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Which linear operators are one-to-one?

(A) Ti (B) T2 (C) T3 (D) T4 (E) none of the above. }ﬂ

0 0 2 2

(A) Matrix 4 is the stand matrix for the composition of linear operators stated below: a counterclockwise rotation

2. Let A{W —43/2}, B:{‘/E _‘/5} and cz[z 0:‘_ Which of the following are true?

of 60°, followed by an orthogonal projection on the x-axis.

(B) Matrix B is the stand matrix for the composition of linear operators stated below: a dilation with factor £=2,
followed by a counterclockwise rotation of 45°.

(C) Matrix C is the stand matrix for the linear operator defined below: a reflection about the x-axis, followed by a
contraction with factor k=1/2.

(D) Matrix C is the stand matrix for the linear operator defined below: a reflection about the x-axis, followed by a
dilation with factor A=2. ‘

(E) None of the above.

3. Which of the following statements are false?
(A) If T: R" - R" is a linear transformation and m>n, then T is one-to-one.
(B) If T R" — R" and T(0)=0, then T is linear.
(C) If T R" — R" is a linear operator and if 7(x)=3x for some vector X, then A=3 is an eigenvalue of T.
(D) If T: R"— R" and if T(kx)=kT(x) for all scalars k and for all vectors x in R", then T is linear.
(B) If T: R" = R" and if T(kx)=2kT(x) for all scalars k and for all vectors x in R”, then 7'is linear.

4. Which of the following sets of vectors in R’ are linearly independent?
(A) (3,8,7),(1,5,3),(2,-1,2)
®) (0,1,1),(3,0,0),(1,0,-1)
(C) (1,-1,-2),(0,0,-6), (4, 2, 2)
(D) (3,0,-3),(0,2,3),(0,1,1).
(E) None of the above.

5. Letu= [u“ u”} and v= [v“ V‘Z} . With the standard matrix addition and the standard scalar multiplication,
Uy Uy Vir ;o

|y v Uy, +V . . .
utv= o T2 T2 and ku= fau -y . Determine which of the following are subspaces of M.
Uy +Vy Uy + Vs, ku,, ku,,

(A) The set of all 2x2 matrices of the form[a 2} with standard matrix addition and scalar multiplication.
2 b

(B) The set of all 2x2 matrices of the form [« b] with standard matrix addition and scalar multiplication.
b d

(C) The set of all 2x2 matrices of the form |4 ¢ jl with standard matrix addition and scalar multiplication.
c d

¢ d

(D) The set of all 2x2 matrices of the form |! ! } with standard matrix addition and scalar multiplication.

(E) None of'the above.
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6. Which are the eigenvectors of matrix { L4 1 } 2

-1 -1 2
. (B) H
0

(B) An eigenvalue may be a complex number.

1
-1
1

!
-1
0

(m[ ]@)

01.(C) | L].(D)
-1 0
1 -1

7. Which are correct ?

(A) Any matrix has eigenvalues.

(C) A symmmetric matrix always has real eigenvalues.
(D) A symmetric matrix always has positive eigenvalues.
(E) Matrix 4”4 has no negative eigenvalue.
8. If A is a matrix and W™ is the orthogonal complement of vector set /¥, then
(A) W is always a subspace.
B WH: =W
(C) (Col A)* = (Row A).
(D)Col A = (Nul 4)*.
(E) (Col A)* = Nul 4”.
9. For linear system 4Ax = b, which are correct ?
(A)Ax = b always has solution.
(B) If Ax = b has no solution, then Ax = b must has least-squares solution.
(C) Sometimes, 4”4 is not invertible.
(D) Sometimes the least-squares solution (474) *47b doesn’t exist.
(E) ) The least-squares solution can be set as RQ 7b.

10. If 4 is a matrix. Which are correct ? (A) A is invertible, thus 4 = P D P! (B) 4 has linearly independent
eigenvectors, thus 4 = Q R. (C) 4 is symmetric, thus 4 =P D P”. (D) A is symmetric, thus 4 = M+
Nattotty + .. + Apttnlt, . (E) A4 is square, thus A =U X pT (SVD).

11. Let P(x) be the statement “x = x2“ If the domain consists of the integers, which of the following

propositions are true?

(A) ¥xP(x) B)¥x—P(x} (()IxP(x)} (D)3x~F(x) (E)I zP|x)

12. Which of the following statements about RSA are correct?

(A)RSA is built on top of Fermat's little theorem. |

(B)The two primes p and q chosen initially should be large enough.

(C)The encryption key e is co-prime to (p - 1)(q - 1).

(D) The decryption key d is the inverse of e modulo (p - 1)(gq - 1).

(E)Both d and e will be made to the public. Hence RSA is also referred to as the public key system. ‘
13. Let A be a set with n elements, and R be a relation on A. Which of the following statements about R are

correct? '

(A)The relation R can be represented by an n by n 0-1 matrix.

(B)The reflexive closure of R can be obtained quickly by adding some necessary 1's in the n by n matrix of R,

but the symmetric closure of R can not.

(C) The transitive closure of R, R, is defined by the formula: R = URi
iez*
(D) In reality, the number of Rs needed to compute the transitive closure of R is less than n.
(E)The Roy-Warshall algorithm helps us quickly obtain the necessary R's for the transitive closure of R.
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14. Which of the following statements about Graph is correct?

(A) There are n nodes and n(n—1) edges in K.
2

(B) There are n nodes and n edges in Cn,, where n>3.
(C) There are n nodes and 2n edges in Wy, where n=>3.
(D)There are 2" nodes and n*2"" edgesin Q.

(E) There are n + mnodes and ”*™ edges in Knm.
2

SR

15. Given the following Graph G. Which of the following statements are correct?

e

(A)G is a tree. (B)G is a binary search tree. (C)The length of the longest path in G is 3. (D)There are 7
connected components in G (E)One possible DFS result of G (starting from node 50) is 50, 90, 100, 94, 30, 12,
40.
16. Suppose x and y are students, and we define the following predicates:
c(x,¥) :x and y are classmates; 7(x,): x and y are roommates; d(x,): x and y are in the same department;
Which of the following are logical equivalent to:
—[Vx3y,d(x, y) A r(x,y) = c(x, y)].
(A)3x, y,[d (x,¥) A (%, ) = c(x, )] (B) Vx, ,[c(x, ) = d(x, ) A7(x, )]
(C)VxA y,[d(x,y) Ar(x,y) = c(x,y)]. (D) 3xVy,[(d(x, ¥) Ar(x,¥)) A=c(x,»)]. (E)None of the above.
17. Which of the following statements are true?
(A) Any well-ordered set is also a total-order set. (B) Any well-ordered set is also a partial-order set.
(C)Any partial-order set is also a total-order set. (D) Mathematical induction can be applied on any

total-order set. (E) A total-order set of predicates is necessary for applying mathematical induction.
18.Which of the following equations about binomial coefficients are always true(Vr,s e R,k,n,me N)

oG (L) )

r+k r+n+1 -k B n+1
(D)[ngsn[ k )]Z[ n ] (E)[(,;.s,,[mj _(m+1}'

19. An international company use the following procedure to select one employee of the year, where m is input
size(the number of employee being considered): (1) if m <36, use (m-1) comparison steps to select 1
candidate. Otherwise: (2) use [ \/’—1 comparison steps to evenly partition m into 36 subsets(sizes of different

H

subsets differ at most 1); (3)randomly select 6 out of the 36 subsets, and for each subsets follow the same
procedure from (1) to select 1 candidate;(4) use 5 comparison steps to select 1 result out of the 6 candidates
from each subset. Let f;, be the number of comparison steps with respect to the input size n, Which of the
following are true?

(A) £(n) =61 (n/36) +6(m). (B) £(n) = 61 (1/36) +0(1) . (C) f(m) =6(m). (D) f(r) =E(nlogn) .

(B) f(n)=6(n'""* logn).
20. When solving recurrence relation: “a, =5a, | —6a,_, +2,n>2,a, =3,a, =7 using generating function f(z),

which of the following are true?

952 2 1 3 1 2
(A)f(Z)zm- (B)f(z)= -2 +1—22+1‘—3Z . (C).f(z)zl__;+1_3z :

(D) a, =2(3")+1.

(EB)a, =3 +2" +2.







