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Aiming beyond bottom-up improvements of mixed traffic

—Motivation for hosting the Seminar on Heterosocial Systems—

Akihito Nagahama!

I Graduate School of Informatics and Engineering, The University of Electro-Communications

Abstract

In developing countries around the world, two-dimensional mixed traffic, in which motorcycles,
three-wheelers, etc, are mixed together and lanes are not followed, has been observed, and
its congestion problem has caused a decline in people’s QoL. The author aims to improve the
mixed traffic flow in a bottom-up manner by improving the behavior of each vehicle. This
paper introduces research on three elements: A) detection and reproduction of the “group”
structure inside the platoon, B) search for a more stable “platoon” that is robust to traffic
congestion, and C) behavior modification methods to lead “drivers” to the desired groups.
The relationship between mixed traffic research and social improvement is also pointed out,
and the Seminar on Heterosocial Systems, which the author is organizing to integrate the fields

for this purpose, is introduced.
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Evaluating the gap between the physical and psychological

congestion of pedestrian flow

Xiaolu Jia!, Claudio Feliciani', Sakurako Tanida!, Daichi Yanagisawa', Katsuhiro Nishinari'

! Department of Aeronautics and Astronautics, The University of Tokyo.

Abstract

In our previous field experiments [1], we observed a discrepancy between physical congestion
and perceived congestion. Pedestrians exhibited a strategy of walking at low speeds even in
low-density areas to avoid potential collisions ahead. However, it remained uncertain whether
this low-density-low-velocity behavior occurred in daily life. In this study, we collected trajec-
tory data from a train station using LiDAR sensors to analyze the density and velocity patterns
of real passengers. The sensors tracked pedestrian positions, enabling us to capture local veloc-
ity and density at each moment. Our findings confirm the existence of low-density-low-velocity
pedestrians in daily life. Additionally, we identified a low-density-diversified-velocity trend,
emphasizing the complexity and heterogeneity of pedestrian behavior. Based on these obser-
vations, we propose an approach to estimate perceived congestion among pedestrians. These
insights contribute to the creation of more comfortable walking environments by understanding

the nuanced dynamics of pedestrian movement.

1 Introduction to facilitate a comparison with their psychological

- . . . congestion.
Building walking environments with less conges- ) )
. . . . To evaluate the congestion of each pedestrian,
tion has been the main objective of pedestrian o )
. . . the most common indicators are personal density
management. Congestion can be classified into ) .
. . . . and velocity. In previous research, the personal
physical and psychological categories. In previous ) ) ) ]
i ) ) density and velocity have been considered consis-
research, the physical and psychological congestion ] ] i
tent because of their monotonic negative correla-
has been regarded as the same. However, we found ]
) ) tion [2, 5], and are applied to evaluate the psycho-
the discrepancy between physical and psycholog- ) i ) ] ’
. . . . logical congestion, i.e., discomfort, of pedestrians.
ical congestion from previous crowd experiments ’
. . L. However, experimental results show that the ve-
[1]. Hereinafter, we would introduce the main in- | q | L |
. . . ocity does not always have a monotonic correla-
dicators for both the physical and psychological y. ) Y o
. . . tion with the density [6]. Another trend indicating
congestion, and then explain the reason for their ) ] ] )
. that the velocity remains constant despite the vari-
difference. o i o
. . . . ation in density was observed. This is due to the
Concerning physical congestion, macroscopic in- ) ) )
. . . low-density-low-velocity pedestrians who choose to
dicators, such as pedestrian level-of-service (LOS) ) i o )
L. . . wait or walk slowly to avoid collisions with pedes-
based on flow characteristics-density, velocity, and ]
. . trians in front of them.

flow rate [2]; vorticity-based congestion numbers, ) i )

. . The inconsistency between density and veloc-
measuring alignment at local areas [3]; and pedes- = o ) o
. . ity impacts their different effectiveness in indicat-
trian entropy, gauging movement smoothness [4], . . .
) ing psychological congestion. Our field experi-
assess the overall crowd dynamics. However, we S ] ] )
) i ) . ments, which involved tracking pedestrian trajec-
specifically concentrate on microscopic physical ] ) ) A
. . o . tories to measure physical congestion and adminis-
congestion experienced by individual pedestrians



tering questionnaires to record psychological con-
gestion [1], revealed that low-density-low-velocity
This im-

plies that low physical congestion corresponds to

pedestrians perceived high congestion.

high psychological congestion, making velocity a
superior indicator to density in gauging psycholog-
ical congestion.

However, the low-density-low-velocity is only ob-
served in field experiments, where the walking mo-
tivations of pedestrians are different. Therefore,
we would examine the density-velocity fundamen-
tal diagram in real life by analyzing the sensing
data at a train station, and analyze the features of

real passengers.

2  Velocity and density

Here, we introduce the methods to measure per-
sonal velocity and local density for further numer-
ical analysis.

Generally, the method of calculating pedestrian
velocity is self-explanatory. Velocity is defined as
the rate of change of pedestrian position with re-
spect to time, which was calculated using Equa-

tion 1:

dt 2At ’

where v;(t) indicates the velocity of pedestrian ¢ at

’Ui(t) =

moment ¢, p;(t) indicates the corresponding pedes-
trian position, and At indicates the time gap used
to measure velocity. Here, we applied At = 0.2 s
for calculation.

As to the density of an individual, the peri-
personal space (PPS) has been applied to indicate
the region that a pedestrian can manipulate [7]. It
is believed that the more the PPS is occupied, the
less the mobility will be, and the higher his/her
personal density will be. In this paper, we apply
the Voronoi diagram [5] to represent this PPS. An
illustration of the Voronoi diagram of pedestrians
can be seen in Fig. 4, which we will introduce in
Sec. 4. The density of a certain pedestrian can be

expressed using Equation 2:

2)

where p;(t) indicates the local density of pedestrian
i at moment t. A;(t) represents the area of the

Voronoi cell that pedestrian ¢ actually possesses.

3 Sensing data

The sensing was conducted on the 2F concourse
of JR-East (East Japan Railway Company) Shin-
juku Station. The entire sensing operation was au-
thorized by JR-East and executed by Denso Wave
Incorporated (Denso) between 7:00 and 10:00 AM
on July 4th, 2023. Details about the sensor appear-
ance, sensor locations, and sensing environments
can be observed in Fig. 1. The obtained pedestrian

trajectories from the sensors are shown in Fig. 2.
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(a) Sensors and sensing area (b) LiDAR sensor

Fig.1: Sensing location, sensors, and sensor positions.

Fig.2: Trajectories of passengers by LiDAR sensor.




4 Results analysis

4.1 Results of density and velocity

The velocity and density at 8:30 am are selected
and illustrated in Fig. 3 and Fig. 4. The black
lines represent inner and outer boundaries (walls,
elevators, pillars, etc.). The blue circles represent
pedestrians. The red arrows in Fig. 3 indicate the
velocity including the direction and speed value.
The red polylines in Fig. 4 indicate the Voronoi
boundary. For each pedestrian point, the polylines
surrounding compose its personal space, and the
personal density can be calculated as the reciprocal

of the personal space as shown in Eq. 2.

40

35
30

70 80 90 130

Fig.3: Velocity at 8:30 am.

100 110 120
x(m)

70 80 90

Fig.4: Voronoi density at 8:30 am.

Accordingly, the velocity and density of each

pedestrian at each moment can be calculated, and

the correlation between personal velocity and den-

sity can be obtained.

4.2 Fundamental diagram

The density-velocity fundamental diagram is
shown in Fig. 5. Each scatter represents the
density-velocity pair of a certain pedestrian at a
certain moment. We observe three types of varia-
tion trends. Type A is the typical monotonically
decreasing trend, Type B is a horizontal trend, and

Type C is a vertical trend.

v (m/s)

Fig.5: Different trends in the fundamental diagram.

The three distinct types may reflect varying
pedestrian movement features and underlying psy-
chologies.

Type A represents a natural trend wherein
higher pedestrian density impedes individuals from
walking at their desired speed when trying to leave,
resulting in a higher-density-lower-velocity trend.

Type B exhibits a low-density-low-velocity trend,
suggesting that some pedestrians are either not mo-
tivated or less inclined to walk. This could be at-
tributed to a preference for waiting until the area
Alter-

natively, pedestrians in this category may simply

clears to avoid congestion near the exit.

stand with a desired speed of zero. Consequently,
even when the density is low, the corresponding
velocity remains low.

Type
velocity trend, indicating that pedestrians exhibit

C displays a low-density-diversified-

varying free speeds under low-density situations.

This observation is particularly relevant to passen-



ger behavior during morning rush hours at train
stations. Individuals in a hurry tend to walk at
significantly higher speeds compared to those with

less urgency.

4.3 Discussion on the perceived con-
gestion of pedestrians

In our previous experimental research, we pro-
posed that perceived congestion stems from the gap
between the desired speed and the actual speed.
The analysis of subway station sensing data high-
lights diverse trends in the fundamental diagram,
signifying a wider spectrum of desired speeds. As
a result, we intend to explore the measurement of
pedestrians’ perceived congestion through the fol-
lowing approach.

For an individual pedestrian, utilizing the
tracked trajectory data, the desired speed can be
considered as the highest speed when their den-
sity is low (e.g., < 0.5 m/s). However, the de-
sired speed may vary due to different motivations
among pedestrians. For instance, a pedestrian who
remains stationary for several time steps may com-
mence walking after accomplishing their purpose.
Therefore, to discern changes in desired speed,
clustering on velocity data is necessary to identify
various motivations. This analytical approach as-
sists in capturing the perceived congestion of each
pedestrian.

While this approach necessitates future valida-
tion through a comparison of physical and psy-
chological congestion, we anticipate that this pa-
per will serve as a reminder for a more meticulous

quantification of psychological congestion.

5 Conclusion

Our study explores the intricate relationship be-
tween pedestrian density and velocity. Analyzing
LiDAR sensor data from a train station, we unveil
the low-density-low-velocity phenomenon, where
pedestrians opt for slower speeds in less crowded
areas, possibly to avoid congestion. Furthermore,
the density-velocity fundamental diagram reveals
three trends: Type A (monotonically decreasing),

Type B (low-density-low-velocity), and Type C

(low-density-diversified-velocity).

To estimate perceived congestion, we propose an
approach considering the gap between desired and
actual speeds, clustering velocity data for different
motivations, and spatial averaging for layout evalu-
ation. This challenges conventional beliefs and pro-
vides insights for designing pedestrian-friendly en-

vironments to enhance daily walking experiences.
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Pedestrian return home simulation in Kobe City center
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Abstract

Since FY2021, RIKEN, Docomo, and the Kobe City Government have been attempting to
construct a digital twin of the central region of Kobe City under a joint research, to estimate
urban scale pedestrian evacuation behavior, with the aim of using it for evacuation planning
in the event of a disaster. In this study, the construction was accomplished using population
information from cell phones provided by NTT DOCOMO, INC., OpenStreetMap, and Crowd-
Walk, the open source pedestrian simulator, to estimate congestion locations. It was observed
that congestion spread out from the merging roads, and it became clear that these congestion
areas could be reduced by delaying the return home for 6 hours of the pedestrians from Old

Settlement of Kobe City, where highly concentrated business district locates.
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Numerical analysis of quasi-potentials around stable and unstable

equilibrium points in the continuous OV model
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Abstract

We verify that the stable and unstable equilibrium points obtained from analytical calculations of the contin-

uous OV model are reproduced numerically. Furthermore, we calculate the quasi-potentials defined in the

macroscopic fluctuation theorem around those equilibrium points.
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Motility and stability of chemotactic agents that chained linearly

Chikoo Oosawa!l

! Graduate School of Computer Science and Systems Engineering, Kyushu Institute of Technology

Abstract

Self-driven particles that chained linearly can be recognized as typical and fundamental struc-

ture in wide range of many interacting self-driven particles. Here we propose a model that can

form chained agents due to non-reciprocal chemotactic interactions. Firstly, motilities of single

agent are shown on 2D plane, and then motility and stability of agents that chained linearly

are discussed.
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Autonomous two-way traffic in a figure-eight route with an

intersection by neural-network running robots
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! Division of Information and Electronic Engineering, Graduate school of Engineering, Muroran
Instutute of Technology, Japan
2 Department of Sciences and Informatics, Faculty of Science and Engineering, Muroran Institute of
Technology, Japan

3 College of Information and System, Muroran Institute of Technology, Japan

Abstract

The purpose of this research is to realize face-to-face figure-of-eight self-driving robots using
neural networks and explore the principles of intelligence for behavior through observation.
When running on a figure-eight course, it is possible to observe robots crossing each other, which
does not occur on a circular course. Intersections require intelligent behavior that is different
from straight-line overtaking or passing each other. In order to perform face-to-face figure-of-
eight autonomous driving, we set four driving methods, and one is operated by a human and the
other is operated by a human. Driving experiments were conducted in the case of autonomous
driving and in the case of both autonomous driving. As a result, the average breakaway distance
was longest for the driving method in which one side was steered by a human, in which the
vehicle evaded to the left, and in the case in which both vehicles were autonomous, the driving
method in which thelvehicle evaded in the direction of travel at an intersection was the longest.
From the graph of the average separation distance for each driving method and the density of
training data, It is considered that the driving method should not set complicated conditions,
such as not restricting the part of the road to be driven, such as driving on the left side of the
road, and setting detailed avoidance methods.
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Effect of Topological Defects in Active-XY Model

Shun Inoue, Satoshi Yukawa

Department of Earth and Space Science, Graduate School of Science, Osaka University

Abstract

In this study, we introduce the active-XY model which is an intermediate model between the classical
XY model with spins fixed on lattice points and the Vicsek model with spins traversing freely through
space. This model allows spins to self-propel and navigate across lattice points according to their
orientations. While the classical XY model is known for the emergence of topological defects, our
research investigates the relations between topological defects and the self-propulsion mechanisms
within the framework of the active-XY model. Our results show that as self-propulsion intensifies,
particles increasingly aggregate at +1 vortex defects, while —1 vortex defects become less common
in the system. By comparing the heatmap of vorticity and the behavior of phase separation, we also

examine the relations between motility-induced phase separation (MIPS) and topological defects.
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Machine Learning Analyses of Observed Highway Traffic Data

Shin-ichi TADAKI

Department of Information Science, Saga University

Abstract

Japanese highways feature induction loop devices, spaced approximately every 2 kilometers,
to monitor traffic flow and speed. Extracting the characteristics of these data is crucial for
defining the features that traffic flow models should reproduce. This report employs a clustering
method using machine learning for applying to those data. We show that the data containing
traffic jams are reasonably classified into three clusters, and the trained model can also classify

the data with few traffic jams into the same three clusters. Furthermore, the possibility for

capturing early signs of traffic jams is discussed.
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Stability analysis of a second order differential equation with time delay

by a numerical renormalization

Yasushi Honda

College of Information and System, Muroran Institute of Technology, Japan

Abstract

Generally speaking, in the case where a time delay is included in an equation of motion or a feedback control
system, it is impossible to expect the behavior in a simple manner. There is a possibility that the time
delay brings an unstable state of the system that is stable without the time delay. In the control theory,
the Padé approximation for the transfer function is used to analyze a system with a time delay. However it

does not depict a physical picture.

In this study, we propose a renormalization for coefficients of a second order differential equation. An

unstable region in coefficient space is exhibited by this renormalization method. The shape of the stable

region is similar to that obtained by simulations for the same differential equation with the time delay.
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The effect of variety and temporal change of response thresholds

in the model of the division of labor of ants

Tatsuya Matsuura,Takashi Shimada

Department of Systems Innovation Graduate School of Engineering The University of Tokyo

Abstract

One of the keys of the success of eusocial insects is their efficient division of labor. The response

threshold model has been used to describe the mechanism of their division of labor. However,

recent studies using a large set of activity data of ants showed the necessity to reconsider

the simple modeling. In this study, we introduce individual and temporal variations to the

conventional response threshold model. It is shown that this extended model reproduces the

empirical results.
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Fluctuating Collective Cell Motion
with Short-Range Order due to Contact Triggering
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Abstract

Cells utilize their response behavior to mutual contacts to order their motion in their collective
movement. Typical response behavior is that the simple mechanical cell contact triggers the
motion of the cell. We call this behavior contact triggering. This behavior makes the state have
an ordered motion in a short range, which results in the relative instability of the collective
movement in comparison with other known behaviors. We investigate this state in a model
cell system by using a finite size effect at a small system size. In particular, since the effect is
empirically known to depend strongly on the response time of cell polarity in other response
behaviors, we examine this dependence in this system. The simulation of this system shows

the emergence of motion ordering and large directional fluctuation of the motion.

1 Introduction

Collective movement of cells contributes to or-
gan formation in various biological systems. In the
movement, cells mechanically contact each other
and show motion ordering. The intercellular in-
teraction for the ordering uses molecular bind-
ing bridges between membranes. The binding
molecules consist of two types, receptors and lig-
ands [1]. The reception of ligands by receptors
drives the motion of the cell that has the recep-
tors. The direction of motion reflects the spatial
distribution of these molecules localizing on the cell
membrane of edges. Namely, the distributions are
a determinant factor for directional changes in cel-
lular motion. This distribution determines the spa-

tial inversion symmetry of the cellular interaction
by forming the so-called “cell polarity”. The sym-
metry is expected to contribute to the stability of
the ordered motion on the basis of the insights into
the active matter physics [2]. Therefore, the molec-
ular distribution is naturally expected to determine
the motion ordering.

In the typical spatial distribution, receptors con-
centrate on one side of the cells and determine the
direction of cell motion [3-5]. The distribution due
to this one-side concentration is a typical cell po-
larity for moving cells, and we call this polar distri-
bution. Another type of binding molecule, ligands,
can have a variety of their distribution. For exam-
ple, in the case of homophilic adhesion, a ligand
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is identical to the receptor and, trivially, has the
same polar distribution in the same cell [6]. An-
other possible ligand distribution is uniform when
the ligand differs from the receptor. We call the
mechanism of motion ordering due to polar dis-
tribution “mutual guiding”. We call that due to
uniform distribution “contact triggering”. In the
former mechanism, the cell can inform surround-
ing cells of its direction through the direction of
the polar distribution of the ligand [7]. In contrast,
in the latter case, the cell cannot inform surround-
ing cells of their direction of motion because of no
particular direction in the ligand distribution [8].
The dependence of motion ordering in these two
mechanisms is not well clarified.

Our previous work focusing on this dependence
showed a relative instability of motion order for the
contact triggering [9]. The work calculated the or-
der parameter of the direction of the receptor po-
lar distribution with increasing the driving force.
It showed that the increase of the order parameter
with the driving force is relatively weak in the con-
tact triggering in contrast to the mutual guiding.
This realativly-weak increase in the case of contact
triggering implies that the information through the
polar distribution of ligands is not necessary but
effective for motion ordering. As the explanation
of the relatively weak increase, we speculated that
the domain of ordered motion in this state remains
only in a particularly short range. The examina-
tion of this speculation is a crucial issue for us to
understand the instability of the ordered motion
due to contact triggering.

In the present paper, we investigate the state
with ordered motions due to the contact-triggering
in order to understand the instability of collective
movement. The effects of ordered motions in a
short range are invisible based on the order pa-
rameter in the simulation of a large system size
because the contribution of the domains of the or-
dered motion to the order parameter is expected
to cancel each other. To avoid this invisibility, we
consider a small-size system where the domains of
ordered motion do not cancel in the contribution to
the order parameter. The stability of short-range
order in small system sizes is empirically expected
to depend on the response time scale of receptor
cell polarity 7 [10]. Therefore, we calculate the de-
pendence of the order parameter on 7 by using the
cellular Potts model [11]. We find that the state
has a large directional fluctuation of ordered mo-
tion over the small system size. This existence of
the highly fluctuating direction may be the origin of
the relatively weakened cell movement in contact-
triggering.

2 Model

Our model is a variant of the cellular Potts model
[11]. The model is formulated on a two-dimensional
square lattice with a linear size L. The lattice axes
of the square lattice are set in the x and y direc-
tions. We set the system size L at 96, which is

smaller than that in previous work (L > 192) [9].
As shown later, this small size enables the model
cells to stabilize an ordered motion over the sys-
tem, which is not easily observed in the previous
work.

The states in this model consist of the set of
Potts states m(r) at the square lattice points and
the set of a pair of a unit vector p,, and a center
position of cells R,, for each nth Potts state. The
former set expresses the cell configuration, and the
latter pair expresses the directions of polar distri-
bution for receptors of nth cells. The state m(r) at
7 represents the cell index occupying r and takes
a number from 0 to the number of cells N = 144.
Thus, the domain of m(r) = n expresses the shape
of nth cell. Exceptionally, m(r) = 0 represents the
empty space at 7.

The dynamics of the Potts state is defined as
a stochastic copy process with given Hamiltonian
H(s), where s is a state consisting of {m(r)},
{(pn,R,)}. For each copy process, a copy to a
randomly chosen site r from its randomly chosen
neighboring site r’ is accepted by the Metropolis
probability min [P(s,)/P(sp),1]. Here, the neigh-
boring sites consist of the nearest and next nearest
sites. s, and s; are the states after copy and before
copy, respectively. P(s) is the realization probabil-
ity given by the Boltzmann weight exp[—BH(s)],
with a strength of cell shape fluctuation 5 = 0.5.
16L? copies constitute 1 Monte Carlo step, which
is the unit of time. The Monte Carlo steps generate
consecutive state series. For each interval between
two Monte Carlo step, p,, is updated by [5, 12, 13]

1.
DPn = 7PLann- (1)

at
Here, P | p,, 18 & projecton operator in the perpen-
dicular direction to p,. The a is lattice constant
and set to unity. 7 is the response time scale ratio
of p, to R,,. The dependence of the state on 7
is examined for motion ordering. The equation is
solved by the Euler method with a time difference
of 1 Monte Carlo step. R,, is also updated to the
center of mass of the nth cell.

The Hamiltonian H is the sum of adhesion part
H,, the area stiffness part Hs, and the driving part
Hda

He = an(r)m(r’)V(m(r)m(r/))7 (2)

_ Zr 67’”("’)”” 2
He=rA %3(1 - =) 3)

Ha = *JZTlm(r)m(r/)(pm(T) “em).

rr/

(4)

Here, ngg = 1 — 6k is the indicator of Potts
state domain boundaries and §; is the Kronecker
delta. The surface tension ~y(kl) takes 4.0 when
the boundary is cell-cell one, namely, k¥ # 0 and
[ # 0. Otherwise, it takes unity. x and A are the
area modulus and the reference area of a cell. ¢

-42 -



is the driving force due to contact triggering and
is set to 0.2. In the case of § = 0.2, cell motions
were observed in the previous work [9]. e,(r) is
(r—Ry)/|r — Rn|.

We obtain a relaxation state from an array of
cells with random {p,} through the 105 Monte
Carlo steps. Then, we calculate the order parame-
ter [14]

P(1) = 1 > palt). 5)

Here, we observe this value during 7' = 10°> Monte
Carlo steps. By P, we examine the existence of the
ordered state.

3 Result

To examine a typical behavior of P, we plot the
components of P, namely P, and P, in Fig. 1. In
this data, the response time of {p, }, 7, is set to 4.0.
The components of P highly fluctuate in the sim-
ulation. This type of fluctuation is not observed in
the case of the mutual guiding mechanism when an
ordered motion exists [9]. In addition, the compo-
nents frequently take values near unity. Therefore,
the cell motions form an ordered state, at least for
a short time. In contrast to the mutual guiding,
intrinsic fluctuation emerges even in the ordered
motion in the contact triggering.

This state with the fluctuation is similar to a
transition state from solid to fluid states with in-
creasing driving force in the case of self-propelled
cells [10]. Therefore, one possible origin of this
state is a transition from solid to fluid. We plot it
in the same figure to confirm the absence of fluctua-
tion in the absolute value | P| due to the transition.
As expected, the value of |P| is almost a constant
value near unity, and therefore, the motion direc-
tion nearly exhibits a spatially ordered state over
cells. The spatial order of motion direction in this
state is a similar property of the transition state
of self-propelled cells. This similar property may
imply that the origin of the fluctuation is the tran-
sition from solid to fluid.

In examining the transition state, we also recall
that the destabilization effect of the direction of P
originates from the short response time [15]. The
effect of short response time may be another possi-
ble origin of this fluctuating short-range state. To
check the possibility of the effect of short response
time 7, we calculate the time average value of the

order parameter
1
— [ dtP(t 6
7 [aro) )

as a function of 7. We plot P(7) in Fig. 2. P(7)
in response times shorter than 2 are much lower
values and indicate the fluctuating state similar to
the state previously observed in the case of self-
propelled states [10, 15]. In contrast, the order
parameter remains finite for the larger value of 7.

P(r) =

1.0
0.5 [}
X b
JE— [ * I %
= 4 ERS
Q‘“ 0.0 1; % ’f i’? i
2 gLy
B R
0.5} J1 i
P Y s
T
P, --x-
-1.0 - | ik di | | lﬁ|x
0x10*  2x10* 4x10* 6x10* 8x10* 10x10*
Fig. 1: Components of order parameters Py(t),

P, (t) and absolute value of the order parameter
|P(t)| as a function of Monte Carlo steps ¢t. The
origin of time is the end step of the relaxation
simulation.

These finite values of the order parameter indicate
the emergence of states distinct from that under
the effect of a short response time. This state is
expected to correspond to the fluctuating state for
7 = 4.0 in Fig. 1. The fluctuated characteristics
seem to be observed as the non-systematic depen-
dence of P(7) on 7. These results indicate that the
fluctuating state does not originate from the short
response time at least but from the emergence of
the ordered motion in a short range with intrinsic
fluctuation.

We also plot the collective velocity v(7) as a func-
tion of 7

o(r) =

; (7)

% /Tdt;dn(t)

to confirm the contribution of the short-range order
state to the collective movement. Here, d,,(t) is the
displacement per Monte Carlo step for the nth cell.
In Fig. 2, the dependence of v(7) on 7 is consistent
with that of P(7) and, hence, the non-systematic
behavior is also observed in v(7). Therefore, the
short-range order reflected in P(7) mainly deter-
mines the collective velocity in this collective move-
ment.

4 Discussions and Remarks

The present work investigates ordered cell mo-
tions in short range with contact-triggering. We
find a large directional fluctuation of ordered mo-
tion in a small system size, which is not observed
for a large system size in previous work [9]. The
domains of the motion order with directional fluc-
tuation in the large system size are expected to
have different directions of motion and, thereby,
cancel each other in the contribution to the order
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Fig. 2: P(7) as a function of the time ratio 7
proportional to the response time.

parameter. The observation of the directional fluc-
tuation implies that the emergence of the direction
fluctuation is the origin of the relative instability
of the collective movement for contact triggering
in contrast with mutual guiding. The fluctuation
is expected to result from the transition state from
solid to fluid.

The comparison of this state with states in other
systems may provide additional insights into this
state. The fluctuation in this state is not ob-
served so far in the states of mutually guiding
cells[7, 16, 17]. Moreover, the comparison with
the mutual guiding indicates that the information
transfer of the motion direction through the po-
larized ligand distribution contributes to the sta-
bility of the collective movement. In fact, the mu-
tual guiding in the small system size does not show
the non-systematic dependence of P(7) (not shown
here).

The physical mechanism originating the differ-
ence in the stability between contact-triggering and
mutual guiding is not fully understood yet. The
hint for us to approach the difference may be the
previous observation of cell array formation in the
case of the mutual guiding [13]. The array forma-
tion is expected to correlate highly with the align-
ment of the cellular motion direction. Furthermore,
the array formation is not expected for contact-
triggering. From these hints, we hypothesize that
the stability difference between these mechanisms
may originate from the difference between cell con-
figurations. Namely the cell array formation in-
hibits the fluctuating transition state in the case of
the mutual guiding.

Now, the large system-size simulations do not
provide evidence for the array formation of mutual
guiding. The observation difficulty of this array
originates from the visible condition that the ar-
rays are only observable for marginal cell densities

between individual and collective movements [13].
Instead of directly observing these arrays, we spec-
ulate that the array formation is observable in a
finite-size effect of a small-size system, the size of
which is comparable with the array size. If this
speculation is true, a small-size simulation may be
effective in the observation of these arrays. We
should examine in the future to solve this mecha-
nism of stability difference.
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Reconsideration of criticality in stock market

using Bak-Sneppen-like order book model
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Abstract

The fluctuations in stock prices are known to follow a power-law distribution, but what con-
ditions lead to the criticality? In this study, a limit order model was constructed based on
the Bak-Sneppen model, which explained a self-organized criticality (SOC) in coevolutionary

system of biological species. The results revealed that the order distribution of the limit book

becomes the critical state spontaneously when the cancellation rate of orders is small.
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Phase transition in dense hard triangle systems

by Newtonian Event-Chain Monte Carlo

Tomoki Shirai, Daigo Mugita, and Masaharu Isobe

Graduate School of Engineering, Nagoya Institute of Technology

Abstract

In this study, we investigate the phase transition of the hard triangle systems by increasing the
packing fraction (density) by applying two novel algorithms: (i) Newtonian Event-Chain Monte
Carlo, known as efficient translational diffusion in a hard sphere system, and (ii) XenoSweep
for efficient contact detection between rigid objects. These algorithms enable the equilibration
of the hard triangle particle system, which has the most different shape from a hard disk. To
characterize the phase transition, we focus on diffusional characteristics and novel orientational

order parameters for the hard triangle particle system proposed by our present study.
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