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Question Al

-5 6
(1) Obtain the eigenvalues and corresponding eigenvectors of the matrix A = ( 4 5).

(2) Obtain a regular matrix P such that P~' AP becomes a diagonal matrix.

(3) Obtain A", where n is an integer number.
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PAFIEEEEA a #5368 ([1,2,3,.. 10K 5 BRI ICES |+ T 7T L5 ThHD.

void sort(int af[]) {
gsort(a, 0, a.length-1);
}
void gsort(int a[], int left, int right) {
int pivot = a[left];
int i = left, j = right;
if (left < i-1) gsort(a, left, i-1);
if (j+1 < right) gsort(a, j+1, right);

}

() [o.. oWy E#->T T s T hEmlSE L.

(2) sort([3,5,4,2,11)DEITIZEEL, gsort NIV EINBNEIZNE-S TEDF]
BELLTFO X ST L TRE.

gsort([3,5,4,2,1], 0, 4)

UTIEBAROHTHL. (ZOFITIEImI 2ETT—FEII7TTHD).
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Question A2

The following is a program that sorts a given integer array a in an ascending (e.g., [1,2,3,

...]) order.

(1)

2)

void sort(int a[]) {
gsort(a, 0, a.length-1);
}
void gsort(int a[], int left, int right) {
int pivot = a[left];
int i = left, j = right;
if (left < i-1) gsort(a, left, i-1);
if (j+1 < right) gsort(a, j+1, right);
}

Complete this program by supplying a program code in .

On an invocation of sort([3,5,4,2,1]), write down gsort calls in sequence

with their parameters as follows:

gsort([3,5,4,2,1], 0, 4)

The following shows an example of B-tree. (This example has 2 levels, containing 7 data

elements).
e 20 ) 27 ‘
8 12 24 25 30
(3) Show the tree structure after inserting a data value 15. Show the tree structure after

(4)

subsequent deletion of the data value 27.

If a B-tree has 4 levels, show the maximum and minimum numbers of data it can

contain.
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Question A3

(1) Pipeline is one of the most popular methods to realize instruction level parallelism.

Explain the method of pipeline.

(2) Pipeline hazard is a potential problem that prevents the parallelism of the pipeline method.
Explain the causes of following types of pipeline hazards.
(a) Data hazards
(b) Control (or branch) hazards

(c) Structural hazards

(3) Explain following technologies that enhance the instruction level parallelism.
(a) Superpipeline
(b) Superscalar
(c) VLIW (Very Long Instruction Word)
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Question A4

Answer the following questions regarding programming languages.

(1) Explain the mechanisms of compiler and interpreter, compare them, and discuss their

advantages and disadvantages.
(2) Explain the mechanism of virtual machines, which is a compromise between compilers
and interpreters, and explain representative programming languages implemented by

virtual machines.

(3) Explain in detail the process of translating a source code into an executable code.
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(2) BZ A FHFANEH L TWB0SD AT Y DZEZARID, TORE S LIEFEN,
10KB, 20KB, 18KB, 7KB, 9KB, 12KB, 15KB DX 9IZ72>TWAb LT 5. H%HD
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(a) 12KB
(b) 10KB
(c) 9KB

(3) IT4=, SSD (Solid State Drive) EREEIL, 77 v = AE VR EDOYEKAE
U Ao 72 ZIREED — RIS 72 o TE 72, SSDIZT A ADOME &, BT «
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) LEEREETERT DI DICENR0SD A B =X L Eih~ L.
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Question A5

Answer the following questions on memory management methods in operating systems.
(1) Explain mechanisms of paging and segmentation, which are representative methods to

implement virtual memory.

(2) The following list represents sizes and orders of free memory segments managed by OS
with the segmentation virtual memory system: 10KB, 20KB, 18KB, 7KB, 9KB, 12KB,
and 15KB. With first-fit algorithm, answer which free memory segments are allocated
for the following allocation requests (a), (b) and (c) of memory segments in this
order. In addition, answer the same question for best-fit algorithm and with worst fit
algorithm.

(a) 12KB
(b) 10KB
(c) 9KB

(3) Recently, a solid-state drive (SSD), a data storage device that uses solid-state memory
such as flash memory, has become popular as a secondary memory system. In
comparison with a magnetic disk, an SSD has the advantage of random data reading
performance, but it has the disadvantage in data writing performance. In addition, it
usually has limited write cycles. Explain OS mechanisms that are effective to

compensate such disadvantages of SSD.
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Question A6

Answer the following questions regarding the network protocols used in the current Internet.

(1) In the current Internet, “tunneling” technique is often used in various scenarios. Concisely

define “tunneling”.

(2) Describe the cost and benefit of tunneling by giving at least two examples.

(3) Choose one of the standardized tunneling techniques and elaborate in as much detail as

possible what you know about it.

(4) Discuss the relationship between tunneling and overlay networks.

(5) Consider a communication over a link with bandwidth R transferring a file of size F by
sending a segment of size S with a header of size h at a time. If the header size h is fixed,

discuss what would be the optimal segment size S in terms of the total delay.

(6) If we used tunneling in the communication in (5), would the optimal segment size
change? If it changes, explain how it changes drawing a graph. If necessary, introduce

appropriate parameters in addition to the ones in (5).
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Question A7

(1)

2)

€)

(4)

Describe the true-false table of logic circuit of “prime number test” that has an input of
4-bit binary number X = X3 X2 X1 X0, and outputs 1 to Y when X is a prime number,
otherwise 0 to Y. Express Y in Boolean function using X3, X2, X1, and X0. (Hint:

0, and 1 are not prime numbers.)

Simplify the Boolean function calculated in (1) using Quine-McCluskey method.
Describe the simplified Boolean function and give its logic circuit with AND-gates,

OR-gates, and NOT-gates. In addition, describe the above simplification process.
Discuss difficulties in minimizing logic circuits using Quine-McCluskey method.
Explain MOS scaling rule that is considered as a technical foundation of Moore’s Law.

Discuss technical reasons why the rule becomes obsolete in accordance with the recent

downscaling of MOS circuits.
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Question A8

(1) Systems for identifying or describing locations in space are called spatial frames of
reference.

(a) Briefly describe the purposes and necessities of using spatial frames of reference.

(b) There are various types of spatial frames of reference. Give multiple examples of
spatial frames of reference, and explain them concisely in relation to the situations of
use and spatial scales.

(c) There exist various different ways of identifying or describing the same location,
depending on the differences in spatial frames of reference. Briefly discuss problems

that may arise from this fact, and possible ways to cope with or solve those problems.

(2) Context awareness and linking between real and virtual spaces can be listed as major
characteristics of ubiquitous computing. In the future applications of ubiquitous
networking technologies to urban spaces, briefly discuss your thoughts about geographic

information as a context.
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