CSE 20: Midterm 2
November 10, 2005—Day 15

Nane:

Student | D

No books, no notes, no calculators are allowed. If you need to make an
assumption to solve a problem, state the assumption.
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1. 8 pts. Given any function, f, which of the following are true about
the domain, codomain, image, and coimage of f? Circle all that are
true.

(@) The size of the coimage is equal to the size of the image.

(b) The size of the codomain is equal to the size of the domain.

(c) The image is a partition of the codomain.

(d) The coimage is a partition of the domain

(e) The coimage is a subset of the domain.

(f) The image is a subset of the codomain.

(g) The size of the coimage is no bigger than the size of the domain.
(h) The size of the image is no bigger than the size of the codomain.

2. 8 pts. Following are some statements about the greatest common
divisor (gcd) and least common multiple (lcd) functions and integers
mand n. Circle all that are true

(@) ged(m,n) x lem(m,n) =mxn,

(b) ged(m,n) = gcd(m—cn, n) for all integers c,
(c) gcd(m,n) = km+ jn for some integers kand |,
(d) ged(m,n) = 1iff mand n are relatively prime.

3. 10 pts. Give a partition of {a,b,c,d, e, f,g,h} of cardinality 3.

4. 12 pts. What is the value of the following sum and why?

2,(0)



5. 15 pts. Prove using induction that for all integers n > 1:

% k(k) = (n+1)! —1
k=1



6. 15 pts. Let A= {a,b,c,d} and B = {1,2,3}. For this exercise, an-
swer each part with an actual number as well as showing your work.
[Hint: recall that the Stirling numbers are defined as S(n,k) = S(n—
1,k—1)+kS(n—1,k).]

(a) How many surjective functions are there with domain A and
codomain B?

(b) How many non-surjective functions are there with domain A
and codomain B?

(c) How many injective functions are there with domain B and codomain
A? [Note: the domain and codomain are reversed from parts a)
and b).]



7. 10 pts. Here is a mistaken “proof” that for all sets A and B, A UB® C
(AUB)C.

Proof: Suppose A and B are sets, and x € AUBC. Then
x € AC or x € BC. It follows that x ¢ A or x ¢ Bby definition of
complement, and so x ¢ AUB by definition of union. Thus,
x € (AUB)® by definition of complement, and hence A® U
B® C (AUB)C.

Circle the mistake in this proof and explain why it is wrong.

8. 12 pts.

Define AxBxBas {(r,st):r € AsiteB}. Given sets A= {a,b,c}
(witha<b<c), B={0,1,234} (with 0 < 1< 2 < 3 < 4), consider
C=(AxB)U(AxBxB).

(a) What is the first member of C in lexicographic order?

(b) What is the second member of C in lexicographic order?

(c) What is the second-to-last member of C in lexicographic order?



9. 15 pts. Extra Credit. Evaluate the following sum to come up with a
closed form (simplify your result as much as possible). [Note: you
can consider using the perturbation method, or guessing the solution
and then proving it with induction.]

Si= Y k(-1)*

0<k<n



