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Question A1l (Mandatory)
Answer the following questions.

(1) Solve the following simultaneous recurrence relations with the initial condition,
po = 1,90 = ro = 0, to find the n-th terms of sequences p,, gn, and r, (n > 1).
And find the limits of p,, g,, and 7, as n goes to infinity.

1 1
Pyl = 51%"‘5%
1 1 1
Gn+1 = Epn+'2‘q'n+§""n
1 1
T+l = an'i'ETn

(2) Methane (CHy) has a regular tetrahedral structure with the carbon atom at the
center and the hydrogen atoms at the four vertices. Assume that the carbon
atom is at the origin. Let the position vectors of the hydrogen atoms be Ay, hs,

—

Hg, and 54, where |h;

of ﬁl and 52.

— — 1 — —
=1land h;-h; = -3 (7 # j). Express hs and hy in terms

(3) Find the follbwing definite integral. «is a positive constant and r = /z? + 32 + z2.
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struct Node {

int key;

Node *prev, *next;
Y '
struct List {

Node *head, *tail;

¥s
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Node #*search(List *L, int key) {
Node *node = L->head;

while (| A D {
node = node->next;

}

returh node;

E;

(b) UANLODIEEEIZ — Kx#fIR 5 insert(List *L, Node *x) ZE&E YT &
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Question A2 (Mandatory)

(1) Answer the questions about doubly linked lists with the following implementation
of list and node, where null indicates terminal:

struct Node {
int key;
Node *prev, *next;
struct List {
Node *head, *tail;

i

(a) The following code defines a function that searches a node having the spec-
ified key. The return value of the function should be the pointer to such
a node if it exists in the list, or null otherwise. Answer an appropriate
expression should be placed in the box A.

Node *gearch(List *L, int key) {
Node *hode = L->head;
while (| A D {
node = node->next;

}

return node;

(b) Define function insert(List *L, Node *x) that inserts node x at the
head of list L.

(¢) Define function reverse(List *L) that reverses the order of nodes in the
list.

2) Explain the operations and a standard implementation of binary heaps.
p
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Select two questions to answer from the followihg Questions
A3, A4, A5, and A6. Mark the numbers of questiohs you
selected in the answer sheets.
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Question A3

(1) A seminar was held in which 250 students belonging to one of the three univer-
sities participated. Participants were 100 from University A, 80 from University
B, and 70 from University C. As a result of confirming whether or not the tablet
terminal was brought, the percentage of students at University A was 30%, stu-
dents at University B was 60%, and students at University C was 50%. Under
this condition, answer the following questions.

(a) Draw a Venn diagram showing the relationship between belonging univer-
sity and tablet terminal possession.

(b) After the seminar, one tablet terminal was forgotten. Find the probability
that owner of tablet terminal of forgetting is a student of University A based
on Bayes’ theorem.

(2) Answer the following questions about the ”Neural Network”.

(a) Draw the relation of the "Input”, ”Hidden”, ”Output” of the neural net-
work, and briefly explain the neural network based on the diagram you
drew.

(b) Explain briefly about ”Supervised Learning” and ” Unsupervised Learning”.

(c) Explain briefly one example applying a neural network.
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Question A4

(1) Briefly explain an example of a technique for finding the position of a device with-
out using Global Navigation Satellite Systems such as GPS (Global Positioning
System).

2) Give one of elemental technologies to realize environmental power generation
&
(Energy Harvesting), and briefly explain it.

(3) Briefly explain one useful application that can be realized by aggregating infor-
mation owned by a large number of users.

(4) Briefly describe one method for precisely synchronizing clocks stored in geo-
graphically dispersed devices.
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Question A5

Answer the following questions about operating systems.

(1) Name and describe three examples of CPU scheduling algorithms and discuss
their advantages and disadvantages. ‘

(2) Answer the following questions about paging virtual memory.
(a) Describe the sequence of operations performed by the operating system
when a page fault occurs.
(b) Describe the advantages of multi-level page tables.
(c) Name and describe two examples of page replacement algorithms and dis-

cuss their advantages and disadvantages.

(3) Explain what a deadlock is. Describe two examples of deadlock avoidance meth-
ods.

(4) Many computers have instructions which provide an atomic update (read-memory-
write) of a memory location. Describe an example of such instruction and ex-
plain its specification briefly. Explain the implementation of lock and unlock
operations for mutual exclusion using this instruction.
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(a) 4-to-1-Line ¥V F 7L Z ¥ (Multiplexer) DH#$EER (Function Table), 7—
VA, ¥— MRZERYE,

(b) RS Flip-Flop DEIEF L 7'~ hHE R,
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(a) Super-Pipeline

(b) VLIW (Very Long Instruction Word)
(
(d) Out-of-order 17
(e) PBRHYSETT

¢) Super-Scalar

(3) B—=HN - TVT - Fxv 7—2 (LAN) iZBT AT ORICEZ &

(a) LAN (Local Area Network) DHififdD—2> Td % Ethernet THEHON TS
PAT Ol & e &L,

(i) Manchester Encoding
(ii) CSMA/CD (Carrier Sense Multiple Access with Collision Detection)
(b) 7L —LF—ZXDFEY FRD/=H D CRC (Cyclic Redundancy Code) (Z B8
THUTOMRIZEX X,
(i) %Y N7 =27 L —ADT— XA, 71101011011” ORFDOERZEH
G(z) =z +z+1 CTEREINS CRC 2FHEE &L
(i) 2O CRCIC&L->T, ED & SLEED MHEATARED, HlZRL TR
yo SN

(c) #HD LAN 2 YERRIZ B 2 AT D 3D DF Repeater, Bridge, Router
WZ2OWT, Ths DEWHDLD D & S IZHIAE L
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Question A6

(1) Answer the following questions on logic circuits.

(a) Show function table, boolean expression, and gate diagram of 4-to-1-Line
Multiplexer.

(b) Show truth table and gate diagram of RS Flip-Flop.

(2) The following items show performance enhancement methods of computers in
the instruction level. Select three items among the followings, and explain them.

(a) Super-Pipeline

(b) VLIW (Very Long Instruction Word)
(¢) Super-Scalar

(d) Out-of-order execution

(e) Speculative execution
(3) Answer the following question on Local Area Networks (LAN)

(a) Explain the following technologies used in Etherhet which is one of the most
popular LAN methods.
(i) Manchester Encoding
(ii) CSMA/CD (Carrier Sense Multiple Access with Collision Detection)

(b) Answer the following questions on CRC (Cyclic Redundancy Code) for error
detection of frame data.

(i) Calculate CRC of network frame data ”1101011011” using generating
polynomial G(z) = z* + z + 1.

(ii) Explain what kinds of error detection is possible by using this CRC,
with a concrete example.

(c) Explain three techniques to connect multiple LANSs: repeater, bridge, and
router by clarifying their difference.

A-14
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Graduate School of Interdisciplinary Information Studies,

The University of Tokyo.
Academic Year 2019
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Directions: Do not open this booklet before the examination begins.

10.

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 fourteen pages. Report missing, misplaced, and
imperfect pages to the instructor.

This booklet includes six questions. Answer Question 1 and Question
2, and answer two questions from any of Question 3, 4, 5, and 6.

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.

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

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