CSI 35: Discrete Mathematics II. Midterm 1

Professor Luis Fernandez

NAME: SOLU T 0N
INSTRUCTIONS:

e This exam contains 9 questions. 6 pages for a total of 104 points (points over 100 count as
extra credit).

e You have 110 minutes to complete the exan.

e You must show all your work in order to get credit.

e You can use a non-graphing scientific calculator. No other electronic devices. notes or books
are permitted.

1. [10 points] We recursively define a function f from the positive integers to the integers as
follows: f(1) =2and f(n)=-3- f(n—-1)+8.

Evaluate the following.

(a) f(1) =2 (b) f(2) (¢) f(3)
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2. 112 points] Let F(n) = —5n. defined on integers n > 1. Find a recursive definition for F.
Do iwlhom of Fla\:
EoN-S
Bl = Elw-0+ (-5) , ‘t£ W22
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3.

[12 points] Consider the following proeram:
L J g

ifr<o:
r=r-+7

else: _ -
A=

Suppose you are given that r is initialized to
the prograni. the value of r is even.

,SUP(O_O‘.& S0, .
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some positive integer. Show that after running

m\«{{q\,{ o -aoze’V'.(wo_—w?SX“ = Q'KO\A\X\

\l\}\/\-r\—E\fQ\r ’&"Q-ﬁ/\«\:k J Vot Oy o—L > 3y
-(—\,.o\ V. w Vi Wt v\;\k\ (w: é)(/ V‘/{N':C_/L\
(S an wvin wuw by ot Ex=2(3x) .

4. 12 points; Give a recursive definition of the set of all positive integers that are multiples of 7.

(LL-\- < (ma' A\LQ,(\&_LJ‘ 6"‘,
1&S »
Cf_ X éé %J b\J&SJ A\ \mw\ e .

Tlew S 1y e bR oM Qos\/k\& fk\w)&g
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5. [10 points] Consider the proposition: 5 divides n® —n for n > 2. Suppose that we want to
prove this proposition by induction.
(a) Careully state the propositional function P(n) that has to be proved.

DCV‘\ e @ N A Kdesy V\S‘VL\ \

(b) Carefully state and prove the BASIC STEP.
Raste ctepr pea\: s ddwdas J@i
Whidh it e . §-6=20

(c) Carefully state the INDUCTIVE STEP. Do not prove it.
L S Al dda, ook o Jota v\)
How S AWK c)% (lfw-\\ L (ws\Y

that com-

a(n)”. for n a nonnegative integer.
. You

6. 12 points] \\'1ite a recursive algorithm called -

putes the n'" term of the sequence a,, defined by g = 1. a; = 2. and @, = - - ap-2

should write it as follows:

procedure a(n: n nonnegative integer)

ifn= 0O y—e\W\vv\ \
else if.h:( Y“e’,h/\Vlr\ .
else Y\'Q_\'LLVV\ O&(.h\\é'm\{&_(\z\—l\

- \
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7. [1? & o . _ rtl
7. 12 points| Let r be a real number. Prove by induction that r® ++! 4 r2 4 ... + 7" =

Make sure to clearly state P(n) and clearly explain the base and inductive steps. o
R 5 , _—
D(V\\-lg: Y 4+ 4.+ = g
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8. [12 points|] Consider the set S which is defined recursively as follows:

2eSand5€ S
IfreSandye S. thenr+yes.

(a) Is 20in S7 Is 13 in 57

(b) Find all the positive integers that are not in S.

Lp_’\‘ O § (,Z?j‘ 'Ckmw\u/\\\f ‘:"Q- S

?‘) JLU Sléx’jég/ ﬁJlo/\‘/ SRR 3

Q“‘\ %‘E&_&\ 1‘\;: o | io we o &
(5) | awel 3 AL e padiN e {ute -
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9. [12 points] Consider the statement

P(n): “every amount of postage of 20 cents or more can be formed using just 5-cent and
6-cent stamps”.

Prove this proposition using strong induction by completing the Basic STEP outlined below
and doing the INDUCTIVE STEP.

¢ Basic sTer: P(20). P(21). P(22). P(23). and P(21) are true. 'You need to prove each
base case|
Pyt vig 5 s s
PN\ vie S5 6
Py vie 5, S 6
P(2N: vJe S

Py VLie &6

e INDUCTIVE STEP: (do this step completely)
= * - ¢ -

X o WE2Zh | v wiow e (W ?sm
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Fhet B(w-4) vy be, bacevie 204w-4ygwn,
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