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I. (10 %) Let A, (n > 2 ) be the number of strictly increasing sequence of posilive
integers that have | as the first term and n as the last term. That is, sequences
Xp g% Where x; = 1 and x, = nand x, <x, for1 sj<k
{a) What are A, , A, and A, 7 [3%%]
{b} Find a recurrence relation for A, {n> 1). [5 %]
{c) Solve the correct recurrence relation you obtained at (b) with A, as the initial
condition for A, (n>2). [2%]

2. (15%}) The rooted Fibonacei trees T, are defined recursively as follows:
(Basis:) T, and T, are both rooted trees consisting of a single vertex,
{Recursion:) T, { n = 2} is constructed from a root with T, as its left subtree and
Ty 7 as its right subtree.
(a) What 15 the number of leaves of T, [orn>=17 [5%]
(b) What is the number of internal vertices of T forn > 17 [5%)]
() What 15 the height of T, forn>=17 [5%]

3. (10 %) Let A be a sel wilh 10 elements. Then
(a} How many ternary relations are there on A Y [ 3%4]
(b) How many asymmetric relation are there on A7 [ 3%]
(e} What is the number of all simple graphs which have A as the vertex set 7
[4 %]
4. {10 %) Show that in a connected simple graph with n > 0 vertices, there must exist a
. path of length < n between every two distinct vertices.
2. [15 %) Two sets A and B are said to be equipotent {, winllen A — B, } if there is a
1-1 and onto mapping between them. Let N be the set of positive integers and K -
{x| x5 a real number and 0 = x = 1}. Show that
(a) ~ is an equivalence relation on the class of all sets, [5%:]
(b) K~ K* where K* =, {{xy) | x, v e K}, [5%]
fc) K and N are not equipotent.  [5%]
Hint for {b) and {c) : Each number in K can be represented sirfaguely as an infinite
sequence of digits : 0. % x, %, ... For example, 1/3 = 03333333, amd 1/2 =
0.500000... . This means K and the set {f| fis a function from N to [0,...,9}} are

aquipotent,
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[10%] 1. Determing which of the following statements are true? If the answer ia folse,
justify it briefly.
fa) (2% All problems have algorithmic solutions, but some of the solutions
are impractical,
(h} (2%) The stored program concept i ahout representing data as binary
values and storing Lthem in memory.
(¢} (2%) In stomge management, fixed-size records incur internal
fragmentation while variahle-size records incur external fragmentation.
{(d) (2%) Suppose that A is an assertion, and “1f A then D7 15 a given rule,
then B is an asseriion.
{e) (29) In COM (Component Object Model), source code is reused thoough
interface inheritanee.

[69] 2.(a) (3%) What is the principle of locality?
(h) (3%) Please give an example where this principle & used to improve the
performance ol a computer system.

[5%)] 3.¥ou are given the following two tables {Student and Record) in a relational
database. Please use the two tables and the common operators (SELECT,
PRIMECT, and JOINT) for relational database to write stalements that
pencrate a new table called FadlSP. This table should contain only the names
of the students who foiled the exam (Score<60) and the names of their parents.
Any intermediate tables being generated should be kept as small a3 poasible.

Student ! Record
StudID | StudMame | Parent " CourseID | StudID | Score
| HI2 John Joe L bol | 002 | 46 |
004 Mary Murin ! 002 g9
007 | Tom Tim_| (i)Y 007 55
e 004 | 90

[6%] 4. (1) (3%) Explain why Ethernet loscs cfficiency s traltic increases in LAN,
(b) (3%) What are the corresponding positions of the following protocols in
the OS5I networking model: TCP, [P, Ethernet (CSMASCD)T

[4%] 5. Use the following BNF grammar (o diaw the parse tree for the following

- assignment statemcnt! Ximx+x-—y
<ASRENMENL e STVarse = CeRpre
<ENPEF 1 WAL | SEXPET COper™ <vare
<VAr> =Y

-.‘:;}I'FE[':‘:\- si= A f=
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[4%] 6. A rule-bascd system altempts to (list the letters that apply)
(a) mimic the human ability to reference pertinent facts and string them
logether in a logical fashion
(b) simulute the connectionist architeeture of the human brain
(i¢) carefully distinguish between objects and thetr atrributes
(d) contain both a set of facrs ahout the subject matter and a mechanism for
selecling the relevant facts and reasoning from them in u logical way.
]

[6%4] 7. (1) (3%) Give the truth table that correspomds Lo the following circuit.
u _-H_ - -
MmOy
o _

o>

(b (3%) For the truth table oblained in part (a}, give an equivalent Boolenn
expression that contains the minimum mumber of “transistors™ when
implemented in circuit? What is this minimum number?

(o) 2ue
e .

[99%] 8.(n) (A%) Write a recursive C function
Lree node *BtreeFindNode (tree_nade *roolk, int taget];
to search a binary tree for the value target in a depth-first manner, This
fnction should return the found node or null if no such node axists. The
structure for a node in the tree is given as follows,
rypedef struct tree node {
int value;
struct _tree_node  vleft;
struct _tree_node *right;
] tree node;
(h) (3%) What are the advantages and disadvantages of using recursive
romatines?

e E R WE



£ TLFr E el 23l ! .______ A B |t AN A W

S FUST BTy TR ALY

m_“_.mnm_.-ul_ W...ﬂ.unz._ L ¥ [CourseNn

Course

£

b

e EBNEE SR

9. (6%) Please answer and eaplain the following questions?

(&) the worst-case time complexity of searching in a binary search ae of n clements?
(b} the waorst-case time complexity of searching in an AYL tree of » elements?

{v) the average rime complexity of searching in an unsorted wray vl 7 elements?

(d) the average ime complexity of searching in a sorted linked list of # elements?

10, (%) Please determine the time complexity of merge sort for
(@) sorted inpul

(b) reverse-ordered Lnput

(c) random input.

I1. (8%} Two binary treee are similar if’ they are both emply or both nonempty and
have similar left and right subtrees. Chiven the fullowing declaration in C, please
write & function to decide whether two binary trees ave suniler. What is the running

hime of your program.

typedel struct TreeMode *PuToMomle;
typadef atrue: PrurTolNode Tree:
struct ‘LreeMode
{ int  Element:
Iree Lell,
Tree Right; }

14, {(HFa) Suppose that there exists a city divided into 6 districts. Fach district has o
switching center. The distance between each pair of switching centers is shown in
Table 1. Two switching centers are connected if there is a wire belween them. The

PETTTT T [T R (R R | (NI S | U | Y T AT T R T T
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13, (10%) Please design the dala strocture amd OFlog =) algonthms o support the ..F_
following two oparations m dynamic environment: feserd and Oelele-Runner-Ug. ww.._
The fnsert operation inserts an element while the Dwelete-Runner-Up operation _ﬂ_
deletes the second minimum clement, instead of the minimum one. You should -
describe the data arructure and write down the two algorithms B
£
14_ {10M4) Suppose thal there exisls an algorithim X, With the input of a set of » ¥

inlepers and an integer k, algorithm X will answer "ves' or "no," indicating whether
there is a subset of the »n numbers whose sum is k. Please design an algorithm Y 1o

firul the subzel of the n numbers whose sum is & by using the algorithm X O(n)
limes. You should describe the idea of your algorithin.
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. |5 points) Both data and instructions ere stored in main memory. Can CP'U -ti }3 o]
determine whether a main memory location contains an instruction or an operand '
only by inspecting its contents? If yes, how? If no, what doca CPU do? o5

2, (5 points) Registers .1 and R2 of a computer contain the decimal values 3000 and ;;
4400, reapectively, What is the effective address of the memory operand in cach of &
the following instructions? (a) Add —(R1), RS (autodecrement)  (b) Move #
SO{R2Z), RS (index) (c) Load 500, RS (sbsalwe)  (d) Subiract (R2)4,
R5 (autpincrement) (o) Store 5, 80(R1, R2)  (index)

¥ o R

3. (10 points) What iz the job of the control unit in CPU? Explain the
micro-programmed approach to implement the control unit. What are its
‘advantages and disadvantages?

4. {1} points) Consider the following decomposition of the instruction processing: (1)
Fetch Instruction, (2) [ecode Instruction, (3) Calculate Operand Address, (4)
Fetch Operands, (3) Execute Instruction, (6) Write Operand.

{(a) Consider the scope of execuling seven instructions only, Show the timing
-diagrnm for instruction pipeline operation, What is the performance gain of
pipefinfng over sequenrial exezution?

(b) Suppose instruction 3 i3 a conditional branch to instruction 2. After
instruction 3 is completed (a branch inatruction does not need the WO stage),
instruciton 9 is executed next. Show the timing dlagram for instruction
pipeline operation over nine fetched instructions. Explain what i3 branch
penalty and show ils quantity in term of number of oyela,

5. (10 points) A six-stage pipelined processor has TWO branch delay slows. Assuine
that 20 percent of the instructions executed on a computer are branch instruclions.
An optimizing compiler can fll one of these slats 9 percent of the time and can
[l the second sl only 25 percent of tha time,

(a) What is the percentage of improvement in performance achieved by this
optimization? _

(b} Suppose an instruction is executed in time T. What is the throughput of the
processor in lerm of the number of instructions executed par T7

6. (10 points) A byte-addressable computer hos n small data cache capable of
holding four 16-bit words. Each cache block consists uf two 16-bit words, Whe a
given program is execuled, the processor reads data fiom the following sequence
of hexadecimal addresses: 310, 386, 312, 384, 310, 320, 386, 322, 310, 312. This
patters is repeated TWO tiines. Show the process of how the contents of the cache
are changed if a direcs mapped cache is used. Computer the hil tate for this
example. Assume that the cache is initiclly empty, -
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'l?.. (10945} Consider & computer system consisting of four resources of the (ype A :n.-d four resvurces of
lype B that are shared by Uwee provesses, Tvpe A amd [ype H resources are bundled in the sense that a

process always gels an A il il geds a B, and vice versa. Each of these processes requires ne more than
two resources of type A and two resources of type B, Is this svstem deadlock=free? Show a proof for

Vour AnEWer

LR 1ag.

. (10%) Consider a single-CPLF computer aystem that adopts the well-known FCFS
{lrst-come, fist-serve) algorthm for CPU scheduling. Asswmne that the CFU 15 wlle before

three indeperdent processes simulianeously arrive at the system at time 5, and that the
cxecution times of these processes have a common normal disiribution with mean 3 and
standard deviation 3. When is the system expected to complete all three processes? Now
assume that the svstem adopts the round-robin scheduling algorithm, that the tima quanmum is
1 time unit, and that it takes | time unit for the system to camry out context switch. When is
the system expected to complele all three processes?

Muote that you musi show amd explam how you pet your answer in your answer shest. Answers without

lanation will regei e
9. (10%) Consider the following programs to be executed in a computer system that employs demand
paging for memory management.

mairn () mair ()
{ f
int i, j, fun[200]{200]: int i, 2, EFun[2C00] [240);
Ferr (f=0; S<P00; §4+) Foar {(d=0; 3<200; J11)

For (=0 4200 j=+) for (i-0, iwz200; i++)

funfil (3] = 0: funfil(jl = Q:

raturn O} return O
] ]

Assume that, in this language, the arcay is stored column major, and that the operating system
allocates 128 pages of 256 words o an smdividual program. Which progrem, left one or right one,
would run faster? Why? Answer these questions again, but assome that the operating system
allocates 256 pages of 512 words to programs?

{5 (10%) Answer the following questions about compule security,

.1 (3%) A company mudemized ils inlormadion sysiem by introducing Intranet and [nterne .
services, The general munager hired a top compueter specialist 10 insdall a waterpeoof firewall o
protect the camputers of the company from unauthorized accesses. The system run peetty well
for a while until onc day the nain host computer of the company was broken in, and imporlant
documents were apparently damuged. Do you think this could happen in reabity? Provide a
pond technical renson for your anawer,

tekd (5%) UMIX systemns that employ encryation function to cneode users' passwords typically do .
naot allow people 10 use as passwords words that can found in dictionaries, Provide & techoical
reazon for the precautionary check

fl. (10%) Briefly and precisely answer the following questions,
1.1 (3%) Explain the oain sirularity and difference between job scheduling and CPU seheduling.
J5-%  (1%) Explain the main simileriny and difference among the ful[-:nwmp; techniques:
negmentation, paging and caching,
M3 (3%) Explain why & process may be "swapped”, |
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