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1. (10%) Give the tight asymptotic bound of the following recurrence: T(n) = %T (3271) +n
2. (25%) Design a singly linked list that supports the following operations in C or pseudo code.
2.1 Initializing an empty linked list
2.2 Inserting a node of value, x, before the first element of the linked list
2.3 Inserting a node of value, x, before the i-th element of the linked list
2.4 Delete the i-th element of the linked list
2.5 Reverse the linked list in the most memory-efficient way.
3. (15%) A stack can be implemented by a linked list. Design the following stack operations in C or pseudo code
mainly based on the operations of Questiga*?. :
3.1 Inserting (or ‘push’) an elemen
3.2 Removing (or ‘pop’) an elem
3.3 Getting the value of s#fe
4. (10%) Design Depth raph G from a source vertex s
using the above stac
5. (10%) Design insert number while the suit of
card does not matter (7
® Input: clubll, spad
®  Output: heart 7, club
6. (10%) Use Kruskal’s algori 1) ; } graph. G, with vertices {v;, v,, vs,
Vs, Vs, Vg and the adjust i
0 10 16 18 1:
10 0 14 17 15
_ |16 14 0 9 10 12 ;
A 18 17 9 o0 9 19| where A[7, j| is the weight of the edge between v; and v
13 15 10 9 0 11
8 9 12 19 11 0
7. (20%) Design an algorithm for the following task and prove its correctness.
Input: a graph G(V, E)
Task: find the compact set C of G. C is a compact set if min{E (v;, v;)|v; € C, v, € V\C)} >
max{E (v, v;)|v;, v; € C} (the smallest external distance of C is still lareer than the longest internal
distance in C, i.e., the C of Question 6 is {vy, v}, {vy. vy, Vg}, {v3, vy, Vs})
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1. (40%) Select the best answer

(1) Which of the following statements is false? (a) Bare-Metal VM is more efficient than Hosted VM (b))

CP/CMS is the first OS that supports virtualization (c) VMM and hypervisor are synonyms (d) most
VMMs run on all hardware platform.

(2) OS does not maintain one copy of ___ for each process? (a) TLB (b) Page Table (c) PTBR (d) PCB

(3) Is used to approximate the Working Set? (a) WSS (b) PFF (c) LFU (d) none of the above

(4) What is the advantage of using a solid state disk over a magnetic disk? (a) Fast (b) Cheap (c) Largen]
(d) more secure

(5) Given: a. the kernel starts system#;
mounts the root file systenamds
starts it; e. the kerneli

e loads and runs the boot loader; c. the kernel
iage on disk, loads into memory, and
gt order of the booting sequence

(6) Which of the folla ] a : 570 (@) running->waiting (b)
waiting=>running Inning (d) waiting

the runnable tasks in a re@sble 2 (i gmmand is used to count the number

(9) Which of the following statements is false about Docker and Container? (a) the Docker image is built
based on dockerfile (b) by default, the network of a container is separated from the network of the

host (c) the Docker images are always platform-independent (d) the Docker Hub stores published
docker images

(10) Which of the following statements is false? (a) Each process is associated with a PCB (b) In Linux,
PCB is usually located at /proc (c) the pointers to the opened files are stored in PCB (d) PCB
information such as parent, child, and register values are usually kept in a structure called mm_struct.
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2. (25%) Please explain the following terms
® Copy on write (for process creation)
® Reentrant Lock
® Orphan
® Windows ALPC

® Safe state (for deadlock)

3. (10%) Please briefly explain the commefia Bving technologies in terms of the core design

5. (5%) Consider the folle jot). : 22€ size = 8K bytes; How many

process under the one-level]
paging mechanism?

6. (10%) Please sketch 2 d by Linux that implements
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(4%) Which of the following pairs of values (n, k) (if any) make the following statement true. If 50 students
are distributed into n classrooms, there must be a classroom with at least k students?

(@) (3, 15).(b) (70, 3). (c) (15, 3). (d) (7. 8), (e) (51,2

(5%) Which ol the following asymptotic notation(s) is/are correct for the equation 3N3log(N) +
4N log(N)?

(a) O(N2log(N)). (b) O(N3). (¢)
(5%) If A and B are disjoint event

(N3log(N?)).
k) = 0.2, whatis P(B|A)?.

(6%) Please use a recursy ppound on the recurrence

(4%) Please prove the allinduction.
(10%) Suppose that Ul
that the mean and vri

(a) (5%) E[X + Z] = NN
(b) (5%) Var[ X+ Z] =

ly independent. Please prove

sected value and variance):

(6%) Please prove 222[(2
(10%) Solve the recurrendg
(10%) Find the set of all so

(5%) True or false.

(a) If arectangle matrix A isinvertible, A could have a zero singular value.
(b) If a matrix B is similar to A, then B has the same eigenvectors as A.

(¢) Any symmetric matrix is similar to a diagonal matrix.

(d) Any matrix which is similar to a diagonal matrix is symmetric.

(e) Every positive definite matrix is nonsingular.

(15%) Suppose a rectangle matrix A has full rank.

(a) (4%) Please derive the best square solution ¥ to Ax = b step by step.

(b) (6%) Which fundamental subspace associated with A is the projection vector p in. where p = AX? Which
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fundamental subspace is p — b in then?

1 0
(¢) (5%) Find the projection matrix P onto the column space of A = 8 ~01 .
0 -3

12.(20%) Given a recurrence relation: (M*M + 41)x,,, = (M™M — 4D)x,,, where M € R%3 (arcal 5 X 3
matrix) and n is a positive integer.

(a) (5%)Let x,, = Axq. Please find out A (independent of any x;, { € N U {0})

(b) (5%) Let 4 be an eigenvalue of M"M, corresponding to the eigenvector A. Please find an eigen pair of

A. (an eigen pair means an eigenvector and 1§ asseciated eigenvalue)

(¢) (5%) Given all the information above, choose all the possible behaviors of x,, for a large n from (1)

decaying 1o zero, (2) oscillating but not growing or decaying in length, (3) going to a nonzero constant

vector, and (4) eoing to.anonzero constant vector. Explain your answers by discussing A's eigenvalue.

(d) (5%) If x; = 0 fora nonzero Xy, please find-onesingular value of )/
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