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MBS HB5Y > BB SFEL0S » Fln) Wi, U W, is alko a subspace. (E) W
={{ao+a1x+a2x2} | ao, a1, a are scalar, and a#0}
1.(5%) If square matrix 4 = [«;] has eigenvalues Aj, Ay, .., is a subspace.
A, and  corresponding linearly-independent

eigenvectors e, ey, .., e,;. Which are correct ? (A) If

cosd —sinf
. . . . 9.(5% S that = and
m.= n, A is diagonalizable. (B) If A4 is (%) Hppose ¢ 4 [ :]

sin@ cost

diagonalizable, it is possible for ;= A;, i = /. (C) a1 :
s : 1 0 .
+ . taw=A+ ..+ N. (D) {e, e, .., €} is B= are the standard matrices of the two
always a basis of a subspace of R". (E) If ¢; = a+ib, 00 _ _ .
then a and b are always linearly independent. transformations, 77 and 73, respectively. Wth.h
of the following statements are correct? (A) 77 is
2.(5%)If A is a mxn matrix, W is the set of all columns of a linear 'transformatlon. (B) _Tl is the
A, and W' is the orthogonal complement of W, transformation that counter-clockwisely rotates
then (A) W is always a subspace. (B) W' is always each vector through an angle 8. (C) Ti is the
a subspace. (C) (WY)* = W. (D) The intersection transformation that clockwisely rotates each
of W and W is always not an empty set. (E) dim MEEYOT through. an angle 0. (D)
Wt + dim (WH* =n. gi_| oS8 SOl m s the
—sin@ cos@
3.(5%) If inconsistent linear system Ax = b has a transformation that orthogonally projects each
least-square solution x and 4 = [a; ay .. a,], vector onto X- axis.
which are correct ? (A) x 1is always existed. (B)
x 1s always unique. (C) A4 x is always in 10. (5%) Suppose that two nxn matrices, A and B, are
span{ai, a, .., ay}. (D) % = (474)'4"b. (E) 4 orthogonal. Whichl of the following statements
% - b is orthogonal to rows of A. are correct? (A) A" is orthogonal. (B) det(4) = 1
or —1. (C) Columns of 4 form an orthonormal set
4.(5%) 1f A can be QR factorization, which are correct? in R" with the Buclidean inner product. (D) AB is

an orthogonal matrix. (E) A"ABB™=I, where I is

(A) A i1s a square matrix. (B) 4 has linearly ‘ , ;
an identity matrix.

independent columns. (C) 00" =1, where [ is an
identity matrix. (D) @ has positive entries on its

diagonal. (B) R is invertible. 2 EM(FE—BFEER Y L85 ERE WIS

5.(5%) If A is a symmetric matrix. Which are correct? (A) 11. (5%)Given a function f from 4 to B and f(a) = b
A 1s always diagonalizable. (B) A4 has linearly

. . (where a € A and b € B, which of the following
independent eigenvectors. (C) 4 always has real

eigenvalues. (D) The eigenvalues of 4 are always statements are correct?

positive. (E) 4 can always be spectral decomposed, (A) A isthe domain off.

A =My + Mgy + .+ Myttt (B) B is the range of /.
(C) f € BA.

6.(5%) Suppose that nxn matrix A4 is invertible. Which of ; : £ d
the following statements are true ? (A) The row D} & ?S the 11nageo augder/.
vectors of A should be linearly independent. (B) (B) ais the pre-image of b under /.
det(4)=0 (C) A does not have eigenvalue 0. (D)

The rank of A is n. (E) Ax=0 has nontrivial 12. (5%)Given the following piece of code, which of the

solution. ]
following statements are correct? i
7.(5%) Suppose that 4 and B are two square matrices. int Fibonacci(int 7) v_{-‘;% E
Determine which of the following are trlrle. (A) begin | ’;"
det(AB)=det(A)det(B). (B) det(4)=det(4"). (C) s L "3 a
det(4B)=det(BA). (D) det(4™)=1/det(4) if A if(n=0)or(»==1) A
exists. (E) det(4%)=(det(4))". _ return 1; ~ ’?3»
else : ;"?
8.(5%) Determine which of the following statements are ‘ return Fibonacci(z - 1) + Fibonacci(n - 2); | . ?
true. (A) W={({xy} | x+y=1} endif /]
is a subspace. (B) W ={{x,y} | >3y} is a ; o
subspace. (C) Suppose that W, and W, are two end
subspaces. Then W, N W, is also a subspace. (D) (A) This function computes Fibonacci series.

Suppose that W, and W, are two subspaces. Then (B) This is a recursive function.
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(C) The growth rate of this function is proportional
to the current value of the function.

(D) The time complexity 7(n), where n is the
argument of the function, is also a Fibonacci
series.

(E) The time complexity can be reduced if the

function is designed to be iterative.

13. (5%)Which of the following statements about basic
number theory are correct?

(A) «|0 for any a.

(B) Ifa and b are positive integers, then there exist
integers s and ¢ such that ged(a, b) = sa + tb.

(C) If m is a prime integer, then an inverse of a
modulo m exists.

(D) To satisfy equations x =1 (mod 3), x = 2
(mod 5), and x =3 (mod 7), 52 is the only
solution. .

(E) Ifp is prime and « is an integer not divisible by
p,then a? = a (mod p).

14. (5%)There are 80 students in the class, which of the
following statements are correct according to the
pigeonhole principle?

(A) There is at least one student’s birthday in each
and every week.

(B) There are at most 2 students whose birthday
are in the same week.

(C) There is at least one week in which at least 2
students have birthday.

(D) There are at least seven students who were
born with the same astrological sign (& ).

(E) There is at most one astrological sign (&) to

which more than seven students belong.

15. (5%)Which of the following statements about
hypercube are correct?

(A) Qo has 1 node.

(B) For any integer n > 1, the hypercube Q, is a
simple graph consisting of four copies of Q.
connected together at corresponding nodes.

(C) Qyhas 2" nodes.

(D) The recurrence relation of the number of edges
for Q,, denoted as E(n), is E(n) = 2E(n - 1) +
2,

(E) Quhasn -2"" edges.

16. (5%)The worst case time complexity for Euclid’s
algorithm to find gcd(a,b) (a,b in Z) is (suppose
n=(max(a,b))): (A)Bn). (B)O(log(n)). (C)
0 (log(n)). (D) 6 (nlog(n)). (E) none of the above.

17. (5%)Among the following options, which are
necessary but not sufficient conditions for the
corresponding goals?

(A) “A set of total-order predicates” for “applying
mathematical induction proof on those
predicates”.

(B) Assume g, f are functions mapping from A to
B domains, and C to D, respectively. “B,C are
the same domain” for “(f ¢ g) composition is
possible”.

(C) “existing  exponential time  algorithm”
for intractable (NP) problems™.

(D) “X is a student and X is in the class™ for “X is

in the class only if X is a student”.
(B) “fis O(g)” for “fis 0(e)"

18. (5%)To analyze the complexity of the following
procedure P, We will use the following assumptions:
Suppose P and @ are both procedures. Q take
6(x/m) time to compute, where m is the size of
input; each statement line in and outside the loop

counts 1 step.

Procedure P( arrayl[a,,a,,...,a, ])

1. if n<5 exit.

2. declare initially new empty array?2, array3; " p. 2~ |

3. call Q (arrayl); <

4. for (=1 to n) {

5. 1f((i mod 5) =1) { insert g, into array2;} o

6. if ((i mod 5) =3) { insert «a, into array3;} el L:
1 ‘ {
} ‘

. call P( array?2 );

8. call P( array3 );

. return();

~
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Suppose 7 1s a number of power of 5, What can be the time

complexity level of the procedure P in the question above?

lo
(A)6(n) B)6(nlogn) (C)8WR) D)0 = )

(E)O(~n logn)
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(5%)We want to count the number of ways to climb
n stairs if the climbing person can take one stair or
two stairs at a time. What of the following can be the

recurrence relation for our question? (initial

condition: a, =la, =1;)

(A) a,=aqa,, +1.

B) a,=a,,+3.

©) a,=2a,,+1.
D) a,=a,, +a,.,.
(E) none ofthe above.

(5%)To solve the recurrence relation in 19., what can
be the generating function f(z)?

(A) f()=1/(1-z-2%).

(B) f(2)=z2H1—z2—2).

1 ] 1

© Z)=—.

S JE(L{Q+J§/3; 1+(@-J5/32)
.2 2-3z

®) f&)_l—z+a+2g2'

(E) none ofthe above.
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