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// ***********ii‘***************fi*********i****i********tt**!l’
// RTFTEAEWAME CERX

// *t**********tw********t***t***t********t**t*t*i****:tt**twrw
#include <stdio.h»>

#include <stdlib.h>

#include <math.hs

#define WordLen 40

#define PathLen 100

#define VecSize 3

#define NumChoices 2

#define MALLOC (x) (x *)malloc (sizeof (x))

typedef struct _word {

char word[WordLen] ;

double weight;

) bfeature;

typedef struct _doc {

char filename [PathLen] ;
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bfeature vector{VecSizel:;
double normil;
} doc;

typedef double (*choices) (doc*, doc*);

double cosine(doc*, doc*);

double euclidean(doc*, doc*);

double sim(doc*, doc*, double (*fun) (doc*, doc*));
void switchvecw(doc, doc, int¥*, int+*);
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™

int main(int argc, char *argv(])
{

int i,

doc *d1l, *d2;

int cos=l, euc=0;

choices item[NumChoices];

[ o4 B8 r

dl = MALLOC (doc);

d2 = MALLOC(doc);

dl-s>norml = 0;

d2->norml = 0;

item[euc] = cosine;

item[cos] = euclidean;

for (i=0; i<VecSize; i++) {
dl->vector[i]) .weight = (double)i/VecSize;
d2->vector[i] .weight = (double) (VecSize-1i) /VecSize;
dl->norml +a= dl->vector{i] .weight*dl-svector(i] .weight;
d2->nozml += d2->vector[i] .weight*d2->vector[1i] .weight;

}

fprintf(stdout, "euclidean: %8.6£\n",sim(dl, d2, euclidean)); // %1 M
switchvecw(*dl, *d2, &euc, &cos);
for (i=0; i<NumChoices; i+4)

fprintf (stdout, "hello: %8.6f\n", sim(dl, d2, item[i1)}; /7 % 2.8
return(0);

}

//=============================--——= === e

double sim(doc *dl, doc *d2, double (*fun) (doc *ddl, doc *dd
{ eturn(fun(d1, d2));}

//======================================================================== —————

double cosine(doc *dl, doc *d2)

{
int i;
double value=0;
for (i=0; i<VecSize; i++)
value += d1->vector[i].weight*d2->vector[i].weight;
return (value/dl->norml/d2-s>normi);

}

double euclidean(doc *dl, doc *d2)

{

int i;

double value=0, temp;

for (i=0; i<VecSize; i++) {
temp = d1->vector[i].weight-d2->vector[i].weight;
value += temp*temp;

}

return (value);
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double temp;
int i; i‘
for (i=0; i<VecSize; i++) { &
temp = dl.vector[i] .weight; #*
d2.vector{i}] .weight = temp; »
dl.vector[i] .weight = d2.vector(i] .weight; p
} ik
1 = *a;
*a = *Db; *
*b = i; E]
£
&
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System.out .println(bbbl.bl+" "+bbbl.a2);
System.out.println{bbb2.bl+" "+bbb2.a2);

2. (=Z4) TFHHE4 R ELN(main)P T/ wARE; HTo BT HAARE?

System.out.println(bbbl.t2()+" "+bbb2.t2(3));
System.out.println(bbbl.t ()} +" "+bbb2.t(3));

3. (Z4%) #THHm4RAERX(main)d /B WALE ) O TE  BXFEPHAHBWMAE?

System.out .println(bbbl.bl+" "+bbb2.a3);

4. (Fmy) WTFHH4#AEERE(minF /A ALEy 8 TFTE BXTEPEAEME?

prarray<Integer> generics = new pparray<Integers () ;
generics.insert (2);

generics.insert (5);

generics.insert (3) ;

generics.show() ;

5. (M) BTHHsSsRATEX(maind /B AME W TE B HRTARE?

pparray<Character> g2 = new pparray<Characters(};
g2.insert ('A');

g2.insexrt ('c');

g2.insert('B');

g2.show() ;

// A2 22222 R R 2 R 2 X R IR R R X R X N Y E R Y R R R Y R R T R N ]
/! ATFEELKXME JAVA £ K,
// LA 22 A2 AR X XA R 22 R E AR R R R Y E R R R EE T R E T T I R R ]
public class grad07e {
public int c1;
public static void main(String argv([]) {
grad07b bbbl = new grad07b();
grad07b bbb2 = new grad07b(3, 4);

11BRX AT (B HBMAABAZIES  HRAASE—-ITHTE)
Y 77 (BT B mAZES R AT Ld@)

public class grad07a {
public int al;
protected int a2;
private int a3;
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grado7a() { a1 = 1; a2 = 2; a3 = 3; }
grad07a(int x) { al = x; a2 = x; a3 = x; }
public int t{) { return al+a2+a3;)

}

//================================================

public class grad07b extends grado7a {
public int bi;
private int b2;

grado7b() { super(); }
grado7b(int x, int y) {
super (x) ;
bl = y;
b2 = y;

}

public int t2() { return bl-b2; }
public int t2(int e) { return al+bl+e; }
public int t(int x) { return az+x; )

}

pPublic class pparray<Ts {
private int cap;
pPrivate int size;
private int cut;
private int i;
private T[] cont;

public pparray() {
cap = 100;
size = Q;
cont = (T{]) new Object [cap] ;

public int insert(T item) {
if (size==cap)
i 1/ FramRegmaEn
else
cont {size++] = item;
return size;

}

public void show() {

for (T item : cont)

if (item I= null)
System.out.println(item);

}
)

// ********************************i*****************i*ii*****

// REREE XMME) JAVA 2 %,

// ***********t********************i******’*******************
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. (18%, %/FE 2%) & JEAE(True or False): (AABMEHE T & F BT » REME ) %
(1) It takes constant time, O(1), in finding the minimum or maximum in a BST (Binary Search Tree.) %‘
(2) Adjacency matrix is good for representing sparse graph. x
(3) The minimum spanning tree of a n-node graph has O(log n) edges. .
@) 2% = 0(2").
(5) Membership test in a linked list requires O(log n) time, in the worst case, for input size n.
(6) Both insert and delete operations of a queue take O(1) time.
(7) Abinary tree can be used to represent a tree with more than 2 child nodes of a (parent) node.
(8) The worst case of insertion operation on a BST takes O(log n).
(9) Hashing is a technique to achieve an O(1) expected search time. However, its worst-case search
time is O(log n).
t. (10%)
For the following binary tree
(1) (5%, 1% each) Write the nodes’ ID in the order of “processed” (% ¥ 4 %) according to the
following algorithms: ({£ 7| &R » KL EH)
(a) inorder traversal,
(b) preorder traversal,
(c) postorder traversal,
(d) breadth-first-search, and
(e) depth-first-search.
(2) (a) (2%) Which algorithm has the “queue” property? (548 3R.588 & H)
(b) (3%) Which algorithm has the “stack” property? (s:4R3R% & B)
i AR B M 5 # %
w M £ B 061 9%6 % 3 A 4 B8
GARMAE R L R R BN Soa g & .u@*ﬁ&%ﬂ&%@ﬁfﬁ e

2. ERHH pREMIS R
S HMOHFREF UK FE > R KEAMAME «




Ao kS jtABEE ALnEALEBRESRALR SHK

% 6 R #NR
4 ®o#t B st HEMERE %%muﬁmﬂ$=%ﬂa#m§;?”5 g —

/N (12%)

(1) (1%) What is the lower bound of the comparison based sorting algorithms? (Just state the answer.)
(2) (4%) Prove that a tree with n! leaves has O(n log n) height.

(You must prove both the upper bound
and the lower bound.)

9 pr % B ¢ M|

(3) (2%) What is the time complexity of the radix sort, for n d-digit numbers in which each digit ranges
from O to k? (The algorithm is given below.) (s& 28 31,80 % &)
radix_sort (A, d)
forifrom 1tod

IETT

do use a stable sort to sort array A on digit i

(4) (1%) Is the result in (3) conflict with the result in (1)? (B & &

& F)
(5) (4%) Justify your answer in (4). (s4 8380 R B)

7. (10%)

“Tower of Hanoi” (7 P #5)48 1§ & — (B SR Ep AP ta Bl e . FF
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1. [ADC] The successive approximation converter is one of the most widely used types of %
ADC. Given the following simplified block diagram: y
®  Explain how the control logic works using a flowchart. (6%) z‘
®  Assume V,=10.4V, use a simple four-bit converter with a step size of 1V to illustrate ¥
the conversion process. (4%) ﬁ
Analog
input
¢ § \r_
DAC
- i Viax
2. [Instruction Set Architecture, Cache, Performance]
® One of the differences between. RISC architectures and CISC architecture is
supposed to be the reduced types of instructions available. A student thinks it would
be a godd idea to simplify the instructio_n set even more to remove the special case
instructions that take immediate operands such as “Ii", “addi’, etc. Explain to
him/her why this might not be such a good idea. (3%)
®  Explain how a memory system that pages to secondary storage depends on locality
of reference for efficient operation. (3%)
®  Program A consists of 2000 consecutive add instructions, while program B consists
of a loop that executes a single add instruction 2000 times. You run both programs
on a certain machine and find that program B consistently executes faster. Explain.
(4%)
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3. [Adder] A half-adder takes two input bits A and B to produce sum (S) and carry (Couw) &
outputs. o
® Use basic logic gates to construct the circuits for a half adder. (6%) y
® Use exactly two half-adders and one OR gate to construct a full adder. (4%) g
¥
4. [Pipelining] Refer to the following figure, if the time for an ALU operation can be ﬁ
shortened by 25%; (a) Will it affect the speedup obtained by pipelining? If yes, by how
much? Otherwise, why? (5%) (b) What if the ALU now takes 25% more time? (5%)
Frogram 2 4 6 8 10 12 14
I s s e e
(In Instructions)
R e R T I e
W$2,2000  2ns [Tctenl  oep| A | 0%2 freg
W $3, 300($0) *_2;{;_"'"5:;’;:“"' Reg| AW | 0% lreg
v
2ns 2ns 2ns 2ns 2ns
5. [Memory]} Give a computer system that features:
e a single processor
o 32-bit virtual addresses
® a cache of 2'° sets that are four-way set-associative and have 8-byte blocks
®  amain memory of 2% bytes:
®  apage size of 2% bytes.
(1) Does this system cache virtual or physical addresses? (2%)
(2) How many bytes of data from memory can the cache hold? (excluding tags) (2%)
(3) In the cache, each block of data must have a tag associated with it. How many bits
long are these tags? (2%)
(4) How many comparators are needed to build this cache while allowing single cycle
access? (2%)
(5) Atany one time, what is the greatest number of page-table entries that can have their
valid bit set to 1? (2%)
¢ F | X & M ¥ # =
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— ~ Operating Systems

1. (5%) [Context switching] For each of the specified operations (a~¢) below, indicate whether
they must be performed (A) during a context switch between two processes, (B) during a context
switch between two threads in the same process (address space), (C) during both kinds of context
switches, and (D) during neither type of context switch. Assume that the threads are kernel
managed (i.e., visible to the operating system).

(a) (1%) Modify the memory management unit to load the new process/threads's memory mappings.

(b) (1%) Save the registers of the process/thread being swapped out to its process/thread descriptor
(control block).

(c) (1%) Save the top stack frame of the process/thread being swapped out to its process/thread descriptor
(control block).

(d) (1% ) Select the next process/thread to execute, based on priority information and other kernel internal
state.

(e) (1%) Reset the “return register” (e.g., 10) to zero toindicate that the context switch occurred without
any errors.

2. (9%) [CPU Scheduling] Consider a multi-level feedback queue in a single-CPU system. The
first level (queue 0) is given a quantum of 8 ms, the second one a quantum of 16 ms, the third is
scheduled FCFS. Assume six jobs (J1 ~ J6) arrive all at time zero with the following job times
(in ms): 4, 7, 12, 20, 25 and 30. Show the Gantt chart for this system (3%) and compute the
average waiting (3%) and turnaround time (3%).

3. (5%) [Deadlock] There are four conditions that are necessary for deadlock to occur: (A)
mutual exclusion, (B) hold and wait, (C) no preemption, and (D) circular wait. With deadlock
prevention, the system ensures that deadlock does not occur by preventing one of these
conditions from holding. Match each of the following techniques with the one deadlock
condition (A, B, C, or D) that it prevents.

(a) (1%) Impose a total ordering (or ranking) on how resources are acquired

(b) (1%) When a process requests a resource that is already held, force the process holding
the resource to release it

(c) (1%) Only allow a process to request a resource when the process has none

(d) (1%) Allow all processes to access the resource simultaneously

(e) (1%) Require each process to grab all desired resources at once

4. (11%) [Miscellaneous topics]

(a) (4%) Assume that an inode-based file system has 2'® data blocks. For some reasons, the
system designers have to trim down the size of an inode by reducing the number of direct
pointers to 5 and keep only the single and double indirect pointers. The block size is also shrunk
to 2Kbytes. What is the maximum file size in the trimmed system?

(b) (3%) Suppose each process spends 40% of its time in an IO state. How many such processes
are needed to bring the system CPU utilization to higher than 95%? Show your calculations. You
will receive no credit if you only provide a number.

(c) (4%) Give two specific factors that we do NOT need to consider for the selection of disk
scheduling algorithm when we decide to use RAM disk.
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3. (10%) [Synchronization and Deadlock] A family has three children, each of whom owns
one piece of ski equipment (Bobby has boots, Suzy has skis, and Joey has poles). A child needs
all three pieces of equipment to ski, and that the parents have a complete set of equipment that
they lend to their children. Each day, the parents randomly choose one child to let ski, and place
the pieces of equipment that they need outside the condo's front door. Each day, each child

attempts to ski. We model this scenario with by using semaphores to pass signals between four
threads: PARENTS, BOBBY, SUZY, and JOEY.

semaphore skis = 0, poles = 0, boots = 0, done = 0;
PARENTS: for (;;) { //thread
who = random(BOBBY, SUZY,JOEY) ; //select one randomly
if (who == BOBBY) { V(skis); V(poles); }
else if (who == SUZY) { V(poles); V(boots); }
else /* who == JOEY */ { V(boots); V(skis); )}
P(done); // Wait for child to finish
}
BOBBY: //thread SuzY: //thread JOEY: //thread
for (;;){ for (;;){ for (;;){
P(skis) ; P(poles) ; P (boots) ;
P(poles) ; P (boots) ; P(skis);
ski(); ski(); ski ();
V(done) ; } V(done); }- V(done); }

(a) (5%) The program above is not deadlock free. Show a scenario where deadlock occurs using
a step-by-step execution sequence table for the four threads.

PARENTS

BOBBY ' SUZY ‘ JOEY

time | ’ ’

(b) (5%) Show that two children can safely ski at the same (i.e., mutual exclusion is guaranteed.)
using a step-by-step execution sequence table like the above one., ’

6. (10%) [Memory management] Consider the page replacement policies of OPT (Optimal
algorithm), FIFO, and LRU. Which of the following statements (A~J) are true? Be careful to
notice when the phrase states "better than or equal to" versus "strictly better than".

OPT always performs better than or equal to LRU.

OPT always performs strictly better than LRU.

LRU always performs better than or equal to FIFO.

LRU always performs strictly better than FIFO.

OPT with n+1 pages of physical memory always performs better than or equal to OPT with n pages.

OPT with n+/ pages of physical memory always performs strictly better than OPT with n pages.

FIFO with n+1 pages of physical memory always performs better than or equal to FIFO with n pages.

FIFO with n+/ pages of physical memory always performs strictly better than FIFO with n pages.
LRU with n+/ pages of physical memory always performs better than or equal to LRU with n pages.
LRU with n+/ pages of physica)l memory always performs strictly better than LRU with n pages.
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1. [10%]True (mark 0) or false(mark x) questions: m:

(@) f2+2=5then1+1=3. ' X

(b) LetA, B, C, D be sets. Then (A-B) - (C-D)=(A-C)-(B-D). ;

(c) vx 3y P(x,y) implies 3x Vy P(x,y). - 3

%

(d) There are languages that cannot be recognized by any machine. ~ G
(e) If a relation is irreflexive and transitive, then it is asymmetric.

(f) The formula (P V~Q) A (~P V Q) is not satisfiable.

(9) If Ais not a tautology, then ~A must be satifiable.

(h) If A, B and C are languages, then A(BNC) =AB nAC.

(i) IfAis alanguage, then (A*)" = A",

() There are context free languages that can be recognized by finite automata.

2.  [3%]Which of the following formula is in conjunctive normal form and is logically equivalent to the

formula : (PA S) > (QAR) :
(@) ~PV~SV(QAR) (b) (~PV~SVQ)A(~PV~SVR)
(c)~(PAS)V (QAR) (d) (PVS\(~QV~R)

3. [3%]Suppose we have 4 algorithms designed to solve the same problem. If the running time of the 4
algorithms are expressed by divide-and-conquer recurrence relations as given below, then which
algorithm would be asymptotically the best?

(@) f(n)=10f(n/3)+10n
(b) f(n)=5f(n/2)+6n
(c) f(n)=9f(n/3)+ 2n?
(d) f(n)=201f(n/5) + 5 n?
4. [3%]Which of the following sets of boolean operators is not functionally complete?
(@) {or,not} (b){->,0} (c){xor,1}  (d) {nand}

5. [5%]There are ways in which 6 jobs can be assigned to 3 employees so that each

employee is assigned at least one job and the hardest job is assigned to the best employee.
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6. [9%]Answer the following questions about trees: &
(a) If T is a tree with 20 edges, then it has vertices. X
(b) If T is a balanced full 3-ary tree of height 5, then it has at least ____ vertices. ;‘
(c) If T is a full 4-ary tree with 82 leaves, then it has internal vertices. *
48

7. [5%] Solve the recurrence relation a, = 4 a,.1 - 4 a,. with the initial condition that a, = 1 and a, = 6. The
solution is a, = forallnz0.

8. [12%] Let Q, = (V,, E,) be a family of simple graphs where n 2 1 and the set of vertices V,, =
{a,b, c,d}" consists of all strings over the alphabet {a; b, ¢, d} of length n (,for instance, if n = 2, then
V,; ={aa,ab, ac, ad, ba, bb, .., dd},) and the set of edges E, consists of all unordered pairs of
members of V, which differ in 1 position (, e.g., if n= 4, then aaab and acab are adjacent since they
differs only in position 2. ). The distance of two vertices in a graph is defined to be the number of edges
of the shortest path between them and the diameter of a graph is defined to be the longest of all
distances of all pairs of vertices of the graph. |

(a) There are vertices in Q. [3%]
(b) The degree of every vertex v in Q, = [3%]
(c) There are edges in Q. [3%]

(d) Find all values of n under which Q, has an Euler circuit [3%)]

9. [10%] Show that a simple graph G with n vertices is connected if it has more than (n~1)(n-2)/2 edges.
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/0. (10%) 1. Please compute the QR-factorization of A.

1 0 -1
2 -3 3

-1 2 4

(B mas r & B p )

A:

/[. (10%) 2. By using orthogonal transformations, reduce the following
quadratic forms to sums of squares.

(8) 2x? + x2 - dx,x, - 4x,x,
(b) 8x,x, +2x,x, +2x,x; + 8x,x,

/> (10%) 3. Please use Gaussian elimination to solve the given system of
equations.

x+3y+2z=0
~x-4y+3z=-1
2x—-2z=3 .
2x-y+4z=2

/3. (10%) 4. Please find the least-squares solution to the given system of
equations. |

x+y-z=90
2x+y+2=200
xX+2y+2z=1320
3x-2y-4z=10
3x+2y-3z=220
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1. [Shannon’s Theorem] i
Suppose that the spectrum of a voice channel is 64 kHz and the SNR (Signal
to Noise Ratio) is 10,» dB. Then:

(a) (4%)Compute the theoretical limit of this channel’s data rate based on
the Shannon’s Theorem?

(b) (4%) How many signaling levels are required to achieve this data rate?

D% B & & v o=

o

[Bandwidth and Latency]

Calculate the total time required to transfer a 2.0 M B file in the following
cases, assume an Round-Trip Time (RTT) of 100 ms, a packet size of 1 KB
and an initial 2 x RTT of “handshaking” before data is sent. :

(2) (4%)The bandwidth is 100 Mbps, and data packets can be sent con-
tinuously.

(b) (4%)The bandwidth is 100 Mbps, but after we finish sending each data
packet we must wait one RTT before sending the next.

3. [Delay x Bandwidth]
Please answer the following questions: .
(a) (4%)Why it is important to know’ the product of delay x bandwidih
‘ when constructing a high performance network?
(b) (4%)Assume an RTT is 100 ms, please compute delay X bandwidth for
T3 and FDDI?

4. [TCP Three-Way_Handshake]

(a) (4%)Please demonstrate how is the TCP three—way handshakmg con-
-nection protocol established between a client process and a server pro-
cess?

(b) (4%)How the TCP three-way handshaking protocol works in case an
old delayed duplicate SYN message from a client process was received
by the server process?

5. [Routing Protoéols]

a) (4%)What is the difference between RIP and OSPF routing protocols?

(b) (4%)Use OSPF routing protocol to build the routing table for node A
in the network shown in the following figure;
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[10%]T'rue (mark O) or false(mark x) questions:
(@) lf2+2=5then1+1=3. |
(b) LetA, B, C, D be sets. Then (A-B)-(C-D)=(A-C)-(B-D).
(c) Vx 3y P(x,y) implies 3x ¥y P(x,).
(d) There are languages that cannot be recognized by any machine.
(e) If a relation is irreflexive and transitive, then it is asymmetric.
(f) The formula (P V ~Q) A (=P V Q) is not satisfiable.
(g) fAis not‘a tautology, then ~A must be satifiable.
(h) If A, B and C are languages, then A(BnC)=AB NAC.
(i) IfAis alanguage, then (A*)* = A", |
() There are context free languages that can be recognized by finite automata.

[3%]Which of the following formula is in conjunctive normal form and is logically equivalent to the
formula : (PA S) > (QAR) ‘

(@ ~PV~8SV(QAR) (b) (+PV~SVQ)A(~PV~SVR)

(c)~(PAS)V (QAR) (d) (PVSA (~QV~R)

[3%]Suppose we have 4 algorithms designed to solve the same problem. If the running time of the 4
algo_rithrhs are _expreésed by divide-and-conquer recurrence relations as given below, then which
- algorithm would be asymptotically the best?
(@) f(n)=10f(n/3)+10n
(b) f(n)=5f(n/2)+6n
(c) f(n) =9 f(n/3) + 2n?
(d) f(n)= 20 f(n/5) + 5 n?

. [3%]Which of the following sets of boolean operatoré is not functionally complete?

(@) {or,not} (B){=>,0}  (c){xor, 1} (d) {nand}

|0, [5%]There are ______ ways in which 6 jobs can be assigned to 3 employees so that each

employee is assigned at least one job and the hardest job is assigned to the best em'pl\oye'e,.
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[ I [9%]Answer the following questions about trees: 1
(a) i T is a tree with 20 edges, then it has vertices. %
(b) If T is a balanced full 3-ary tree of height 5, then it has at least vertices. ;
(c) If Tis a full 4-ary tree with 82 leaves, then it has interal vertices. B
H
_ ; ; £
[.}; [5%] Solve the recurrence relation a, = 4 a,., - 4 a,., with the initial condition that a, = 1 and a, = 6. The~

solution is a, = forallnz0.

|5 [12%]) Let Q, = (Va, E;) be a family of simple graphs where n 2 1 and the set of vertices V, =

{a.b, ¢, a}" consists of all strings over the alphabet{a, b, ¢, d} of length n (,for instance, if n = 2, then
Vy = {aa, ab,ac,ad,ba,bb,..,dd},)and the set of edges E, consists of all unordered pairs of
members of V, which differ in 1 position (, e.g., if n= 4, then aaab and acab are adjacent since they
differs only in position 2. ). The distance of two vertices in a graph is defined to be the number of edges
of the shortest path between them and the diameter of a graph is defined to be the longest of all
distances of all pairs of vertices of the graph.

(a) There are verti_ces'in Q,. [3%)]

(b) The degree of every vertexvin Q,=___ [3%)]

(c) There-are edges in Q. [3%)

(d) Find all values of n under which Q, has an Euier circuit [3%)]

II?L‘ [10%)] Show that a simple graph G with n vertices is connected if it has more than (n-1)(n-2)/2 edges.

i FR M B O£ # %

¢ M £ R 072 (%) q6 % > A 278

G BA1E A 4R8R wa%mﬁ#w& T RARLEAERERRNTT (L RN HER ) -
2. EHEEH A HII LB TH -
3ﬁ£$ﬂ$£%#u&%?&’wiﬁi%Tﬁi



	計概

	計算機系統

	計算機數學

	計算機數學與網路


