Scores: i o 0 7 & § 10 Name

Section L___

Mathematics 2602
Midterm 1
Prof. Margalit
2 February 2012

1. Answer the following questions with your clicker, and record your answers on this page.

Clicker #1| Choose the sentence that best completes the statement of the principle of
mathematical induction.

Say we have a mathematical statement that depends on an integer n. Suppose:
e The statement is true for n = ny.

Then the statement is true for all n > ng.

A. The statement is true for alln = k.
@ Whenever the statement is true for n = k, it is also true forn =k + 1.
C. If the statement is true for n =k, then it is true for all n > ng.

D. If the statement is true for n = ng, then it is also true for alln = k.

Clicker #2| Choose the phrase that best completes the definition of “f is O(g).”

Let f and g be functions N — [0, 00). We say that f is O(g) if so that

f(n) <cg(n)

for all n > ny.

A. for all natural numbers ny, there ezists a positive real number ¢
B. for all positive real numbers ¢, there exists a natural number ng
C. for all natural numbers ny and all positive real numbers c

there ezists a natural number ng and a positive real number c




2. Answer the following questions with your clicker, and record your answers on this page.

Clicker #3| True o generating functions are useless because you can always solve
the problem in a simpler way.

Recall that the Fibonacci numbers are defined by the recursion relation
Fropo=Fo1 +F,, =0, Fi=1

Fo=l+o=1  F=3¢2:5

i [Fsesed]

F g T 2 t o= ’5
Which of the following are linear recurrence relations? Select all that apply.

@ Qp = Gp_2
an = —3an_1 + 15a, 9

C. ap = Gp_10p—2

What is F57

_ 2
D. a, =a; + an-1

Clicker #6| Put the following orders of complexity in order, from smallest to largest.

A, On30%) < o n < 02204 27
B. O(2™)

c. (1) > CDAS

D. O(logn)

Clicker #7| Discrete is the opposite of...

@ continuous
B. finite
C. infinite

D. pure



Answer the following questions with your clicker, and record your answers on this page.
3. Find a function on the list below that has the same order as each of the following functions.

- 99,452 / ey
Chcker #8| 10 1 300, 000 15logn ]G r\;}/

Clicker #9] n% (% n? \Je

[Clcker #10] &> | Lot

A n? F n®
B ’I’L452 G 3r
C A H n"
D nlogn I n!
E logn J e

4. Match each generating function to one of the sequences listed below.
e e NN
ﬁ? =0+ x o+ 53y f%m”/
[ Clicker #13] 1—_15—; = |Gyt SRR }Czi/

A. 1 F n—1
B. n G n+2
C. 5™ H. ™

D. (=17 I 7

E. n+1 J (=1)"5




5. Use induction to prove that n® + 2n is divisible by 3 for n > 0.
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6. Recall that the Fibonacci numbers are defined by the recursion relation
Froyo=Fop + Fy, Fy=0, F1=1

Use the strong version of the principle of mathematical induction to show that, for n > 1,
the number of n-digit binary strings with no consecutive 1’s is Fj, 2.

As one example, 10001001000001 is a 14-digit binary string with no consecutive 1’s.
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7. Consider the recurrence relation given by ay = 2 and

Qp = 5Qp-1

for n > 1. Solve for a, using generating functions.
POO= a0 + 4 »c«;x/+ /+A></‘+h,,
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8. Solve the recurrence relation given by ay = 2, a; = 0, and

Ap = 20p_1 + 30p—2 +4

for n > 2.
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9. Use the definition of “f is O(g)” in order to verify that
n" # O(n!).
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10. Show that ninn < n?.
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Let A and B be natural numbers with A > B. Show that A™ 4+ B™ =< A",
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