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(1) BRI DD n ETORMS, TUTOL I IZEEEND. S, ZfEL L TETE#E int S(int n)
FERBEEAVCIBEALERVWRVWESD 2B FiT.

Sp=Sp1+n, EELS =1

(2) (1) OFRZAVZE# int S(int n) X o X 5 LRENEZ 5%A#%6.E®i5&
RIEEMNRZ 22, F, RERI B3Pl X.

(3) LATOTu 75 A85H 5. apply(add, x, y) ikx &y ®MEIEL, apply(wul, x, y) ix
&y DMEIEY. LUTOTREEZIED L.

typedef irt (xfunc) (int, int};

int add(int x, int y) { return x + y; }

int mul(int x, int y) { retuwrn x * y; }

int apply(func f, int x, int y) { retuwrn _______________ . ____ .
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wEEHT3.

W= W uyx (1)
+1 (a20)
-1 {a<0)

F 7z, M#predict() 12B%K g9(a) = { FRWT

d—1

predict(w,x) = Q(Z Wi T5) (2)
i=0

EEHETS. EELJIEESwLxDRELTD.

(1) VA 19D (A) RED L.

2) Zo7urIaeRITLEEOHAZEE.

(3) VA N 1D (B) #8p, R (2) @S BECHET 2K sum() 2EHT L.

(4) VA B 15D (C) IR (2) ® g wir; RIS T 2. ETERLEZEK swm() 2RV ETE
BIZFEWT 27 ATC) 2L, FRIERSERZERLAALTLHEY.

F':FJS. DA ML Txs = [[0,0,1], ‘[0',1,1]’ [1,0,11, [1,1,111,7s = [-1,1,1,-1] &+5.
(1) o= f?‘l-\%ﬁﬁ"}"é EBEEZ AD, T FOHEMAEEAX.

(2) 2D xs, ys OWTHEEBEITHLICTa S ZLE2HRLEY. Z20RDORE~S
{EBRR==—FNRy b7 2ERE L. ¥, FOEAEFIOEHFTEL STRET
R L.



#!/usr/bin/env python

u=0.25

def main():

v = [0.125, 0.125, 0.25]

o= [0, 0, 0, 0]

xs = [[lo, o, 1], [0, 1, 11, [1, o, 1], [i, 1, 111
ys = [-1, -1, -1, 1]

while o != ys:
for j in [0, 1, 2, 3]:
o[j] = predict(w, xs[jl)
if o[jl !'= ysljl:
w = update(w, xs[jl, ys[jl)
print (o)
print (w)

def update(w, x, y):

def sum (£, a, b):
if a > b:
return O
else:
return (f(a) + (B) )

def predict(w, x):
{9

if a »= 0:
return 1
else:

return -1

main()
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(Academic Year 2017)

Mechano-Informatics (Subject)

Date : 2016, August 22 (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 1 (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. Failure to fill up these blanks may void your test score.

7y An answer sheet is regarded as invalid if you write marks and/or symbols unrelated to the answer.

§) 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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Prob!em 1 (Compulsory) '

P. 1. Figure 1 shows an inverted pendulum. A cart with mass M, is on a smooth level surface. An external force
f moves the cart along the x axis. One end of a uniform thin rod is connected to the cart with a pivot joint
and rotates in the xy-plane. The mass of the rod is M,, the length is L, the position of the pivot joint is
(x,0), and the angle from the vertical direction is 8. Friction is negligible. The gravitational acceleration is
g. Answer the following questions.

(1) Obtain 7, the moment of inertia of the rod about the rod’s center of mass.

{2) Derive equation(s) of motion of the inverted pendulum by using the Lagrangian.

Fig. 1

P. 2. Answer the following questions about logic circuits, where xy, x;, v € {0,1}.
(1) Write a truth table of a NAND gate with inputs x;,x, and an output y shown in Fig. 2.

Xy

A2

Fig.2

(2) Show that a two-input OR gate can be formed only using NAND gates shown in Fig. 2 with a logical
formula. Then draw its logic circuit diagram.

(3) An artificial neuron with a fixed bias input x4 = 1, and inputs x,,x, shown in Fig. 3 has an output y
subject to the following equation. Provide an exampie of the weight values w;{i = 0,1,2) so that the

 artificial neuron works as a NAND gate.

xp=1 Wo
2
Xy Wi _ 1, if wix; > 0
V y — i=0
W2 - o, otherwise
2
Fig. 3

P. 3. Explain the following terms briefly.
(1) “process” and “thread” in operating systems
(2) “Gaussian filter” in image processing
(3) “sampling theorem” in digital signal processing
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Problem 2A (Required Elective)

Consider an elevating machine in Fig. | consisting of & winch, rope and basket. Assume that the winch has radius
r, moment of inertia J, and drive torque 7, and that mass of the basket is #1;. Answer the following questions. For
simplicity, mass of the rope can be ignored. Also, friction is negligible.

P.1. Velocity v [m/s] of the basket is controlied as depicted in Fig, 2. When J = 100 [kg m?], » = 0.80 [m], m; =
1000 [kg], calculate the maximum number of revolutions per minute [rpm] and the maximumn value of 7
[N m] of the winch with 2 significant figures. The acceleration of grawty is 9.8 [m/s?]. Ignore the rope
elongation and contraction.

P.2. Inamotion of an elevating machine in a tall building, elastic effect of the rope becomes non-negligible. To
model this effect, assume a system consisting of points of mass with mass myg, #; and a spring with spring
constant & on the horizontal plane as shown in Fig. 3, where force fis applied to mg. Let xo and x) be
displacements of mpand nn from the resting positions, respectively.

{1) Obtain motion equations of the two-mass system in Fig. 3.

'(2) The motion equations in the above (1) can be expressed as AX + a)ozAx = f/m,, where Bx (=xp—x1) is

a rope elongation. Obtain we in this equation. In problems below (including P.3.}, wo may be used.

(3) As shown in Fig. 4, a step force of /= f was applied at time ¢ = 0. Derive the time variation of Ax, and
illustrate it graphically.

{(4) As shown in Fig. 5, after a step force of f=f; was applied at time ¢ = 0, an additional step force of /= 2]’6
was applied at # = #, in order to eliminate an oscillatory component of Ax. Obtain 7.

P.3. Consider a position control of #7; in the model of Fig. 3.
(1) In the above P. 2. (1), with input f'and output x;, obtain transfer function G(s) = Xi(s)/F(s). F(s) and X1(s)
are the Laplace transformations of U and x1(?), respectively.
(2) For the above G(s), a feedback system was constructed as shown in Fig. 6. Xy is the Laplace
transformation of target x«f). K and T are constants. Derive the condition for this system to be stable.

v [m/s] I I
5 i ' %y
Jo Js
(f y
L s D f ™ -1
Fig. 2 Fig. 4 Fig. 5
rope
X, 4 2 F X
d o K Ts G(s) 1;;
T 1+ 7
basket | —
ml o
Fig. 1 Fig. 3 ' Fig. 6
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Problem 2B (Required Elective)

P. 1. Answer the following questions about programming in C.

(1) S, denoting the sum of natural numbers from 1 to n is defined as follows. Describe a
function int S{int _n) that returns S, as its value in two ways, one with a recursive call
and another without it.

Sp = n_1+ﬁ , where §;1=1

(2) A problem may occur in the recursive implementation of the function int S(int n) in (1)
when n inc¢reases. Describe the problem and its cause.

(3) The following program is given. apply(add, x, y). returns the sum of x and y, and
apply(mul, x, y) returns the multiplication of x and y. Fill in the underlined part
below.

typedef int (*func) (int, int);

int add{int x, int y) { return x + y; ¥
int mul(int x, int y) { return x * y; }
int apply(func f, int x, int y) { return

P. 2. List 1 is a program in Python for learning.
The function update() updates w according to the following equation, where w is a weight
list, x is an input data list, » is a learning rate, and y is a correct label.

W =W + uyx (1)
The function predict () calculates i1 .
predict{w,x) = g(Z Wik) (2)
i=0
using the function g(a) = +1 Ea i g; , where d is the length of the lists w and x.
— a

(1) Fill in (A) of List 1.
(2) Write the output of this program when it is executed.

(3) Define the function sum(), which corresponds to the symbol > in Equation (2), by filling
in (B) of List 1.

(4) (C) in List 1 corresponds to Z‘f;ol wyz; in Equation (2). Fill in (C) with the shortest
possible code using the function sum() defined above. If necessary, you may define new
functions and/or variables and use them.

P. 3. Assume xs = [[0,0,1], [0,1,1], [1,0,1], [1,%,11],ys = [-1,1,1,-1] in List 1.
(1) Describe what happens when this version of the program is executed, along with its reasons.

(2) Consider improving the program so that it succeeds in learning for this xs, ys. Illustrate
the simplest possible neural network for this purpose. Also, explain, in about five lines,
how to update its weight list. '



#!/usr/bin/env python

u=0.25
def main():
[0.125, 0.125, 0.25]
o [0, 0, 0, 0]
xs = [[0, 0, 1], [0, 1, 1], [4, O, 11, [1, 1, 1]]
ys = [-1, -1, -1, 1]
while o != ys:
for j in [0, 1, 2, 3]:
ol[j]l = predict{(w, xs[j])
if ol[jl != ys[jl:
w = update(w, xs[j], ys[jl)
print (o)

1l

w

print (w)

def update(w, x, y):

def sum (£, a, b):
if a > b:
return O
else:
return (f(a) + (B) )

def predict(w, x):
(C)

else:
return -1

main ()

List 1
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