ok 417 B L K265 5 R P4 4 A A
#8  EREE®B) 41T
# L{‘ Bz ¥ |

% EE: WSS L TEEEERE  RFEE -
BEE (ER; SEEHE 1S HERRER 0D
1. In the questions below suppose that O(x) is “x + 1 = 2x”, where x is a real number. Let y be a natural number.
‘Which of the following is false?
(A) Vydx Qi) (B) Temn(Q) AQY), (C) Tx0(),. (D) Vydx Ox*y+1), (B) Vady Q(x*).
2. In the questions below P(x,y) means “x + 2y = xy”, where x and y are integers. Which of the following is true?
(A) Vx3yP(xy), (B) IVyP(xy), (C) Vy3xP(xy), (D) TyP(3y), (B) IyVaPlxy).
3. In the question below suppose the variable x represents students, y represents courses. Which statement is
different from the other four?
(A) IxVy-Tixy), B) ~VaD-Tlxy), (C)-VaaVy-Txy), O)-VadyIlxy), (E) Ix-BHlxy)
4. Again, suppose the variable x represents students, y represents courses. Which statement asserts “No course
is being taken by all students” ?
(A) VyaxT(x)), (B) IyVxT(xy), (C) —=IyVxTlry), (D) -IxTyTxy), (B) IyVr-T(xy)
5. Determine which of the given set is not the power set of some set..
(AND,{D1{ah{ {a} 1.1 {{a}} ), (2.0}, (2, {0} 11D, {{a}} ). {a{a}} fa ({ad 1 {{a) (a1},
®@{@{a}}, (© {D.{{a}}}, D) {D,{a},{D.a}}, (E) {D,{a},{D},{a,}}
6. Suppose 4 = {1,2,3,4,5}, and P(A) denote the power set of A. Determine which statement is false.
MBI S PA), B4, OIBIcP), ODTcPA), (B (24} edxd
7. Which of the following is true?
AWWA-B-0O=d-B)-C, (B) ALBNCO)=(AUBIN{4(C),
CA-CO-B-C=4-8, DANBUCO)=AUBN{4VC(),
(B) fAwC=Bu(,thend=B
8. Which of the following rule describes a function with the given domain and codomain? (Note that N, Z, and
R denote the set of natural numbers, integers and real numbers, respectively.)
(A) f:N—Nwhere f(m)=-/n, B) #:R—> Rwhere h(x)=vx,

(C) F': R —» R where F(x)=—1—5, (D} F:Z — Z where F(x)=
L

xz -5’
(E) g - N — N where g(n) = any integer > n
0. How many of the following functions have inverse?
f1Z - Z where flx) =xmod 10
f:d—>Bwhered = {a,b,c}, B={1,2,3} and /= {(a,2),(b,1),(¢c,3)}
fiR—>Rwhereflx)=3x-5
f:R— Rwhere flx) = 2x.
(A0, ®1 ©2 @®3 E4
10. Which of the following grows faster than the others? (The base for the logarithmic functions is assumed to be
2)
(A) O(n-logm), (B) O(log nt), (C) O(log n*),
(D) O(n_zlug logn), (E) O(nl.DOI)

11. How many positive integers less than 30 that are relatively prime to 207
Ay10, B)Y11, (C)y12, (D)3, (E)14
12. Which of the following is false?
(A) If a = 6 {mod m), then 2a = 25 (mod m),
(B) If @ = b (mod 2m), then a = b (mod m),
(C) If a = b (mod m), then 2a = 2b (mod 2m),
(D) If @ = b (mod m?), then a = b (mod m),
(B) If @ = b {mod m), then a = b (mod 2m)
13. Consider all bit strings of length 12. Which of the following statement is not true?
(A) There are 2° strings begin with 110.,
(B) There are 2° strings begin with 11 and end with 10,

(C) There are [‘:] 2% strings have at most four 1s,

(D) There are 2 - 2!° — 2* strings begin with 11 or end with 10,
(E) There are [‘:] strings have exactly four 1s.
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14. A factory makes automobile parts. Each part has a code consisting of a digit, a letter, and a digit, with the
digits distinct, such as 5C7, 106, or 3Z0. Last week the factory made 8,000 parts. Find the minimwm number
of parts that must have the same serial number.

A1, B2, (©3, O4, &S

15. A professor teaching a Discrete Math course gives a multiple choice quiz that has four questions, each with
four possible responses: a, b, ¢, d. What is the minimum number of students that must be in the professor’s
class in order to guarantee that at least three answer sheets must be identical? (Assume that no answers are

left blank.)?
(A) 65, (B) 129, (C) 257, (D) 513, (B) 1025
16. How many permutations of 12345 are there that leave 3 in the third position but leave no other integer in its
own position??
(A) 8, (B)9, (C) 10, (D) 12, (E) I5

17. Suppose you and a friend each choose at random an integer between 1 and 8. For example, some possibilities
are (3,7, (7,3), (4,4, (8,1), where your number is written first and your friend's number second. Which of the
following has the largest probability?

(A) p(your pumber is greater than your friend’s number),
{B) p(sum of the two numbers picked is < 4),

(C) p(both numbers match),

(D) p(you pick 5 and your friend picks 8),

(E) p(the sum of the two numbers is a prime)

18. Consider an experiment consists of picking at random a bit string of length five. Consider the following

events:
Ey: the bit string chosen begins with 1,
E5; the bit string chosen ends with 1;
£ the bit string chosen has exacily three 1s.
Which of the following probability is unique (different from the other four)?
A pE | E), B pENE), ©pE:|E), O)pEE), (B)pE:|EnE)

19. Determine which of the following recurrence relation is not a linear homogeneous recurrence relation with
constant coefficients.?

(A)ay=a,-+1, B)a,=can-, QO a,=a,_3,
Dyay—Tay_2+a,-5=0, (B)a,=07a,-,-03a,-»
20. The solutions to a, =34, + 184, _, have the form a,=c - 3" + d - (~6)", Which of the following isnot a
solutions to the given recurrence relation?
(A) a,=3"*! + (-6, ®B) a,=5(-6)", (C) @, =3"+ 6",
D) a=3""%, (B) an= n(3" + (-6)").
21, Consider the recurrence relation 4, = 2a, - | + 3n. Which of the following is false?
(A) The associated homogeneous recurrence relation is a, = 2a, _;,
{B) The general solution to the asscciated homogeneous recurrence is a, = c2”,
(C) a, = —3n — 6 is a particular solution to the given recurrence relation,
(D) The general solution to the given recurrence relation is a, = —3n — 6 + 2",
' (B) ap=-3n-6+7 2" is the particular solution to the given recurrence relation when ag = 0.
22. Consider the power series of each of the following functions. Which has the smallest coefficient of X7

(A) (1+x’+x“)3, (B) (1+x2+x4+x6)3, ©) (1+x2+x“+x°+x8+x‘°)3,

D) (1+x)(l-z-x’)(1+x’)(1+x“)(1+x’), (B) (142 +x* +x° +x“)3

23. What is the number of ways in which nine identical blocks can be given to four children, if the oldest child
gets either 2 or 3 blocks.

(A) 32, (B) 64, (C) 80, (D) 96, (E) 128
24. What is the nummber of positive integers < 1000 that are multiples of at least one 0f 3,5,117

{A) 500, (B) 505, (C) 510, (D) 515, (E) 520
25, What is the number of strings of 0s, 1s, and 2s of length six that have no consecutive 0s.?

(A) 448, (B) 450, (C) 452, (D) 454, (E) 456
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26. Given a set 4 such that | 4 | = n (i.e., 4 has a elements). What is the number of binary relations on 4?

27.

28.

29,

30.

31.

32,

33.

34,

35,
36.

37.

38.
39.

wr, ® 2 © 2", ®2, ®&F
Suppose 4 = {2,3,6,9,10,12,14,18,20} and R is the partial order relation defined on 4 where xRy means x is
a divisor of y. (For example, 2R6 and 3R12.) What is Jub({2,9})?

(A9 {B)! (Cy18 (D)2  (B)Does not exist.
What is the smallest equivalence relation on {1,2,3} that contains (1,2) and (2,3)?
(A) {(LDADLED,EDEH,EDE,.631,
(B) {(1,1),(1,2),(1,3), (2.2),(2,3),(3.2),(3.3)}, © {(1,2), (2,3).(1,3)},
OLDLD,(1,3),(2,2),(2,3).3,3)} & (L2, 23
What is the smallest partial order relation on {1,2,3} that contains (1,1}, (3,2), (1,3)?
A ILL.EGDMA3)) B {LLEDEAEDAINGD) O {(LD22)033),32)L3)}
@) {(1,1,41,2),(1,3),(2,1),(2,2),(2,3),(3,1),(3,2),(3,3)} () None of the above (B LHETFF)
Let R be the relation on 4={1,2,3,4,5} where
R={(1,1),(1,3), (1,4), (2,2), (3,1}, (3,3), (3,4), (4,1), (4,3), (4.4), (5,5)}. What arc the equivalence classes
for the partition of 4 given by R? Ay {L,41,13,21,{5) B){L,23,4},{5} (C){1,3.4},{2},{5}
@) {1}.2},3},{41,{5} (B} {1,23:45}
Suppose the relation R is defined on the set Z where aRb means that b £ 0. {Z is the set of all integers.)
Which of the following statements is true? (A) R is an equivalent relation, (B) R is reflexive,
symmetric but not transitive, (C) R is anti-symmetric, transitive, but not reflexive, (D) R is not reflexive,
not fransitive  (E) R is apartial order relation,
Suppose R and § are relations on {g,bed}, where R = {(a,b),(a,d),(b,0){c,e),(d.)} and § =

{(a,ch(b,d),(d,a}}. Wedefine RoS={(xz) | J: xSy AyRz}. Whatis RS ?

(A) {(@,),(b:b)(c.)(dd)},  (BY{(a.0),(b,0)(db)(d.d)}, (C) {(a,c)(b,2),(b.d).(d,d)},
D) {(a.a),(a,6),(b,a)(db),(d,d)}, (E) None of the above (2 E&IE)
Let K, , be the complete bipartite graph with m and » vertices on the two sides of the graph. What is the
number of edges m Ky u? (Aymtn Bymn  (COym" Oym{n - 1)2 (B) (n-Dn-1)
What is the largest value of n for which X, is planar? (Note that X,, is the n-vertex complete graph.)
A3 ®4 s D6 ()7
What is the largest value of » for which K , is planar? M1 B®B2 ©3 D4 (BES
If G is a planar connected graph with 20 veriices, each of degree 3, then G has how many regions?
(A9 BI10 (C)12 (DYy14 ®YI15 ' 2

Consider the graph G shown on the right. Which of the following is true? Y :

{A) G has an Euler circuit but no Hamilton circuit. t > e

(B) G has an Euler circuit and a Hamilton circuit. 7 i
. - L Graph & g 10

{C)Ghasa Hamﬂ.ton circuit but no Euler circuit. G 14

(D) G has no Hamilten circuit and no Buler circuit. 1z 13

(E) None of the above (DL _E#FE) i % 17

How many non-isomorphic trees with four vertices exist? (A}1 (B)Y2 (C)3 (DY4 (E)5

What is value of the arithmetic expression whose prefix representationis — 5 / * 6 2 - 5 3

(where—, / and * denote integer subtraction, division and multiplication, respectively)?

(A)1 B)-1 (©)2 DO (E) 3
AA®E
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40. The grid graph G » tefers to the graph obtained
by taking an m x n rectangular grid of streets o
(m < n) with m north/south blocks and » east/west blocks. Ll IG‘ L Ll by Gy
See the right for some examples. !

What is the vertex-chromatic number for G,,.,7 (A)2 (B)3 (CO)4 @)m+n (E)mn

41. Again consider Gy, . What is the number of edges of Gy ?

A) m+Dn+1) ByYdmn (Cynm+1)+m(n+1) D)m" (B) None of the above (LA EEFFE).

42. Suppose H is a graph with vertices a, b, ¢, d, e,f with adjacency matrix shown [0 1 01 00
on the right. What is distance between vertex a and vertex c? (By distance we ; g g :) 1 t
mean the number of edges along the shortest path between a and ¢.) 110010
A2 B3 ©4 D5 E)6 .

43. Suppose you have 5 coins, one of which is counterfeit (either heavier or lighter than the other four). You use
a pan balance scale to find the bad coin and determine whether it is heavier or lighter. What is the minimum
number of weighings needed to guarantee that you find the bad coin and determine whether it is heavier or
lighter? (&)2 (B)3 ©)4 OS5 (B)morethan5

" 44, Thestring -~ *2—xa+ 4y is prefix notation for an algebraic expression. What is the expression in
postfix notation? (A) 2¥x—a—+4y (B)2%xx—-ag~-4+y (O)2xa-*x4y+- D)2x-axdy+-
(E) None of the above  (L!_-453E)
45, Every full binary tree with 50 leaves has how many vertices? (A)49 (B)50 (C)51 (D) 99 (B) 100
46. What is the weight of the minimum spanning tree of the graph H shown below?
(A15 BY17 (€19 (D21 (E)23
2 ! 3
Graph 5 = start
5 2 4
" 2|d ! . 2 fl3
3 1 3 Finite-state
g I n 3 1 machine M

47. What is the output produced by the above finite-state machine M when the input string is 111012
{(A) 10100 (B) 10010 (C)11101 (D) 10101 (E) 10000

48. Let A4 = {1, 10} and consider five strings A, 1101, 1110111, 10110, 110011. (X is the empty string.)

How many of the above five strings belong to 47 (A)1 (B)2 (C)3 D)4 (BE)s

49. Which of the following phrase-structure grammars (where S is the start symbol) produces {1 | n> 0} ?
(A)S->811,5>114,4—11 B)S>S811,5§>5 11,451 (C) S 511,554,555 41,4 -1
(D)5 — 511,85 —44, A -> 11 (E) None of the above (L1_E&JE)

50. Consider relation R with its matrix representation shown on the right. R is: 1111
(A) reflexive and symmeiric  (B) reflexive and anti-symmetric M. = 01 11
(C) not transitive and not anti-symmetric (D) symmetric and transitive 10011
(E) None of the above (L _¥3E) 00 0 1
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