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[
(B) manage, load, and execute program o
(C) manage hasdware resources of the computer i
(D) develop and debug program .
]
[3%] & Which one of the following statements is false? &
(A} A dats structurc is a too! for managing Jaia £

(B} A stack is not accessed in the same way as an armay,

(C) An abstract data type combines the logical definition of a data structure
wilh its physical implementation.

(D) A queue can be cficiently implemented as a circular array,

[10%] 9. Using C/C++, PASCAL, FORTRAN or BASIC, write a computer program
to find £, and f,,, of Fibonacci numbers and print the results on the screen.
The Fibonacci numbers is defined as ':.;:';;" e 'f"i::
L] L] !'

[6%] 10, What will be printed if we execute the following C program?
int mass int x)
{
M Ly=x
#{y>3) relumy,
for (i=1;)e= i)
¥ = mess{y+),
relum y,
}
ko)
[
printl{™%d\n’, mess(3));
|

18%] 11. In the software life cycle, the “waterfall model™ describes six phases: Needs
testing and imegration. delivery and operstion  As a non-CS majored person
like you, explain how you can cooperate tightly with a CS majored person in
the above waterfall model of the software life cycle.  Can you expluin this by
illustrating an cxample?
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application programs for a computer system?  You can make an example o M
illustrate this. g

i
[8%] 13, In comparisons of computers and human brains, can you name 2 features x
that most describe the advantages of computers over human braing? .ﬁ.m
K
[8%] 14, In recent internet in Taiwan, we vilen encounter network congestion, can “.

vou address two effective golutions to reduce the congestion probability?
Please also explam why
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| 824} 1. {a} In computer number systems, suppose we use 4 bytes 1o represent a
floating number,  OF 32 bits, we use 1 bit for “sign™ biy, 6 bits for exponent,
25 hits for mantissa,  What will he approximeie number of sipnificent figurea
ol precisions? (4%) _
{b} Construct the trath table for the Boolean fumction fdellned as
v gl = (MG (R NOTo AND NOTixe QR w)

(4%)

[10%] 2. What will be printed it we execute the following O program?
inl xxzx{inl “u
i
i y = *a:
Ity > 23 relum y;
(faht+. y+=12

petuien aonaf By);
1
main()
{
Inta=1,
printl"sxe=%Hn", 00 &a)),
prinb{™a="6d\n", a);
}

[89%] 3. (&) [n recent intemet in Taiwan, we ofien encounier nelwork congestion, can
vou eddress 2 effective solulions to reduce the congeetion probability’f

Please alsa explain why!' (4%
{b) State baw features that best describe e object-otiented paadign,  (4%5)
[5%] 4. PMleasc design a Turing Machwne Af to accepl the janguege L = { 01 n=i )
(Mote: Af should be denoted al fearr by o [nite sel of states O, a finile vl of
allowable tape symbols I, & set of input symbols, the next move function 4,

theimitial atate g, 2nd the final siate g,

[4%4] 5. A compiler dezigner ig rving 1o decide between Lwo gode sequences fora
particular machine.  [he hardware designers have supplied the following
Facts:  (Mabe COPT iesny sversge: number of clock eyeles each instruction
takes to executs)

BHNEEAGTERE.
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]
For a particular high-level-language statement, the compiler writer is |
considering iwo code sequences that require the following instruction counts: -

Prostirgpwetion eouwnts Gor insteoetvon elass

A

Which will be faster?

Which code sequence executes the most instructions?
What is the CPI for each sequence?

[10%] 6. Given an integer X and a sequence of inlegers a,, s P T

(1) please design an efficient algorithm run In Oflogh) 1o compute &”. (
algorithm run In O(N} to evalunte the polynomial

5%)

(2} please glive Wil
@A™ 4 @, XY ok a X + a, (5%)

[3%] /. Please describe the reasons why internal sorting algorithma arc not efficient
when the input data is too large to fit in main memory?
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[10%]8. In the following sequence of ) records, ench record consists of three

attributes, namely name, age and weight, These records are input in sequence,

(Mary, 20, 45), (Steven, 55, 90), (Tom, 35, 60), (Bill, 25, 60}, (Adam, 30, 33},

(Helen, 15, 40), (David, 28, B0), (Jane, 37, 60}, (George, 10, 30}, {(John, 50,

FLUT

{a) Please show the result of inserting the above records using the following
data structure in memory to support query age by name? An example of
guiery is b show the age of Jane. Only the final reault is required.

(1) AVL tree.(3%)
{2) B'-tree of order 3.(3%)

(b) Assume that each name is queried with the same probability For each of
the above data structure established from these 10 records, please
calculate the average number of comparisons required to suppoert the
query, (4%)

[5%] 9. In the WWW browser, users click the Rack button in display the previous

page in the kistory list, For example, starting from the page A and linking to
the page B, clicking the Back button will go back to the page A. How to

implement the kistory list and the Back operations? Please describe the data
structure and the corresponding operations,

[10%] 10, In guick sori, there wre several sirstegies w pick the pivot. What s the

worst case for quick sort algorithm using each of the following pivot picking
strategtes respectively? For each strategy, please give an example with 7
elements and show the sorting process (you must show the result after each
pass.)

(1) Pick the first element as the pivot, (3%)

{(2) Pick the center element (not the element with median value) as the pivot.

(4%)
(3) Pick the last element as the pivot. (3%)

[15%]11. Given the following graph,

{13 how to represent the graph? Pleage show two different wavs using the
graph. (%)

(2} use Dijkstra’s algorithm to find the shorest paths from v] (o every other
verlex. (5%)

{3) design an algorithm to And a path between two given nodes, such that

the number of verlices along the path 153 mimmum: What is the time

s E RS RPR
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complexily of your algorithm, (83%) %..w

A

. L ]

k.

(10%] 12. In the binary trees, the balance factor of 4 node v is defined as the
difference between the height of v's left subtree and the height of v right
subtree. Please design an algorithm 1o find the balance factars in a binary
tree based on one of the well-known graph traversal algorithms,
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The Master Program Entrance Exam, for Computer Science
Dept.

Computer Systems: Operating Systems

There are five problems in this computer systems: operating systems exami-
nation. Please do all of thesn. The weight for each problem is indicated after

the problem number,

1. (10%)What is virtual-machioe operating system architecture? What is
the main advantage of an operating-system designer of using a virtual-
machine architecture? What is the main advantage for a user?

2. (10%) The Sleeping-Barber Problem. A Larbershuop consists of a wailing
room with 5 chairs, and the barber room containing the barber chair.
IT there are no customers Lo be served, the barber goes to sleep. If a
customer enters the barbevshop and all chair are cccupied, then the
customer leaves the shop. IF the barber is Dosy, bot chairs are available,

then the customer gits in one of the free chairs. If the barber is asleep,
Lhe customer wakes up the barber. Wrnite & C program o coordinate
the barber and the customers.

3. (10%) Three different protection mechaniems are capabilities, access
vontrol lists, and the UNIX rwr bits. For each of the following prolec-
tion problems, tell which of these mechanisms can be used.

() Rick wanls his lles readable by everyone excepl Jennifer.
(bh)Helen and Anna want to share some secret files.
[¢)Cathy wants some of her files to be public,

For UNIX, assuma that groups are categories such as faculty, students,
secretaries, and so on.

AR EBr RS
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4. ([10%) Consider a demand paging system with the following tirme-measured
utilization:

CPU utilization 20%
Paging disk arT.7Th
Other T/0 davices 5Y%

Which(if any) of the following will (probably} improve CPU utilizo
tion”? Fxplain your aAnsawer.

I RN

(a)lnstall a faster CPU

(b)Inatall more main memory

(c)inerease the degree of multiprogramming.

(d)Increase the page size.

(e)install o faster hard digk, or multiple controllers with multiple hard
disks.

b, (10%)SUN NFS aims to support heterogenecus distributed systams hy
the provision of an operating aystem-independent file service. What
are the key decisions that the Implementator of an NF3 server for
an operaling syslem other than UNIX would have to take? What
constraints are there on an underlying filing systems (hal woukd be
suitable for the implementation uf NF3 servers!
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). (10 points) | he goal of designing computer architecture and organization i 10 7+
increase program execution rates. Many imporiant technigues can he generalized |4
into three major concepts (approaches). What are these concepis? Briefly explain  [i&
how they work! X

2. (10 points) A daisy chain is & widely used scheme to connect VO devices. Last L
two situations in which the scheme can be used in 1/O operations and explain how (g
it works. ]

1. (10 points)Consider the control unit operation in the instruction feteh and the E

indirect addressing cycles only. List the micro-operations and the control signals

needed to cxeoute each cycle,

4, (10 puints) A computer system containg & main memory of 12K 16-bit words. It
also has a 4K.-word cache divided into 4-slot(line) sets with 64 wuords per slot
Assume that the cache is initially empty. The processar fetches words from
locations 0, 1, 2, ..., 4351 in that order. It then repeats this fetch sequence 9 more
times, The cache is 10 times faster than main memory. Estimate the improvemen
resulting from the use of the cache. Assume un LRU policy for block

replacement.

5. (10 points) Consider u {hree-stage (fetch, execute - caleulate memory wddress,
readiwrite) pipeline for instructions that involve memory acoess, such as LOAD
and STORE. All other instructions are pipelined in two stuges {feich, execute).

For the following program:
100 LOAD XA
101 ADD  #1.A
102 JUMP 105
103 ADD AB
104 SUB B
105 STORE AZ

a  Show the branch delay slot in the timing diagram.
b. Fxpinin the delayed branching technique. Show the new timing dingram.
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1. Which of the following functions grows asymptotically faster than all others 7 ;
(1) 100n" (b} log (nl) (c)mlogn (d)(log n) " &
i
2. Consider the simple progium segment §: (X=X +1: ¥Y=X - Y), where X and Y are %
integer variables, Suppose, after execution of S, we find that X > 2Y. Then which of the _‘!

following statement must hold before the execution of § 7
@Y>X (MX>Y () X<2Y(d) X>2Y (e)X=2Y

3. Let G=(V,E) be a graph where V = [ x | x {0,1}"is a bit string of length 10 } and E
= {{x,y} | x ditfers from y in exactly 2 li-ouillum }. Then what is the value of [E| 7
(0) 2" x 25 (b) 2" x 45 () 2° x 45 (d) 2" x 45

4. Which of the following equalities is not valid in Boalean algebra 7 Where +, ¢ and ~
are Boolean operators corresponding (o logical OR, AND and NOT, respectively.

(a)x + :r: ¥+ x(b}xe(y+z) = (xey) Hxez) (c) x + (y » z) = (xoy) | (xoz) (d) ~(x +y)
-kt

5. Which of the following languages is regular (i.e., can be accepted by a finite
automaia) 7
(@) (01" [n>0} (b) {1"|nis a prime number]) (c) {1"|n=2"and k>0)
(d) A/2=4; { x| thereisastring y s.t. [x|=ly| and xyc A), where A is a regular
language. :

6. If we apply Dijkstra’s algorithm to find the shottest distances between vertex A and
all other vertices in the weighted graph shown in Figure 1, then whal is the vertex whosa
distance from A would be determined ast 7

(@ CE)DEE(F
7T
" B C 9
4""-<lﬂ 3 F
14 1
D 7 E
Figure I

7. Let T be a tree with 41 vertices. The removal of o certain edge from T yields two
disjoint trees T1 and T2, Given thal the number of verfices in T1 equals the number of
edgey in T2, then what is the sum of the number of edges in T1 and the number of
vertices in T27

(2) 39 (b) 40 (c) 41 (d) 42
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8. Let P,O,R be any statements and S a program. If the Hoare triple P{S}Q holds. Then which of
the following triples hold as well? Where A and V' are logical AND and logical OR operations,
respoctivaly.

@@PVRI{S}Q MIP{SIQVR) (2 (PAR){S)Q (d)P({S}(QAR)

U Let N =012, ..} be the set of natural numbers and K = {(xy) | % divides y } is a relation
dq:EnanmH,ﬂmnwhichnFthnntlnwiu;:hEmuﬂmMﬁfI'H,R].

(a) (N,R) is a poset, (b) (N, R) is a laitice  (c) (N,R) has no maximum element

(d) 0 is the unique minimum element of (N,R)

LY LY

10, Which of the following statements are correct ?
{a} The chromatic number of cvery graph is no greater than 4,

(h) Two graphs are isomorphic if and only if thoy have the same numbers of vertices and edges.
(ch A sunple graph is connected if and only if it has a spanning trec.
(d) A complete graph with 10 vertices contains no Jess than 50 edges.

UL FIFPEEHEE: (3¢ 30 2)

1. (8 pts)A palindrome over an alphabet I is a string over £ whose reversal is sdenlical
to the string. Let A_( n =0, 1,...) be the number of palindromes of length n over
T={1,2,3,4}. |
(a) what are A, and A, 7(Zpts)

(b)Find a recurrence relation for A, ( n> 1). (3 pls)
(¢) Solve the above recurrence relation and find o general solution for A, (3 pis)

2. (10 pts) Let A be any set, and let £2* <» 2* be any monotenic function on subsets of
A (i.e., for all subsets X and ¥ of A, X <Y impliea f{X) — {Y)). This problem is to
show that there exists a set T such that f{T) =T (T is called a fixed point of the
function f). We simply let T=~{X | X A and f{X) = X } be the interssction of all
subsets X of A with fX) < X. Now prove f{T) = T by showing that (a)Tc fT) and (b)
Ty T.

3.(12pis) Let L = {xlab|x € {0,1]" and a,b € {0,1} } be the set of bit strings o which
the third bit from the right ia 1. Let R be a binary relation on the set of all bit strings
{0,1}" such that for any bit strings x, v, (¢ v) € R iff vze {0,1}" (xz eL iff yzeL).

{a) Show that R is an equivalence relation on {0,1}". (3 pls)

(b} Show that for all bit string x and v and for any bita & (0,1}, (x,y) € R implies

(xa,ya)eR (3 pis)
(b) What ia the equivalence class of 01 with respect to .7 (3 pts)
(c) How many equivalence classes are there with respective to the relation R 7 (3 pts)
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| 10#%] 1. In computer number syatems,

{a) if we use 4 hytes (i.c. 32 bits) to represent an unsigned integer (including
0}, what is the maximum integer thal we can represent using the number
ayatem? (2%a) }

(b} if we use 4 bytes to represent an integer and use 2's complement for
negative inlegers, what are the maximum positive and the minimum
ncgative INtcgers we can represent, respectively? (2%)

(¢) Please convert the decimal number 1234 to a hinary number. (2%)

(d) For a floating number, we can use 4 bytes (o represent.  Of 32 bits, we
use | bit for “sign” hit, & hits for exponent, and 25 bits for mantizsa.

FLEEEY: .32 §

What will be spproximate number of significant ligures of precisions?
(4%)

[10%] 2. (a) Mame 3 major components in a central processing unit (CPU).  Explain
brictly thetr functions, respectively, (6%)
(b) Name 2 peripheral input and 2 output devices, respectively. (4%)

[4%] 3, Construct the truth tabic for the Boolean function f defined as
e pz)= (NOTx OR NOTz) AND NOT{x ORy)

[6%%] 4. We conaider only | clerk in & bank, and assume the clerk serves | customer at
atime. Customers A, B, (0, I armive at the same time, and need 1, 2, 3, 4

minutes of service, respectively, The customers who are nol being served
will wait. The time from arrival until getting served 15 called “waiting time™.

To get the minimum total waiting time for all the 4 customers, how do you

choose the service order for the 4 customers?

B%] 5. (a) Compare the differences among assemblers, compilers, and interpreters.
[
(4%)
(b) In virtual memory design, whal is the meaning for a “page fault™,  (4%)

[B%:] 6. Suppose you want to sort 3 distinol integers, %, ¥. # in an increasing order.
Write down your method showing how to perform this task.  You need tn
write A step-by-step algorithm or show'it by a flow chart.

[3%] 7. Which one of the followings is not the basic {ype of services for the Operating
Sysiem?
(A)accept and execute commands
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