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Abstract

In this paper we introduce a search approach for shortest path algorithm in a parallel distributed architecture which is designed to
handle the time-dependency for multimodal transportation network. Our proposed algorithm relies on its effective target-oriented
approach of reducing the search space while the distributed parallel processing focuses on reducing the computational time. The
optimality of the algorithm is principally based on computing a virtual path which is basically an Euclidean distance from the
source to the destination aiming at a restriction of the search space. After the presentation of the distributed algorithm, a profiling
of the algorithm is given to evaluate its computing performance.

© 2017 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the scientific committee of the 20th EURO Working Group on Transportation Meeting.
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1. Introduction

Route planning in highly developed transportation networks is gaining more and more importance considering
the evolution of transport means and the emergence of advanced intelligent transportation systems. Nowadays, the
mobility of goods and persons turns into a major challenge especially in critical fields such as transportation of
hazardous materials.
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Travelers ask for efficient routing methods allowing them to reach their destinations through large-scale networks
involving different scheduled and non-scheduled transportation modes. For this reason, many applications of
algorithmic that compute an optimal route from a source to a destination in a multimodal network have been
proposed to deal with this combinatorial optimization problem under additional constraints such as dynamic
changing traveling data.

Accordingly, single-source single-destination shortest path algorithms in dynamic multimodal transportation
network have known increasingly improvements adopting different optimization approaches. On one hand,
concerning the problematic of time-dependency, multiple researches have been done. Besides the classical solutions
for routing in static networks such as speed up techniques (Bastet al. 2014), Cooke and Halsey (1966) introduced the
dynamic aspect to cope with the time dependency aspect of public transportation modes. Pyrga et al. (2008) detailed
the realistic version of the time-dependent and time-expanded model for public transportation network. Bakalov et
al. (2015) described the time-dependent network model tailored towards the need of transportation network
modeling. On the other hand, we can find relevant works done in time-dependency problem. Schultes et al. (2008)
and Pajor et al. (2009) did extensive research to extend networks from single mode to multimodal. Liu et al. (2009)
proposed a switch point approach to model multimodal transport networks. Peng et al. (2008) proposed a distributed
solution for planning of trips in a larger transport system. Ayed et al. (2008) proposed a transfer graph approach for
multimodal transport problems. Lozano et al. (2002) adopted the concept of hypergraphs as Bielli et al. (2006)
worked on hierarchical graph. Zhang et al. (2014) investigates the multimodal network design problem that
optimizes the auto network expansion scheme and bus network design scheme. Ziliaskopoulos and Wardell (2000)
presented a time-dependent intermodal optimum path algorithm for multimodal transportation networks that
accounts for delays at mode and arc switching points.

2. Time-dependent multimodal network

Definition. Let G = (V,E, M, T) denotes the time-dependent multimodal directed graph or network, where
M = {my,..., my} is a set of transport mode (e.g., train, bus, metro). An edge e; € E can be identified by (v;, vi,, m;)
where v;, vj,eV A m;eM. e; means the possibility of going from node v; to v;, by using transport mode m;. A path
» ={eqep...,e) is said to be multimodal if Je;,e; € A, e; = (vi,vyr,m;) = {Vy, Vi, i, € = (V]-,V]-l,m]-) =
{V-,V-I} o, m; #mj,and i,j < k. The edge e = {v,v'},, has a time-dependent distance cost ¢, (t). Let t, t’ denote

T g ) : ; ;
time in a discrete set {ty, ..., t;}, the travel for the edge e is defined as tuple (¢t,t') € T where t is the departure time

from node v ,and t’ is the arrival time at node v'.

Table 1. Time table

Mode 1
Edges Time Travel time
a—b 253 1
>~
2—4 2 -
Mode1l >~
Mode 2
Edges Time Travel time
Mode 2
d—b 1—4 3
8—10 2
b—c 556 1

10—11 1 Figure 1. Multimodal graph
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A simplified graph in figure 1 presents a multimodal time-dependent graph with two modes model and mode?2.
We construct the graph based on the adjacency matrix which affects the distance cost to each edge. Suppose that it is
possible to switch from model on arc(a, b) to mode2 on arc (b, c) and that transfer node for this switching is b.
The delay associated with this mode switch is then calculated for each time interval by first determining at what
time mode1 arrives at node b and leaves it. According to the time table in table 1, if model departs from node a at
time interval 2 and arrives at node b at 3, then switches to mode2 through the arc (b, ¢) at the time interval 5 — 6,
the delay associated with this mode switch is two time interval which is added to the total travel cost of the path.

3. Constrained shortest path algorithm

To respond to the issue of finding the shortest path in a time-dependent multimodal network, the Constrained
Shortest Path Algorithm (CSPA), as introduced by Idri et al. (2017); is proposed to optimize the search space using
the concept of “closeness” to the distance as the crow flies which we call it the “virtual path”. Thus, the main idea of
the proposed searching approach is to drive the search toward the connected nodes close to the virtual path by a
parameter d as mentioned in figure 2.

max

Ad

Figure 2. Illustrative example of the algorithm

The main idea behind the algorithm approach is to explore the nodes in a restricted search space defined by four
parameters:

e  Virtual path (st): is the Euclidean distance from s to t, represents the reference path

e Distance d: is the threshold distance of the search space, represents the mean distance value from all the

vertices to the virtual path: calculate_threshold() {v; € V,d = ¥} dist(v;, (st))/n} (3.1)
Distance d,,,: is the maximum value of d, represents the distance value from the farthest vertex to (st).
Distance Ad: is the elementary step distance of the search space, represents the mean distance value from all
the vertices to their neighbors’ vertices:calculate_step() {v; €V, Ad; = Y¥x;/k

Ad = Y1 Ad;/n} (Where totaly,eignpours (Vi) = k and x; the distance from v; to its neighbor) (4.2)

In each searching iteration and after selecting a candidate vertex v that satisfies the condition dist(v, (st)) < d,
we apply the elementary step function OneStepMMTDSP(v,t) on v. This function applies a multimodal time-
dependent shortest path algorithm to find the next candidate vertex for the next iteration. It can be substituted with
any algorithm designed to find the SP in a time-dependent multimodal network.

We should mention that the virtual path presented as an Euclidean distance from s to t equal to D is a model to
demonstrate our approach and we can adopt the same reasoning to other cost function like travel time. The logic of
our algorithm remains applicable when we substitute dist(w, (st)) with f(s,w) + f(w, t) which has to be less than
f(s,v) + f(v,t) = 7 (see figure 4), where f is the cost function and 7 is the threshold value equivalent to d.

The algorithm logic is based on the constraint represented by the parameter d aiming at a restriction of the search
space. It is resumed as presented in figure 3.
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If d reaches the maximum value which is the distance from the farthest vertex to the virtual path, the algorithm
behaves just like any other MMTDSP (multimodal time-dependent shortest path) algorithm depending on MMTDSP
function and all the graph vertices will be captured in the search space. On the other hand, when d is less then d 4,
then the algorithm will navigate back and forth relying on the density of the network. It starts from a restricted
search space and enlarges it by Ad until a shortest path is found, while each vertex not leading to a complete path is
removed from the possible partial paths.

Computation of VP and
d,Ad parameters

| Searching iteration o
| 0
Searching process d
restrained into the o
A e
reduced search space ' Z
(2d,D) . | '
PV [
OneStepMMTDSP AUgT;eZt;tion Figure 4. Calculation of threshold
Y

A

Output path

Figure 3. The algorithm process
4. Distributed architecture

We study the possibility of improving the performance of the CSPA by examining the distribution and parallelism
of the algorithm, more precisely the algorithm searching process. It generates multiple instances that run through the
network to find the candidate paths.

The choice was made on the Manager / Agent model since it guarantees scalability and distribution services and
this coincides well with our objective. The task of finding the final right path passes through constructing the right
set of nodes by the operation of selecting and excluding nodes. To cover the communication between the Manager
and the Agents, the Common Object Request Broker Architecture (CORBA) which is gaining increasing importance
in the field of network and systems management, was chosen for the reasons mentioned below. CORBA has no
notion of hierarchy but assumes symmetric peer-to-peer relationships between objects; in terms of management, this
result in an extension of the role model Manager/Agent relationship.

Accordingly, the distributive model consists of using multiple Agents running in a completely independent way,
each with the next candidate node, with the goal of searching the shortest path below the said node. Once an Agent
finishes searching, it sends resulting path, until all the paths from all the agents are collected and the entire problem
is solved by choosing the optimal possible path. The multiplication of the number of agents directly implies the
reduction of the execution time and makes it possible to avoid memories during the selection of possible paths. The
Manager uses a dispatcher to distribute the tasks to the Agents and a collector to collect the results sent by them.

CORBA was chosen for communication between all the actors of this architecture (figure 5). The use of CORBA
offers advanced programming mechanisms such as distributed event management, support for asynchronous
communication AMI (Asynchronous Method Invocation) and object-oriented programming. The services offered by
the Manager and the Agents are listed below:
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e  Manager: Network management, distribution of tasks, generation and synchronization of agents, collection
of paths and treatment.
e Agent: Generation of set of nodes and returned elementary path processing.

v

C ) )

Agent 1 Agenti Agent n

Figure 5. Distributed Manager/Agent architecture

5. Experimental results

In this section, an implementation of the CSPA, with cost function defined as the travel time, is evaluated below.
Also, several tests are done in order to analyze the impact of the parameter values and the used architecture on
computing time. The performance of the algorithm on different instances of the problem in monolithic architecture is
compared with its performance in distributed architecture.

7

E——
——CSPA (d1=120)
—— CSPA (d2=90)

———CSPA (d3=70)

CPU Time (x107s)
D

3 e CSPA' (d1)
2 CSPA' (d2)
1 - CSPA' (d3)
0 No of nodes

100 250 500 800 1000

Figure 6. Comparison of A* and CSPA in monolithic and distributed architecture

The CSPA algorithm in the implemented prototype is a variant of A* algorithm in a way that the algorithm uses
A* for the elementary step function OneStepMMTDSP. Therefore, different instances of CSPA are compared in the
first place with A* to point out the notable reduction of computational time (figure 6). The comparison shows how
our approach applied to A* can reduce the CPU time efficiently in comparison with A*. We try to give three
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different values to the parameter d for the two architectures (monolithic: casel/distributed: case2) and calculate the
corresponding execution time. The performance of the algorithm is more significant in d3 in both cases which
includes the importance of the choice of the calculation method for the upper bound that conducts the search process.
The impact of the distribution is shown in the figure 6 if we compare CSPA for monolithic architecture and CSPA’
for distributed architecture. The gap between the different values is noticeable.

Table 2 shows the performance of the proposed approach in monolithic and distributed architecture. The results in
this table are given in terms of computation time and space. These values were calculated on multiple independent
runs for four instances of the SPP, with different number of vertices, edges, and transport modes.

According to the CPU time, the proposed approach provides the best result for almost all instances in distributed
architecture especially for big instances.

We can conclude here that the distributed CSPA’ presents an optimal solution for reducing the search space and
reducing the computation time.

Table 2. CPU time comparison between the performance of CSPA in monolithic and distributed architecture

Graph instance CPU Time (x10ms)
V| |E| |M| Monolithic arch. | Distributed arch.
100 230 3 0.8 0.77
500 800 3 1.66 1.62
1000 2600 3 2.85 1.5
2000 5000 3 3.01 1.86

6. Conclusion

In this paper, we give an overview of the modeling of solving time-dependent route planning in multimodal
transportation networks. Our added value to this routing problem is proposing an approach to find the shortest path
with optimal searching process which is designed to handle the time-dependent shortest path algorithm problematic
for multimodal transportation network. It is implemented in a parallel distributed architecture using CORBA for
Manager/Agent model. Computational results indicated that the actual performance of the proposed distributed
algorithm is substantially better than A* algorithm in time-dependent multimodal network. In the future, the
evaluation of our proposed algorithm will be done by comparing the performance of CSPA with other algorithms
such as ALT with more variation of modes.
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