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Question Al

Choose five cards randomly from a deck of playing cards at a time. Give the number
of sets that satisfy each condition shown below. You can answer by using equation
forms such as 21 —9x 3 x4 x44+6x3x4. And J, Q, and K are treated as 11, 12,
and 13, respectively.

(1) A set consisting of sequential numbers such as 3, 4, 5, 6, and 7.

(2) A set consisting of two cards of one number, two cards of another number and
one card of a third number such as 3, 3, 6, 6, and 8.

(3) A set whose summation of numbers is less than or equal to 10.

(4) A set whose product of numbers is a multiple of 125.
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Question A2

Answer the following questions.

Vo
. — x-axis
4>

Y y-axis

We consider that the x-axis is located in horizontal direction and y-axis is located
in vertical direction. The mass with weight m is throw along the x-axis with the
velocity of vy from the top of a skyscraper. We consider that the forces of gravitational
acceleration g and air resistance » = —kv are applied to the mass with weight m. The
air resistance is proportional to the velocity of the mass. The k is a constant. The
equations of motion are written as follows.

z-axis direction

du,
m— = —k
dt v
y-axis direction
dv,
2y _ —k
m— =mg — kv

(1) Obtain the velocity v, () in x-axis direction at ¢ sec. Write the calculation process
for the answer.

(2) Obtain the distance z(t) in x-axis direction attsec. Write the calculation process
for the answer.

(3) Show the change of velocity of the mass in y-axis direction over the time based
on the formula of v, (t). Write the calculation process for the answer.
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nodes = [’A’, ’B’, °C’, °D’, ’E’, ’F’, °G’,
graph = {
;A:: {7B’, ’D’},
B : {)AJ, ’C’, )EJ}’
JCJ: {)BJ,JF)}’
DI {’A’},
B0 {’B’, 7F’},
F . {’C’, ’E’},
G {’H’},
YH - {)G;}
}
forest=[]
print (graph)

def dfs(graph, start, visited):

if visited is None:
visited = set()

visited.add(start)

for next_node in graph[start] - visited:
if next_node not in visited:

dfs(graph, next_node, visited)
return visited

vd = set()
for n in nodes:
if n not in vd:
print("call bfs", n)
v = dfs(graph, n, None)
vd =vd | v

forest.append(v)

print(forest)

AT/ BN
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Question A3

(1) Answer the following questions concerning programmes that explore graph struec-
tures.

The following “Program 17 is a program written with the Python language
that performs a depth-first search of an undirected graph. An undirected graph
is defined with eight vertices from A’ to ’H’, and the edges connecting each
vertex are represented by data graph in the dictionary type. The function dfs ()
performs a depth-first search from vertex start on the undirected graph graph.

(a) When “program 1” is run, give an example of a string that could be output
by print (forest) on the last line of “Program 17.

(b) Modify the function dfs() from “Program 1” and show the function
dfs2(graph, start, end, visited), which finds the path from vertex
start to vertex goal in the graph structure graph by depth-first search.

(c) Recursive functions such as those in “Program 1”7 may have high execu-
tion costs when realised on an ordinary Neumann-type computer. Explain
possible reasons.

(d) Describe an algorithm that achieves (a) above without using recursive calls.

(2) Answer the following questions concerning mathematical formulae in postfix no-
tation (reverse Polish notation).

(a) The following is an equation using the postfix notation method. Calcu-
late and find the answer. Note that the priority of the calculation by the
operator is not considered.

12+ 34 - %

(b) Describe a stack-based algorithm for reading symbols from a string of math-
ematical expressions in postfix notation and calculating them on a com-
puter.

(c) Show the process of calculating the formula given in (a) above using the
algorithm in (b) above. Note that only integers shall be handled and only
four arithmetic operations shall be used as operators. Note that the priority
of the calculation by the operator is not considered.
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nodes = [’A’, °B’, °C’, ’D’, ’E’, ’F’, ’G’,
graph = {
TAT {)B;’ ’D’},
B {)AJ, )CJ’ ’E’},
C {)BJ,)F)},
'D’: {PA’},
B 0B, PF7Y,
L {)CJ, ;E)},
G {’H’},
B {767}
}
forest=[]
print(graph)

def dfs(graph, start, visited):

if visited is None:
visited = set()

visited.add(start)

for next_node in graph[start] - visited:
1f next_node not in visited:

dfs(graph, next_node, visited)
return visited

vd = set()
for n in nodes:
if n not in vd:
print("call bfs", n)
v = dfs(graph, n, None)
vd =vd | v

forest.append(v)

print(forest)

Program 1
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Question A4

(1) The table below shows the relationship between the OSI basic reference model

and typical protocols in a network. Choose the appropriate terms for A-F from
the glossary below and answer.

Glossary Transport layer, Network layer, Internet layer, Storage layer, Appli-
cation layer, Protocol layer, TCP, UDP, IP, PING, MAIL

OSl basic reference model Typical protocols
A
Presentation layer HTTP, HTTPS, FTP

Session layer

B D , E
C F
Datalink layer PPP
Physical layer

(2) Explain briefly why GPUs (Graphics Processing Units) are superior to CPUs
(Central Processing Units) for machine learning calculations. Also, mention one
precaution when using GPUs, and explain it briefly.

(3) You want to create a 2-bit decoder using AND, OR, and NOT gates. The 2-bit
decoder takes a 2-bit input zy and x;, and outputs a 4-bit output yo, y1, y2, and
y3. The decoder should operate according to the following truth table:

X4 Xo Yo Y4 Y2 Vs

o o|1 o o o :D_ i>_ _.Do_
o 1]/0 1 0 o0

1 olo o 1 o AND OR NOT

1 1]l0 o o 1

(a) Create a 2-bit decoder using AND, OR, and NOT gates as shown in the
figure above.

(b) Using the 2-bit decoder you created, construct a 3-bit decoder. You may
represent the 2-bit decoder in an abbreviated form, as long as its inputs
and outputs are clearly indicated.
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Entrance Examination

in Applied Computer Science Course,

Graduate School of Interdisciplinary Information Studies,

The University of Tokyo.
Academic Year 2025
(14:00- 16:00, August 1st, 2024)

Directions: Do not open this booklet before the examination begins.

11.

Read the following instructions carefully.

. This booklet is for the examinees in Applied Computer Science Course,

Graduate School of Interdisciplinary Information Studies.

This booklet includes ten pages. Report missing, misplaced, and im-
perfect pages to the instructor.

This booklet includes four questions. Answer all of them.

Each question is described both in Japanese and in English. Use the
Japanese version primarily; the English version is provided for the
reference purpose only.

There are four answer sheets and a scratch paper. Use one answer
sheet per question. A scratch paper is provided for calculation. Only
the answer sheets will be considered valid.

Write a question number and your examinee’s number in the des-
ignated boxes located at the top of each answer sheet. The answer
missing a question number and/or an examinee’s number will not be
considered valid.

Use only black pencils (or black mechanical pencils).

Answer the questions in Japanese as a general rule, although you are
also allowed to answer in English.

. Do not leave the room until the examination is finished.
10.

Do not take away this booklet, the answer sheets, and the scratch
paper.

Write your examinee’s number and your name in the designated boxes
below.

Examinee’s Number

Name




