.99
Sun Nla-9p Smoked Salmon*  $9.99

[ F e 2
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How many wraps or bowls can
you create at Sushi Boss with
the following assumptions:

1. You pick exactly one
Protein and exactly 3 Fresh
Produce items?

2. Same as before, except you
double your protein?

3. You pick either Oor 1
Proteinsand 0, 1, 2 or 3
Fresh Produce items?
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