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PartI. Linear Algrbra [SO points]

True or false (1-8, 24%), with a reason if true or a counterexample if false.

1. A and B are square matrices. If A is not invertible then AB is not invertible.

2. Ifthe eigenvalues of A are 0,0,3, then the matrix is certainly not diagonalizable.
3. The determinant of —A is —|A].

(Questions 4-8) Each of the following is a subspace:
1
4. All vectors x in R® such that x7| 2 |=0.

-

o)

5. All vectors (x,y) in R such that x> — ¥ =0.
6.  All vectors (x,y) in R* such that x + y=2.
1 -2 1
7. All vectors x in R? that are in the column space AND in the nullspace of the matrix |1 -2 1].
1 -2 1
, 1 -2 1
8. All vectors x in R? that are in the column space OR in the nullspace of the matrix [1 -2 1].
1 -2 1

9.  [3%] The complete solution to Ax =b is

1 1 -2
x=|0 |+c|1l|+d| 0 |,c,deR
-1 0 1

If A is an m x n matrix with rank », which of the following are valid choices of (m, n, r)?
(@ (1,3,1) (b) (2,3,2) (c) (3.3,2) (d) all of the above (e) none of the above.

2 1 8
10.  [4%] Suppose that 4 is the matrix | 6 5 |.Is the vector b = | 28 | in the column space of 4? Explain your answer.
2 4 14
11. For the following two matrices,
1111 0111
1111 1111
A= ,B=
1110 1110
1100 1100

Find det4 [3%)]. _
Find the cofactor C;; of B and then find detB [4%].

12. When a+b = c+d, show that (1,1) is an eigenvector [3%)]. Find both eigenvalues. [4%]
- ]
A=
c d

13. Suppose a linear transformation T maps (1,1) to (2,2) and (2,0) to (0,0). Find T(0,2). [5%)]
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Part IL. Discrete Math [S0 Points]

True (T) or False (F) [20%]:
2 points for each correct answer, and —1 point for each wrong answer. Be careful.
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(P (= gh— {p — g is a tautology.
Both /2 and 7 are irrational numbers.
If \[2 is rational then Tt is rational.
If 71 is an integer such that #” is divisiable by 4 then # is divisible by 4.
Language a"b" is regular.
Language ¢"b" cannot be accepted by a finite state machine.
Every infinite set contains a countably infinite subset.
If 4 is countably infinite. so is 2%,
Let 4. B. and C be three pairwise independent random variables. Then. Prob(4mB ~C) = Prob{4}Prob{B}Prob{C).
0. If 4. B.and C are any three finite sets. and 4~ B~ C = . then |4uBUCK 4|+ Bi+|C]|.

Muliple Choice [30%]:

Each of the following questions has axactly one correct choice. 2 points for each correct choice, and —0.5 point for each
wrong choice. Be careful.

1. How many integral solutions are there of x +x, +; + Xy + x5 = 50 where x,>0

(a)

%,

d

Bvae
g

(e}

*

none of the above,

2. Answer problem 1 for x, =1

{a)

()

>,

{497

none of the shave.

3. A binary relation R is called Partial order relation if

(a)
(b)
(e}
{d})
()

1t is reflexive and transitive:

it is symmetric and transitive::

it is reflexive, symmetric and transitive:

it 1s reflexive. antisymmetric and transitive:
none of the above.
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10. The number of telephone calls that pass through a switchboard has a Poisson distribution with mean equal to 2 per minute,

11. Refer to question 10. The probability that no telephone calls pass through the switchboard in two consecutive minutes is

. How many functions are there from a set with three elements to a set with two elements?

{a}) 6

&) s

{c} 10

(dy 12

{c} none of the above.

Which of the following statements is true?
{(a) Iffi andfz are O(g). then i f is O(g).
(b} Iffis O(g). then fis O(g’2).

{c} Iffis Ofg). then g is O{f).
{d} Iifis O(g). then g is not O(f).
(¢} none of the above.

If a and b are any positive integers with b0 and ¢ and r are non negative integers such that a = bg + rthen
(a) ged(a. by=ged(d. 7)
(b} ged{a. ri=ged(d. ¥}
(¢} gedla, g)=ged(g. 7)
(d} gcdia. br=ged(a. ¥)
()} none of the above.

- According to De Morgan’s laws, 4n{BuC) ="

(a) An(BnCy;
(b)) AU{BnC):
(&) AUB~O):
{d) Eu{§u5}:

{¢) none of the above.

Which random variable of the following distributions is not a discrete one?
{(a} exponential disribution:
(b} geomerric distrubution:
(¢} hypergeometric distribution:
(d} binomial distribution:
{¢) none of the above.

Suppose that random variable X has the following with probability mass function:
Pr{x)=————(0.7) (0.3 *.x=0.1.__5
x5—x)!
Then, the mean of random variable X'is
{a} 3.5:
(b} 1.5:
{c} .7
(& 21
{¢} none of the above.

The expected number of phone calls that pass through the switchboard in one minute is

{a} 4
by 3
{c} 2
{d} 1

{¢} none of the above.

(a} 0.2707;
(b} 0.1535;
{c} 0.0183:
(d) 0.0366:
{¢} none of the above.
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12. A muluple choice test has 15 questions. with each question having 5 possible answers. Suppose a student randomly guesses
the answer of each question. What is the probability that the student will answer all 15 questions correctly?
(ay 15,
by 1/5%
() t/cf
{9 ycr
{e) none of the above.
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by 2701

A, 1
¢y 37
, 45 a0

& 3

(e} none of the above.

A

14. Suppose we have a bit value of 0 with probability p. and a value of 1 with probability I—p. A measure of the randomness of
this event 1s H{p)=—plog, p—(1— p}log,(1— p}. Find the value for p which makes H{p) maximum.
(a) p=0;
®) p=1:
{c} p=035
@ p=v2/2:

(¢} none of the above.

15. Determine the number of strings that can be formed by rearranging the letters SCHOOL? (Note: Be careful. there are two
O's!)
{a) Sl
by o612
{c} 621
(d 4121
{e} nomne of the above.






