10L

15

200

250

(HEX)

Do all the problems in detail.

(1) (i) Evaluate fy %d [10%)]
(i) Determine whether the series oo, Bal 2! converges or diverges. {10%)]

The Gamma function is defined for z > 0 as

T(z) = _/:0 =1t dt,

(iii) Show that ['(z + 1) = 2I'(z}. 10%)]
(tv) Find T'{2.5). 110%)

(2) (i) Find a real matrix B such that A = B® where

A=(_97 *97).

[20%]
(ii) Let V be the vector space of 2 x 2 matrices over R, and let M = ( _11 g )
Let T be the linear operator on V defined by T(A) = MA. Find the trace of 7.
(10%)]
(iii) Let P = (pi;) be an n X n real matrix with p;; > 0 for 4,7 = 1,2,...,n and
Yy pij =1 for each i = 1,2,...,n. Show that P has an eigenvalue 1. [10%)]
(3) () Let
0, z<0
2, 05«2
Fle)=35 9<g<3 "
6, z=>3

Evaluate the Riemann-Stieltjes integral

[ 1; &% dF(z).
10%]

(ii) Let f be a continuous function from a metric space X into a metric space Y,
and let A be a compact subset of X. Is f(A) compact in Y7 Why? [10%]

" End of Paper
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1. If the joint probability density of X; and X; is given by
~{z1+73)
e or x> 0,32 >0
flanz2) = { 0 otherwise.

find the probability density of ¥ = X1/(X1+ X,) and the variance of Y. (15%)

9. Let X, and Yoo bet distribution with degree of freedom n and F' distribution with
degree of freedom m and 7. :

(a) Write down the definitions of X, and ¥mn in terms of normal and Chi-Square
" random variables. (10%)
(b) Explain why X -+ N(0,1) in distribution as 7 — oo and Yj , = X%, {10%)

3. Let X; be independent normal distributed with mean Fo+ 21 and variance o where
x,'s are fixed constants and fo, B1,0° are unknown parameters.

(a) Find the maximum likelihood estimators for fo, B3 and 0. (10%)
(b) Find the Fisher information matrix for Go, f1 and o2 (10%)

(¢) Are the maximum likelihood estimators for G, 5 and o2 uniformly minimum
variance unbiased estimators? (10%)

4. In a random sample, 136 of 400 persons given a flu vaccine experienced some discom-
fort. Construct a 95% confidence interval for the true proportion of persons who will
experience some discomfort from the vaccine. (10%)

5. Civen a random sample of size n from a normal population with unknown mean
and variance, find an expression for the likelihood ratio statistic for testing the mull
hypothesis ¢ = oy against the alternative hypothesis o # oo. (15%) :

6. A single observation is to be used to test the null hypothesis that the mean waiting
time between tremors recorded at a seismological station (the mean of an exponential
population) is 6 = 10 hours against the alternative that g < 10 hours. If the null
hypothesis is to be rejected if and only if the observed value is less than 8 or greater
than 12, find the probabilities of type I error and the type II error when 8 = 2. (10%)

So faith comes out of hearing, and hearing through the word of Christ.
— Roman 10:17
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1 (16 points). Let W be the subspace of R* spanned by {1,0,1,0],‘{1,1,1,0] and [1,-1,0,1]. 7
(a): Find an orthonormal basis for W; | :
(b): Find the projection of [1,1,1,1] on W. 43
2 (14 points). Find the cigenvalues A; and the corresponding eigenvectors v; of the linear ’
transformation T on B defined by . T
T([$1, T2, 183]) = [1'1,4552 -+ 7333, 2:1:2 - .n",‘3].
410
3 (12 points}. Prove that if A is a square matrix, then the nullity of A is the same as the nullity <
of AT. -
4 (10 points). Let G be a graph. Prove that x(G) < A{G) + 1. (A[G) denotes the maximum -
degree of G.) 4
5 (12 points). Suppose the minimum degree of graph G is §(@). Prove that G contains a cycle {18
of length at least §(C) + 1. 4
6 (12 points). How many integral solutions are there for the following inequalities: 7
$1+$2+$3+$4<‘100, 2120, 2220, z3> 0, zq > 0. ' -
420
7 (12 points). Solve the recurrence relation: )
Tp = Tn-1 + Tpe2, To=IT1 = 1L ‘ b
: . 425
8 (12 points) Prove any graph G contains a bipartite subgraph H such that [E(H)| > |E(G)l/2.
an
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1. If a computer will be connected to the Internet, some network settings have to be done, such as IP

address, host name, domain naine, gateway, subnet mask and etc.

~ {a) What is a gateway? What is its purpose? (3%)
(b) What is the purpose of the subnet mask? What is the relationship between the subnet mask and
the IP address? Please explain with an example. (4%)

(¢) What is a subnetwork of Class A in the Internet? What is a subnetwork of Class B in the Internet"
What is the relationship between the IP address and Class A or B? It would be better.if you can

give some examples to explain. (4%)
(d) The data transmission protocol used in an Ethernet LAN is CSMA/CD (more precisely, IEEE 802.3
CSMA/CD). How does an Ethernet LAN resolve transmission collision? (4%)
2. Please explain each of the following terms. (18%}

(a) indexed sequential file.
{b} NP-complete.

(c) B-tree.

(d) FreeBSD.

(e} Postscript.

(f) 3-to-8-line decoder.

3. What is the concept of memory interleaving? And what is the advantage of memory interleaving? (6%)

4. (a) What is addressing mode? (3%)

(b) Give three addressing modes and give examples to explain them. (6%)

5. Simplify the Boolean expression

ADBOUADDIBCHEDDDEDBDD)

where @ denotes the Exclusive OR (XOR) operation. (5%)

6. In a computer system with multiple CPU’s, an interconnection network may be used to interconnect
those CPU's. And an interconnection network can be modeled as a graph G = (V, E}, in which V is the
set of nodes, each representing a CPU, and F is the set of edges, each representing a link connecting two
CPU’s. The hypercube is one of the famous interconnection networks. The n-dimensional hypercube,
denoted as ()., consists of 2* nodes in which each node is identified by a bit string of length n. Suppose
the identifier of a node is by—q1 - - bybp, then it will be connected to each node with identifier b,_, - -5

--bybg, 0 < i < nm—1. In other words, there is an edge between node b,_; - -« biby and node by - - -5
.- bybp. For instance, in @5, node 11010 is connected to node 01010, node 10010, node 11110, and ete.
If there is an edge between node z and node y, it is said that one routing step is needed to send data
from node z to node y, or from node y to node z. Note that some intermediate nodes may be used to
send data from some node to another node if they are not connected by an edge directly. The distance

between two ntodes is the number of routing steps betWe_eﬁ them.

10

15

20

25

LT}




(BER) B L P ﬂJkﬁ%)\+—b$ﬂ‘—fgﬁﬁ‘@iﬁﬁﬁi7g"§ﬁﬁ%
CA B EEmmE CERBERELNZE) *2 % B2 R

(a) Draw the hypercube Qa. Edch node has to be labeled with its identifier.(3%)

(b) Does there exist a 3-level complete binary tree in Q5?7 Explain your reason. Note that in a complete
binary tree, the root is on level 1, the two sons of the root are on level 2 and the four grandsons of
the root are on level 3. Thus, a 3-level complete binary tree contains 7 nodes. (5%)

(¢} In Qs, how do you send data from node 11010 to node 000017 That is, what are the intermediate
5L nodes from between node 11010 and node 000017 Note that there may be more than one method
to send data from node 11010 to node 00001, You need give only one of the methods. (3%)

(d) In Qn, what is the largest distance between all pairs of nodes? Why? (4%)

7. Let S, = {1,2,--+,n}. An m-permutation of S, is obtained by selecting m distinct integers out of the
L n and arranging them in some order. Now let z = (#1 22 -+ Tn) and y = (y1 y2 -~ Ym) be two
m-permutations of S,. We say that z precedes y in lezicographic order if there exists an ¢, 1 <1 < m,
such that z; = y; for all j < ¢ and @; < y;. And the rank of an m-permutation p, dencted as 7(p), is
100 its position in the lexicographical order of all m-permutations. For example, all 3-permutations of 54 in
lexicographical order are (1 2 3), (124),(132),(134),(142),(14 3),{(213), -, (432). And
B r(123)=1,r(142)=5,r(432) =24 and efc. Answer the following questions for the 4-permutations
of 57.

(a}) What is the next one of (5 3 4 7)7 (3%)
(b) Which permutation has the rank 8287 Explain how do you calculate? (5%}

(c) What is (5 3 4 7)? Explain how do you calculate? (6%)

15_ 3 (d) Which permutation has the rank 5307 Explain how do you calculate? (6%)

8 8. Write a C or Pascal program to find the maximum number stored in the nodes of a binary tree. Note
that in the binary tree, each node stores one integer. You can use the following declaration in your C
program. {12%)

- sturct nodetype {

E ' int info;
struct nodetype *left;
20, struct nodetype *right;

} .

Or, you can use the following declaration in your Pascal program.

- type nodeptr= T nodetype;
nodetype=record;
info; integer;
R left: nodeptr;
25| right: nodeptr;
end;
You have to state explicitly which language you are using to write the program.
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1.(10%)
Compare the differences between macio expansion and subroutine call in terms of (a) memory
space, (b) CPU time, (¢) parameter and argument, (d) binding time, (¢) re gister,

2.(8%) i
Define and expain 4 tables needed for a two-pass assembler, including when they are created,
when they are used and the contents.

3.(6%)
Compare the differences among the (a) linking loader, (b} linking editor, {c) dynamic linking.
4. (8%)
List four essential components of a grammar and describe their limitation.
5. (8%) .
Write a BNF (or EBNF) grammar which can accept the expression A +B * C **D.
6. (12%)
Assume you have the following jobs to execute with one processor:
Job Burst-Time Priority
l 6 5.
2 2 1 (highest)
3- 3 3
4 1 4
5 5 2

The jobs are assumed to have arrived in the order 1,2,3,4,5.

(1) Give a Grantt chart illustrating the execution of these jobs using First-come-first-served,
round-robin (quantum=1), shortest-job-first and a non-preemptive priority scheduling algorithms.
(2) What is the turnaround time of each job for each of the above scheduling algorithms ?

(3) What is the wailing time of each job for each of the above scheduling algorithms ?

7. (10%)

Consider the following page reference string:

1,23,4,2,1,5,6,2,1,2,3,7,6,3,2,1,2,3,6.

How many page faults would occur for the following replacement algorithms, assuming 3456
or 7 frames 7

(a) LRU.

{b) FIFO.

8. (8 %)

A microcomputer uses the buddy system for memory management. Initially, it has one block of
256K at address 0. After successive requests for 5K, 25K, 35K, and 20 K come in, how many
blocks are left and what are their sizes and addresses ?

9. (10 %) How to use monitors to "simulate" P and V operations of a semaphore ?

10. (10%) :

Assume you have a page reference string for a process with M frames (initially alt empty). The
page reference string has length P with N distinct page numbers occuring in it. For any page
replacement algorithms,

{2} What is the lower bound on the number of page faults ?

(b) What is an upper bound on the number of page faults ?

L. (10%)

How long does it take to load a 64K program from a disk whose average seek time is 30 msec,
whose rotation time is 20 msec, and whose tracks hold 32K, .

(a) for a 2Kpage size ?

(b) for a 4K page size 7

The pages are spread randomly around the disk.
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ANSWER all OF THE FOLLOWING QUESTIONS, EACH OF WHICH CARRIES 20 OUT OF
100 POINTS.

(a) Evaluate the double integral

J[ =

where D is the closed triangular area in the ry-plane with vertices (0,0),
(0,1) and (1,0}

b} Compute the line integral
P g

/ ayde + (z +y)dy,
T

where I is the boundary of the triangle with vertices (0,0), (0,1), and (2,0).

2. Find all possible local maximum, local minimum and saddle points of the function

flz,y) = et—zy+yt 42z +2y—4,

and evaluate the values of f at these points.

3. (a.) Use the method of Lagrange’s multipliers to find the least distance of the

point {1,2,3) to the plane

4z + 5y +6z=1".

(b) Find and classify the extreme values (if any) of the function

f("ray) = y?. + e

4. (a) Show that the set R*! x {0} has measure zero in R™ .
(b) Let[0,1]2 =[0,1]x[0,1]. Let f : [0,1]2 — R be defined by setting f(z,y) =0

if y# = and f(z,y) = 1if y = z. Show that f is integrable over [0,1)2.

5. Show that Simpon’s Rule gives the exact result on any interval

[ —

h, e+ k] when applied to a polynomial f(z) = az® + bz® + cz + d of degree 3

or less.

End of Paper
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Solve all the problems in detail.
£ 15
1. Evaluate the integral, s € R, a > 0,
co E—ik:v: -
-[—uo z? + a? 4z, i
[15%]
2. Evaluate for t > 0,
L ot 10
lim —dz. 1
Lo Jo~iL, %
[15%] +4
3. Determine whether the limit lim, o(z/Z) exists. [15%] -
4. Let f and ¢ be analytic at a point zp. Suppose that Fzo) #0, g(20) =0, and J15
g'(z0) # 0. Show that zo is a simple pole of the quotient f(z)/g(2), also find the
residue of f(z}/g(z) at z. [15%] -
5. Find the Laurent series (or Taylor series) expansions for -
1
&)= il
in the domain (i} Jz| < 1, (ii) 1 < [2] < 3. [20%)] 420
6. Find a linear fractional transformation f which mapps the upper half plane 4
Im z > 0 onto the open disk |z] < 1 and the line Im 2 = 0 onto the unit circle
|z} =1, also f(1} = 1. . [20%) -
425
End of Paper
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. {numerical computation]

. [parameter .passing] Explain call by value, call by refer

5. Determine “true” or

6. [algorithin design|

s n: H A I BBIATE) T ax as

. {memory system| Suppose that the elements of an array is stored in memory in rew

major order by the compiler. Write an efficient program, in a virture storage environment, to
initialize an n x n array A to identity matrix, where n is a large number. Explain why your
program is efficient. (10%)

: Define well-c_ondiiioned and sll-conditioned problems. Can the
precision of the computations of an ill-conditioned problem be improved? Justify vonr answer.
(10%)

. ljob scheduling] What are preemptive and nonpreemptive scheduling? Which schednling

is more suitable for a multi-user computer? Justify your answer. (10%)

ence, call by name and call by
value-result {call by copy), and show what will be the results of the following PASCAL-like
program for each of the four parameter passing methods. Give detail explanations for your

answers. (25%)

program pass(input, output);
var i: integer; A: array[L..2] of integer;
function S{var z: integer): integer;

begin
z:=z+1;
S =13
end;
begin

A1) =0 A2 =10
i = S(A[S(AMDI
writeln(Z)

end.

“false” for each of the following staterments, and justify your answers.

(a) [pumber representation] A positive integer 7 requires no more than [log, n] bits in
its binary representation, where flog,n] is the smallest integer greater than or equal to
Nogy . (5%)

(b) [programming language| The statement & = I + 1 should never be nsed in any

FORTRAN program, since there are no solutions to the equation. (5%)

{¢) lalgorithm] There is no efficient way to find the best route for a traveling salesinan

who wants to visit all the major cities in Taiwan, even if the set of cities is given, hecause

the traveling salesman problem is NP-complete. {5%)
Let a1, 09,.--,0n D€ & sequence of n integers. Design an efficient

algorithm to determine if there ig an element a; = ; under each of the following assumptions.

(a) Assume that all integers are between 1 and n. (10%)

(b) Assume that ay <ay <... <G (10%)
(¢c) Assume that 0 < oa: <02 < ... < ay. (10%)
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