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A Mathematical Analysis of Intersections on Road Networks

Kazuya Nagase
Graduate School of Information and Communications,

Bunkyo University

Abstract

Police officers and electricity generators are distributed to intersections in
emergencies such as disasters. This study aims to propose a method of estimating the
frequency of using intersections and analyze the value of intersections quantitatively,
while considering how to create a better distribution plan. First, we estimate the
frequency of using intersections that matched with expectations of local residents.
Next, using ABC analysis and adjusting the movements and the amount of people, we
reveal the value of intersections. Finally, we propose a new method of analyzing how
public buildings influence traffic near intersections. Based on these findings, this

study shows that proposed quantitative analysis of intersections is effective.
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int NbRoads = e

int NbNodes = e

int NbSPoints = vl

int NbTPoints = vl

int demand[1..NbNodes+NbSPoints+NbTPoints] = e

int distance[1l..NbRoads+NbSPoints+NbTPoints] = e

int incidence[1..NbNodes+NbSPoints+NbTPoints][1..NbRoads+NbSPoints+NbTPoints] = ...;

int incidenceplus[1..NbNodes+NbSPoints+NbTPoints][1..NbRoads+NbSPoints+NbTPoints]

dvar int+ sflow[1..NbSPoints];

dvar int+ flow[1l..NbRoads];

dvar int+ tflow[1..NbTPoints];

dvar int NbThru[l..NbNodes];

dvar int TotalThru;

minimize

sum(i in 1..NbSPoints) distance[i] * sflow[i]+sum(i in 1..NbRoads) distance[i+NbSPoints]
* flow[i]+sum(i in 1..NbTPoints) distance[i+NbSPoints+NbRoads] * tflow[i];

subject to {

forall( p in 1..NbSPoints)

sum( i in 1..NbSPoints) incidence[p][i] * sflow[i]

+ sum(i in 1..NbRoads) incidence[p][i+NbSPoints] * flow[i]

+ sum(i in 1..NbTPoints) incidence[p][i+NbSPoints+NbRoads] * tflow[i] == demand[p];
forall( p in 1+NbSPoints..NbSPoints+NbNodes)

sum( i in 1..NbSPoints) incidence[p][i] * sflow[i]

+ sum(i in 1..NbRoads) incidence[p][i+NbSPoints] * flow[i]

+ sum(i in 1..NbTPoints) incidence[p][i+NbSPoints+NbRoads] * tflow[i] == demand[p];
forall( p in 1+NbSPoints+NbNodes..NbSPoints+NbNodes+NbTPoints)

sum( i in 1..NbSPoints) incidence[p][i] * sflow[i]

+ sum(i in 1..NbRoads) incidence[p][i+NbSPoints] * flow[i]

+ sum(i in 1..NbTPoints) incidence[p][i+NbSPoints+NbRoads] * tflow[i] >= demand[p];
forall( p in 1..NbNodes )

sum( i in 1..NbSPoints) incidenceplus[p+NbSPoints][i] * sflow[i]

+ sum(i in 1..NbRoads) incidenceplus[p+NbSPoints][i+NbSPoints] * flow[i]

+ sum(i in 1..NbTPoints) incidenceplus[p+NbSPoints][i+NbSPoints+NbRoads] * tflow[i] ==
NbThru[p];

TotalThru==sum(p in 1..NbNodes) NbThru[p]; }
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INLNSY 10 0.001704 0.996763 139.4095 35.35702
ZABF 8 0.001363 0.998126 139.4207 35.32131
=piadiil] 8 0.001363 0.999489 139.426  35.32217
FERRHH 3 0.000511 1 139.3721 35.34118
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