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Question A1 (Mandatory)

(1) Find the eigenvalues and eigenvectors of the matrix A.

2
A=10
1

o = O
N O =

(2) Find the general solutions of the differential equations below.

d
(a) d—f—?)x:e%
de t—=x
b) — =
(b) dt t+ux

(3) Find the Laplace transforms of the functions below.
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Question A2 (Mandatory)

Consider a knapsack problem to select such a subset of treasures that maximizes the

total value within the total weight W. There are N kinds of treasure, where i-th kind

of treasure has value v[i] and weight w[i]. Note that v[] and w[] are arrays as in

popular programming languages. You can assume that each variable is a non-negative

integer at most 10* unless otherwise stated explicitly.

(1) Assume that exactly one object is available for each kind of treasure. Answer

the following questions.

(a)

(b)

()

Suppose that we haveN = 4, W = 5andv[] = {3, 5, 3, 8},w[] = {2,
2, 1, 3}. Show the optimal solution.

Consider a greedy algorithm that repeatedly adopts a treasure with highest
value per weight within a given total limitation. Describe an instance of
the problem with N=3, such that this greedy algorithm does not give an
optimal solution.

Consider a sub-problem with two integers a, b (0 < a < Nand 0 < b <
W), where one can take the first a kinds of treasure within total weight b.
Note that arrays v[] and w[] are the same as those in the original problem.
Define the maximum total value A, for the sub-problem with (a,b), with
Ay p, vIi], and/or w[i], where 0 < @’ < a and 0 < ¥’ < b.

Describe a program with dynamic programming that find a solution by
using two-dimensional array A[N+1] [W+1] and nested for loops.

(2) Consider an extended problem where there are an infinite number of objects and

one can take even two or more for each kind of treasure. Describe a solution

by dynamic programming. It is expected that the computational efficiency is

similar to that for the original problem.

Consider another problem where one can take at most K[i] (0 < K[i] < 1000)
objects for i-th kind of treasure. Describe a solution by dynamic programming.

It is expected that the computational efficiency does not depend on K[i]. You

can assume that standard data structures (e.g., double ended queue) are avail-

able.
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Select two questions to answer from the following Questions
A3, A4, A5, and A6. Mark the numbers of questions you
selected in the answer sheets.
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Question A3

(1) Answer the following questions about data analysis using machine learning.

(a) Explain briefly a specific technique for handling missing data.
(b) Explain briefly a specific technique for dimensionality reduction of data.

(c) Explain briefly a specific technique for data scaling.
(2) Answer the following questions about deep learning.

(a) Explain briefly the “deep learning.” Use the following phrases: neural net-
work, input layer, hidden layer, output layer

(b) Explain briefly the “backpropagation.”
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Question A4

(1) Explain the following terms.

a) Delaunay triangulation

(a)
(b)
(¢) Vector and raster data
(d) Geocoding

Minimum spanning tree

(2) Answer the following questions on point pattern analysis.

a) Give a problem in the visualization of point distribution by point symbols.

(a)
(b) Explain the nearest neighbor method.
(c) Explain Ripley’s K-function.

)

(d) Explain a method for evaluating the similarity between two sets of points.
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Question A5

(1) Answer the following questions about function calls and system calls.

(a)
(b)

Explain how a stack is used for function call.

Suppose the stack used for function call has overflowed. Describe one pos-
sible reason for this.

Explain how dynamic linking of function call is implemented.

To an application programmer, a system call, which invokes an oeprating
system service, looks like a function call. Explain the difference in the
underlying implementation between system call and function call.

Give three examples of system calls that operate on files, and briefly de-
scribe their functions. It is not necessary to describe system calls of a
specific operating system. But, it is necessary to list operations that must
be implemented by system calls (not possible by user-level function calls).

Many synchronization primitives that are implemented as functions or sys-
tem calls are defined in pairs, such as lock/unlock operations. Give one
example of a pair of synchronization primitives other than lock/unlock,
and explain their specifications.

(2) Explain the following terminologies regarding computer network.

(a)
(b)
(c)
(d)

Firewall

Cellular-Structured Mobile Communication
VPN (Virtual Private Network)
SDN (Software Defined Networking)
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Question A6

(1) Answer the following questions.
(a) Show state transition diagram to output 1 when a bit sequence 10101 is
input.
(b) Show the Boolean expression of 8-input-1-ouput multiplexer.

(c) Explain the mechanism of error detection and correction generally used in
communication protocols.

(d) Explain the Internet Checksum including calculation detail.

(e) Explain briefly DRAM and SRAM. Also explain the difference between
them.

(f) Explain the ideas for achieving good performance of software Internet routers

on top of general purpose servers.

(2) Explain the following terminologies.
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