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1. (20%) %R —FH CETRAMLE - % | f78t | 2K

""ﬁﬁ%'ﬂﬂ*ﬂﬂ‘& , rﬁ%J éﬁa‘&ﬂ'ﬁlf(% T i} 01 #include <time.h>
02 #include <stdlib.h>

HMEAZA FAEXNAS - TREKX 03

WA RAETHRG CETRLAESLY  F 04 | int crossover(double x);
05
— b S B % ] o
ETEEREaN 06 | int main()

11, (WMRBA—BATeR X H 1547 | 07 | {

e A ? RGN EE - T T A
1.2, (3%)#{.%4'%" 2] 'E{J_#Jﬂfﬁ ’ ?' 21 4777 10 int repeats=1000000;

SEREP LR 7 WARMEE - Ll j—goubls surel

. i L e s 12 for (i=0; i<repeats; i++)

13, (3% RA&AIIAT 7 — 9 AR S 13 sum += (double)rand()/ (double) RAND MAX;

K B ISP EHATE— KB [ 1a N
& —if ?&u%gqﬁgz;.—*igjg-g;@-i@ 15 printf ("%6.4f\n",sun/ (double) repeats) ;

et R — ik ? B30 L ARE o o oG
14. (B%)wRBMPITE BB RS 18 | For (i=0; i<repeats; i++)
R0 B 2147 FIED ) R dg AAT L0 e thg S SERSESKR (0.6) ¢

| 20 ]
TR WRETHEA—RGE §#2E | 21 | printf('%6.4£\n", sun/ (double) repeats) ;
e R — ik 7 BH1RIA S BRER R - 22 -

23 return Q0.

15, (4%)he R #Aride 5110 47 &9 1000000 .. 24 |
H% 10000 HP L& 13 FaH 10 & |25

|26 [int erossover(déuble x)

EEFEELE 7 W RAVENERE 27

B ? RHI3BA I BBAKRE o 28 | if ((double)rand ()/(double)RAND_ MAX<=x)
1.6. (4% R &A% 194789 0.6 BAR 79— getusntay |

08 HMIEL 137 WHEREGR ot =258 7

31 return 0
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2. (18%) Bt o #lclassification) RATH BRI ERFBZ — - AR FELS BRI T A5
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2 LR SRS > 3]4E A T 1000 {850 10000 ERRXES] EF AL LU IBEI L
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2.1. (6%)f &3 confidenceinterval 4 T K ERA W E A -

2.2 (6%ME 3R AT € 48 4o 38 38 B o 4R 35 &4 £ 7K F &) variance » A3 K- confidence interval 8 > %%
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3. (20%) $%49LA CI(A,B,C)& &4 Z BATRZ T > A v C & 4%4+4§ iL(conditionally independent) - 1542

45 A~ B o € TR & % 1844 & 4 $i(random variables) - #4531, CI{{Xy, Xo), UG, Xal AXsh &7 “{X,
X,} and {Xs} are conditionally independent given {X3, Xa}" « £ A F&4 B ¥ » ML RELBHKAUTH
MhBE*x-

Pr(xp X2, "’:xn) = Pr(Xl = x1’X2 =Xz, 'Xn = xn)

AU LGB BRI XREAE—EAHREEH(1<)<n) x B & X, 3B 7T 4E 04 K BE (state) F &4
F A TRMGIKE -
£ 95T LA chain rule 89 % X 48 5§ & B n 844 & 4 $t &) joint probability distribution» 4o LA F 2> X A7 il o

i=n
Pr(xlle"":xn) = Pr(xilxlle!'"!xi—l)
=1

1B A AR 2% € 40 CI{XG)L XL UG)) ~ XL, XohGY) ~ CILY) (X0 X, Xa)) ~ CI({XG Xah{Xy, XohiX6)) -
BHTHEK -

Pr(ocxghes, %s) = Prix)Pr(x; [X)Rr (3 le)Pr(x4|x1)Pr(x5 |21, x5)

(20%) The probability distribution of the Poisson random variable X, representing the number of outcomes

occurring in a given time interval or specific region, is

e~Hp*
x!

Priul = ,x=0,1,2, .,

where pu is the average number of outcomes occurring in the given time interval or specified region and
e=2.71828... (Euler’s number)

#% 80 : the mean and variance of X are both '
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1. (6%) Use resolution to show that the following compound proposition is not satisfiable.
VAPV APV A(=pV )

2. (6%) Find the transitive closures of the relation, {(1,2), (2,1), (2,3), (3.4), (4.1)},0n {1,2,3,4}.
3. (7%) Please prove x € (A—B) U (A—C) & x € A— (BnC) step by step.
4. (7%) What is the big-O time complexity estimation of the following procedure regarding of n?

Procedure HANOL(n, A, B, C)
IF(n <= 1)
PRINT ("Move top diski fxrom " A " to ", Cj
ELSE
HANOL (n-1, &, .C, B)
HANOL (1, A, B, C)
HANOL (n/2, B, A, C)

5. Consider a complete undirected graph, G, with vertex set {w;, v,, V3, Vs Us}. Entry w;; in the matrix W

below is the weight of theledge {w;, w;} (i.e., wip=1, wyi3=2).

L
D 7 #9
W= 2 ¥ 09FI18
3 17 740 404
e S]]
(@) (5%) What is the minimwn spanning tree by Prim’s algorithm with the initial vertex, vy ? Please
represented the tree in Adjaceney matrix form,
(b) (5%) What is the minimum spafming.tiee*T in G Suehuthatth€ vertex 1, is a leaf node in the tree 77

Please represented the tree in Adjacency matrix form. [Hinr: T is different from the answer (a)]

6. An unrooted binary tree is an unrooted tree in which each vertex has either one or three neighbors. A rooted
binary tree has a root node and every node has at most two children. Let U(n) and R(n) be the number of

unrooted and rooted binary trees with # labeled leaves and unlabeled internal nodes. The following show n=3.

u(3)=1 R(3)=3

51
>—/ 53 /<\ /<\ /<\
52 51 52 53 51 53 52 52 53 S1
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(a) _-.( 5%) What is the relation between U(n) and R(1)?
(b) (5%) Please solve the R(n) in term of n (find an explicit formula for R(n)).

7. RSA encrypts an integer X into another integer Y by ¥ = X€¢ mod n with a particular key(n, e).
(a) (7%)If n =p x q (p,qprimes), gcd(X, p)=ged(X, ¢)=1,and de = 1(mod(p — 1)(q — 1)), please
prove Y4 = X(mod pq).
(b) (7%) Given Y =981 and a key (n=2537, e=13), Please decrypt ¥, what is the original integer X? |Hint:

the fast modular exponentiation]

0. &R @0%)

8. Given two matrices M and N, please calculate

0 i 0 0 3 9 -1 - ll
v 3 G 1 0 16
M= =
M=1of £\ [ 2 3
L5 "5 5. -5 Or=—=0). O, 7

(@) (2%) det(M)
(b) (3%) det(MN)
() (5%) det(adj(M)), where adj(M) satisfies M - adj(My=det (M) 1

9. (10%) Let the linear transform T:E>|— E* be defined by Ti(x,y, D)= (x+ 2y + z,—x + 3y + z)
Please calculate the kerneland nullity of 7 (ket 7 and 7(T)).
10. (10%) Give three integers (x,v and 2), try t0 maximize z = 25x + 60y subject to the following constraints
—x +2y < 3§
dx.Fye< 25
x+y=7
x>0,y =20
11. Organize data as a matrix X (m x n)yshere m 1s.he ntmber of meastirement types and » is the number of
samples. The goal of Principle Component Analysis is to find an orthonormal matrix P for Y = PX, where the

rows of P are considered as the principal components of X.
(a) (2%) Please prove Cy = PC,P”, where C, and Cj, is %XXT and %YYT.

(b) (3%) We select the matrix P to be a matrix where each row p; is an eigenvector of Cx, where D is the
diagonal matrix of eigenvector decomposition. Please prove Cy = D, a diagonal matrix.

(¢) (5%) Given the following Cy, what is Cy?

3 O]

Cx :___[o 4

#5 sy — -~ EENRBLEE AT
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1. Single choice (45%)

(1) Which of the following statement is false? (a) Microservice is a method to structure the operating system by
removing all nonessential components from the kernel and implementing them as system and user-level
programs. (b) Microkernel aims to provide minimal process and memory management. (c) Spin lock means
the lock that while a process is in its critical section, any other process that tries to enter its critical section
must loop continuously in the call to acquire (d) In EDF scheduling, the earlier the deadline, the higher the
priority.

(2) To starting up a computer system, the computer locates (a) an OS in ROM and loads it onto RAM (b) an OS
in memory and loads it onto storage (c) an OS in storage and loads it into memory (d) a boot manager in|
ROM and loads it onto RAM.

(3) Which of the following mechanism is us€d tofimplemént Vigtual memory? (a) paging (b) segmentation (c)
segmentation with paging (d) all of therabove.

(4) Which of the following is a muitiple-user version of multitasking (=) multiprogramming (b) multiprocessing]
(c) time-sharing (d) multi-user tasking

(5) Which of the following refers to the conCurrent exccution of many prograns on a multi-user system? (a)
multiprogramming (b) multiprocessing/(c) time-sharing (d) multisuser tasking

(6) Which of the following process seheduling strategy canveause staryation? (a) FCFS (b) Shortest Job First (c)
Round-Robin (d) none ¢f'the above.

(7) Which of the followinghis'an incotrect transition of process state? (a) running—> waiting (b) waiting=>
running (c) waiting > ready (d ) ready s> running

(8) Which of the following meéchanism has, the worst fault tolezanee capability? (a) RAID 1 (b) RAID 0 (c)
RAID 5 (d) RAID 0+1

(9) Which of the following is triae for a hard real-time systém but not true for a soft real-time system? (a) each|
task has a deadline (b) tasks are scheduled according to its deadline (c)missing a deadline results in a failure
of the whole system (d) It is mostlmuscd I timesefitieal apphications

(10) When designing the virtual memory sub-system, which of the following factor is not typically used toj
determine the page size? (a) the size of page table (b) internal fragmentation (c) CPU speed (d) I/0 time

(11)Which of the following strategy is preemptive? (a) FCFS (b) SJF (c) Earliest deadline first (d) FCLS

(12)Given that physical memory is 256KB and is partitioned into 8 page frames. If logical memory is SMB, what
is the number of pages needed in virtual memory? (a) 640 (b) 320 (c)160 (d)80

(13)Which of the following is not a condition of deadlock? (a) mutual exclusion (b) hold and wait (c) preemption
(d) circular wait

(14)In a paging system with three-level page tables, suppose that the hit rate is 90% and it takes 20 ns to search|
the TLB and 200 ns to access memory. What is the effective memory-access time? (a) 280ns (b) 260ns (c) 300}
ns (d) 240ns

(15) Which of the following mechanism does not implement access matrix? (a) Role Based Access Control (b)
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Global Table (c) Capability Lists for Domain (d) Lock-Key Scheme
2. (10%) Consider the following configuration. Virtual address = 32 bits, page size = 4K bytes, and a page
table entry occupies 4 bytes. How many pages should the OS allocates for the page tables of a 12Mbytes|
process under the following paging mechanisms? Assuming that the number of entries is the same.
(1) One-level paging
(2) Two-level paging
3. (20%) Please define the following terms
(1) System call
(2) Thrashing
(3) Context switch
(4) TCB (trusted computer base)
(5) Hypervisor
4. (10%) What is man-in-the-middle attack? Please draw a diagram ‘and explain.
5. (15%) Point out and cotrect the problems when using the following two binary semaphores with S1 =1 and|
S2=0 to implement a_qouming semaphore.
wait operation: signal operation:
wait(S1): wait(S1);
C--; C++;
if(C<0) { | “LIf(C<=0)
signal (S1); stgnal(S2); [
wait(82); signal(S1);
yelse
signal(S1);
i s | T EWRBLE  RTHn
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1. (10%) Use Kruskal’s algorithm to find the minimum spanning tree of the following graph.

(10%) Give two advantages of hash tables over balanced binary search trees.

(15%) A vertex cover of a graph G = (V,E) is a subset of vertices S € V that includes at least

one endpoint of every edge in E. Use dynamiC programming to design a linear time algorithm that
outputs the smallest vertex cover in a grecgFor example, in the following tree, {A,C,D,F} is a vertex

cover, and {C, E,F} is not a vertex cover. The smallest vertex cover in the following tree is {B, E, G}.

0 e r/@ f'G;

Pl

(10%) Design an O(n) algorithm for the following task.
Input: A list of| n positive integers a,, a,, ..., a,, where each @; satisfies 1 < a; < n.
Task: Sort aij} dz, ..., @y, i1 non-decreasing.order.
For example, if'the’input contains 4 integers 3, 1, 1, and 3, then the output should be 1, 1, 3, 3.
(10%) Give the tight asymiptetic bound of the following recurrence: T(n) = 2T(n/2) + n.
(10%) Give an application of the heap data structure.
(10%) Give a balanced binary search tree.containing-the following data: 1,2, 3, 4, 5, 6, 7.
(10%) Give a binary heap containing the following data: 1, 2, 3,4, 5, 6, 7.
(15%) Design an algorithm for the following task.
Input: a linked list.
Task: determine whether the linked list contains a cycle.

For example, the following linked list contains a cycle.

~N_
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