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(Academic Year 2019)

Mechano-Informatics (Subject)

Date : 2018, August 20 (Mon), 14:00 — 16:00

Instructions:

0) Answers should be written either in Japanese or English.

1} Do not open this problem booklet until the start of the examination is announced.

2) Three problems are provided. Solve Problem [ (Compulsory), and solve either Problem 2A or Problem
2B (Required Elective).

3) When you have multiple interpretations of a problem statement, you may clarify your interpretation by
introducing adequate definitions and/or conditions in your answer.

4) If you find missing, misplaced, and/or unclearly printed pages in the problem booklet, notify the
examiner.

5) Two answer sheets are provided. Check the number of them, and if you find excess or deficiency,
notify the examiner. You must use a separate sheet for each problem. When you run short of space for
your answer on the front side of the answer sheet, you may use the back side by clearly stating so in the
front side.

6) In the designated blanks at the top of each answer sheet, write examination name
“Mechano-Informatics (Subject)”, “Master” or “Doctor”, your applicant number, and the problem
number (1, 2A, 2B). Failure to fill up these blanks may void your test score.

7} An answer sheet {5 regarded as invalid if you write marks and/or symbols unrelated to the answer.

8) Even if the answer sheet(s) is blank, submit all answer sheets with examination name, “Master” or
“Doctor”, your applicant number, and the problem number.

9) Use the blank pages in the problem booklet for your draft.

10) Fill in the blank below with your applicant number, and submit this booklet.

Applicant number:
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Problem 1 (Compulsory)

P. 1. Answer the following questions about a circuit shown in Fig. 1.

R4

R
e
| S

R

O

Fig.1
(1) LetR; =20[kQ], Ry=50[kQ], and R3 = Ry = Rs = Rs= 100 [kQ]. Assuming that ideal operational amplifiers

are used in the circuit, represent the output voltage Vy, using input voltages 1, V2, and Vs,

(2) Briefly explain the role, in the entire circuit, of the section surrounded by the broken line.
(3) When using actual operational amplifiers in (1), there is a possibility that Vo deviates from the result

derived in (1), depending on the values of 7, V2, and V3. Explain a possible reason briefly.

P.2. List 1 is an implementation in C language of quick sort void quicksort (int af], int left, int right) {

that rearranges data in ascending order, where void

inti, j, pivot;
swap(int a[], int i, int j) is a function that swaps the if (left < right) {
values of a[i] and a[j] in array a. Answer the following i=left, j=right
questions. pivot = a[(left + right) / 2
while (1) {

{1) What do we call a function that refers to itself like

il 2 < i -
the quicksort function in List 17 while (ali] < pivot) i+,
(2) Fillin (A) and (B) in List 1.

(3) Inthe algorithm of List 1, there is a possibility that

while (pivot < a[j]) j-;
if (i>=j) break;

the calculation time significantly increases. Explaina ?wap Fa, L)

remedy for this problem, together with the reason AN

why it works. }
quicksort (| (A) );
quicksort {| (B) );

}
}
P. 3. Explain the following terms briefly. List 1

(1) *Observability” in control theory
(2) “Strong AI” and “Weak AI”

(3) “Backlash” in mechanisms
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Problem 2A (Required Elective)

Consider a system in which a weight with mass m is connected to a frame by a spring with spring
constant k& and a damper with damping coefficient ¢ as shown in Fig. 1. The frame and the weight
can move only in the vertical direction in the figure. The displacements of the frame and the weight in
the inertial system are u and x, whose origins are their positions when both are stationary. Let the
relative displacement be y = u — x.

P.l.  Answer the following questions on the motion of the weight.
(1} Express the motion equation of the weight without using x.
(2} When the frame is vibrated with a simple harmonic motion at the angular frequency w and
the weight is in a steady state, let the amplitude ratio and the phase difference of the relative
" displacement y with respect to the frame displacement u be r(w) and 8(w),
respectively. Derive r(w) and tan 8{w).

P.2.  Answer the following questions on an acceleration sensor using this system. Consider an
acceleration sensor whose input is the frame acceleration a and output is the current { =
K;y (K; > 0). This sensor has a mechanism to reduce the relative displacement y by
applying force f = K,I (K; = 0) to the weight,
(1} Derive the transfer function G{s) of the sensor.
(2) Draw the Bode diagram {gain diagram and phase diagram) of the transfer function G(s),
when m=0.01, k=1, c=0.02, K;=1,and K; = 0.
(3) In (2), describe how the frequency response of the sensor changes when m, k, and ¢ are
modified.
(4) In(2), describe how the frequency response of the sensor changes when K, is increased.

P.3.  Answerthe following questions on how to implement an acceleration sensor using this system.
Let the frame be a cube with a side of 50 mm. All the components must be built in the frame.
(1) List three sensors that measure the relative displacement y and describe the operation
principle, advantage(s) and disadvantage(s) of each sensor.
(2) List one actuator that applies force to the weight to reduce the relative displacement y and
describe the operation principle.

T,
2 Z
2 - 2
7 Weight X
) |m B
Z %
7 %
]k c g
? 11
Frame Ezzzzzz2272

Fig. 1
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Problem 2B (Required Elective)
Answer the following questions regarding the data structures and algorithms for map information,

P. 1. Arrange the following time complexities expressed in big-O notation in ascending order, The variable n isa:

positive integer,
0(n), 0(n?),0(nlogn), 0(logn)

P. 2. List 1 shows a function extracted from a program written in C language.

()

@)

Express the relationship between the return value of this function and the argument num with an
equation. The argument num is a positive integer, For a real number x, the integer m that satisfies
x — 1 <m < x may be written as floor(x).

Represent the time complexity of this function in big-& notation.

P. 3. The placement of points on a two-dimensional plane can be expressed using a quadtree. A quadtree starts

from a root node. Here, the region represented by the root node is a square. A child node represents each

quadrant obtained by equally subdividing the region of the parent node into four squares. Each node either

has four child nodes or does not have any child nodes at all. A node including multiple points branches

repeatedly until the child node contains one or less point. The length of the side of the region represented by
the node of depth d is Lg. The depth of the root node is d = 0, and the length of the side of the region
represented by the root node is Lg. Points do not exist on the boundaries of the regions.

()

)

()

(4)

(5)

Figures 1(a) and 1(b) show examples of quadirees and subdivided regions of points {Py, P,} and {P», P3,
P4}, respectively, The child nodes follow the Z-order; NW, NE, SW, SE. Following Fig. 1, draw the
quadtree representing the points {A, H, K, O, S} on the map of Fig. 2 and the corresponding regions.
Represent the relationship between Ly and Ly with an equation.

When the maximum depth of a quadtree is D, find the maximum number of nodes of the quadtree. Note
that the number includes the root node.

When there are two points in the region represented by a node of depth d, represent the relationship
between Euclidean distance of the two points b and L, with an inequality expression.

Let s be the distance between the closest pair of points. Find the upper bound of the maximum depth of
the quadtree,

P. 4. Suppose there is a quadtree with cities on a map registered as points. Using this quadtree, consider an

efficient algorithm to search the nearest city of & certain city on the map and describe its outline.

@ d=0 {__rtoot )
int divide(int num) { NW NE NW/NE/ \SW\SE
. Po® d=1 O O
int count = 0; Po Ps

. . Pie
int i = num; Sw SE
while (i > 0) {
i /= 4;
count++; () d=0 =
! * d=1 OO N
return count; » P2
[« d=2 )
b4 3 P3 P4
P4 @
List1 Fig. 1




MEMO
(Do not detach this page)



