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DISCRETE STRUCTURES



FOUNDATION EXAM (DISCRETE STRUCTUREYS)

Answer two problems of Part A and two problems of Part B. Be sure to show the steps of
your work including the justification. The problem will be graded based on the
completeness of the solution steps (including the justification) and not graded based on
the answer alone. NO books, notes, or calculators may be used, and you must work
entirely on your own.

PART A: Work both of the fallowing problems (1 and 2).
1) (25 pts) (PRF) Using induction on n, prove for al positive integers n that

ii+D@i +2) _n(n+H(n+2)(n+3)
] 6 - 24 '

. QJO::

2) (PRF) Let A, B and C be any three sets. Prove or disprove the following
propositions:

a) (5pts) If Al BEC, then either Al Bor Al C.
b) (10pts) (A- C)C (C- B)= A&

c) (10 pts) Power(A)- Power(B) I Power (A - B)



Solution to Problem 1:

(PRF) (25 pts) Using induction on n, prove for all positive integers n that

i(i+1)3 +2) _n(h+1)(n+2)(n+3
: 6 - 24 '

. QJO:

Basecase: n=1. LHS= g 5
i=1

s < 120@
24

g i(i+D(i+2) _ 1(223(3) =1 (2 pt9)

=1, thus, the statement holds for n=1.

Inductive hypothesis: Assume for an arbitrary positive integer value n=k that
ii+D30+2) k(k+D)(k+2)(k+3
(+3+2) _Kk+Dk+k+ oo
1 6 24

BLI+D({+2) _ (k+DK+2K+3)(k+4)
a 6 - 24 '
(3 pts)

ii+D(i+2 (k+Dk+2k+3
1 6 )+ 6

o~

Inductive step: Prove for n=k+1 that

~

+1i(i+1)(i+2)_(
., 6

-mo
o~

(4 pts)

_k(k+Dk+2)(k+3 + (k+D(kk +2)(k +3)
- 24 6

,using the I.H. (4 pts)

_k(k+Dk+2)(k+3 , Ak+Dk+2)(k+3 (4 pts)
24 24

- (kD 2;2" 3K+ ¢ toring out (k+1)(k+2)(k+3) (5 pts)
_(k+D(k+2(k+ Ik +4)

, as desired.
24




Solution to Problem 2:

(PRF) Let A, B and C be any three sets. Prove or disprove the following
propositions:

a) (5pts) If Al B EC, then either Al Bor Al C.
b) (10pts) (A- OC (C- B = &£
¢) (10 pts) Power(A)- Power(B) I Power (A - B)

a) If A BEC, then either Al B or Al C.

It can be disproved by the following counter example. TakeA ={1, 2}, B
={1,3} andC={2,4}. ThenAl BE C={1, 2,3, 4}, butA is neither asubset
of B, nor a subset of C.

Grading: 2 ptsfor explicitly listing A, B and C. 3 ptsif it worksand is
explained.

b)(A- OC(C- B =&
Proof by contradiction. Assume that (A- C)C (C- B) * Ato show that it results
to contradiction. (A - C)C (C- B) * Emeansthat there existssomex1 (A - C)C
(C- B). By the definition of intersection we can imply, that there existsx for
which the following propositionistrue: p=(xil A- C)U(xI C- B). Using the
definition of set difference we can rewritep as
s p=( AUXTC)UMX C) UxT B).But(xIC)UM C) =
False, so
p=(x AU[XTIC UK C]UxT B)=(xI A)UFdse Uxi B)=
False.
So, the assumption that intersection (A- C)C (C- B) ' Ais not empty
results to contradiction which proves that this assumption is false, i.e.
intersection is empty.

Other solution is to use the membership table.

Grading: Other proofs can work than thisone. 3 points for the basic set up of the
proof whether it be direct, by contradiction or membership table. 5 pointsfor the
actual " guts' of the proof, and 2 points for the conclusion (e.g. the contradiction)

c) Power(A)- Power(B) I Power (A - B)

Thisisfase To disprove take a counterexample: A ={1, 2}, B={2, 3}, Power(A) = {/,
{1}.{2}, {1, 2}, Power(B) ={ £ {2}, {3}, {2 3}}, Power(A) - Power(B) ={{1},{1,
21}, A-B={1}, Power A-B)={4& {1}}. Thus,{1, 2}1 Power(A) - Power(B), but {1,
2} Power (A-B), so the proposition Power(A)- Power(B) I Power (A - B) is
disproved.

Grading: 5ptsto explicitly list out A and B, and calculate Power (A) and Power (B)
correctly, 5 ptsif the example is a counterexample and is shown to be so.



