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Question Al

Suppose that you toss a coin and get one point if you get head and zero points if tail. Let X be
the total points you get after repeating this trial 10 times, and the probability of getting head
on each trial be p.
(1) Whenn =10 and p = 1/2:

(a) What is the probability of X =57

(b) What is the probability of X <27
(2) Explain the law of large numbers using an example of the coin toss.
(3) To examine whether this coin is "fair," you tossed the coin 10 times and got 8 heads. On
the basis of this result, can you say that the probabilities of getting heads and tails are
significantly c_iifferent? Test at the .05 level of significance.
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Question A2

(1)  Describe A* search algorithm.

(2) It is known that A* search will converge into the optimal solution if a certain
condition is satisfied. Concisely describe what this condition is.

(3) Describe the difference between A* search and Dijkstra method (or Uniform-cost
search).
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Question A3
Answer the following problems on parallel processing in computers.
(1) Explain representative methods for instruction-level parallelism.

(2) Multi-processor architecture is the most popular approach for processor-level parallelism.
Multi-processor architectures are classified into shared-memory architecture and
distributed-memory architecture. |

(a) Explain shared-memory architecture and distributed-memory architecture.
(b) Explain advantage and disadvantage of these architectures by comparing both
architectures from point of views of complexity of hardware and software,

easiness of programming and sofitware security.

(3) Multi-processor systems are classified into symmetric multi-processor system and
asymmetric multi-processor system. Explain architecture of each system, describing

typical example applications of each system.
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#define NBUF 100

int num = 0;

void producer () void consumer ()

{ {

num = num + 1;
if (num==1}wakeup (consumexr) ;

goto loop;

int item; int item;

loop: loop: _
produceltem{&item) ; if (num == 0) sleep();
if (num == NBUF) sleep(); " getItem{&item) ;
putItem{item) ; num = num - 1;

if (num==NBUF -1)
wakeup (producer) ;
consumeTtem(item) ;

gotce loop;
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(2) UTFRES—DzAT 4 CKDBBRETHID. EAEDOHMESEBAL,

#define NBUF 100

int num = 0;

void producer () void gonsumer()

{ {

int item; int item;

loop: 7 loop:
produceItem({&item) ; while (num ==0) ;
while(nﬁm == NBUF) ; /*do nothing*/
/*do nothing*/ ' getItem(&item) ;
putItem(item) ; : num = num - 1;
num = num + 1; consumeItem(item);;-
goto loop; goto loop;

} }
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Question A4

Two concurrent tasks “producer” and “consumer” make the following operations against an
N-item buffer independently. The producer task generates a data item, and puts it into the
buffer repeatedly. The consumer task gets a data item from the buffer, and consumes it
repeatedly. If the number of stored items in the buffer becomes zero, the consumer task
stops. On the other hand, if the buffer contains N items in it, the producer task cannot
proceed any more. Therefore, the producer and consumer must synchronize with each other. -

This is a so-called producer-consumer problem.

(1) The following program attempts to solve the producer-consumer problem. Point out
any problems in this program. Note, in the following code, two system calls are used to
achieve synchronization; sleep (} suspends the caller task, and wakeup (task}

restarts the specified task if the task has been suspended.

#idefine NBUF 100

int num = 0;

void producer () vold consumer ()

{ {

int item; int item;

‘1oop: ' loop:
produceltem(&item) ; 1f(num == 0) sleep();
if (num == NBUF) sleep(); getItem{&item) ;
putItem(item) ; num = num - 1;
nam = nuam + 1; 1f (num==NBUF -1)
if (num==1) wakeup (consumer) ; wakeup (producer) ;
goto loop; : consumeItem(item) ;

} goto loop;
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(2)

The following code attempts to achieve the producer-consumer problem using

busy-wait. Point out any problems in this program.

#define NBUF 100

int num = 0;

void producer ()

{

int item;

loop:
produceIltem(&item) ;
while (num == NBUF) ;
/*do nothing*/
putTtem(item) ;

Ium = num +‘l;

goto loop;

Void consumer ()

{

int item;

loop:
while (num ==0) ;
- /*do nothing*/
getItem({&item) ;
num = num - 1;
consumeltem{item) ;;

goto loop;

}

(3) Write a program to solve the producer-consumer problem using three semaphores of
the following P and V functions.
® P (counter):Ifcounter is greater than b, this function increments the counter.
If counter is less than zero, the caller task puts itself into a waiting queue and
switches to another task. This function is an atomic operation.
V (counter): If the task queue is empty, this function increments counter;

otherwise, it picks up a task from the waiting queue and wakes it up. This function is
also an atomic operation.
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Question A5

(1) Define abstract data type, and describe its advantage from a programming point of

view.

(2) Define an abstract data type for complex number system using the following interfaces.

Abstract data type name : complex

Add function : complexAdd{a, b)

Type of return value : complex
Types of parameters (a, b) : complex
Multiply function : complexMult (a, b)
Type of return value : : complex
Types of parameters (a, b) : complex

(3) Object-oriented languages, which are derived from abstract data type mechanism, arc

equipped with inheritance mechanism. Explain inheritance mechanism.

(4) Explain the difference between single-inheritance and multiple-inheritance, and

describe advantage and disadvantage of each mechanism.
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Question A6

Answer the following questions regarding the Internet network protocols.

()
2)
®
Q)

©)
©

The Internet protocol stack forms a layered structure. Briefly explain advantages and
disadvantages of the layered structure.

Name each layer in the Internet protocol stack and briefly explain the characteristics
of each layer. '

Define “the waist of the hourglass” model.

Explain packet switching and circuit switching, clarifying the difference between
these two. Answer which switching technique is being used in the current Internet
and justify the reason for that.

In packet switching, why and how packet loss occurs?

In packet switching, why and how packet delay occurs?
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Question A7

Table 1 and Figure 1 show the truth table and circuit diagram of 1-bit full-adder with three
inputs A, B, and carry-in and two outputs S and carry out.

A | B | Carryin | S .| Carryout

0 0 0 0 0

0 0 1 1 0

0 1 0 1 0
.0 1 1 0 1

1 0 0 1 0

1 0 1 0 1

1 1 0 0 1

1 1 1 1 1 _

Table 1 : Truth table of 1-bit full-adder
Carry in . Carry out

g
—‘A ’_jD.—m
B

Figure 1 : 1-bit Full-adder circuit
(1) Design four bits full-adder with multiple 1-bit full-adders.

(2) Explain the computation delay caused according to the increase in bit numbers when we
design full-adders of 8, 16, and 32 bits by simply with multiple 1-bit full-adders.

(3) Carry look-ahead circuit can decrease the delay in multiple-bit full-adders. Describe
truth table of carry look-ahead circuit of four-bit full-adders.

{4) Design a carry look-ahead circuit of four-bit full-adders..
(5) By considering only truth tables, it may appear that computation time of N-bits

full-adder is static independent of N, but it is not the case. Explain why the

computation time cannot be static.
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Graduate School of Interdisciplinary Information Studies. _
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