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6. How many equivalence classes are there induced by the R relation ? s
(a) 11 (b}13 ()17  (d)25 ;
7. Let Sg, 81,82,... be a sequence defined as follows: S; =8, S; = 10, and Sy = 58, ; - ]
68 k2 for all k = 2. Let the solution of S, be of the form: §,=2a 2" + b 3" forall n = &
0. Then what is the valueofa+b ? £

(a) 6 (8 ()6 (d)-4

B. What is the maximal number of leaves for a rooted 3-ary tree of height n > 0. Note
the height of a tree with only a single node is 0.

9. What is the sum of all coefficients of all terms in the expansion of the (3x — vy ?

1. Find a positive integer n < 231 such that n = 2 (mod 3) , Y= 5 (mod 7) and = 2
{mod 11).

I Eiﬁﬁﬁ%ﬁﬁ% ( 5&\3” vi) )

11, (10 pts) For all integer n > 0, define H(n) =1+ 1/2+ 1/3+ .., + 1/n.
(a)} Show that for all integern=>0, (n+2)/2<H(2" <n+ 2.
{b) Using the above result to show that Hin) = &(log n).

12. (20pts) A tournament is a directed graph without self-loop such that ifu + v are two
vertices of the graph, then exactly one of (u,v) and (v,u) is an edge of the graph.
(a) How many different tournaments are there in a set of n > 0 vertices ? (5 pts)
(b) What is the sum of the in-degrees and out-degrees of all vertices in a tournament
with i = 0 vertices? (3pis)
(c) Show that every tournament has at least a Hamilton path 7 (Note: A Hamilton path is
a path passing through all vertices exactly once. This theorem can be proved hy
induction) (10 pts)
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T (1) True or false: a brief proof or counterexample is needed. (24%) o
(a) Every invertible matrix can be written as a product of elementary ;
matrices. B
(b) Similar matrices have the same eigenvalues and eigenvectors. *
(¢} If W is a subspace of a vector space of V, then every basis of W can be 1[
expanded inta a basis for V. Conversely, every basis of V can be reduced
to a basis of W,
(2) Find all solutions to the following linear system by reducing the associated
matrix to raw echelon form.
2x—y-3z+w=2
x-2z+w=1 (8%}
=3x+y+z4+2w=3
(3) Let V be the space of all 2x2 matrices with real entries, Let T: V — V be
defined by T(A) = A" where A’ is the transpose matrix of A. Show that T is a
Iinear transformation. Is T diagenalizable? Explain your answer. (8%)
1 A Mmoo & m
oy
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[7%] 1. {a) (2%} In an introductory course of computer science, we usually introduce ;
base-2 numbering system instead of base-10. Can you explain the reason e
briefly? X
(b) (5%) Using 2-input AND, OR, and NOT gates, design a circuit to implement ¥
the following truth table. Can vou use as minimum number of gates ag 2
possible? L
a b output
0 0 |
0 1 1
1 0 0
1 1 1

[8%] 2. (a) (4%) Consider the following structure of the instruction register.
What is the maximum number of distinct operation codes that can be

recognized and executed by the processor on this machine? What is the

maximum memory size on this machine?

op code address-1 address-2
& hits 18 bats 18 bits

(b) (4%) Assume that our MAR (Memory Address Register) contains 20 bits,
enabling us to access up to 2 memory cells, which is iMB. However, our

computer has 4AMB of rnemory. Explain how it might be possible to address all

4MB memory cells using a MAR that contains only 20bits.

[6%]) 3. Assume that any individug] program spends about 50%% of its time waiting for 'O

operations to be completed. What percentage of time is the processor doing useful

work (called processor utilization) if there are three programs loaded into memory?
How many programs should we keep in memory if we want processor utilization to

be at least 95%7

[8%0] 4. (a) (4%) Describe the language defined by the following grammar:

<goal> ii= <letter> | <letter><next>
<next> ci=  ,<lebter>»
<letter:> = A

£
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(b} (4%4) Create a BNF grammar that describes simple Boolean expressions of the i
form L]
var AND wvar var OR wvar .E

where var is one of the symbols w, x, ¥, and z.

[R%] S Write an iterative C/C++ function and a recursive C/C~+ function to compute the

r-th element of Fibonacei sequence, The sequence is defined:

=0,  f=1, S =f+1, fori=1,2,...

[8%] 6. (a) (4%) What are differences between packet switching and circuit switching
networks? You should compare their advantages and disadvantages.
(b) (2%) For delay-sensitive and loss-sensitive applications, which one (packet
switching or circuit switching) is suitable, respectively? Why?
() (2%%) In packet switching netwaorks, considering some applications which need

guality of service (QoS). what technologies can you use to achieve (Qu3?

[5%] 7. One definition of Computer Science is the study of algorithms, including (i) their
formal and mathematical properties (ii) their hardware realizations (iii) their
linguistic realizations (iv) their applications.

Recemly, Internet is very popular and can be the focus for any fields of computer
science. The famous domains are like ISP (Internet Service Provider), ICP
{Internet Content Provider), ASP (Application Service Provider), IDC (Internet
Data Center), etc. Can you pick up one of the above and write a short essay to
explain bow you can play the right role in it according to the above definition of
computer science. (Note: The more concretely and clearly vou describe, the higher

score you will get.)
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8 (10%) A logical expression contains three types of operators, namely, in order of precedence, ~
{not}), v {or), ~ (and). Given the following logical expresston
An~(Bv (~DA(CAEVFN)IAG,
(1) Please give the postfix expression.
(2) Assume that 4, B, D and F are false, ', £ and G are true. Please evaluate this logical

cxpression based on the postfix form. Please elaborate the evaluation process step by step.

9. (8%) Given the following graph represented as the adjacency list representation, please list the
traversal order of vertices using Depth First Traversal and Breadth First Traversal, respectively,

of the graph starting from the vertex A.

A—PI_EHI'-H C ™G
B[—®™A4 ™MF ™ob

C —M™F A
pDr—Mac e M-
E™a4 b

F ™=z C

G H—™a4a P ¥

J "G

10. (10%) Given two strings A and £, please design an efficient algorithm to change A string to #
string character by character with minimum editing cost. Three types of edit steps are allowed:
(1) insert: insert a character, each insertion is assigned a cost of 2
(2) delete: delete a character, cach dcletion is assigned a cost 3
(3) replace: replace one character with another character, each replacement is assigned a cost

which equals the ASCII code d:fference between two characters.

The algorithm should take O{m =« ) time in the worst case, where m, » is the number of
characters of the string 4 and B respectively. Please describe your algorithm by the example
where A="bacd”", B="adc"" -

11. (10%) Please design an efficient data structure and corresponding algorithms to support the
following operations:
Inseri(x): insert x into the data structure only if it is not already there,

3% = 2 e o0 o W)
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Delete(x): delete x from the data structure if it is there. ﬂ

Find(k): find the k-th smallest element in the data structure. f_

All these operations should take Oflogn) time in the worst case, where n is the number of £ 3
elements in the data structure. "]

E 4

12. (12%) SRR » S 1.5 53 B EAEET 1.5 53 kid

| A AL

{13 { ) The minimum spanning tree is a binary tree.

2)( ) The third element in a minimuwm heap must be one of the children of the root.

(3) () Every problem which can be solved in polynomial time by delerminstic algorithm must be
a nondeterministic polynomial problem.

(1) { ) Up to now, none of the NP-Complete problems can be solved by any polynomial time
algorithu.

(5)( ) The Dijkstra's algorithm for shortest path problem is based vn the greedy strategy.

(6)( ) Merge sort is stable whereas insertion sort is not.

(7) ( ) Binary searching of a sorted n element linked list takes O(logn) time in the worst case.

(8)( ) Ilis impossible to generate the topological ordering for the cyclic graph.
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1.

The machine M1 has a clock rate of 1 GHz and M2 has a clock rate of 500 MHz.

{a} [2 points] Compare the two processors’ paak performance in terms of MIPS.

(b) [3 polnts] Consider the thres cumpilers C1, C2, and C3 that produce the frequency results

shown below;
Instruction Class |G1 = |C2 c3
A l30% 130% 50% -
B 50%  |20% 30% 1
c 20% 50%  [20% |

For compller C1, compara M1 and M2. Which processor is faster and by how mueh?

(C) [4 points] Assuming Lhal any of the three compilers can be used on M1 or M2, which of

these two machinas and which compiler should be purchased?

Bit Pattern [10 points] Given the hit pattern: 1000 1111 1110 1111 1100 0000 (0000 0000,
what does it represent, assuming that it is

a. atwo's complement integer? b. an unsigned Integer?

¢. a single precision floating-point number?

of You are not required to calculate the final results for parts (a) and (b}, simply express

them in terms of the summation of 2's power, such as 286 + 280+ + 2 +1

1=hit full adder [10 points] Express the CamryQut and Sum bits as

Camyln
logical equations of the inputs a, b and Carryln, then implement
the Sum bit by logic gates. a—a
+ — Sum
by ——te
CarryOut

! ' i i
(81 5 A% 18 £B% &R 0T
al
Computer Organization and Design 2
Performance You are trying o decide which system to purchase and are considering ’i
¥
two different computers M1 and M2: ;l:t
o I I |
instruction Class CPlfor M1 |CPI for M2 | &
A 4 2 ] .
B B T a ¢ *
c I8 3 J k]
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4, Pipelining "
fa) [4 points] Explain the three types of hazards encountered in pipelining. Which one of %
the hazards can be handled by forwarding? 3
{b} [6 points] Identfy all of the dala dependencies in the following cede, ' Which il
dependencies are data hazards that will be resoived via forwarding? 4
add 52, 55, 54 '_’i
add 4, 52, 55
aw 35, 1004{52)
add 53, 52, ¢
5. Parformance of Multileve! Caches Suppose we have a processor with a base CPl of 1.0,
assuming all references hit in the primary cache, and a clock rate of 1GHz. Assume a main
memory access time of 150ns, Including all the miss handling. Suppose the miss rate per
instruction at the primary cache is 6%,
(a) [4 points] What is the effective CPI for this machine?
{b} [6 points] We would like to double tha performance of the CPU by adding a second level
cache, Suppose the amounl of the 2™ |evel cache is large enough to reduce the miss rate in
memory to 2%, calculate the maximum allowable access ime of this 2™ level cache.
i + WM M & M X
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There are five problems in this computer systems. opelating sysleins %
examination. Please do all of them. The weights for coch problem is indicated X
after the problem nomhber &
&, (10%) The first known correct software solution to the cntical-section &
problem for two processes was developed by Dekker. The two processes, L
Py end Py, share che following variables: i
var flag: array[0..1lof boolean; (#initially falses*)
turn:G..1;
The structure of procesa Fi{i = 0 or 1), with 77 = 1 or [} being the
other proeese, i shown in the following fgure:
repeat
i flagli] = true; . S
while flag[j]
doif furn = |
then begin
ﬂﬂ'&[i’]‘ : -JEII!S{',. i
while turn = § do no-ap; |
fag[i] := true;
. end;
critical section
larp = ;, _1
ﬂﬂg[i] :-u_ffz!sf:; |
remainder cection
until false;
Figure 1; The structure of process F; in Dekker’s algorithm
Frove vhal the algorithun salislies all three regquirements for che cricicat-
section problem.
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7. (10%](a)Multithreading is a commonly used programming technique.
Deseribe three different ways that threads could be implemented.
{(bExplain how these ways compare to the Linux clone mechanism.
When might each alternative mechamsm be better or worse than using
clones?

£ (10%){a)When do page faults oceur?Describe the actions taken by the
operating system when a page fault occurs.
(b] An operating system supports a paged virtual memory, using a
central processor with a cycle time of 2 micrgsecond. It costs an addi-
tional 2 microsecond to access a page other than the current one. Pages
have 2000 words, and the paging deviee is & drum that rotates at 3600
revolutions per minute, and transfers 1 million words per secand. The
following statistical messurements were obtained from the system:

e 2 percent of all instructions executed acressed & page other than
Lhe current page.

» Of the mstructions that assessed another page, 85 percent accessed
4 page already in memory.

* When 2 new page was required, the replaced page was modified
40 percent of the time,

Calculate the effective instruction time on this system, assuming that
the system 1s running one process only, and that the processor is idle
during drum transfers.

A (10%){a)SUN NFS aims te support heterogeneous distributed syatems
by ithe provision of an aperating system-independent {ile service. What
are Lhe key decisions that the implementer! of an NFS server for an
operating system other than UNIX would hdve to take?

(b)What constraints should an underlying ‘filing system obey to be
suitable for the implementation of NFS servers?

Lo, (M%) PQP{Pretty Caod Privacy) is widely used to secure email
commurication. Describe the sleps thal 4 pair of nsers nsing PGP
must take before they can exchange email messages with privacy and
aushenticily guarantees.(The PGP negotiation is an instance of the hy-
brid scheme.)

(bjHow would email be sent to a large list L:rf recipients using PGP or a
similar scheme? Suggest a scheme that 1s nlmpler and taster when the
bisl i used Trecuently,
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1. Let/,V, 2 and ~ denote the logical AND, OR, implication and NOT operations
respectively. Then which of the following sentences is not a tautology ?
@ ®>@>1)> ((p >9) > (p >0)
®PY(gAD > (pVagir
() ~(p2q)>~q
@ pA(qVr) > (phgvr
2. Let Aand B be two regular languages over {0,1}. Then which of the following
languages is not a regular language 7
(@) {x & {0,1}* ] the last 3 bit of x is 1" }
(b) {x & {0,1}* | There is a bit string y with |y/ = x| and xy e A }
(c) {xx|x e {0,1}*)
(d} {xyix e Aand y ¢B }
3. Which of the following statements about tree is FALSE 2
(a) There exists a tree with degrees 3.3.22,1,1.1.1.
(b) Every tree is hipartite,

(c) Every tree is planar.

»

FRL I 32 )

(d) If two (rees have the same number of vertices and and the same degrees,

then the two trees are 1somorphic.
4. Which of the following statements is TRTIE?

(a) There exists a connected planar simple graph with 7 vertices, 9 edges
and 5 regions.

(b) For all connected multi-graphs G, if the vertices of G have degrees
2221344, respectively, then it has an Bular circuit.

(c) The chromatic numbers of all planar graphs are less than 4.

(d) There exits an irreflexive and transitive relation which is not
antiymmetric.

Let A= {{x.y) X, y € {] JEWL"LG} } and definc a relation R on A with (x;,y;) R
(x2,y2) if and only if x, ¥z = X2 ¥1. Il is easy to show that R is an equivalence
relation on A, Now answer the tollowing two questions:
5. What is the size of the equivalence class [(2,4)] ?
@2  ®3 (@4 (@5
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6. How many equivalence classes are there induced by the R relation ? ﬁ'
{a) 11 (by13 ()17  (d)25 *
7. LetSe, 8;,8:. . bea sequence defined as follows: 8, 8, 8; = 10, and Sk =58 - &
65 k.; for all k = 2. Let the solution of S, be of the form: Sn=a2"+b3" foralln> L
0. Then what is the value of a + b ? ¥
(a) 6 B8 ()6 (d)-4 L
8. What is the maximal number of leaves for a rooted 3- -ary tree of height n = 0. Note
the height of a trec with only a single node is 0.
9. What is the sum of all coefficients of all terms in the expansion of the (3x — y)** ?
10. Find a positive integer n < 231 such thatn = 2 (mod 3) = 5 (mod 7) andW= 2
(mod 11).
Il EHETEREEHE (3£ 30 43 )
11. (10 pts) For all integer n > 0, define Hny=1+12+1/3+ ...+ I/n.
{4) Show that for all integern >0, (n+2)/2 < H(2") <n+2.
(b) Using the above result to show that H{n) = A(log n).
12. (20pts) A tournament is a directed graph without self-loop such that ifu + v are two
vertices of the graph, then exactly one of (u,v) and (v,u) is an edge of the graph.
(a) How many different tournaments are there in a set of n > 0 vertices 7 (5 pis)
{b) What 1s the sum of the in-degrees and out- degrees of all vertices in a tournament
with n > ) vertices? (5pte)
(¢) Show that every townament has at least 2 Hamlton path 7 (Note: A Hamilton path is
a path passing through all vertices exactly once. This thearem can be proved by
induction) (10 pts)
7% # | M M & M X
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L. (1) Three fair dice are rolled. You are allowed to bet | dollar on the occurrence of one j:;
of the integers 1, 2, 3, 4, 5, 6. Suppose you bet on the accurrence of a 5. Then if 5 *
vne 5 occurs (on the 3 dice) you win 1 dellar, if two 5% occur you win 2 dollars, .
and if three 57s occur you win 3 dollars. If no 5’s oceur you lose 1 dollar. Let V be ]
the net amount you win in one play of this game. What is the probability density L 1
{or mass) function of V? What are its mean and variance? Is this a fair game?( E‘_i J L‘{‘

(2) Suppose that we are going to drive a car to an athletic event. From past experience
in making this trip we are willing to assume that our driving time is equally likely
1o be anywhere from 20 to 30 minutes. If we let X be the number of minutes it will
take us to get there, what is the probability density function of X? What is the

cumulative distribution function of X? What are the mean and variance of X? (/ "/? ).

(3) At a certain manufacturing plant, accidents have been occurring at the rate of 1
every 2 months. Assuming that the accidents occur independently, what is the
expected number of accidents per year? What is the standard deviation of the
number of accidents per year! What is the probability of there being no accidents
in a given month? ! E’% )

(4) Students at a large university are required to take an entrance exam when entering
the school (scored on a basis of 100 puiuls possible). Let X be the score made by a
particular incoming student {who does go on to graduate) and let Y be his
graduating quality point ratio (4 points = A). The joint density function of X and Y

1 . . _
is observed tobe £, , (x, 1) = e for 2< y<d, I8y -1)<x<iSy .
0, otherwise

Find u,, f,. and p,, . Explain the significance of p,, . { ;g?,)
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1. Let/,V, = and ~ denote the logical AND, OR, implication and NOT operations,
respectively. Then which of the following sentences is not a tautology ?
@) (p2(@=>1) > ((p>q) > (p >r)
BYpV(qhD > (pVgir
€)~(p2q)>~q
(dpA(qVr) > (phqvr
2. Let A and B be two regular languages over {0,1}. Then which ol the following
languages is not a regular language 7
(a) { x € {0,1}* | the last 3" bit of x is “1”" }
(b) { x € {0,1}* | There is a bit string v with v =|xland xy e A }
(©) {xx|x & {0,1}*}
(d) {xy|xeAandy B}
3. Which of the following statements about tree is FALSE ?
(a) There exists a tree with degrees 3,3,2.2.1.1.1.1.
(b) Every tree is hipartite.
(c) Every trce is planar.
(d) If two trees have the same number of vertices and and the same degrees,
then the two trees are isomorphic.
4. Which of the following statements is TRUF?
(a) There exists a connected planar simple graph with 7 verlices, 9 edges
and 3 regions,
(b) For all connected multi-graphs G, if the vertices of G have degrees
2,2,2,3,4.4, respectively, then it has an Fular circuit,
(¢} The chromatic numbers of all planar graphs are less than 4.
{d) There exits an irreflexive and transitive relation which is not
antiymmetric.

Let A= {(x,¥) %,y {1,2,3,4 »6}} and define a relation R on A with (x;,y;) R
(x2,¥2) if and only if x; y2 = x3 y). It is easy to show that R is an equnal-:nce
relation on A. Now answer the following two questions:
5. What is the size of the equivalence class [(2.4)] ?
@2 B3 @4 (DS
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