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#include <stdio.h>
#include "stack.h"

int main() {
push(’o0?);
push(’y’);
push('k?);
push(’o?);
push(’t’);
while (lempty_s(}) {
) printf("%c ", popQ);

return 0;

JA b 1 (mainl.c)

('#include <stdio.h>
#include <stdlib.h>
#include "element.h"

int main{) {
ELEM el,e2,e3, *ep;
JgJ-

el.v = H
e2.v = '8’;
ed.v = '+,
el.p = &e2;
e2.p = &e3;
e3.p = NULL;

for (ep = &el; ep I= NULL; ep = ep->p) {
printf("%c ", ep-»v};

1
printf("\n");

#include <stdlib.h>
#include "element.h"
ELEM #*root_s = NULL;

int empty_s () {
return (root_s == NULL);

void push{char x) {
ELEM *e;
e = (ELEM #*)malloc(sizeof (ELEM));
if (e '= NULL) {
e->v=X;

(A)

root_s=e;
¥

char pop() {
char r = 0;
if (tempty_s()){
ELEM #e;
esrooct_s;
r=roct_s->v;

(B)

free(e);

return r;

U A b3 (stack.lh)

#ifndef _ELEMENT_H_
#tdefine _ELEMENT_H_
typedef struct element {
char v;
struct element *p;
} ELEM;
#endif

YA b b (element.h)

return O;
b
- S/
AL 2 (main2.c)
4 ™\
1: #include <stdio.h>
2: #include <ctype.h>
3: #include “"stack.h"
g: #include "queue.h"
8: int main() {
7: enqueue{’9?);
8: enqueue{’8’);
9: enqueune(’+’);
10: enquene(’7’);
11: enqueune(’%’);
12:  enqueue{’6’);
i3:  enquene(’-?);
14:  while (lempty_q()} {
15: char ¢ = dequeune();
18: if ( isdigit(c) ) {
17: push(c-’0’);

}
printf ("}d\n", pop());
return 0;

YA b 4 (main3.c)
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(Academic Year 2018)

Mechano-Informatics (Subject)

Date : 2017, August 21 (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.

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

8) Ewven 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 electric circuits.

(1) Derive the transfer function for this circuit.

o— 1" -L O
Vin T Gy R, TVouc
O T O

(2) Derive the transfer function for this circuit.

Ry |R—2| o
O—:_Ln_n

Vi? G C2 TVout
U I

(3) Let R, = 100[Q], R, = 1[MQ], €; = 2[mF], C, = 200[nF] in (2). Draw the Bode plot for the
circuit.

P.2.Let xy,%,, ..., X,be samples of an explanatory variable x € R%, and yy,y,,...,¥, be samples of the
response variable ¥ € R. Using a vector w = (a7 b)" consisting of a coefficient vector a € R? and
bias b € R, and a vector x' = (x7 1)7 consisting of the explanatory variable x and a constant 1, a

linear regression model can be expressed as § = w'x'. Here w can be obtained using the least

squares method.

(1) Define an objective function for deriving w.
(2) Derive w.

P. 3. Explain the following terms briefly.
(1) “Forward Kinematics” and “Inverse Kinematics” in robotics.
(2) “Best First Search” in algorithms.

(3) “Planetary Gear” in mechanisms.
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Problem 2A (Required Elective)

Consider a single-link robot arm shown in Fig. 1. The rotational joint of the link is driven by a DC motor through
a gear reducer with a reduction ratio of 1:n. The torque applied to the link is = in the counterclockwise direction,
the angle of the link is 8 with respect to the vertical axis, the mass of the link is m, the moment of inertia of the
link about the axis of rotation is I, and the distance between the axis of rotation and the center of mass is H. The
gravitational acceleration is g. The outpﬁt torque of the motor is Ty, the input voltage is u, the back
electromotive force is ey, the armature current is i4, and the rotational angle of the motor is &,,. The moments of
inertia of the gear reducer and the armature are negligible. The torque constant of the motor is Ky, the back
electromotive force constant is Kg, and the armature resistance is R,. The armature inductance is negligible.

Friction is negligible. The gear reducer provides the equality né = Gy.

P. 1. Answer the following questions regarding the motion of the robot arm.
(1) Derive an equation of motion of the robot arm with 7 and & by using the Lagrangian.
(2) Describe the relation between 7, and T.
(3) Rewrite the equation of motion derived in (1) with Ty and 8.
(4) Describe how the moment of inertia of the robot arm affects the motor rotation when using the gear
reducer and not using the gear reducer (n = 1), by referring to the inertial term of the equation of

motion.

P. 2. Answer the following questions regarding the DC motor that drives the robot arm.
(1) Describe Ty with Ko.
(2) Describe g4 with K.
(3) An equivalent circuit of the motor is shown in Fig. 2. Describe u with the other variables in Fig. 2.
(4) Describe Ty asa function of u and Gy.

P. 3. To eliminate the effect of gravity, the robot arm is placed horizontally. Answer the following questions
regarding the control of the robot arm.

(1) Obtain an equation of state of the robot arm. Note that the state vector is x = [g] and the input is .

(2) Examine the controllability of the system described in (1).

(3) A state feedback u = —Kp6 is applied. Assume that Kp is a positive real number. A large Kp tends
to cause oscillatory motion of the robot arm. This oscillation can be suppressed when the reduction ratio
is large enough. Explain the reason for this effect with reference to the roots of the characteristic
equation of the system.

Fig. 2
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Problem 2B (Required Elective)

P.1. Explain a stack and a queue in data structures in about one or two lines. You may use

diagrams if needed.

P.2. Answer the following questions. Lists 1-5 are written in C.

(1)

(2)

(3)

(6)

Write the output of the program of List 1, when it is executed. Functions push(), pop(Q)
and empty_s() are defined in stack.h. Functions push() and pop() perform stack oper-
ations. Function empty_s() returns true when the stack is empty.

Explain the relations among ep, el, e2 and e3 in each ‘for’ loop by using diagrams,
when the program of List 2 is executed.

Fill in (A) and (B) of List 3 in one line each, so that it behaves as a stack.

Write queune.h that defines functions enqueue() and dequeue() which manipulate a
queue, and function empty_q() that returns true when the queue is empty. You have to
use element.h of List 5.

Reverse Polish Notation is a postfix notation, in which every operator follows all of its
operands. The notation denotes “add 1 and 2” as 1 2 +, instead of 1 + 2 in infix notation
commonly used. Rewrite the following expressions in infix notation into Reverse Polish
Notation.

(3-4) x5
(3%6)+(4/2)

Reverse Polish Notation enables us to implement a calculation of an expression easily as
follows: The input tokens are read in order; if the token is a numerical value, then push
it on a stack; if the token is an operator, where it is assumed to be a binary operator
+ - * /, then pop the two values from the stack and push the calculated value on the
stack. These operations are repeated until the input is empty, and the remaining value
in the stack is the result of the calculation. The program of List 4 is an implementation
of the above procedure for the case that the numerical values in the input are either one
digit natural number or zero. Explain the meanings of the 7th-13th lines, 14th-15th lines,
16th line, and 17th line, each. Fill in (C) of List 4. Function isdigit () returns true if its
argument is a numeric character.




: ™

#include <stdio.h> #include <stdio.h>
#include 'stack.h" #inclnde <stdlib.h>
#include "element.h"
int main() { . .
push(’0’}; int main() {
push(’y’); E%EM 51;3?193: *ep;
push(’k’); 22'3 ; J8!:
push(’0’}; ed.v = +7;
push(’t?}; el.p = &e2;
while (lempty_s()) { e2.p = &e3;
printf{"%c ", pop(); e3.p = NULL;
' : for (ep = &el; ep != NULL; ep = ep~>p) {
y return 0; printf("c ", ep->v);
¥
\_ v printf ("\n");
. . Teturn §;
List 1 (mainl.c) ¥
\.
e ~ List 2 (main2.c)
#include <stdlib.h>
#include "element.h"
ELEM *root_s = NULL; s
1: #include <stdio.h>
int empty_s O { 21 #include <ctype.h>
== . 3: #include "stack.h"
return (root_s NULL) ; 4: #include "gueue.h"
5:
) 6: int main() {
void push(char x) { 7: enquene(’9:);
ELEM *e; ) 8: enquene(’8*);
e = (ELEM *)malloc(sizeof(ELEM)); 9:  enquene(’+’);
if (e = NULL) { 10:  enqueune(’7?);
e->y=x; 11:  enqueue(’**);
(A) 12:  enqueue(’6?);
= 13:  enqueune(’-?*);
t_s=e; ;
root-sTe 14: while {(lempty_q(}) {
} 15: char ¢ = dequeune();
16: if ( isdigit{c) ) {
char pop() { 17: push(c-’0’);
char r = 0;
if(tempty_s()){
ELEM =*e;
e=root_s;
r=root_s->v;
(B) (C)
free(e);
return r;
h g 4 £ ("%a\ O]
. : printf("¥d\n", pop());
List 3 (stack.h) Fy return 0;
o
#ifndef _ELEMENT H_ List 4 (main3.c)

#define _ELEMENT_H_
typedef struct element {
char v;
struct element *p;
} ELEN;
#endif

List 5 (element.h)
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