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1. (20 points) The following are a number of True or False statements related to modular
arithmetic. For each, if you believe the answer is True, you do not need to justify your answer.

If vou believe the answer is False, give a counterexample/justification of your answer.
i g )

1. f =2 (mod 8) and y = 7 (mod 8), then . +y =1 (mod 8).

T

2. If 1 =5 (mod 8) and y = —6 (mod 8), then 2y =2 (mod 8).

3. If =4 (mod 8) and y =4 (mod 8), then & =1 (mod 8).
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4, 1f a, b and m > 1 are integers such that ab = 0 (mod m), thena =0 (mod m)or b =0
(mod m).
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2. (20 points) Consider the function f: Z x Z — 7 defined by

fn,m)=n+m

1. Is f injective (one-to-one)? Give a proof or show why not.
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2. Is f surjective (onto)? Give a proof or show why not.
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3. Is f a bijection? Justify your answer.
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3. (20 points)

1. Given functions f,g: R — R, give a precise definition of what it means for f to be in
O(g)-
@}]C,)C'l’,(?o J_{. @ Fe@(j) (:MJ
C Lot < [so| < C, 198 §e 1 (g)

2. Give an example of a function f: N — R which is not in O(z") for any a € R. You do

not need to prove your answer.
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3. Let f : N — N be defined by the sum
f('-’-’) =113 +2]3 + 313 L5554 ”.13‘

Find the smallest integer a such that f(n) € O(n®). Find witnesses to prove this claim.

Show your work clearly so that it can be understood how you are justifying
your claim.
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4. (20 points) Consider the number N = (561)s.

1. Write N in binary. For this part of the question, you must convert N into a decimal

number first, and then convert that decimal number into binary. Show all of your

work.
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part of the question, you must convert N directly from

Q3 bit

_—

9. Write N in binary. For this
octal into binary. Explain your process.
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3. Use modular exponentiation to compute 7% mod 13.
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5. (20 points)

1. Let a,m be integers with m > 1 and ged(a,m) = 1. Give a definition of the inverse
of a modulo m.
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9 Find the inverse of 65 modulo 233. Your answer should be the smallest possible non-
negative integer satisfying this condition. J, Pﬁ Ow’ GaSwer
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65=13 6 +27
3y =27 + Il
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L= 26 ¢ eocd( 6528)f
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3. Solve the following equation for x

65c =3 (mod 2
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