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Abstract. Mathematical modeling in optimization problems of
management of urban passenger transport in large cities is considered. The
simulation of route of transportation network of large cities is determined
by a relatively large number of their specific and individual properties
which, in the process of their functioning, become more complex and
interdependent ones. Algorithm of rational route network taking into
account annular and circular routes in the schemes of organization of urban
passenger transport is proposed.

1 Introduction
Currently, infrastructure development of major cities and the prospects of improvement
allow us to identify a stable trend of increasing role of transport systems that are
particularly important in the organization of management of passenger transport. City
transport system needs to be adequate to dynamics of its passenger traffic, both at the stages
of creation and operation, and in the process of improving the existing route and transport
network.

2 Material and methods
Models and methods of system analysis and theory of mathematical modeling are the most
effective ones to solve this problem, allowing to obtain the best solutions from the many
available ones for the specific situation [1,2]. Mathematical methods in finding optimal
choices in multi-stage task selection for multi-objective optimization in this case should
include enumeration of entire set of possible solutions.
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3 Theory
Following criteria can be considered as the main ones in organization of passenger
transport:
(1)
tc → min, lm → min, nm → min ,
where t c – minimum travel time of passengers; l m – travel distance of passengers; n m –
minimum number of passenger vehicles.
For the selected criteria of optimization, possible passenger flow may be considered as a
system constraints. Its lower limit will be the totality of served passenger traffic Q ji =Q min ,
upper limit is allowable number of rolling stock n m →min on the route m and its capacity
q→max. In this case, restrictions on the size of the passenger flow will have the form
Q m =n m ∙q=Q max .
(2)
Qmin ≤ Q ≤ Qmax ,
The formation of the route network considering (1) and (2) is made in 2 stages. The first
stage involves construction of circular routes, and the second one - pendulum routes. For
this we form the graph G (V, D), in which the vertices V are many stopping points (SP) Q,
and D are arcs connecting the vertices V. In this case, you would create the following
matrix: average daily passenger traffic X ijcc from point i to point j; bandwidth of stopping
points; the length of routes; and average time of vehicular movement on the route tij .
After the formation of source data in schema of organization of urban passenger
transport, calculation of rational route network taking into account pendulum and circular
routes is made.
The formation of circular routes is carried out using procedures of graph theory G m (V m ,
D m ) for every route m and type of transport in several stages [3, 4]:
In the first stage, the search for Hamiltonian cycles in G m is made on the basis of
average daily matrix of passenger traffic X ijcc using the brute force methods of Roberts
and Flores and multichain method of Selby [11, 4].
In the second stage when using the method of pyramidal sorting (the algorithm of
Williams and Floyd) ranking of routes by increasing average daily traffic is performed.
In the third stage, you select the route m max with maximum traffic is chosen, on the
basis of which all the circular routes are selected, connecting at least by one edge with
m max .
The fourth stage assumes inclusion of end points in the final cycles is made on the basis
of matrices Vsp and. Matrix Vsp defines the number of selected vertices of the cycles,
which are the end points.
At the fifth stage for all routes, including m max , for the period of maximum traffic flow
calculation for finding the shortest routes between all vertices of the cycle m max is made
with the application of graph G m , final points and matrix �� n �� , X ijcc , lij . As far as
graph G m is considered for each type of passenger vehicles, while generating the
constraints, there is the opportunity to go from [n] to the average hourly value [Q], that is

[Q=] [ n] ⋅ qn ,

(3)

where, [n] – restrictions on the transport capacity of a stopping point on this route; q n –
the capacity of considered type of passenger vehicle.
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The number of incoming passenger vehicles at stopping points (SP) depends on the
permissible interval of arrivals of passenger vehicles at the SP, which is adopted in the
period of maximum traffic flow J min =1min, J max =1min, that is restriction can be taken:
jmin ≤ J i ≤ J max ,

(4)

Since:

J=
i

∆T p. f .
n

→ [ n=
]

∆T p. f .
Ji

,

(5)

where, J i – the interval of passenger vehicles arriving at the i-th SP; ΔT p.f. – time period
of stable passenger flow.
In this case, taking into account (3) and (5,) the limit on the amount of passenger flow
through the i-th SP would be

[Q ] =

60∆T p. f .qn
Ji

,

(6)

Based on the conditions of appropriateness for minor routes, the condition (2) is stored
in the lower limit, that is Q min ≤Q i , and the upper limit may be set by expert.
On the sixth stage the choice of the most efficient route is made m e taking into account
bidirectional nature of circular route to build the entire set of routes. In this case we use the
main indicators influencing the efficiency of urban passenger transport formed both in the
flow of passengers and in their location on the route network of the city. The calculations
used data for the time period of maximum traffic flow for each direction, namely: the
length of the route l m duration of trip t D ; the total volume of passenger traffics ∑Q ij
maximum passenger numbers for each trip Qmmax ; maximum passenger traffic on the route
Q∑𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝑚𝑚𝑚𝑚 ; required amount of transport on line n m . In addition average distance of the
passenger trip l p.t. , filling ratio of transport γ , the period of maximum traffic flow and the
coefficient of irregularity of passenger flow along the length of the route during this period
is determined.
The choice of best route is made on the basis of certain indicators. And, because it uses
a lot of different factors, which complicates the task of routes formation, then indicators are
used that mostly affect social and economic aspects of passenger transport.
The task can be simplified if the basic criterion of optimality among the set of proposed
routes would be used given hourly production on each route, that is
Wm =

∑ Qij ⋅ lij
, Wm → max,
∆Tday ⋅ lm

(7)

where, Q ij – traffic of passengers on the shortest path from point i to point j; l ij –
distance of passenger trips during the traffic Q ij ; ∑Q ij ∙ l ij – passenger flow of the route m;
ΔT day – daily duration of the route; l m – length of the route.
Introduction of given performance W m is due to the fact that the length of all the routes
are different, therefore, the so-called efficient route is introduced mi (Wmmax ) = me .

At the seventh stage selected route m e is included in the scheme of RT of the city and it
is proposed to consider the expert's recommendation for route acceptation. If the route is
accepted by the expert, graph G m is excluded with the entire volume of trips served by
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selected route m e , also bandwidth matrix of SP

[ n]

, daily trips X ijcc

and correspondence

�� X ij∆t �� should be corrected. In the case of
negative expert decision, m e route is excluded from consideration, going back to all the
routes connected with m max , the choice is made from the following most effective m e ,
which is provided to the expert for consideration.
In the eighth stage calculations after consideration of all design options for circular
routes are ended. Thus, circular routes with a significant number of passengers do not fall
within the scheme of the road network of the city. Circular routes, which, according to the
calculations, form a single route network of the city, are excluded from the graph G. After
that, to complete the formation of unified route network you must go to the technique of
forming a plurality of circular routes. The design of circular routes in graph theory is
reduced to the task of finding the maximum flow under the given constraints and they are
considered as linear programming problems. In this case, the following methods can be
used: simplex method (linear programming) [4,5]; Gomori's method [6,12]; STEM method
using "man-machine" procedure [9,13]. STEM method, unlike Pareto's method and other
techniques, allows, in multivariate tasks, to get satisfactory optimum of minimal solution to
constraint system, not using help of decision makers (DM) in the initial stages of
calculations [7-10]. In this case, the expert (DM) corrects results only in the final stages,
when the response does not accurately describe the requirements for facility requirements.
This approach allows us to obtain the most rational decision in the formation of multicriteria system.
The formation of a variety of pendulum routes in the mathematical model represents a
system of constrains allowing to provide all passenger flows Q i between points i-j,
bandwidth limitations of SP and available number of passenger vehicles. The objective
function should provide the greatest social and economic efficiency, which are reduced,
usually to minimum turnaround time for traffic and to the shortest path between points of
departure and destination. Next we make calculations and obtained data, in case of positive
results, are represented to the decision maker. If you are not satisfied for any parameters,
then DM is given the opportunity to impose restrictions on an unsatisfactory option in the
general system of equation, and the procedure starts again. If the decision maker makes a
decision about the appropriateness of the inclusion of the route in the network G, then it
excludes the volume of passengers, which was adopted by the serving route. The
calculations are repeated until all passenger traffics Q ij will be satisfied.
with a period of stable passenger traffic

4 Results and Discussion
In the process of forming route network of passenger vehicles in cities and at its final
adjustments for each route, the issues of increasing socio-economic efficiency together with
the issues of choosing the number and type of vehicles on the route of CRN should be
solved.
The number and types of passenger vehicles required for a specific route can be defined
on the simplex method of solving linear programming. For the objective function in this
case, it is advisable to use the function of minimizing the route cost, i.e.

F ( n) ∑ Cm nm ,

(8)

where, c 1 …c n – minimal financial costs for the appropriate type of passenger vehicles
for the maximum hour of traffic flow on this route during the reporting period of the day; n
…n m – variables characterizing the number of rolling stock in the line of a certain kind and
type.
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The task of formation of circular and pendulum routes is aimed for minimizing the
download of CRN, providing transportation of passengers and reducing pollution of
environment from the vehicles of road passenger transport.
The number of passenger vehicles of each type is determined based on the maximum
passenger flow. Limitation in this case is the minimum possible number of passenger
vehicles in line with the maximum traffic interval, that is,

[N ] =

60lm

Vs [ J ]

,

(9)

Where, l m – route length, km; V s – average speed of passenger vehicles of the selected
type, km/h; [J]– maximum traffic interval during the period under review, min.
In this case the following inequality is used

n1 + n2 + ... + nm ≥ [ N ] ,

(10)

To provide the most complete transportation of passengers on the route it is necessary to
consider the possibility of the carrier, i.e. the number and type of passenger vehicles which
are available on line.

� n1 ≤ N1
�
� n2 ≤ N 2 ,
��nm ...N m

(11)

Selection of the type and number of passenger vehicles should be limited by maximum
and minimum traffic flow, which must be served on specific routes of CRN, that is

��q1n1 + q2 n2 + ... + qm nm ≤ [ q1 ]
�
�q1n1 + q2 n2 + ... + qm nm ≥ [ q1 ]
n1 ≤ N1
,

(12)

n2 ≤ N 2

where q 1 …q m – capacity of passenger vehicles, pass; [q 1 ] and [q 2 ] – maximum and
minimum possible passenger traffic on routes of СRN according to the studied daily time
interval.
Value [q 1 ] can be get, taken into intra-hour coefficient of irregularity of passenger flow,
that is [q 1 ]= [q 2 ]k.
In the absence of data on the coefficient of intra-hour irregularity of passenger flow, it
can be assumed to be equal to K=1.1.
Environmental requirements for passenger transport are determined by given values of
maximum permissible concentration of toxic substances taking into account the exhaust gas
of engines. The results of environmental measurements for each of the passenger transport
are then compared with the maximum permissible concentration of toxic substances and
adjustment to the vehicles to reduce emissions of harmful substances are made B m if they
do not meet the normative requirements, that is,

B1n1 + B2 n2 + ... + Bm nm ≤ [ B ] ,

(13)

Thus, the system of linear equations, describing the basic conditions and requirements
for the formation of route transport network can be represented in the following form:
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n1 ≤ N1

n2 ≤ N 2
... ... ...
nm ≤ N m

B1n1 + B2 n2 + ... + Bm nm ≤ [ B ]

q1n1 + q2 n2 + ... + qm nm ≤ [ q1 ]
q1n1 + q2 n2 + ... + qm nm ≥ [ q1 ]

.

(14)

n1 + n2 + ... + nm ≥ [ N ]
n1 ≥ 0

n2 ≥ 0
... ... ...
nm ≥ 0
In this case, the objective function will be the minimum cost on routes of CRT that can
be represented in the form

F ( n )= C1 n1 + C2 n2 + ... + Cm nm → min ,

(15)

Task solution of forming a route of transport network of a city comes before obtaining
the optimal values of objective function (15). If the solution is not optimal one, then, for
example, by changing basic variables n 1 …n m or making a transition to a new inequality,
the following solution with a smaller value of the objective function is defined.

5 Conclusion
As a result of calculations after a finite number of steps, an optimal plan for the formation
of route transport network of a city is formed with the use of circular and pendulum routes.
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