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Rondomness-induced effect on asymptotic
periodicity for random dynamical systems:
Numerical experiments

Kensuke ISHITANI

(Dept. of Mathematics), et al.
It is known that the Perron Frobenius operators of
piecewise expanding C’-transformations have an
asymptotic periodicity of densities. On the other hand,
external noise or measurement errors are unavoidable in
practical systems, and therefore, every realistic
mathematical model should be regarded as random
iterations of transformations. The aim of this paper is to
discuss the effects of randomization on the asymptotic

periodicity of densities .
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Let f be a monic polynomial with integer coefficients.
The aim is to state several observations on the
distribution of roots of /' modulo prime powers. They

give new difficult problems.
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Explosion problems for symmetric Markov
chains
Kanji ICHIHARA (Dept. of Mathematics) .
This paper discusses the explosion problem for
continuous time Markov chains associated with a class of
difference operators of self adjoint form. In order to do

this, we apply some techniques based on the theory of

Dirichlet forms.
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Randomness-induced effect on asymptotic periodicity

for random dynamical systems: Numerical experiments

Kensuke ISHITANI Y and Hiroshi ISHITANT 2

Abstract

It is known that the Perron Frobenius operators of piecewise expanding C2-transformations have an asymptotic
periodicity of densities. On the other hand, external noise or measurement errors are unavoidable in practical
systems, and therefore, every realistic mathematical model should be regarded as random iterations of trans-
formations. The aim of this paper is to discuss the effects of randomization on the asymptotic periodicity of

densities.

1. Introduction

It is known that if 7' : [0,1) — [0,1) is a piecewise
expanding C2-transformation, then its corresponding
Perron Frobenius operator L7, which we define in
Section 2, has the following property of the asymp-
totic periodicity of densities: There exist probability
density functions ¢;; € L' = L'([0,1)), and func-

tionals A; j on L' (1 <i<s,1<j<m(i)) sat-
isfying (i) {gi,; > 0} N {gxy > 0} = ¢ for (4,]) #
(k,0), (i) Lr(giz) = gij1 for j = 1,...,m(i) — 1

and L7(gim@)) = 9i,1, and (i) lim, o H/jg(f _
S SN (Hgig) || = 0 for fe L.

On the other hand, when considering practical
systems we cannot avoid either external noise or mea-
surement or inaccuracy errors, so every realistic math-
ematical model should be regarded as random itera-
tions of transformations T, (y € Y):

Ty, 0Ty, 00Ty,

which is the first coordinate of the skew product

S™(z,w) = (Ty, 0T, 00Ty x,0"w)
defined in Section 2 ([2]). In this paper we restrict
ourselves to the case in which transformations 7,
are independently chosen. Under some assumptions,
the random iteration S is known to have the asymp-
totic periodicity in the above sense ([3], [4]). This
paper is concerned with the problem how the asymp-
totic periodicity would be effected by this kind of
randomization.

Let (X,F,m) be a probability space and T
X — X be a nonsingular transformation for y € Y,
i.e., a measurable transformation satisfying m( L(A))

—OforallAe]-'wmhm(A)—(). L(m)=LY(X ,]-',m)

denotes the set of m-integrable functions.

We denote the set of parameters y € Y for which
the Perron Frobenius operator Lr, has the asymp-
totic periodicity of densities in question by Y.

There exist density functions g( v e L'(m), and func-

tionals )\(z) on L'(m) (1 < i < s(y), 1 < j <
m(y,i )) satlsfylng the following conditions:

(@) {0 > 0} N {g¥) > 0} = ¢ for (i.5) # (k.1).
(it) Lz,(9%) = g, jﬂ for j =1,...,m(y,i) — 1, and
Lr, (gffﬁl@,i)) =g
s(y) m(y,i)
(iii) lim ez, (f = A g” M, om =0,
=1 j=1

for f € L'(m), where s(y) € N, m(y,i) e N (1 <i <
s(y)), and L = (L1,)".

In this paper, we consider the case in which Y;
is not a set of probability 0, and the skew product
S has the asymptotic periodicity of densities: There
exist probability density functions g; ; € L'(m) and
functionals \; ; on L*(m) (1 <i<s, 1< j <m(i))
such that
(i) {905 > 0} O {ga > 0} =  for (5,) # (k. 1),

(i) £5(gi;) = Gij+1 for j = 1,...,m(i) — 1 and
L5(gi,m(:)) = 9i,1, and
s m(i)
(iii) hm HES f- lel)\’j )95 HLl(m) 0,
i=1j

for f € L'(m), where s € N, m(i) € N (1 < i < s),
and L = (Lg)".
It must be noted that g; = (1/m(i)) ZT(? i

and ¢ = (1/m(y,1)) ZmW )gl(yj) are the ergodic
probability densities of S and y, respectively. We
have the following results: For any ergodic compo-
nent {g; > 0} of S and for almost all y € Y7 there
exists at least one ergodic component {g,iy) > 0} of
T, which is a subset of {g; > 0}, and therefore, the
number s of ergodic components of S is not greater
than s(y) of T, for almost all y € Y7. Further, the
period m(i) of S on the ergodic component {g; > 0}

is the divisor of a period m(y, k) of T;, on {g(y) >0}

1) Department of Mathematics, Meijo University
2) Department of Mathematics, Mie University
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for almost all y € Y;. We precisely present it as
Theorem 1 in Section 3.

Further, in Theorem 2, we show that if we as-
sume that T, is an identity map I; with positive
probability, then S|y 0y, S restricted to an ergodic
component {g; > 0}, is exact for i =1,...,s.

The remainder of this paper is organized as fol-
lows: In section 2, we briefly recall the necessary no-
tions and results from the general theory of Perron
Frobenius operators and those from the random it-
erations of transformations. In section 3, we discuss
the main results and present some examples with nu-
merical experiments.

2. Preliminaries

In the first part of this section, we give the definition
of the Perron Frobenius operator and state its basic
properties that are necessary for our discussion. In
the second part, we briefly recall the necessary no-
tions and results from the theory of random iteration
of transformations.

Let (X, F,m) be a probability space and T : X —
X be a nonsingular transformation, i.e., a measur-
able transformation satisfying m(T~1(A)) = 0 for
A € F with m(A) = 0. We denote a set of p-th
integrable functions on X with respect to the mea-
sure m by LP(m) = LP(X,F,m) (p € [1,00]). We
define the Perron Frobenius operator corresponding
to (X, F,m,T).

Definition 1. The Perron Frobenius operator L1 on
LY(m) is defined by

dmf
= — 2.1
LT dm ) ( )

where my(A) = [ 14 f(x)dm(z).

The Perron Frobenius operator is characterized
by the following proposition.

Proposition 2.1. For f € L'(m), L7 f is the unique
element in L*(m) that satisfies

/ (Lr f)(@)h(z)dm(z) = / f(@)h(Tx)dm(x)
b's b's

(2.2)
for h € L*(m).

As an operator on L'(m), L7 has the following
properties, which are easily shown from Proposition
2.1.

Proposition 2.2. The operator L1 on L*(m) is pos-
itive, bounded and linear, and has the following prop-
erties:

(1) Lp preserves integrals, i.e.,

/X (o f)(@)dmi(z) = /X f(@)dm(z)

holds for f € L*(m);

(2) For f € L'(m) we have the inequality

(Lo f)(@)] < (Lr|f))(x),  (m-a.e.);

(3) Lt is a contraction, i.e., [| L7 fll 1 (m) < If 121 (m)
holds for f € L'(m);

(4) L = Lpn holds, where L} = (Lr)"™ and Lpn
represents the Perron Frobenius operator correspond-
g to T";

(5) For g € L>(m) and f € L*(m), we have g(Lrf) =
(Lr((geT)f)), where (goT)(x) = g(Tx);

(6) Lof = f if and only if f(z)dm(x) is invariant
under T'.

We define the random iteration of m-nonsingular
transformations as follows:
(i) Let Y be a complete separable metric space, B(Y)
be its topological Borel field and 7 be a probability
measure on (Y, B(Y)).
(ii) Define Q =112, Y and let us write B(£2) for the
topological Borel field of 2. We insert the product
measure P =112, 71 on (2, B(Q2)).
(iii) Let {T}y; y € Y} be a family of m-nonsingular
transformations on X such that the mapping (z,y) —
T,x is measurable.

In order to study the behavior of the random iter-
ations, we consider the skew product transformation
S: X xQ — X xQ defined by

S(z,w) = (T,,x,0w) (2.3)

for (z,w) € X x Q, where wy represents the first
coordinate of w = (w;)72; and o : Q — Q is the shift
transformation to the left (o((w;)2) = (wit1)52;).
It must be noted that, for n € N, we have

S"(z,w) =Ty, 0Ty, 0 0T, x,0"w). (2.4)

Therefore, we can consider the random iteration
as m S"(z,w), writing 71 : X x Q@ — X for the pro-
jection onto X. Under these settings, T.Morita ([5])
investigated the existence of invariant measures and
their mixing properties. His method is also useful for
our purpose.

Because T, (y € Y') are m-nonsingular transfor-
mations, S is a nonsingular transformation on (X x
O, F x B(Q),m x P). Therefore, we can define the
Perron Frobenius operator Lg : L' (mxP) — L*(mx
P) corresponding to S by

/ / o(2,0)(Ls ) (@, w)dm(z)dP(w)

X xQ

_ / / £(,0)9(S(z, w))dm(z) dP(w)
XxQ

for all g € L (m x P), where LP(m x P) = LP(X x
O, F x B(Q),m x P) for p € [1, 0.
Lemma 4.1 in [5] can be rewritten as follows:

Proposition 2.3. (i) If (Lsf)(z,w) = Af(x,w) for
[A| =1, then f does not depend on w.
(ii) For any f € L*(m), we have
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(Ls)(ww) = / (Cx, [)@)n(dy), (m x P-ae),

(2.5)
and hence Lsf € L*(m).

This proposition allows us to consider Lg as an
operator on L*(m). This also gives us the following
key proposition:

Proposition 2.4. Suppose that (Lsf)(z,w) = g(x)
(m x Pa.e.) holds for non-negative functions f(x)
and g(x) € L'(m). Then, there exists a set Yy €
B(Y) with n(Yy) = 1 such that for wy € Y,

(To))"Hg >0} 2{f >0} (m-a.e.),

m ({f >0} \(

1s satisfied.

T.) Hg>0) =0 (26

3. Main results

To present our main results we assume the asymp-
totic periodicity of densities of Lg in the following
sense:

Assumption 1. There exist probability density func-
tions g;; € L'(m), and functionals \;; on L*(m)
(1<i<s, 1<j<m(i)) such that

(Z) {giJ > O} n {gk,l > 0} = ¢ for (7’7]) # (k,l),

(”) ‘CS(gi,j) = Jij+1 forj =1, ’ m(z) -1 and
‘Cs(gz m(z)) =4i1, and

s m(7)

(i) hm & (f- ZZ)‘J

i=1 j=1

for f € LY(m), where s € N, m(i) e N (1 <i < s),
and L% = (Lg)™.

)9i.j HLl(m) 0

Let Y7 denote the set of parameters y € Y for
which there exist probability density functions g(y)

L'(m) and functionals )\(yj) on LY(m) (1 <i < s(y),

1< <m(y,i)) satlsfylng the following conditions:
(i) {91 > 0} N {g) > 0} = ¢ for (i.4) # (k.1).
(ii) .cT (gf?) = gfyjH for j =1, ..., m(y,i) — 1 and

['Ty( 9; m(y z)) - gz(yl)

s(y) m(y,i)
0 i 1,732 32 DO =0
=1 j=

for f € L'(m), where s(y) € N, m(y
s(y)), and E’:}y = (Lg,)"

Let us note that 7(Y7) is positive in many cases
in which the above Assumption 1 is satisfied for Lg.
Remark that Proposition 2.4 can be clearly rewritten
as the following proposition under the above assump-
tion and notations.

,i)eN(1<i<

Proposition 3.5. There exists a set Yy € B(Y') with
n(Yo) = 1 such that

{9i; >0} C T, {giji1 >0} (1<) <m(i)—1)
{9i,m@) >0} C Ty’l{gi,l >0}
holds forye Yy andi=1, ..., s

FRIFTE e No.54 2014

Remark 3.1. Define g; = (1/m())zgn(? gi; (1<

= (1/m(y, i) T4 g (1< <
s(y)). Then, g; and g(y) are the densities of the er-
godic invariant probabilities of S and T, respectively.

i <s) and g(y)

Theorem 1. Suppose that Assumption 1 is satisfied.
(1) Forie€ {1,...,s} andy € YoNY1, we have {g; >
0} NUi (gt > 0} # ¢ and {g; > 0} > {g?) > 0}
for some ko € {1,...,s(y)}. This means that the
number s of ergodic components for S is not greater
than s(y) for T, (y € YoNY7).
(2) Assume that y € YoNYy, i € {1,...,s}, and
k € {1,...,s(y)} satisfy the relation {g; > 0} D
{g,iy) > 0}. Then, m(i) is a divisor of m(y, k).
Proposition 3.5 immediately shows the following:
Theorem 2. Suppose that Assumption 1 is satisfied.

Ifn{y € Y; T, = 13}) > 0, then m(i) = 1 for
1€ {1,...,s}, where Iy is the identity map on X.

4. Example

In this section, we consider the unit interval X =
[0, 1], Borel field F = B([0,1]), and Lebesgue mea-
sure m on (X, F). Further, we use an initial function
as fo(z) = 2z for x € [0, 1], and a complete separable
metric space as Y = {y1,92} C R (y1 # y2). Thus,
the Perron Frobenius operator Lgf is obtained as
follows:

(Lsf)(x Zn (L1, (@), z € X.

k=1
4.1. Example 1

/ /7 ;)

. /) /)
° 04 /us / o.s/

o 02

Figure 1: {R7z; = € [0,1]} for 7 = (2,1).

We consider the transformation Rg given by: Rz =
x (mod 1) for x € X. For mg € N, we define the
subintervals Jy (1 < k < mg) as

k—1 k
Jk:E|: 7)7(1§k§m0_1)7

mo mo
1
and Jp,, = |1 — —,1].
mo
It must be noted that X = (J;-°; Ji holds. Then, we
define the transformation R” : X — X as

1 —1
RTxE—Rg(mox—k+1)+Tk 5
mo mo

forz e Jp (ke {l,...,mp}),
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Figure 2: Results of (L}-fo)(-) for 7= (3,4,2,1),
n=1,2,95, 96, 97, 98, 99 and 100.

s =92 =93 n=94J—L
L ﬂ

f g ﬁ %f
:Zi\ji U AI—L|L7 n= 100?

Figure 3: Results of (L~ fo)(+) for 7= (4,5,6,2,3,1)
and 92 < n < 100.

n=1 15 n=2

18
16 16

14 14

12 12

n=99 n =100

Figure 4: Results of (L% fo)(-) with T, = R(3:4,2,1)
and Ty, = R*>623D for n = 1, 2, 97, 98, 99 and
100.

where 7 = (71,...,Tm,) is a permutation of the set
{1,2,...,mo}. The graph of {R7z; = € [0,1]} for
T = (2,1) is illustrated in Fig 1. The Perron Frobe-
nius operator Lr- f is obtained as follows:

1 r k-1 7,—1
(CRTf)(x)—3{f<3+ = 3m0)
X k—1 Tk72
+f(3+ mo B 3m0>
r k—1 71,-3
+f(3+ mo B 3m0>}
for x € J,, = R™(Ji) (1 <k <myg).

411, RGA2D and RES623.D
Here, we consider the random iterations of transfor-
mations:

T, = RGBA42D 414 T, = R(45,6,2.3,1)

with n({y1}) = n({y2}) = 1/2.

The graphs of (L7, fo)() (y = y1,92) and (L fo)(-)
are illustrated in Flg 2, Fig 3, and Fig 4, respectively.

Then,

Y =Yy =Y = {y1, 52}, s(y1) = s(y2) = s =1,
m(y1,1) =4, m(y2,1) =6, m(1) = 2.

can be obtained. Further, the density functions are
defined as

g () = 4 x L g (@), z€ X, (1<) <4),
g§y32)($) =6 x 1[%%](@, reX, (1<5<6),
g1,5(z) =2 x 1[%%](1‘), reX, (1<j5<2).

Based on the results in Fig 2 (n = m(y1,1) x 25 =
100), Fig 3 (n = m(y2,1) x 16 = 96) and Fig 4
(n = m(1) x 50 = 100), we can confirm that 0 <
)\gyj)(f ) < A(lyj)+1(f0) holds for j = 1,...,m(y,1) —
1 (y € {y1,y2}), and that 0 < A1 1(fo) < A1.2(fo)
holds. It must also be noted that

U{g<y1>>0} U{gl > 0}) € {g1,1 > 0},

U{g@l) > 0}) U U{g@” > 0}) C {g1.2 > 0}

hold, and m(1) = 2 is a divisor of m(y;,1) = 4 and
m(yz,1) = 6, which corresponds to the results in
Theorem 1.

4.1.2. RG421 and I,

Here, we consider the random iterations of transfor-
mations:

T,, = R®*2Y and T, = I,
with n({y1}) = n({y2}) = 1/2.
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Figure 5: Results of (L2 fo)(-) with T, = RG421
and T, = I4, for n =1, 2, 95 and 96.

The graphs of (L% fo)(-) are illustrated in Fig 5. Since
Lr,f = f, we have the following result

}/1 = {91}7 Y = YO = {ylayQ}a S(yl) =Ss5= 1a
m(y1,1) =4, m(1) =1,

which corresponds to the result in Theorem 2.

4.2. Example 2

LI R [ A e A
ot —m————————————————fF———jf——f—
0.7 4
0.6 o
054 T
catrd A
wsrfp—4p—f— S
w44

[ A

o] T T T T
o 0z 0.4 06 08 1

Figure 6: {Q®(z);x € [0,1]} for a = 0.05.

For a constant a € (0,1/3), we define the subin-
tervals I, (1 <k <9) as

I = [ck—1,cr) (1 <k <8)and Iy = [cs, ¢9),
where (cx)7_, is defined as ¢y = 0,

= Ck—1 1 a, (k = 17579)a
b ck‘—l—"%a (k:27374a67758)'

It must be noted that X = Uizl I}, holds. Then, we
define the transformation Q(® : X — X as

QW

i+ Dt (=), vel (1<k<4),
= 01+D,i’§17k(x—ck,1), x €l (k=5),

cs + Dz’_SLk({E — Ckfl), x € I}, (6 <k< 9),
Ck4 —Ck3

ks.k
where Dkf’k;‘ = .
’ Cky — Cky

The graph of {Q@Wz; z € [0,1]} for a = 0.05 is
illustrated in Fig 6.

ES 3s
3 3

2 2

15 15

1 1

05 4‘///‘_ 05
0 b— 0 —
o o1 02 03 04 0s 06 o7 03 o9 1 o o1 02 03 04 05 06 07 08 o9 1

a 4

n=99 n=100

35 35
3 3
25 25
2 2
15 15

1 1
05 0.5 ﬂ
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Figure 7: Results of (ngbl)fo)(-) with @ = 0.15 and
by =a/4 (n=1,6,99 and 100).
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25 25
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Figure 8: Results of (Cg(a,@fo)(-) with @ = 0.15 and
by = —3a/4 (n=1,6,99 and 100).

Further we define the transformation Q(®? by
QPy = QW +b (x € X) for b € [~a,a]. The
Perron Frobenius operator £Q<a,b> f is obtained as
follows ((i)-(v)):

(i) (Lgan f)(x) = D(lj:if(co), for x = ¢1 + 0.
(i) (Lgeen (@) = DELF (s + DEG(a —b— 1))

4
+ > Di M fekoa + DY — b — ),
k=1
for z € (c1 + b,cq + ).
(i) (Lgun f)(@) = Dygf(ca+ Digla —b—cr)),
for € (cqg + b, c5 + 1)
(iv) (Loun f)(@) = DY f(ea+ Dig(e —b—c1))

9
+ ) DEF F(oroy + DESM (@ — b —c5)),
k=6
for x € (¢5 + b, cg + b].

(v) (EQ(a,b)f)(li) =0, for x €[0,c; +b) U (cs + b, 1].

For a = 0.15, by = a/4, and by = —3a/4, we define
the transformations Ty, , T),, and S as

Tyr=QWx forz e X (k=1,2),
with n({y1}) = n({y2}) = 1/2.
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The graphs of (Eg(a,bk)fo)(') (k=1,2)and (L% fo)(-)
are illustrated in Fig 7, Fig 8, and Fig 9, respectively.
Then,

Y =Yy =Y1={y1,92}, s(y1) =2, s(y2) =s5=1,
m(yla 1) = m(y1v2) = 17 m(y271) = 1a m(l) =1

are obtained. Further, we have the densities gﬁi)(m)
(k=1,2), g%’f)(m), and g1 1(z) such that

{91 > 0} G {911 > 0} and
{9 > 0} G {911 >0}
hold, which correspond to the result in Theorem 1.

45 4.5
4 n=1 4

35 35
3 3
25 25

2 2

15 15

1 1

05 05

0 0
0 01 02 03 04 05 06 07 08 08 1 0 01 02 035 04 05 05 07 08 08 1

45
4
35

n=6

n=100

25
2
15
1
05
0

Figure 9: Results of (£%fo)(-) for T, = Q(*) (k
1,2) with a = 0.15, by = a/4 and by = —3a/4 (n
1,6,99, and 100).

5. Conclusion

In this paper, we studied the effects of randomiza-
tion on the asymptotic periodicity of densities. We
showed that the supports of ergodic probability den-
sities for random iterations include at least one sup-

port of ergodic probability density for each m-nonsingular

transformation. This implies that the number of er-
godic components for random iterations is not greater
than the number of ergodic components for each m-
singular transformations. We also discussed about
the period of limiting densities of random iterations.
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Building Photosynthesis from Artificial Molecules

Toshi NAGATA"

Abstract

Herein described are attempts in the author’s laboratory to mimic crucial processes in photosynthesis by synthetic

molecules. General introduction on photosynthesis is given first, and three representative works are reported: (1) synthesis

and photoreactions of single-molecular quinone pools, (2) photooxidation of alcohols by TEMPO/porphyrin/quinone

system, and (3) photoreduction of haloalkanes by porphyrin/cobalt hybrid system.
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Fig.2 Basic scheme of photosynthesis.
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Fig.3 Redox processes of quinones.
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Fig.4 Hypothetical quinone pools designed by (a)
self-assembly, (b) linear-chain polymer.

£

(a) (b)

I

Fig.5 Molecular design of quinone pools by use of
dendrimers. (a) Quinones at the terminal positions, (b)

quinones at the internal positions.
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Fig. 6 The quinone pool molecule studied in this work.
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Fig. 7 Synthesis of the quinone pool molecule.

Fig. 8 Photoreduction of the quinone pool molecule.
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Fig.9 Reaction mechanism of photoreduction of quinones

sensitized by porphyrins.
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Fig. 10  One-electron oxidation of TEMPO followed by

oxidation of alcohol.
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Fig. 11  Photooxidation of alcohol by
TEMPO-porphyrin-quinone ternary system (R = t-butyl).
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Fig. 12 Reaction mechanism of photooxidation of

alcohols by TEMPO-porphyrin-quinone system.
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Fig. 13 Dependence of the initial rates of photooxidation
on the oxidation potentials of porphyrins.
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Fig. 14 Synthesis of a Co(IT) complex of a binary ligand.
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Fig. 15 Synthesis of a porphyrin-Co(II) linked molecule.
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Fig. 16 Photooxidation of hydroquinone by a
porphyrin-Co(II) linked molecule.
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Fig. 17 Plausible mechanism of photooxidation of
hydroquinone by a porphyrin-Co(II) linked molecule.
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Construction of One-dimensional Molecular Assembly by Non-covalent Bondings and Rational
Design of Low Molecular-weight Gelators

Norifumi FUJITA"

Abstract
Aiming at rational design of low molecular weight-gelator, tetraphenylporphyrin derivatives bearing meso-phenyl
substituents attached with amide groups as hydrogen bonding sites were synthesized. These molecules successfully
formed gels in various kinds of organic solvents. The geletor molecules form one-dimensional assemblies which were
clearly observed by transmission electron microscopy. UV-Vis spectra and IR spectra also supported one-dimesional
assemblies of the gelators through hydrogen bondings and m- & interactions. Given such molecular design, diacetylene
groups, photo-reactive monomer, were introduced into the porphyrin gelator. The diacetylene-functionalyzed porphyrin
gelator also gave gels in organic solvents and formed long one-dimensional assemblies reaching to several tens of micron
meters long with unimolecular width. Upon irradiation of UV light to the assemblies on HOPG, photo polymerization of

diacetylene moieties along the assemblies successfully occurred.
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Fig. 1 Molecular structure of 1 and 2.
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Fig. 2 X-ray structure of 2: side view (upper) and top

view (lower).
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cyclohexane.
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Fig.4 Molecular structure of 3.
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Fig.5 TEM image of the Decalin gel of 3.
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Fig. 6 AFM images of a) the decalin gel of 3, b) the
decalin gel of 3 without UV irradiation after chloroform
rinsing, and c) the decalin gel of 3 after UV irradiation and
chloroform rinsing. These processes were conducted on
HOPG. Conditions: [3] = 1.0 g dm™, 500 W high pressure
mercury lamp, 25 °C.
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5. ZEXH
1) For comprehensive reviews for organogels see (a) van Esch,

J.; Schoonbeek, F.; de Loos, M.; Kooijman, H.;Veen, E. M.;
Kellogg, R. M.; Feringa, B. L. In Supramolecular Science:
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Where It Is and Where It Is Going; Ungaro, R., Dalcanale, E.,
Eds,; Kluwar: The Netherlands, 1999; 233-259. (b)
Melendez, R. E.; Carr, A. J.; Linton, B. R.; Hamilton, A. D.
Struct. Bond. 2000, 31-61. (c) Shinkai, S.; Murata, K. J.
Mater: Chem. 1998, 8, 485-495.

2) Shirakawa, M.; Kawano, S.-i.; Fujita, N.; Sada, K.; Shinkai,
S.J. Org. Chem. 2003, 68, 5037-5044.

3) Shirakawa, M.; Fuyjita, N.; Shinkai, S. J. Am. Chem. Soc.
2005, 127,4164-4165.
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Phase Transition of Vehicular Traffic Flow Induced by Driver Response

Yasushi YOKOYA"

Abstract
Microscopic dynamic properties of traffic flow are studied from the aspects of both individual vehicle behavior and driver
operation. We measured the time series of single-vehicle data in urban traffic and determined the nature of fluctuations
around the nonequilibrium phase transition of local vehicular traffic. The probability-density function calculated from the
time series of variation of velocity is transformed around the phase transition, where a Gaussian distribution changes to a
Lévy stable symmetrical distribution. By analyzing the microscopic dynamic processes of traffic flow in the critical region
in connection with a discrete stochastic process involving random amplification with additive external noise, we found the
relation between the driver's response to perceptual quantities and a power-law probability density distribution. The
empirical data of deceleration in a car-following situation obtained from driving simulator experiments indicated a large
dispersion of perceptual quantities about the relations with a preceding vehicle during operation of the brake pedal. These

results suggest that brake pedal operation is closely related to the random amplification in a discrete stochastic process that

exhibits a power-law probability density distribution of the variation of velocity.
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Fig.1 A schematic diagram of the measurement system.
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Fig2 Time series of typical stable states: (a) successive
variation of velocity, (b) velocity, and (c) following distance.
Velocity and following distance are normalized by the
maximum velocity of Fig.3 (b) and the maximum following
distance of Fig3 (c), respectively.
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Fig.3 Time series of typical unstable states: (a) successive
variation of velocity, (b) velocity, and (c) following distance.
Velocity and following distance are normalized by the
maximum velocity and the maximum following distance,
respectively.
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Fig.7 Appearance of the wide-view fixed-base driving simulator.

Table 1 Specifications of driving simulator.

. 3-DOF, 4 wheels, Load-shiftable model
Vehicle model
(2000cc class passenger car)
Tire model Map data based on Magic Formula Tire model
Steerin Microsoft force feedback steering system
e (Steering gear ratio: 4)
Projector Liquid crystal, XGA, 2200ANSI Im
Horizontal 237 deg (Including a 150 deg curved surface
screen size screen)
Yertlcal sereen | 5, deg
size
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Fig. 8 Time series signal observed in deceleration of a vehicle:
(a) acceleration of the preceding vehicle, (b) acceleration of the
following (subject) vehicle, (c) ((d)) voltage proportional to
pedal stroke of accelerator (brake).
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Fig. 9 Time headway averaged over all subjects at two operation
points (accelerator and brake) for six different deceleration rates
of the preceding vehicle.

4. FEO

AT, BEHOFRAEA I =X LOfEAZ B L LT
Fex MZNETIATH CEIAEOME P LTZ. FE
Ha WA TIRREOBINC L 0, 2@ RS
AL DRI ORFHOZRMENY, S THE & O BIR
WD RTA NSOREENEIRMEE 13T & W2 R
DI Lo TE D AR LT, — T, K94
UV a2 b—Z B HWZBIEGE TOFER T, ST
HH] & O BIRD DITHMIZ 7 L — M ERRE S
TWRWZ LR LTe. O, NSWEEZ AT
L7 7/NARE AR EE, KO REIEEZAECDHT
— XAV ED HA N EL T 2 e 2 R i) AR
EINTNDLEEZLND. /INSUVHE S T 7 71~
ZIVOBSRZONWTL, BEESEEZ A I 71T RS
A NEOZEFRITR BRI T80, (ERDHDIBIEE
TIVD XS\ THEATHELE & OFERBIR A =T U
ARECH D, —J7, KO REEEZRESELTL—
AL IUZDNTE, BERCEMESY A IV JIC R T4
ANEDOZEBN R SNT=720, FORFEEIGNIT D4
ERH D, FEEOEIRRIL T, FIA/NERA % %12
AN SNDREER TR T, ZORESE Tz
TR SN FRIZR EHRA L, Bkl TEh%
WELTNDZ &I, FERKAEEIRD A /L 7p L
LRGBS 5.2 DINT- L7050, A%, FH
IZ XD EITERD BE SN KT A /SO, TR
DREFEL RTA LT 2 b—2FEROELIV
BRI & OBIREFA DN LT 720121, Ja
BEOEZIZH D, FRECTRNCBIT 2 AN O
WFE F CES A A TZHFZE N LB & B b,

32




HE) Bl OIS & BT A DI E

SER

1) KA, 298, (UM @dE RSSO s 1T
LFEMCROMEY, 2B, Vol 39, no. 3, pp. 41-46,
2004.

2) BT, AR 10knvh (EHE U7 i HUE TH )
B 20kmvh (ZHINTS D &, FEETTIRELS 60%.1 < [A]
EU, D 10kmv/h 725 20kmvh (SHIINT % &,
HERIR( (NOx) DOPEHIEIL 35%LL LA S D,

3) Y. Yokoya: Qualitative change of fluctuation observed in real
traffic flow, Physica D, Vol. 239, pp. 207-213, 2010.

4) Y. Yokoya, Y. Asano and N. Uchida: Qualitative change of
traffic flow induced by driver response, Proceedings of
Systems, Man and Cybernetics (SMC 2008), IEEE
International Conference, Singapore, 2008.

5) Y. Yokoya, Y. Asano and N. Uchida: Qualitative Change of
Car-Following Behavior Observed in Real Traffic, Traffic
and Granular Flow *07, Springer, pp 233-243, 2009.

6) VLB FIERE EoD & 2 L 2 G HIIRRRIPY L it U 7 HEpl]
BOERSND. 723, HAIRFRNZ0 (ZidE L7 H
WA AR & RS, IR B oD B R 7o
VIHHET DB M OME DO CERSND. HHE
I3, B EOHNTERREY 72 0 AR D L CERS
Ihd.

7) D. C. Gazis, R. Herman and R.W. Rothery: Nonlinear
Follow-the Leader Models of Traffic Flow, Operations
Research, Vol. 9, pp. 545-567, 1961.

8) P. G Gipps: A behavioural car-following model for computer
simulation, Transportation Research B, Vol. 15, pp. 105-111,
1981.

9) W. Leutzbach and R. Wiedemann: Development and
Application of Traffic Simulation Models at Karlsruhe
Institut fur Verkehrwesen, Traffic Engineering and Control
Vol. 27, No. 5, pp. 270-278, 1986.

10) M. Bando, K. Hasebe, A. Nakayama, A. Shibata and Y.
Sugiyama: Dynamical model of traffic congestion and
numerical simulation, Phys. Rev. E, Vol. 51, pp. 1035-1042,
1995.

11) P. S. Addison and D. J. Low: A Novel Nonlinear
Car-Following Model, Chaos Vol. 8, No. 4, pp. 791-799,
1998.

12) P. Chakroborty and S. Kikuchi: Evaluation of the General
Motors based Car-Following Models and a Proposed Fuzzy
Inference Model, Transportation Research C, Vol. 7, pp.
209-235, 1999.

13) M. Treiber, A. Kesting and D.Helbing: Understanding

PR B TR FE s No.54 2014

widely scattered traffic flows, the capacity drop, and
platoons as effects of variance-driven time gaps, Phys. Rev.
E, Vol. 74, 016123, 2006.

14) X. MA and A. Ingmar: Behavior measurement, analysis, and
regime classification in car following, IEEE International
Conference on Vehicular Electronics and Safety (ICVES),
Vol. 8, Nol, pp. 144-156, 2007.

15) T. S. Komatsu and S. Sasa: Kink soliton characterizing
traffic congestion, Phys. Rev. E Vol. 52, pp. 5574-5582,
1995.

16) D. L. Gerlough and M. J. Huber: Traffic flow theory, Special
report Vol. 165, Transportation Research Board, National
Research Council, Washington, DC, 1975.

17) W. Leutzbach: Introduction to the Theory of Traffic Flow,
Springer, Berlin, Germany, 1988.

18) L. Neubert, L. Santen, A. Schadschneider and M.
Schreckenberg: Single-vehicle data of highway traffic: A
statistical analysis, Phys. Rev. E, Vol. 60, pp. 6480-6490,
1999.

19) J. -P. Bouchaud and A. Georges: Anomalous diffusion in
disordered media - statistical mechanisms, models and
physical applications, Phys. Rep., Vol. 195, pp. 127-293,
1990.

20) M. F. Shlesinger, G M. Zaslavsky and J. Klafter: Strange
Kinetics, Nature, Vol. 363, pp. 31-37, 1993.

21) K. Nakanishi, K. Itoh, Y. Igarashi and M. Bando: Solvable
optimal velocity models and asymptotic trajectory, Phys.
Rev. E, Vol. 55, pp. 6519-6532, 1997.

22) D. Sornette and R. Cont: Convergent Multiplicative
Processes Repelled from Zero: Power Laws and Truncated
Power Laws, J. Phys. I France, Vol. 7, pp. 431-444, 1997.

23) R. J. Koppa: Human factors, in Traffic Flow Theory, edited
by N. Gartner, C. J. Messner, and A. J. Rathi, Transportation
Research Board (TRB) Special Report, Vol.165
(Transportation Research Board, Washington, D.C., Chap.3,
1992.

24) M. A. Brackstone, B. Sultan and M. McDonald: Some
Findings on the Approach Process between Vehicles on
Motorways, Transportation. Res. Rec., Vol. 1724, pp 21-28,
2000.

25) M. Morita, M. Matsushima, T. Yamazaki and Y. Kurihara:
Unconstrained Measurement of Heartbeat of a Vehicle
Driver by Dual Pneumatic Sensing System, Proceedings of
SICE-ICASE International Joint Conference, Busan, pp.
3702 —3705, 2006.

26) M. A. Brackstone and M. McDonald: Dynamic Behavioral

33




HE) Bl OIS & BT A DI E PR B TR FE s No.54 2014

Data Collection Using an Instrumented Vehicle,
Transportation Res. Rec., vol. 1689, pp. 9-17, 1999.

27) Y. Zhang, L. E. Owen and J. E. Clark: Multi-regime
approach for microscopic traffic simulation, Transportation

Res. Rec., vol. 1644, pp. 103115, 1998.

28) M. Treiber, A. Hennecke and D. Helbing: Congested traffic
states in empirical observations and microscopic simulations,
Phys. Rev. E, vol. 62, pp. 1805-1824, 2000.

Rz Bl k25 410 A 3 H)

34




FEAR SRR T DR AR BN B4 2 HUERH R S LY
Z Ol « BT A ZA~DIEH]
HbEw Y

Numerical Calculation on the Vortex Behavior in Superconducting Films and
Its Application to Circuits and Novel Devices

Masumi INOUE"

Abstract

Vortex behavior in superconducting films and related current distribution were studied by numerical calculation, and

application of such analysis to superconducting integrated circuits and novel devices was investigated. Two calculation

methods are introduced: one is the shape-dependent current distribution by finite element method, and the other is the

distribution of parameters such as the order parameter, magnetic flux density, etc. and its time evolution by the

time-dependent Ginzburg-Landau (TDGL) equation. As the application of such calculation to circuits and devices, vortex

exclusion to the moat in a ground plane of superconducting circuit and properties of asymmetrical superconducting

nanobridges are discussed.
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Fig.1 Examples of the calculation of the bias current
distribution for bridges with different shapes. Current
distribution on the x axis is shown in the case of &<w<A
(& coherence length, A: magnetic penetration depth). (a)
both sides are concaved. (b) one side is straight and the

other side is concaved.
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Fig3 Examples of the calculation results using TDGL

equation for a rectangular superconducting thin film. (a)
current distribution, and (b) magnetic flux distribution.

BRI AR LB E I T RS R 1+(SFQ) & 1 e
R &9 2 SEQRIEHHUC L » T 1 HEATRE ORI §,
DETHELN TS Y, SR REL b &
AENEZ S SR RO~ T v 7 IR E R B,
BEEEREKTIE, V90 R L—r TN ARG
EREDRIT HAILTN DA, B A BYSERAEIC T DA
DIFRETY a7 Y VAR N7 v 7 Sz
WE ST, FIREMEICR A 52 7o\ SGRTI R & ks
TIHODE—F LWV ITNT T R L— AT B
TND, E— NOIRSFEIZ WX ERRRE 17
MTOITNWED, EEOIN—TTIE, L VIR
E— FOJEIRSEE 24 5729, TDGL JifEic &
HIRIVT w7 AFED I a2 Lb— g VEIToTND
B0 2 I, Figd (ST & 9 (RO & PHL BT
W2 TR Ul oS R RICE— N & LTORS
FEOREBHIFT-ET N EEZ, RO Z OMEIC R
VT 7 A I ERSAE LT B D DRV T 7 ADHE
DIV TR B Z 5, B ESERSIFTER
DBERERRY) S 70 2 & B RAET 5 LA T OR(7) % i H

L7,
]
a )

ay_
i

NN B DFEIRNTIRNGRT, BRFZEEOH)
T X M E 2, X7 ML« RT3y VORI
X0 &3%, Ziud, oS WVEEEEREETEN, 155
KIZE VRN T v 7 APERENDRIAE T 5, =
NEFRRESEL Z LY, AT v 7 2A0RE— |

=0 %)

A
N
Superconductor | eriodic boundary
Him condition

| Free boundary
condition

Fig4 Simulation system and boundary conditions.

37




R ZEAR I O R B 5 5 BUARH R B LU DIl - BT/ A ANDIEH

Position of the vortex

generation

160 :ll i LI L | L o (36, 24)

- o (27, 102)

140 E x (32, 15)

= © (35, 55)

120 ¢ + (33,89)
=100 o R S
= - - .
‘;’ 80 F \\ .
» Lines exténdedd
60 F G Tram the Short
40 E side of the moat;
20 F = A
o - ——-’——-——:

0O 10 20 30 40 50 60
X [div]

Fig5 Vortex trajectories to the moat for the simulation

model [1]. Position of the vortex generation for each vortex is

shown in the upper right.
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Fig6 Vortex trajectories to the moat for the simulation
model [2]. Position of the vortex generation for each vortex is

shown in the upper right.
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Fig.7 Acceleration of the vortex as a function of the
distance between the vortex and the moat for the simulation

model [1]. Position of the vortex generation for each vortex

is shown in the upper right.
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Fig.8 Acceleration of the vortex as a function of the
distance between the vortex and the moat for the simulation
model [2]. Position of the vortex generation for each vortex

is shown in the upper right.
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Cell Assembly based on Micro-Nanomanipulation Techniques

Toshio Fukuda® 2), Masahiro Nakaj ima3), Masaru Takeuchi”

Abstract
This paper presents some cell assembly techniques based on the micro-nanomanipulation techniques. The 3D assembly
techniques are categorized by manipulation dimension of cell structure in 0D/1D/2D. Four different techniques developed
in our research group are introduced in this paper for 1) thermal gel probe manipulation technique, 2) magnetic
manipulation of cell embedded hydro gel, 3) self-assembly of cell embedded microstructures by microfluidic chip, 4)

reeling fiber system of cell embedded hydro-gel. These cell assembly techniques are important to realize artificial 3D

tissue construction for regenerative medicine, bionic simulator, investigation of biological systems and so on.
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Fig. 1  Cell manipulation techniques for the directions on cell
analysis and bio-sysnthesis depending on dimentions and
numbers of cells.
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Fig.2 Cell assembly techniques from 0D/ 1D/ 2D space for 3D
cell assembly from single cells.
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Table 1  Fabrication method of cell structure depending on the
dimention of manipulation in 0D/ 1D/ 2D spaces

Dimension of | Fabrication method Major advantage Major dis-advantage
manipulation | of cell structure

Fabrication by Photo- Arbitrary shape by 2-photon laser system

fabrication photo-patterning for 3D arbitral 7)
fabrication
Inkjet fabrication Arbitrary shape by Difficulty on injection @,38)
injection points without medium ’
Cell pattering by i ion of i D ding on the ©,9)
Electrophoresis cells pattern of electrode 4
Cell aggregation Structure fabricated by Depending on the (10,11,
by micro-well only cells pattern of well 12)
0D Cell agg i i by Limitation on the 3D (13)
by micro-fluidic flow  only cells shape
Thermal gel probe Gentle manipulation by  Limitation of 3D (14)
manipulation thermal gel manipulation
Magnetic gel particle  Batch fabrication by Depending on the
a A Sy q (15,
field pattern of magnetic
o 16)
field
Electro-d iti Local ication of gel- D ding on the
for fabrication of cell  cell structures pattern of electrode (17)
structures
Cell encapsulated Continuous fabrication Difficulty on direct 3D
Hydro-gel fiber by of gel fibers embedding  fabrication (5)
microfluidic chip cells
Magnetic Control of arbitral Difficulty in arbitral
1D i ion of i ion by 3D fabrication (18)
hydro-gel fiber magnetic force
Reeling hydro-gel Continuous reeling of Limitation of
fiber system cell encapsulated hydro-  fabricated shape (19)

gel fibers on 3D scaffold  depending on scaffold

Cell attached micro- 3D structure holding by  Limitation on the 3D
plate fabricated by micro-plate shape (20)
Origami method

Cell attached paper 3D structure holding by  Limitation on the 3D

fabricated by paper shape (21)
stacking process
20 Self: bly of cell  C Difficulty on large
embedded of microstructures inside scale fabrication (22)
microstructures by microfluidic chip
microfluidic chip
Cell sheet fabricated  Structure fabricated by Difficulty on arbitral @3
by temperature only cells 3D cell structure .
24)
response hydro-gel
N
Cell Sheet
2D Micro-Fluidic Chip
c Micro-plate
< g
S E -
23 1D Gel-fiber
[T
£ g [TTT A///—mTTT T
o | N
s Aggregation I
oD Electrophoresis |
Ink-jet
Photo-fabrication
S
>

pum mm cm

Size of fabricated cell structure

Fig.3  Size of fabtricated cell structure by different fabtricaion
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Enucleation of Oocyte by On-chip robot driven by magnet with gripping mechanism

Akihiko ICHIKAWA", Shinya SAKUMA?, Fumihito ARAT®, Satoshi AKAGI"

Abstract

We developed a highly-functional untethered on-chip robot for cell handling and micro-knife made by Si to cut zona

pellucida of oocyte. The on-chip robot has a gripping mechanism which can grasp a cell or micro-object with sufficient

power. The position and handling force of the robot are controlled independently by the magnetic force. The permanent

magnets and electrical magnet are assembled together, and they are put under the microfluidic chip. The micro-knife had

made by grayscale lithography technique. We demonstrated a cutting of zona pellucida and pushing out a part of cytoplasm

of bovine oocyte.
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Fig.1 Concept of the enucleation by using on-chip robot and
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Fig.2 Enucleation process by using on-chip robot and micro-knife.

This method reduces the process of the enucleation.
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Fig.4 Over view and microscopic image of fabricated on-chip

robot.
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Fig.8 Result of enucleation and growth test of bovine oocyte. We
succeeded in enucleation of three oocytes. These oocytes were grown to
morula.
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Robot System Development with RT Middleware

Kenichi Ohara"

Abstract

To solve the reusability of robot control software, middleware platforms for robot have been developed. The robot

middleware has possibilities to decrease working time for robot system programing. RT middleware, which is one of the

major middleware platforms, is focused in this paper. To show the activities for RT middleware-based robot system

development, several approaches based on RT middleware, which include service robot systems and intelligent home

automation system, are introduced.
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Explosion problems for symmetric Markov chains

Kanji ICHIHARAY

Abstract

This paper discusses the explosion problem for continuous time Markov chains associated with a class of difference

operators of self adjoint form. In order to do this, we apply some techniques based on the theory of Dirichlet

forms.

1. Introduction

Let S be a denumerably infinite set. In this paper
we shall investigate explosion properties of a continu-
ous time Markov chain defined on S whose transition
probability matrix {p;(z,y)}s yes satisfies the follow-

ing condition:

every state is stable i.e. for each x in .S,
1
= lim —{1 —
q(w) = lim =41 — pi(w, 2)}

(which always exists) is finite.

Our basic tools are certain techniques based on the
Dirichlet form theory, which was introduced in Ichi-
hara[6]. In Section 2 we prove some general crite-
ria for conservativeness and explosion of minimal re-
versible Markov chains on S which are associated with
a class of Dirichlet forms. These criteria are applied
to give tests for conservativeness and explosion of the
processes in terms of their jump rates and invariant
measures in Section 3. Finally Section 4 is devoted to
a discussion of conservativeness for a class of Markov
chains which are not necessarily symmetric. It will be
shown there that conservativeness is invariant under
a small perturbation of the corresponding coefficients

in the infinitesimal generators.

2. Criteria for conservativeness and explosion

of reversible Markov chains

Let a(z,y) and m(x) for z,y € S be nonnegative

numbers satisfying the following conditions:

(A.1) for any z,y € S

a(z,y) =a(y,z) 20, a(xz,z)=0,

(A.2) for any z € S

0<a(z):= Z a(z,y) < oo,

yes

(A.3) for any z € S
m(z) > 0.

Througout this paper, m is viewed as a measure on
S. Define a nonnegative definite symmetric bilinear

form & by

&(u,v) = % > alz,y) {ulz) — u(y)} {o(z) —v(y)}
z,y€S

for u,v € Cp(S) , the set of real valued functions on
S with finite support. The bilinear form & defined
above is called a symmetric form on L?(S,m) , the set
of square integrable, real valued functions on (S, m).
Since the symmetric form & on L?(S,m) is closable,
the smallest closed extension € of € is a regular Dirich-
let form. Consequently there exists a unique minimal,
m-symmetric, stable Markov chain (X3, ¢, P,) whose
Dirichlet form is €, where ¢ denotes the life time of the
process X;. Let p;(x,y) denote the transition matrix
of the chain X;. Note that the process (X;,(, P.) co-
incides with Feller’s minimal Markov chain associated

with the infinitesimal generator L defined by

1

Lu(z) = )

3" alz,y)(uly) - u(z), z€S.

yeS

In fact, the transition probability p;(x,y) satisfies;

lim pt(xay) _ a(m,y) fOI‘ T 7& v,
tl0o t m(x)

1) #FER
1) Department of Mathematics
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lim 1 —p(z,x) _ a(x) 7
10 t m(x)

m(@)pi(2,y) = m(y)p:(y, ).
See Feller[2] and Silverstein[9] for the details.

Denote by {o,(w),n = 1} the successive times for
This is
an increasing infinite sequence such that ((w) =
nl;ngo on(w). Let og(w) := 0. Set Yy, (w) := X, () (w)-
It follows that {Y,,,n = 1} is a Markov chain with the

transition matrix defined by

jumps of X;(w) until the life time ((w).

a(z,y)
(@) for x # y,

P(z,y) =
0, for z = y.

The chain Y,, is called the embedded jump process of
X;. See for example Chung[l]. From now on, we put

the following hypothesis on the Markov chain:
(A4) Y,, n=1isirreducible.

Remark 1. The hypothesis (A.4) guarantees that the

a(> 0) - order Green function

Ga(xvy) = / e_atpt(x7y) dt
0

1s positive for any x and y in S.

Fix a point x¢ in S and define the hitting time of
xg by

inf {t 2 0| X¢(w) =x0}, if such ¢ exists,
To(w) =
o0, otherwise.
The a-equilibrium potential of the set {xo} is defined
by
Egle=2m], for a >0,

ea(z) =
P10 < (], fora=0,

for x in S where FE, denotes the expectation with
respect to the probability law P,. Let (-,-) denote
the inner product in the Hilbert space L?(S,m). Set
Ealu,v) = E(u,v) + alu,v), a = 0, for u, v in Cy(S).
Let F, = F4(S) be the closure of Cy(S) relative to
the norm &,. For o > 0, (F,, &) is a Hilbert space
and (Fo, Eo) is a Hilbert space if X; is transient. Let
us define the a- capacity of the set {z(} as follows: for
a >0,

Co{zo}) == inf {En(u,u) |u € Fo,u(zg) 21} >0
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and for a = 0, X; being transient,
Co({zo}) :==1inf {Ep(u,u) |u € Fo,u(xg) = 1} > 0.
We have the following lemma due to Fukushimal[3].

Lemma 1. (1) For a > 0,e, € F, and

Co{z0}) = Ealeara) > 0.

(2) For =0 and X; being transient, eq € Fo and

Co({zo}) = €o(eo, €0) > 0.
From the minimizing property of e, we obtain

Remark 2. For each u € F, with u(xg) = 0,
Ealeasu) = 0. In particular, if u(xg) = 1, it holds
that Eq(en,u) = Eqlen, o) = Co({xo}).

We are now in a position to state our general criteria

for conservativeness and explosion.

Theorem 1. The following statements are euivalent.
(1) Xy is conservative i.e. P[( =00]=1onS.

(2) For some o > 0,

S acal@)m(z) = Calfao}).

(3) For all > 0,

> aca(z)m(x) = Cal{z0}).

Theorem 2. Suppose Xy is transient. Then the limit

of Y resea(z)m(x) as a ] 0 erists and

B%;aea(x)m(x)
= Co({z0}), if P[(=00]=1onS,
€ (0,Co({zo})), if 0 < P[( =00] <1 o0n S,
=0, if P[¢=00]=0onS.

As a simple consequence of Theorem 2, we have the

following

Corollary 2.1. Suppose X, is transient. If

S eofw)mia) < oo,

€S

then P.J{ <oo]=1 onS.
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The next lemma which is an immediate consequence
of Remark 2 plays an important role in the proofs of
Theorems 1 and 2.

Lemma 2. (1) For a >0,
Ealeq,u) =u(xo)Co{z0}), ueE Fu.
(2) For a =0 and X; being transient,

80(60,’&) = ’LL(LL'())C()({.%‘Q}), u € Fy.

Proof of Theorem 1. Let f be a function in Cy(S).
Set

Gaof(®) =) Galz,9)f(y), a>0.

yeS
Then G,f € F,. Consequently we get by virtue of
Lemma 2 (1),

Zaea(x)f(z)m(l’) = aleq, f)

= aEa(ea,Gaf)
= aGof(w0)Co({zo}).

Letting f 1 1, we obtain from the monotone conver-

gence theorem,
Z aeq(x)m(z) = aGal(x0)Co({z0}).
€S

Since  aGal(zg) = afooo e~ P(t,z0,S)dt

¢
= FE,, [/ ae ™ dt] =1 — Eyle” ],
0
we obtain

Y aca(@)m(z) = Cal{zo})(1 = By [e*)).

If the condition (1) holds, FE.[e=*¢] =0 on S. Thus
the conditions (2) and (3) are valid.

Conversely, suppose the condition (2) in Theorem
1 holds. Then E, [e”?°] = 0,i.e. P, [¢ = oo] = 1.
Introduce po(x) := P.[¢ = co]. Then

po(x) = Ex[ Px,[( =00, t <(]
= Ex[po(Xe), t<(]
= (@, y)po(y)-

yeSs

Performing the Laplace transform, we get

po(z) = aGapo(z), =€ S.
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Thus po(xg) = 1 implies that po(z) =1, Gu(z0,-)—
a.e. on S. Since the support of the measure Gy (o, )
coincides with the space S and aG,(x¢, S) < 1, po(z)
is identically equal to the constant 1 on S. O

In order to prove Theorem 2, we need the following
lemma which can be verified in the same way as in
Ichiharal[5], Proposition 1.2.

Lemma 3. Suppose X, is transient. Then

lai% Ca({zo}) = Co({zo}) >0

Proof of Theorem 2. As was shown in the proof of

Theorem 1, we have

3" aea (@) m(z) = Cal{z0}) {1 - Eule]} .

z€eS

Letting « tend to zero together with Lemma 3 shows

lim 3" acaw)m(z) = Co({ro}) Pry ¢ = o).
€S

The proof of Theorem 2 is now completed by the

same arguement as that of Theorem 1. ]
3. Tests for conservativeness and explosion

Our objective here is to give sufficient conditions
for conservativeness and explosion of the chain X; in
terms of the coefficients a(z,y) and m(x) of the in-
finitesimal generator L.

We start with the following theorem for conserva-
tiveness, which is a special case of Theorem 1, I1.19.
in Chung[1].

Theorem 3. The chain X; is conservative, if the fol-

lowing condition is satisfied:

ES Ssu a(x)
&) s @)

< 00.

Proof. First note that e, () is the unique solution of
the Dirichlet problem:

Lu(z) —au(z) =0, x€S\{zo}
u(zo) = 1.

Using the a—harmonicity of e, we obtain

oo > Z aeq(z)m(z) = am(z)
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+ Z Za(x,y)(ea(y)_ea(x)) )

zeS\{zo} (YES
from the assumptions (A.2) and (x)

= am(zo) + Z Za(x,y)ea(ﬁy)

zeS\{zo} yeSs

- Y Y aey)ea)

zeS\{zo} yES

=am(zo) + Y ealy) Y. alz,y)

yeS z€S\{zo}
— Z a(z)eq ()
z€S\{zo}
= am(zo) + Z ea(y)(aly) — a(zo,y))
yes
— Z a(z)eq ()
z€S\{zo}
— am(zo) + a(zo) = 3 eay)alzo, y).
yeSs

On the other hand, for the function ug defined by

, for x = xg,

0, otherwise,

Remark 2 gives

Calfmo) = 3 3 ale,p)(eals) — ealy))

z,yeS

These imply that the condition (3) in Theorem 1 is
satisfied. O

In case of linear birth and death processes, Karlin
and McGregor[7] have obtained a necessary and suffi-
cient condition for conservativeness. We shall recover
it from our point of view. Let S denote the set con-
sisting of all the nonnegative integers. Suppose the

infinitesimal generator of the chain given by

Lu(z) = a(z)(u(z+1) —u(z)) + B(z) (u(z—1) —u(z)),
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where a(z) > 0 for all z in S, f(x) > 0 for all z in
S~ {0} and 5(0) = 0. Let (X;,(, Py),z € S be the
minimal birth and death process corresponding the

difference operator L. Set

a(z)a(z—1) -+ a(l)a(0)

B(z)B(x —1) -+ B(1) y=z+1,
a(z,y) = a(z =1) - a{1)a(0) e
Blz—1)---p(1) 7
0, otherwise

and

a(z—1) -+ a(l)a(0) o
m(z) = { B@)Bx—1) - B(1)’ 2

1, =0

It is evident that a(z,y) = a(y,z).>_, s a(z,y)< oo
and that a(z) = a(z,z + 1)/m(z), f(z) = alx,z —
1)/m(z). Thus the above linear birth and death pro-
cess is the symmetric stable Markov chain associated
with the Dirichlet form endowed with a(z, y) and m(x)
defined above. Let e§® denote the hitting probability
of x = 0 by the chain Xj;.

‘We have

Lemma 4.
P[¢=00] = L, Z:f > wes €6 (x)m(z) = oo,
0, if Y,es e () m(z) < oo

Proof. By virtue of Corollary 2.1, it is obvi-
ous that P[( = oo] = 0 if > _geg®(z)m(x)

< 00. In order to verify the other case, we introduce

oy=inf{t20|X; =y}, yes

and
n=inf{t=0[X;=0}.
Set
éy(z) = Exle % ;1 > 0y, r e s,
e¥(x) = Pylm < gy, xes.

The Dirichlet Principle ensures
€(eg, e5) = E(eq, 1 — &)
y—1
= - Z a(z,z +1)(ef(z) —ef(x + 1))
=0

x(8y(z) = &y + 1))
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Lu(z)
u(0) =0, wu(y)=1

I
=
8]
:_/
8
\
—
[N
<
[
dH

Suppose that X; is not conservative. Observe
that é,(x) is nonincreasing in y and convergent to
E.le %1 > (] asy — oo. Since E,[e ¢ > (]
is positive for all z 2 1 and has a nondecreasing prop-

erty in x, there exists a positive constant C'; such that

éy(x) Z Eule™Sm > (] 20
for x =1,2,...,y. Therefore we obtain
y—1
E(efef) = Cr Yy ef(x)ym(x) +a(0,1)(é,(1) — &,(0)).
r=1

Letting y tend to co, we obtain

S mla)es (x) < s,
r=1

since &(ef, ef) is nonincreasing as y tends to co. [
It is easy to see that
Pz alyy + 1)/ 3 paly,y + 1)

(when X is transient),

1, (when X, is recurrent).
Combining all of this, we finally obtain

Theorem 4. The linear birth and death process is

conservative if and only if

Zm Z (y,y +1)~! = o0

Let X; be a general symmetric stable Markov chain
in S = Z' (1 dimensional square lattice). For this case,

we have a very crude sufficient condition for explosion.
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Theorem 5. If

Zm(x) Zayy+ )Tl < o0

rx=1 y=x
and
> om) | > alyy+ 1) < oo,

r=—1 y=x
then P[{ <oo] =1 on S.

Let ef°(z) be the hitting probability of = 0 by
the chain X; as above. For the proof of Theorem 5, it

suffices to verify that X; is transient and satisfies

oo

Z eq’(x)m(x) < oc.

r=—00

Thus the theorem is immeadiate from the following

lemma.
Set 7, =inf{t 2 0]||X¢| = 2z} and define é&f(x) =
Px[Tl <5’Z].

Lemma 5. Under the assumption in Theorem 5, the

following bounds are valid.

VG Syalyy + 1) a2
VOUODy/ S, alyy + 1)), @ < -1,

and therefore X, is transient.

A

e (x)

Proof. Compute the zero-order capacity of {0} with
respect to the killed process
{ Xyt SmoNG, ) for z 2 1:

o0

G =5 D ale.y)(@ () — G(w)

T,y=—00

Z > aly,y+1)(Ey) —esy+1)°

Thus we get

&) = CiH{oN D aly,y+1)7"

y=t
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Noting that lim, . €§(t) = e5°(), it is easy to show
that

0, if X, is reccurrent

lim C§({0}) =
o0 ! Co({0}), if X; is transient.

(See Ichihara [6]) Therefore X is transient under the
assumption and the first inequality in Lemma 5 follows
immediately. The other inequality is also proved in the

same way. |

In what follows, we assume the embedded chain Y,
is an n dimensional simple random walk in Z"(n di-
mensional square lattice). Hence the infinitesimal gen-

erator of the chain X; is expressed as

Lu(x)

Qi u(z +e;) +u(z — e;) — 2u(w)}

%

where e; = (0,...,1,...,0), ¢ =1,...,n. In this case

we have

Theorem 6. If

Z m<oo,

zeZ\{0}

then the explosion of the Markov chain X; is sure.

This theorem also follows from Corollary 2.1 com-
bined with P1,page 308, Spitzer[10].

We shall next give a new criterion for conservative-
ness of symmetric stable Markov chains. To state it,
we assume that S can be partitioned as S = U2 (A,
so that whenever z € A; and a(xz,y) > 0, then
y€N_1UA UMy (Ag = ¢). Furthermore we as-
sume Y n a(r) < oo. Finally for convenience, we
assume that Ag = {zo}. f S =G
=a graph and if X; is a chain on G which can only
jump from a site to neighboring sites, then it is natural
to take

A; = {j — neighbors of z(}

= {z € G| the minimal number of edges
in a chain connecting to x is j}.

Set

A= Y alay),

TEAL,YEA L1
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Bi= sup AZ)

, for k > 1.
TEAE m(x)

Then we have

Theorem 7. If it holds that for some o > 0

N 1
lim H_ 14+ \/20&/3]‘ _
N—o00 o 1 '
DA
j=N

then the chain X; is conservative.

It should be remarked here that X; is recurrent if
Py A;l = o0o. See Nash-Williams[8] or Griffeath
and Liggett[4] for the details.

Proof. As was shown in the proof of Theorem 3, we

have

Cal{z0}) = €aleaea)
= a(xo) + am(xg) — Z a(zo,y)eqy).

yeS

On the other hand,

Z aeq(z)m(z) = Z Z aeq(z)m(x

zeS j=0xeA;
Using the a-harmonicity of e, in S\ {zg}, we get for
WS Aj7 ] z 17

> a(z, y)(ea(y) — ealr)) = am(z)eq(z).
yGAj_luAjUAj+1

Hence

N
Z Z aeq(x)m(x)

j=0xz€EA;

N
m(zo) + Y Y Y alz,y)(ealy) — eal@))

j=lael; yeA; _1UA;UN; 1

N
= am(zy) + Z[ Z a(z,y)(ealy) — ea())

1 xel; yel; 1

+ ) al@y)(ealy) - ealx))

wEAj,yEAj

+ Y ay)ea) - cal@)

€A, YENj+1

= am(zg) + Z a(z,y)(ealy) — ea())

rEAN,YEAN 11
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=" (w0, y)(ealy) - 1).

yEAL

Consequently we obtain

Z am(z)eq ()

zeS

= am(zg) + alzg) — Z a(ro,y)eq(y)

yEN
+ lim E
N —oco

TEAN,YEAN 11

a(x, y)(ea<y) - ea(l‘»'
In view of the proof of Theorem 1, we have thus ar-
rived at the following criterion for conservativeness.

Proposition 1. The Markov chain X; is conservative
if and only if

aq = lim E
N—+o00

TEAN,YEAN 11

a(z,y)(ea(y) — ea(x)) = 0.

Therefore in order to complete the proof of The-
orem 7, it suffices to show that a, = 0 under the

assumption. Set

Vy ::% Z

ac,yeu‘].”:NAj

a(z,y)(ea(r) — ea(y))”

mEU?‘;N+1

It is obvious that

Vi = alewea) =5 3 aleu)leals) - caly)?

m,yEUJN:oAj

o Y m@)eale) 45 Y alw,y)(eals) —ealy))

zeUN (A; T, yEAN

On the other hand, making use of the « - harmonicity

of e,, we have

DS

a(z,y)(ea() = ea(y))?

z,yeué\’:oAJ‘
= — Z ea(x) Z a(r,y)(ea(y) — ealr))
z€UN (A, YEUN A
= - Z eq () Z a(z,y)(ealy) — ea())
zeUN A, YyEUN HA,;
=3 ol p)(eals) — 1)
yes

- Z o () Z a(z,y)(ea(y) — ea(z))

TEAN yEAN
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+ > al@y)(ealy) — ealx))

YyEAN_1

=— Z m(z)eq(z)? — Z a(zo,y)(ealy) — 1)

Ul A, yeSs

+1/2 Z a(z,y)(ea(y) — ealx))?

z,yEAN

= 2 cal@) 30 al@p)(ealy) = cal@))

rzEAN YyEAN_1

= EalCan,Cn) — Z

N-1
TEU; 5 Ay

+1/2 Z a(z,y)(ea(y) — ealx))?

z,yEAN

=Y eala) Y alzy)(ealy) - cal@)):

TEAN yEAN_1

m(z)eq(r)?

Thus we have,

rEAN
4 Z ea(T) Z a(z,y)(ea(y) — eal)).
TEAN YyEAN_1

Hence

VEE Y eale) 3 al@y)(ealy) — eal))

z€AN YEAN_1

2 fa(z) /1

- % W‘W)ﬁ m((x)>\[2
X Valmeals) ~ el 0

by the Schwarz inequality,

S Y Vanieatay 2[4

TEAN

% Z a(z,y)(ea(y) — eq(x))?

YyEAN_1
By 1
< - o 2
= S Z 2a(x,y)(ea(y) ea(7))
TzEAN
YyEAN 1
2 <« By @ @
+ Z am(z)eq(z)” ¢ = Z(VN—l - VR).
TEAN
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Thus

[e] 1 [e] 1 «
VRS ——=VR S, ———=V5". (1)

= 20 = 20
L+4/5% L+4/5%
Turning to the lower bound for V7,

viz12 Y awy)(eal@) - ealy))’

z,yEUJ?C:NAj

>3 Y a@y)(eale) - ealy))

j=N z€A;
YEN ;11

Since the Schwarz inequality gives

S ale,y)eal@) —ealy)® S alz.y)

CEEAJ' ZEAj
YEA; 11 yEA 11

>3 Y aley)leals) —ea®) ¢

?L'EAJ'
YEN; 11

we get

Y al@y)(ealr) —ealy))’

J?EAj
YEA 11

{Z ven; a(z,y)(ealr) — ea(y))}

YyEN; 11

- A j

2
Ay

1\

because of the fact that

Y alz,y)(ealy) —eal@)) T aa <0

wEAj
YEN 11

as j tends to oo. Thus we obtain,

which implies a, = 0 by virtue of the assumption in

our theorem. O
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The following example illustrates Theorems 6 and
7.

Example 3.1 Let S = Z™. Suppose the embedded
chain Y, is a simple random walk in Z,, as in Theorem
6. If
xez"

(i) m(z) =

2
T 1+ |z?’
with a positive constant Cs, then the chain X; is con-
servative. As for explosion, if n = 3 and if

Cs

(ii)) m(x) < AT xeZ"

with positive constants C's and e, then the chain X; is
explosive a.s..

Indeed in view of Theorem 6, it is obvious that (ii)
implies the explosion of X;. In order to prove conser-
vativeness, set Ay = {k — neighbours of 0} and apply
Theorem 7.

4. A perturbation of conservative Markov

chains

In this section we shall make a remark on conserva-
tiveness for a stable Markov chain which is not neces-
sarily reversible.

Let (X}, P!),i = 1,2 be Markov chains on a denu-
merable set S as before. Denote by L; the infinitesimal

generator of the chain X} and assume L; is expressed

Lif(x) = ) ailw,y)(f(y) — f(x)), x€S
yeSs
where
a;(z,y) >0, 0 < a;(z) = Zai(x,y) < 0.

yeS

We now have

Theorem 8. Suppose

sup Z |a1($7y) - ag(x,y)| < 0.
mesyes

If the chain X} is conservative, so is X7.

Denote by ¢ the life time of X? and introduce two
semigroups T},i = 1,2 on Cy(S), the set of bounded

continuous functions on S as follows:
TLf(@) = Buf(XD)), T2f(2) = B, [f(X2) it < ¢
and set
Lpf(x) = Lif(x) — La f(x).

In order to prove Theorem 8, we need the following.
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Lemma 6. For a bounded function f(x) on S, we

have
t
T? f(z) — T} f(z) = / T? LpT f(x)ds
0

Proof. Let K be a finite subset of S and 7/ be the
first leaving time of X/ from K. Set
TP f(@) = Bf (Xt <)), weK

for a bounded function f. Then the infinitesimal gen-

i K
erators of T}"" are expressed as

LEf) =) ai(e,y)f(y) —ai(x)f(z), ze€K.

yeK
Now we have for © € K,

a (th’Kf(gﬂ) - Ttl’Kf(x))

dt
= Lthz’Kf(x) - Lthl’Kf(x)
= LT @) - T fl) } + LETH f(@),

where LE = LE — L&, Duhammel’s formula gives

¢
125 fa) = T} f0) = | TENLETIS fla)as.
0
First note that for a bounded function f(z),

lim 7% =T i =1,2.
Kl% v f (@) if(z) i J

Since Lp is bounded on Cy(S) and limgrs 748 =

& a.s., we obtain
lim T LT f ()
= Jim BLETIN FOX )it — 5 < b

= E,[LpT}f(X2 )it —s <]

Thus we get

t

T2 f(z) — THf(z) = / T2 LpT!f(x)ds

Now letting f =1 in Lemma 6, we obtain

t
T?1(z) — T} (x) = / T? LpT!1(z)ds.
0

From the assumption that X} is conservative, it fol-
lows that T1(z) = 1 and so LT} 1(z) = 0. Thus

T?1(x) — TH(x) =0,

T?1(x) = 1. This completes the
proof of Theorem 8.

which implies
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On the distribution of roots of a polynomial modulo prime powers

Yoshiyuki Krraoka®

Abstract

Let f be a monic polynomial with integer coefficients. The aim is to state several observations on the distribution

of roots of f modulo prime powers. They give new but difficult problems.

B EREET52HA f(r) = 2" + ap_12" ! +
et aztag BERDL. DR, XF p TEHERTZ
LIZT 5. f(x) MWp 2IEL U TRENMRT D &S5 HE
Bop OEEX f(r) =0 DT RTOREHHEAQ
WU 728 Q(f) D Q DR D 1 THBZ
ERFIRRAV7OBREEHE LTHShTWS, 2
CTREIZZORBED LS ITH/HT MOV TE
BREERRIC X 2 BISE RO — a2 MG T 5. Tz
BERE-BHOLEARIBE L CEH-RFOLMNEE
SIZRVWEERH B Z LTI NG, BANRES
EEH/RTD.

Splx (f) ={p < X | f(2) & Q, T }
&, peSplx(f)iTxLT

f@) =[] (@ = ripm) mod p™ (1)

=1
ERET B T 2Ty (TEEECT LN DA T % i
=395

Ogrl’pmg"'g’l’nypm Spm—l (2)

R RIZ 2 D & 5 7 KR ARIEE A %475 O 1k
METEDPREDBHNRVERERIZARE VD
WAEEETRIGAZ 72 B O TR BRI IZ 12 L DIEF AR
KTV EbNE (FHIZHRNHTEN S E VD
EW.L). CorE

Gp—1+ Zrlﬁp"” = 0 mod p™, (3)

W-T
kpmp™ = ap—1 + Z T4 pm
i

BB kym DHY, TNIDBEEELRE L 5.
flx) M—=RORTZFZRITNIE p™ BdSEEKR
EVWEE hm 1B En-1UFTHDE. ZITER
Dl p,m DEL S NIFEE U TS % SRR AR
THETHD. STl ry m ORIZIK (3) R 2EBELNH
B NER B BBRB D NITHEIEMIC R DD TENIR
SHROILEUTHHIZANTEE V. YOk
BMEZOLNDEPEVWD L, £T f(v) = g(x)h(z) &
AR S EO fizxd b L FABRIC (f OROESES
THd) g,hDRIZFLTENEN (3) ITHIET BAE
BERADET S, TNEEL DI fIFBN LT 5.
RIZ f(z) = g(h(x)) (1 < degh < n) &> TW\WHE
L&D, h(x) =a¥ 4+ hyqa? P4+ -+ ho &L, HIZ
f(z) mod p™ D5fR%E g(x) = [[(x — s;) mod p™ &5
i LT,

degg

7(@) = [] (@) = 5) mod p.

h(z) —s; = H(w —71,;) mod p™, (4)

j=1

ELUTHROBRSZMITET L, 1<%k <v—-1124L

hoo1+ Y rig=hkip™ (1<Vi<degg)
J

EWS B)ITHIET B2HERLBRAET S, Z0HEES
HBLZLILTE. 2D f(z) = g(h(z)) L2 255%8
b, 25 TRWEEEIERIbLE WS ZizL &S, Bk
ZIEAUE, BIZAE FL(fo(-- (fe(---)))) DIEIMDIE D f
EEZNENL 5 THE L DR B iR % FD>% N
FEND N Z DX S BREEMZFEVEL 72 & 5 2 HIFR
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HDTHL, REMNZ R 2 0% R DI ZIHAN
DEIRHLONITLL bhroTWiRW ([6]). GEIEZIA
A feIEBMZHANgTQ) =Qly) &5 Lixd

%.) Mg, 2 IHAIEBER & ARE U, BRIIZEER S 0 %
EENTOVRVERD X2 THEM{RICESC TS
5.

1. — %9/

ZOHIIMOIER ) (2) BAETHD. B ripm
DA xRFANRD 72D p B Sploo(f) ZEL & &
IZ ripm /p™(€ [0,1) ER—BDHETZHE S H
ERD. T ke NWERTHIEI LSRG
(P pm /D™, oo T [D™) BR[O, 1) TIE—HBRAE L 72
WZ bbb (o —a, 1 /p"(= EEDFIE] < B
kpm) — 0) . 2T —kRIH % TR 5 DIFKREZLD
TN L D THIHY T & 2 IO SHESET 2 Z 21
T2 (EBITITEDNEP THEA, ZNITRMNTTHS) .
AR OBIZIE f(x) BIERIED & & n— 1 EDIRD n!
DFRTDEDTT (r41),pm /D", s To(n-1),pm /D) (0
FMEEOER) 2EZZ25LZno60[0,1)" ! TO—kk
NHEELFFT 2 HDIENDTHS (HISTTVWBEDIE
n=20KOHR b5 r,/ph[0,1) T—HKDHT 5T
EHEEENTWS ([1],[8]). ((2) 2 & > TR R
DHLY JiZR-DTWEDT, LTE o 2T X TEHMT
DTIEFR AR —DEE L HAEDAHd RIS,
m % [EET R

#{p € Splx(f) | kpm =k}
#Splx (f)

B L Proo(f)[k] = limx 00 Prx(f)[k] 3AFEL,
% Offl% Eulerian number A(n, k) (1 <k <n) Z{fio
T E,(k) := A(n—1,k)/(n—1)! THEZLND. (cf
[4],[5](m=1D& &), 3.14i (m > 1 D& &).) Eulerian
Fd A(1,1) = 1, TR

Prx(f)k] :=

number D

A(n, k) =
(n—k+1)An—1,k—1)+kA(n —1,k)

LEDD. HHICONEZ EEPAREOEK p 2R
FHE by = [ro1)pm /D™ + -+ + To(noty pm /D™ ] 7202
5, B U EO—kRDAVEZBRE T IUSEE Proo (f)[k] 12
{z €0, )" | [21 + - +21] = k} DR E,(k)
E—HUARTNIERSBRWA, EBRTIE LIS A>T W05,
HU [2] 1F 2 U EOBROFTRADS DE LT
ZIEHADVBLT 2L EXES 05072550, (B
BZOHIZOWTIEm =1 DRULMERL TWRW.)
f(z) = g(h(x)) L7220 H Y, FIZ deg(h) PHED
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&0 (= HEPAENIZ—D) &35 &, RO
SDOHEZEE LT ((4) DEd52flioT)Ki=1,...,degyg
XU T h(z) — s; D degh — 1 HDRZMR72E DA
[0,1)(desh=Vdeeg phiT—HR AT 5 & T 2 L%
FEIXE B Edsd TRD LD IZEZ 505 ([5)).

Proo(NK = > EBylia)--
i1+ tideg g=k

INBHEBERE K< A-2TWVS.

BB D EH B L EDREFIED D 5.
HlaZTFTE IS, flo) = hi+d=ha(ha +¢)® +d
(hy = a* + ca,hy = 23) OFOWE, %X
(Proo(f)H],.... Proc(f)IB]) = (1/15,7/30,2/5,
7/30,1/15) TINLHND k IZDWTIE Proo(f)[k] =0
THB. ZHIROMIZEBAN DL EH B H 5 (5)
L35 TV TAREGRIZ RV ABUAD R IZ DA 5 7200,

AEELRDIE f(z) = (23)° +2 = (2°)3 + 2 DEED
(5) T (degh=3,degg=5&LT) 5A6N5I&T
b5, BRANR-OHZDED f(z) = (5P + 275
< BEBNZEHE N, B2 d Z OB ED 72N &
SITHREE > TWD . ZOBRIIMDH ky, DAAHIZDOWN
TTHOH, REGOAENRED &S kb8 V%2 LT
WADIEFARTWARNWL, KIRZ ARERTDE D % i
EHEELTEI RS> THREZL XWVWDEZAS NPT H
IZ f(z) = g(h(x)),deg(h) = 2 D& Iz & AR
bRz > TWTHEEIL (5) Tdegh =2& LT
L2505 GEHER).

FOZFOLZIHADENIMALDN? £72, % < D
(L R 3 2 g DARPLIE 2

Ey(idegq)- (5)

2. GRAFKMGNME
2.1.

FTHEVHSNTVRN BN S D BONEER/NL
JEBIZ D WT ORDEIED SIhD K 5 ([2)).

Theorem 1. a,b Z HRIT, (10a,b) =1, a < b &
5. a/b DR/MEEREIOR I % e = nk (n, k 135
tl,n>2&¢95%. ZOkZ

L= (10" —1,b), b= BL
EpE,
a/b =061 ce
ERFLE

Cl...ck+ck+1...czk+...

=x-(10" = 1)/L

+ Cn—1)k+1 """ Cnk
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L% 2 U, ki

n—1
K= Zri/B, ri = 10" mod b 0<r,<b) (6)
i=0
TEBINDIHARBTHS. bla=1n=2%K5=k
[
Bs=2mod L,1 <k <L

T—RMIZHRS.

FE 10 =1mod L 25 E % 10 mod L DA%
CUTEk=KE 0T 5 &,

(10* —1)/L
= (107 = 1)((10%)F =1 4 (10%)" =2 4 ..+ 1)/L

X 1/L=0.C,---Cg DM C,---Cr = (107 - 1)/L
KEOELUTHERZEDTHS. FHIZL=1725
(10F —1)/L =9---9 THb. FlzrlF MK
LTHY, FNEFRND Z LR DO —HORFFE DT T
H5.

ZIT flx) =a™—a" &iEL & (6) 25 f(r;) =
Omod B, 7 =amod L THYH, B=p™ TNk =
kpm &85 TW0S. ZORIZE —RILL TEATDEE %
EZ25.

ptLTHbpe Splo(f) ITLT, f(x) =0mod p
DR r; %

f(r;) =0 mod p,
r; = 0mod L, (i=1,...,n) (7)
0<r <pL—1,

27z 4 X DITIND (PEHRFREH). L OIS TE
ZWEB=p,b=BLTr;=amod L Db YIZr; =
Omod L £TH5LTWVWE. TDWRa,1+ Y7 = kyp
(k, € Z) T k, % &

_ #H{p € Splx(f) [ kp =k}
#Splx (f)

YELE Proo(f, L)k BPRTESL. ZhiadR57%
DITROBE Fy (o) ZBAT 5.

PrX(fa L)[k] :

-5 > e (5) =i,

ZIZTi 3B THD. 2T

n—1
{(xly...yxnfl) S [0,1)7171 |ZL'—]. < in Sx}
i=1
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DEFETH D
Eu(k) = Fu(k) (1<k<n-1keZ)

LhioTWS, ZOEE N=(a,_1,L), T=L/N L&
<& Pry(f,L)[j] #07%5 (i) j < nT, (i) (j,L) = N,
(iii) an—1/N & j/N 7 Q(f) N Q(¢r) LA L H R
ZEERIT, OZFMEPHINLTE2T2I 2RO,
FHIZFHE LT fA9ERIA S

Proo(f, L)[jN] =
[Q(f):;%(“gT):Q] Fn(j/T)
((7,7) =1 and [[j]] = [[an—1/N]] D & &),
0 (ZDfh).

ZITC R1DFEBTREETH Y, [[o]] ZHEMEQ((r)
Tl PRI ERITHEEHRTHS. fAR{ELD
XA RN ERDE S50 B ([7)).

Z DTN BOMEE/NSUER D S BRIZET BRET
FAEE IR T H B DGR IR, £7-13 5 p B
TIE7RL, FORE p ZFH L, (7) DROYIZm, R;
Z[EHE LT

f(r;) =0 mod p™,

r; = R; mod L, (i=1,...,n) (8)

0<rm < <r, <pTL—1,
ZIFARDZONHAVE DS (deg f =1 DR S HE
g5 LB E UTIEREIDIZD LB 0ITH L V).

2.2.

ZIH S RDIEFAT (2) BEETL B, 7y pm 12
KD XS EEMEE2D132. L1 LD KEVEK

ET5. 0B EL -1 U TOEKOM (R, ..., R,) Xt
LT

ripm =R;mod L (i=1,...,n) (9)
&L

Prx(f,m,L,{R;})
_ #lpe Splx(H) | (1.2, 0))
. #Splx (f)
BEZB. n=1D&EE Proo(f,m,L,Ry) 13K E 3
M, & 11 Dirichlet DRAFLEF D FEE R &\ 5 B
WEHDSE WA THD. n > 2 0DL S IFLELHER
»mo

pr(f,m, L, {R;}) :=
ZEn(K) L[~ (n=1) [Q(¢L) : Q(f) N Q(CL/d)]_l
Kq
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EL e, n 5 R EBRRREANNS WE &
Proo(f,m,L,{R;}) = pr TH5H. ZZTd:=(K,L),
Rf:=an1+ Y R, LEBEZ, K,q 3NN DSRM %z 7
TEM <.

1<K <n-1,
1<q<L,(¢;L)=1,

Ry =Kq" mod L,

[[q]] = [[1]} on Q(f) N Q(Cr/a)-

[[a]] EFIE Q(Crya) T Crja v Cf g PEISR IR
BEBRTHS. K qlZHT5I006DRMIZELNIE
ETNREBERMFLELTHROND.
BEN{R}BHTHELH2L5< Ry mod L IZDHA
K3 &3, sifio L 512 B, (K) M kym = K &2
% p OBET, (R} 1 Ry mod L THEHNDH5ZD
EEIX /LY THO, HIZ g DEEL LT [QL) :
QUf)NQ(Crya)] ! WEHAMT 510, pr DFEKIZ DA S
LU, BREERHDS (D) n=6D& E(Z iJ:(DJ’Ea'n%fPé’C
BESBWHILHD (FHEDN Ry TRRE%D {R;}1Z
HoTULE D). UTEEIHALZ D TRVWEGEDSIH
RORFITHIEDD SR, AT e S & 3R
Th5. BlZIXQ(¢r) &5 A2 5 —DDIBLIENZ HA
flz) =28 +ab+at+ 22+ 22+ +1, g(z) = 25— 225+
182 —2223 416322 —1162+631 12 DWT f(x) 12X LT
X Pr=pr THDN, g(z) IZ2VWTIEE D TREZRW. {7
T E MEDT — R 2G5 TR0 0 | H N
@&J%%om\ét FTHEM, YUTEESRWEATE
ZODEM(Ry,...,Rs) = (L—1—Ry,...,L—1—Ryp)
& (Ry,...,Rs) = (Re,...,R1) BEH®EPHZ 5L <,
TNODERTEERIAZS L. BRALPREL %
HETHEVWHEDTHS.

3. mZENY

3.1.

ZIHA f(x) 135 F T & AR, BEERE T RE R DR
3195, ZOHITIHRETH-THEDRWN. Z
D

i #HDE Sl () | ey = 8)
X —o00 #{p S Splx(f)}
#{€<X|kqe:k}

- e (o )

(m : )

DT EH q € Spl(f) LALED FSRE k12 LTk
VLD, 2 (1) O vy ym DAEDIRBLDS m % FEE
LTpiEAEAKRELTEHDE, #HiTqe Spl(f) %
BFELTmELEALARELSTEOLNFALTHEZ
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EERBLTWS.

3.2.

p(€ Spl(f)) Z—DERICEEL, L(>1)%HERKT
p EHWIHZELLU,0<Ry,...,R, <L—-1%2%¥rd
5. TR BE cITHLT,

P?"X(f,p,L, {Rl}7c)
4dm<x m = ¢ mod @(L),(l?,(Z),
- ripm =R;mod L (i=1,...,n)
#{m < X |m=cmod (L)}
CEL. ZZTHIDLDIT fo) IZBE L IRET 5. Z

DIF Proo(f,p, L, {R;};c) 0 &, 5 1<k <n—1
I UT Ry = kp® mod L £725 Z EDAEIET, Z DI

Proo(f,p, L, {Ri};¢) = 1/(n = 1)L" 7", (10)

FR3RKRDOIETH X =5-10° 1 F TOFEDVBET
4 RADOKFIE X =105 THIEEfMER T —RIFF o7 <
T, ENL S VKRR D025 030D 53 4 R E DKL
FERL T, 2 JEIBE E TIRE 3R (10) 1
O NIDEBS M, THIGFLENBIITH 5. BILL 7
HBOHIE LT flz) =2 +1=(2?)? + L hLlFfar & A
U725

4.

ERRONZELEZR0ER LI 2135 5 DD DD

L2 DR THL. HRMIEIERTERODVT VR
it,Aif%zfmt DIF—ZEHDLIEATH ),
ZDLIHRIZ D WTIZE Z TV,
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MPPT Control for Small Wind Turbine

Kazuhiko HAYASHIV

Abstract

This paper deals with MPPT (Maximum Power Point Tracking) control method for a commercially available small wind

turbine. The characteristics under the rectified wind produced by a large wind blower are much the same as that of the

direct drive rotated by a motor. Following properties at the maximum power points are made clear by the analysis of the

measured characteristics. (1) The product of wind speed and output load resistance becomes approximately constant. (2)

Output voltages are approximately proportional to the wind speed. (3) The maximum output power is proportional to the

wind speed cubed. A MPPT control method taking account of such properties is proposed. The MPPT control

characteristics compared with the measured and simulated results are described. The characteristics by the proposed

method are well tracking.

1. LI

JAS) =X =T H L MO MRE - TR ST
7202 ERIC o T D, FERRET R —NEH
SNDH LT, BREORJ RO L 721
TEEDZE, BRSIUSHE TS D7,

ABFFE T3 VR R EER A S . /IR ) AR
BT 8 DA e Sl KM@ & O LT, RZHEIR
R ECHIHTIRE CH 5. F ORIk D 2 FREED S5
1ECHIE L, MPPT (Maximum Power Point Tracking) illf]
Ea R LTz

(HBERED FCIIOMmFIAHH = &, QmMEETEIC
AETERNZ LR EDT=8, EEDOZAUITE S Ehere
HERMEA G OIIRNEECH D, T2 T, AREDE
BT IRWRVER AR L, KO 7 a U —% [ A5H
AL T, —HROBIIEERL, £ T CREREZH
EL 07,

(2) JEJ)37EME A B AN BRI RS L, AR
LT, FEEEEELEY.

Eie (D, Q) OBERERE ST LIRS D, Eik
D 3 F MBI L7135 B3 D MPPT fillfEiiE A BR L
7. ZORBIRIZONWTDY I = L—3 g AR & F25r
FERA R T2 & AW ORI REE—ET 5 Z N
fifto 7. ARSCTILES)FE BRSO FRERFHER U MPPT il

T & BRI 2O DN TR .

2. MEBNFEBHOERERE

2.1 EHhHEHOLE
1B LA TR PS3-K3NDkEE R 1 1R
7.
Table 1 Specifications of the Wind Turbine

FEFERROE IRoalyRY

X IMER Ay Ly B BT

7 — 4 [EE 1.58m

Fe R TR ATE AR A (16 1i52)
TEREHT) 300W (ERSEGHE 12.5m/ s D & %)
AT 500W

SN El SHEA A= RT Y DEIR
LRSS m—% FAAmRA G (R 15mvs DL )

2.2 EBRINEROTTOHRESRHE

Fig. | ICAZER A7 0 U —(7 L— R4 0 8, B 1.75
m) & DR ) Bk D R E AR T, 7T —0
(BRI 228 % CJRUE A AT 5. WD BUROEE)iEE
B, B A RO XHFa~O—RR7eii Ul 5
DI ETHD. 3L BD) OF 4 VX VT HEA
— & & AW CRGEZHIE U7k R D—F% Fig2 (ORd.
iz, BERED FCORED 3RocmaAikl% Figd 1R
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7. BAREO N TIHRE IS SRS T o F AICET D
DIzt L, FEEREEE OB T O, RUEO X, Yy
MRV NS <720, XEFmIc R S TnD
ZEWRD. Figl R X D1, FERRIEGEEE O
MBJIESFETER T L — ROmEEm i £ CONEZ 2m
ICRRE L TITo 7.

Fig4 |2 B ERO A 27~ 3. FEEMO I E
[E% ZABE A A — K7 » PRIE TR L, B M
(23T Y C EARHRIIR 2850 L7-.

7'a U —O[alEEE & R LTV 2 1 ~13 [m/s]
FTIEZD L &I, AREIIR[ QIOEA LS,

Wind Rectifier

6.4m/s

3.2m/s

A 32mfs

daaptola Mtape! N\J‘@NN
e VDA M W AR 18,

Vy ..V, Time[ms]

Fig.3 Natural wind distributions
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FRGED T2 T, B BEEOEMAEE n [rpm], %
Vg JFEE Eo[ V], HiJmEN lo[A]ZHIE LT,

WEITEEZ B TO<EA & T T GE O
IZONWTHTH TS, G V IS5 2 [EHRERE n OFFE
% Fig5 (R T. ARHKHIUE R 2N E S ARINEL 725
FE, BUPESERPRENT 5 > M IR E < e
S>TW5S. F7z, Figs lORT LI, BXT Y Rk
BN ZAUFR PR EREOEET LI LD b
DEEZ NG, JRENFEL 7ed L, [RHRAEETEEHIC
i3 2RI 72 o TN D,

B IEIZ IO TREMHIR (SRS L= B %
Fig.6 |7 R=4 [QILA FCIE, JAiEZE< LT »>TT
L7 L— R Li=FEThotm. Fim, —ERED
T, HABENINERICRDARIRENEET S 2 &
W35y 77. Fige OFEND, HKHIEI MBI 5
VAR R ORI TEEITE 5.

RV=K, (K,=786) 1)
[FHREE n |2k 2 )8 O % Fig 7 RT3 B
KHTES) Pmax [ ZEGE V D 3L, kIS 1%
wmE L, QT TEsZ Enmgot.
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Rectifier

o

Generator

Fig.4 Output circuit of the wind generator
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Fig.5 Rotational speed n to the wind speed V
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(1) #&iigntt T Bo OfFIXERAEE n IZIEHBIL,
BARHEHT R 2V NEWEE Eo 13/ NZ72 5 (Fig9).

oo (2) H/78) Po IHEHEHEE n 0> 2 Tl Lefs L CHIN
RV=78.6 3 5 (Fig.10).
500 1
DC Motor
3phase 1
& 400 % % R Eo
o Voltage Regulator Generator '
Rectifier Rectifier
z
E Fig.8 Output characteristics measurement system
6 140
—e—EBlowerno load
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0 b 10 15 20 —k—motor drive R=13Q
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=
&
Fig.6 Output power Po to the load resistance R £
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~ . . .
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Specialized Results in My 50 Years’ Research

Yoshinori ANDO"

Abstract

In my 50 years’ research after graduate school in Nagoya University, I had done many world-class studies. First of all, I

could provide carbon specimens which Prof. S. lijima found carbon nanotubes. Here, I describe eight specialized results,

which should be said as “the first in the world” in chronological order.
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Fig. 4 SEM image of MWNTS and carbon nanoparticles
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Fig. 8 (a) and (b). Two HRTEM images of CNWs.

Fig. 9 Atomic model of CNW including C-chain.
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Fig. 10 Raman spectrum of CNWs in high frequency range.
Transverse axis is wave number in the unit of cm.
y-axis is Raman intensity in arbitrary unit. Blue line
and red lines mean H,-arc and D»-arc, respectively.
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Fig. 11 Photograph of macroscopic net of SWNTs.
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Fig. 12 Photograph of macroscopic SWNTs net bottled in
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Fig. 14 TEM micrograph of CVD grown MWNTSs from

camphor using Fe-Co/zeolite support.
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Fig. 15 Rotary kiln apparatus for mass producing MWNTs.
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Comprehensive Report: Study on the Fundamental Characteristics of Friction Welding

Akiyoshi KOBAYASHI"

Abstract

Recently, it has been clarified that the friction welding has many advantages as the joining technique from the perspective

of environmental protection and energy conservation. This report is summarized about the fundamental characteristics of

friction welding, achieved by author et al. since 1976. The clarifications of friction welding characteristics are examined

based on the joined strength, the macro and micro structure of interface, the temperature change during friction and so on

under various friction welding conditions. Friction welding tests were done for the similar materials and dissimilar

materials.
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Analytical Study on Upgrading of Serviceability After the Earthquake of Steel Frame-Typed
Piers by Introducing SMA Dampers
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Abstract

In this study, shape memory alloy (SMA) dampers are introduced into steel frame-typed piers with different width-thickness

ratio parameters. Then its seismic upgrading effect is revealed by conducting time-history analysis against 6 modified ground

motions based on the Hyogo-ken Nanbu earthquake. The response strains, response displacements, especially residual

displacements obtained from numerical simulations of frames using SMA dampers are compared with those from simulations

of frames with or without BRBs. The applicability of SMA is verified by the comparison of response displacement and

response strain. Based on numerical results, introducing the BRBs into the frame can not always effectively reduce the

residual displacement of structures, and however, introducing the SMA dampers can successfully reduce the residual

displacement. It is demonstrated that the effects of the SMA dampers are obvious to improve the serviceability after the

earthquake of such structures.
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Table 1 Structural parameters and dimensions of steel pier

S R 2 M{ton] B/[mm] | B,[mm] ¢, [mm] ¢, [mm]
By, B, 23
1000 2000 35.5 | 438
03 0.44 1248 ‘
Bﬂ) Bwh QJ{
1200 2000 274 | 348
By, B, 23
1000 2000 35.0 | 412
SM490 04 0.56 1368 \
be Bwb gjé
1200 2000 26.9 | 325
B, B, i
1000 2000 346 | 458
05 0.44 1570 \
be Bwb gjé
1200 2000 35.0 | 388
T T T T ] T T T 4
HAN-NS-M KAI-LG-M
5001 - 5001 .
£ 0 £ o
3 3
< 2
-500F -500}- i
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500 5001 .
5 0 £ o
g g
< <
-500}- 4 -500- i
C Il n Il 1 L L L " Il 1
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(©) (@
Fig.7 Input earthquake motions

HAN-NS-M O 1§04 %) Tho 'O V. FHEEh Ry
LN & Fig. 7 1R~

IS ORKIMEE 2 7.2 &, B FUHEEECH 5 HA
N-NS-M (% 780cnv/s” Tdr 5. 7=, HHEHHTESCTH 5 K
AI-LLG-M 13319 cmv/s’, KALTR-M 13346 cm/s’, SHI-LG-
M 1323 em/s’ T 0, B MR HAN-NS-M |3/

TEAUHER D 3 9% & Hle U CROAIMERE AN 2 0L 1 &
KRENWZ LM%, KAFLG-M, KAIFTR-M, HAN-NS-
M D 3 BT RIMEE S RN 3842 LTV 578, SH
[-LG-M 3 KRS 20 FPLIRICRE L TNV, &6
(2, [FIHEEEN RGN E ) O MRS L B, 4
0B THS.
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Table 2 Results of eigenvalue analysis

h=12m [ JEH(s) BN E(%) [ JEH(s) H I B (%)
R 1 KE—FK feh 710 HEHhIE £ 7715 2RE—FK fath71a) HEHhiIE £ 715
0.3 0.771 99.12 0 0.079 0 99.98
04 1.014 99.48 0 0.103 0 100
0.5 0.999 94.96 0 0.102 0 99.99
h=16m EEIREIO) AN (%) EEIREIO) AN EEL(%)
R, 1 RE—F A 1) AEdIE A 7T 2/kE—FK T 1) S HIENS P
0.3 1.153 98.82 0 0.092 0 99.97
0.4 1.521 99.31 0 0.121 0 100
0.5 1.312 99.08 0 0.105 0 99.99
) o 'Bellre modell ' I HAI\'I—NS—I\;L ; ro- 'B'are modclel ' I ' '
[ | ENaER kariea
.2 o 2f TN
20 : Z Of i
* 2 '- w _2- n«.:.\u,\u .................
A ---------------- E _4-_ _
-6- ! - 6L i
-8 1 1 1 -8 1 1 1
0 10 20 30 0 10 20 30
Time (s) Time(s)
(@) (b)
8 . - . . ] Y =a— : , : , : , -
or KAI-TR-M | 6 ---:-E/leggerln\?v(iitil BRB SHI-LG-M .
4L .o | 4 [ Model with SMA ]
. 2 ]
20
'4__ - - Bare model ] _4._ L ]
6k T ‘Model with BRB i -6 i ' T p
L Model with SMA i 3 A
-8 . | . | . | -8k . ! . | L L0
0 10 20 30 0 10 20 30 40
Time(s) Time(s)
© )
Fig. 8 Compressive strain responses at bases
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BT L—AHAET VOIS NRD - T2120, Table 13, &TOr—A CHEMERORIISE O 5 26, 248
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Fig. 9 Top displacement responses
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45 HIESXNN—DOBBEEVTH
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Fig. 10 Stress-strain curves of SMA dampers and BRBs
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Table 3 Cumulative inelastic deformation (CID)

BRBEOT (%)
M) SMA
BRB
damper
HAN-NS-M 1.38 12.9
KAI-LG-M 1.55 7.09
KAI-TR-M 1.02 1.96
SHI-LG-M 0.96 0.06
5. HEME
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SIIZFIRERT.
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AFFETIE SMA &0/ _—E AEF LOFIFET /A A
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WU/ NT A —F B AGRET DB o 5.
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Analysis of modal split and trip numbers focusing on
facility placement and station territory based on PT survey data

Kazunori YAHATAY, Yukimasa MATUMOTOQO?

Abstract

Residents in some urban area are difficult to live without a car due to the progress of motorization. To solve such a

problem, it’s important to design a city where anyone without a car can walk to the destination. In this study, we analyze

the regional and traffic characteristics of a walkable city to facilities and a station. Fractal Analysis is used to quantify the

facility placement and clarify the relationship between the facility placement and trips of walking. The share of walk is

high where facilities are placed equally in whole area. The station territory is determined by the PT survey data. The share

of walk as a trip end is high in the area including the station territory. Walkable area is defined as one can walk from

facilities and a station to the destination. Discriminal analysis is also used in order to clarify the regional characteristics of

walkable area from facilities and a station. As a result, the walkable area is influenced by the facility territory and cover

ratio of the station territory. The non-walkable area is influenced by a slope angle and a difference in elevation. In

non-walkable area, where it is difficult to walk to facilities and station, the average trip a day decreases.
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Fig.1 Example of facility placement and facility territory in area
of higher walk ratio

Fig.2 Example of facility placement and facility territory in area

of lower walk ratio
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Impact analysis of providing additional travel time information on route choice behavior focusing
individual attribute on expressways

Xuhai LU", Yukimasa MATSUMOTO?

Abstract
Providing travel time information on expressways will affect drivers’ route choice behavior, which will improve traffic
congestion. A questionnaire survey was conducted for obtaining the consciousness of drivers on expressways in central
Japan area. The effects of providing additional travel time information such as an up-arrow and a down-arrow were also
grasped by the survey. We analyzed the impact of the additional information on route choice behavior focusing individual
attribute by a Multinomial Logit model and a Nested Logit model based on the survey results. The results show that drivers
with different attribute tend to change their routes differently. Elderly or female drivers tend to keep their route more than
male drivers. Then, we simulated traffic flows with the constructed Nested Logit model. The simulation results highlight
the additional information on travel time has an impact on the traffic flows on expressways and also the possibility to

change the impact when the component ratio by each attribute of a driver changes.
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Table 1. Attributes of interviewees

Description
Purpose Meisure] 73%, [business] 10%
M or 2 times a week | 16%,
Frequency M or 2 times a month] 37%
[several times a year| 26%
Vehicle type [passenger car] 93%
Gender Imale] 88%, [female] 12%
Age [The aged) 17%

Surface street

‘Destination

Current position

——Expressway

Fig3 hypothetical network

With up-arrow

Without additional information

With down-arrow

Fig4 Types of travel time information
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Table 2. Result of ML model (**1% significant, *5% significant)

Multinomial Logit Model 30min (t-value) 60min (t-value) 90min (t-value)
Routel 1.882(2.326) ** 0.074(0.188) -0.433 (-2.898) **
Constant
Route2 -1.491(-2.077)* 3.744(-5.242) % -3.349(-4.663 ) **
Travel time 0.063 (-2.595) ** -0.037(-2.595)* -0.032(-2.337)*
Routel 0.096(-4.287) ** -0.058 (-2.472) ** -0.048(-2.193) **
Up-arrow
Route2 0.621(1.141) 0.233(4.329) ** 1.448(1.878)
sksk skek
Downarow Routel 0.462(3.123) 0.214( 0.964) 0.327(2.3437)
Route2 0.886(2.309) * 0.541(2.769) ** 0.489 (2.485) **
AIC 677.651 703.203 684.998
Table 3. Result of NL model
Nested Logit Model 30min (T-value) 60min (T-value) 90min (T-value)
Routel 2.556(2.092) ** 3.635(3.185) ** 3.000(2.713) **
Constant
Route2 -1.224(-3.095) ** -1.792(-4.100) ** -1.181(-1.367)
Travel time Route3 20.037(-3.572) ** 0.030(-3.696) ** 0.004(-5.139) **
Routel -0.474(-1.964) * -0.474(-1375) -0.144(-3.148) **
Up-arrow
Route? 0.357(2.062) * 0.312(4.443) ** 1.545(2.287) **
Routel 0.773(2.263) ** 0.169(2.696) ** 0.659(2.4414) **
Down-arrow
Route? 0.937(1.311) 0.489(3.712) ** 0.256(1.528)
AIC 633.472 658.116 644.741
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Table 4. Result of NL model including individual attributes ~ (**1% significant, *5% significant)

Nested Logit Model 30min(t-value) 60min(t-value) 90min(t-value)
Routel -0.608(-4.34)** -0.319(-0.553) -0.041(-0.594)
Constant
Route2 2.173(1.090) -4.924(-2.165)* -2.680(-2.561)*
Travel time -1.215(-2.130)* -0.652(-1.730) -0.473(-2.007)*
Routel -0.317(-2.209)* -0.218(-2.571)* -0.109(-2.849)**
Up-arrow
Route2 0.698(1.187) 0.353(1.175) 0.154(1.985)
Routel 0.222(2.183)* 0.132(2.215)* 0.052(2.688)**
Down-arrow
Route2 1.495(3.159)** 0.681(1.786) 0.205(2.719)**
Frequency -0.001(-0.023) -0.167(-0.429) -0.101(-0.754)
Gender 0.378(1.331) 1.277(2.515)* -0.083(-0.354)
Routel
Vehicle type -0.413(-1.289) -1.247(-1.353) 0.158(0.921)
Aged 2.182(0.728) 2.6452.477)* 0.025(0.179)
Frequency -0.003(-0.079) -0.164(-0.420) -0.101(-0.763)
Gender 0.830(2.128)* -0.667(-1.438) 0.089(0.175)
Route2
Vehicle type -0.517(-0.644) -2.559(-1.478)* -0.263(-0.737)
Aged -0.151(-0.387) -0.315 (-1.475) -0.051(-0.170)
Frequency 0.647(3.572)** -0.167(-0.429) -0.099(-0.753)
Gender -0.717(-3.066)** -1.810(-2348)* -0.071(-0.024)
Route3
Vehicle type -0.017(-0.036) 0.312(0.594) 0.105(0.541)
Aged -0.452(-1.459) -2.670(-1.475) 0.026(0.154)
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Seasonal variation of atmospheric aerosols and effect of Kosa
Hironao KATOU? Fumio SAKAMAKI?

Abstract

Each aerosol particle concentration was measured using 4-stage classification particle mass monitor from spring
2012 to winter 2012 at Meijo University. As a result, mass concentration of PM2.5-7.0 accounted for about 60%.
It was recognized that mass concentration of PM2.5-7.0 variation effected seasonal concentration variation.
Inorganic ionic components of aerosol were collected using an Andersen low - volume air sampler and analyzed by
ion chromatograph.

Comparing the ionic components of the Kosa and non-Kosa, calcium ion and anthropogenic nitrate ion increased in
coarse particles. Comparing the ionic components of each month, chlorine ion, sodium ion, and potassium ion in
coarse particles increased from May to October. By contrast, anthropogenic nitrate ion and non-sea salt sulfate in
fine particles increased in September, January and February.
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