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Abstract—This paper proposes a multi agent based timetable
scheduling algorithm for railway system which handles the
in—between time delay of the newly introduced train. The delay
management indeed optimizes the total journey time, hence
increases the total utility of the whole railway system as well.
Here we show that schedule generated by our proposed algorithm
is the most optimized schedule. It is done by using the notion of
DCOP(Distributed Constraint Optimization Problem), where we
define some metric to analyze the system to achieve our goals.
We use JADE(Java Agent DEvelopment Framework) platforms
to simulate our work and test it using a small network. We also
take a small case study to compare our proposed work with the
existing one and the results are therefore presented.

Keywords-Multi agent system, Railway Timetable, Railway
scheduling, Distributed Constraint Optimization.

I. INTRODUCTION

Managing interactions among autonomous entities with ever
increasing inter— dependencies have been one of the biggest
challenges for distributed artificial intelligence and for multi
agent systems. These aim at developing and analyzing models
derived from social interactions in human societies, and apply-
ing them to computational systems in order to resolve conflicts
in organizational structures of various types. The increasing
demand for mobility in the 21st century poses a challenge
to researchers [21] which includes necessity of efficient tools
and techniques in order to deal with transportation problems
as control, optimization, efficient assignment of the demand,
and so on. During the last years, agent based approaches to
traffic simulation have shown that they are able to capture
necessary details at entity level and is able to generate relevant
realistic phenomena. They are explicitly presented as active,
heterogeneous entities in the environment where their behavior
can be visualized, monitored, and validated at individual
level, leading to new possibilities for analyzing, debugging,
and illustrating traffic phenomena. So there are number of
challenges present which should be handled efficiently and
as well as automatically as much as possible to reach the
level of perfection. The main challenges are like, Timetable
scheduling, Dynamic rescheduling, Signaling, Collision detec-
tion and resolution etc. Among all these scenario, timetable
or railway scheduling is the most important task in public
transport. Not surprisingly, the construction of timetables in a
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sufficiently fast and optimized way is a troublesome job as the
situational complexity of the physical network and the several
constraints should be taken into account. A feasible train
timetable should specify the departure and arrival time of all
trains in such a way so that all the trains get required resources
without any conflict, i.e. they satisfy all the constraints and as
well as their total journey time gets minimized. In practical
scenario the railway network of any country is very large.
So, the difficulty increases in such complex and high loaded
networks. The whole network is basically distributed all over
the country which cover a very large region. So, when a train
is to be scheduled it will go through number of tracks and
stations throughout its journey. In some developed country like
European Railway System, Swiss Railways, the whole railway
system is managed by various companies. Their architecture
and business strategies are also different. Practically, all the
time there are large number of trains in circulation. So,
introducing a new train in any domain, may it be the train
whose journey covers number of zones or not, is not an easy
job. Many conflicting issues appear when a new train comes
into picture, mainly in inter—zonal journey. So, practically the
authority has to consider all these constraints. Now this kind
of real world problem is dynamic in nature, where not only the
objective function changes over time, the constraints are also
changing [1], [2]. The main challenges in such Distributed
Constrained Optimization Problem(DCOP) is: the dynamic
constraints might make tracking the previous global optima
less effective.

The structure of the paper is organized as follows: In section
2 we discuss about some previous works in related domain,
Section 3 present scope of our work. Section 4 & 5, model
our proposed system where we define some metrics. Section 6
highlights some problems as well as its solution following the
algorithms of these solutions. In section 7 we discuss about
our experiments and results and finally section 8 concludes.

II. RELATED WORK

Man made systems very often have increasingly higher
complexity levels and usually it is possible to decompose them
into complex units with certain well defined functionality,
which originate as a result of close collaboration of lower
level unit groups. Various traffic environments, their control



and scheduling have been focused by number of researchers
[4], [5], [7]. Some of them have followed traffic regulation in
centralized manner using traffic signs and control elements.
The problem here with such centralized system is that the
control is on only one system(central server), which is very
vulnerable in practice. David Handford and Alex Rogers [3]
have used utility based path trees to represent the factors which
affect agent decisions. A multi agent approach especially a
holonic approach [6] is very useful to describe such units.
The main goal of creating a holonic agent system was first
proposed by Koestler [22]. Holons may be treated in two
ways: as elements making a bigger whole, as well as elements
which are build from smaller components. Federio et. al. [§]
in their work have presented a friendly, flexible, automated
Decision Support System(DSS): MOM, whose main goal
is to make a feasible and optimized timetable in efficient
manner. This system generates the timetable automatically
with modifications in parameters like departure interval, delay,
number of tracks etc. according to the requirements and
railway traffic condition. They have basically designed an
architecture combining an interface and an optimizer to search
for optimized, feasible schedule. They claimed that this DSS
can optimize existing timetable schedule and automatically
optimize timetable for new train and make them compatible
with the existing one. L. Ingotolli et. al. [9] have proposed a
solution for timetabling by assigning some priorities for each
track to resolve conflicts between trains. But in case of delay
in high priority trains, there is always a chance that the lower
priority trains get affected all the time and hence the total delay
of the whole system goes on increasing. Some researchers
[10], [11] have proposed meta—tree based structure to solve
the railway scheduling problem as a Constraint Satisfaction
Problem(CSP). Where they partitioned the whole network to
construct the whole problem as number of connected sub
problems. In this way M.A. Salido et. al.[11] assumed that
two connected stations have only one line connecting them.
They have used a software METIS to partition the networks.
But this did not take into account the additional information
like railway infrastructure or the type or priorities of trains
to guide the partition process. Hence the ultimate cluster may
not ensure accurate one. Most of the previous researches [12]
have been dedicated to compute optimum railway timetables
where delay optimization are not addressed properly. Some
work have been done on agent based dynamic decision making
or scheduling [13], [14] where researchers presented self
interested agents, which can automatically cooperate with
other agents to solve delay problem. Ying Yu et. al [14] gave
an idea of Resource Constraint Project Scheduling (RCPSP)
to achieve a valid scheduling solution to minimize the whole
duration or cost of the system. Jhiag Zhibin and Xie Chao
have discussed about delay simulation and management [15]
on the basis of multiagent system where there are several
number of agents like train agent, strategy agent. All these
agents gather respective knowledge from the environment and
accordingly make strategies to handle delay. Besides such
conventional approaches very few researches are there where

techniques like Logic Programming [16] and SSA(Singular
Spectrum Analysis) [17] are used in train scheduling. Alessio
Cuppari et. al. have adopted a logic programming based
approach: CaseLP [19] for scheduling and management of
freight train traffic along the railway line. They designed two
kind of agents: Logical-Reasoning and Interface. Logical
agents have complex reasoning capabilities and suitable for
performing high level control and coordination tasks between
MAS components. Whereas interface agents provides the link
between external modules and the agents in MAS. CaselLP
allows to realize MAS that which agent of different kinds and
different architectures may coexist, cooperate and exchange
information. They have used ontological analysis in this re-
gard.

III. SCOPE OF THE WORK

With this background there are number of works in train
scheduling, very few significant work has come into notice
which handle delay optimization in an effective manner in
accordance with DCOP [1], [2]. They represent the timetable
scheduling, but delay optimization which considers all prac-
tical constraints altogether are not there [11]. Hence, there
is a huge scope of work in this regard and with this notion,
we work on delay optimization in distributed railway network
while introducing a new train in railway timetable taking into
account all other trains which are already in circulation. To
introduce a new train, the system first decides the source
and destination station and the in—between path according
to the demands, i.e. the intermediate stations the train will
visit throughout its journey (Refer Fig. 1.). The system also
takes into account various constraints like free time—slot, track
connecting two stations, platforms etc. and accordingly checks
for an optimized solution which satisfies all these constraints.

IV. SYSTEM MODEL

Now, as per as the Railway System is concerned, the
problem of scheduling a new train in an existing timetable
can suitably modeled through discrete mathematics where we
can represent the Railway System as a multi graph(i.e. more
than one arcs can be there between a source and destination
node).

We put Railway Network(RN) as a pair of a graph(G) and
an agency(A).

RN =< G, A >

G again consists vertices V' and edges £ where V is such that
it can be modeled as station .S. In general, a station can have
more than one platforms and trains can stop here. So,

V = {w;|i € [1,n]} and v; = s; means vertex is a station.

E = {ejjli,j € [1,n]}, where 7 is the index of source vertex
and j is the index of destination vertex. e;; exists iff v; is
directly connected to v; .

There exist number of trains (7") which are already in circu-
lation.

T ={T)i € [1,K]}.

The agency is composed of number of agents as,

A = {A;|i € [1,m]} Each station and train is associated with
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Fig. 1: Railway Network

an agent. SA and T'A denote the station agent and train agent
respectively, where s; € S with sa; € SA and T; € T with
Ta;, € TA

A. Properties of the System

Properties of the Railway System can be expressed by
fluents(functions whose values change over time) and by
persistent functions(whose values do not change over time).
Persistent Function of the RN Physical Network

e max_capacity : S — N
maz_capacity(s;) = n iff station s; can host at most n
trains. This information is only available to station agent
sa;.
Fluents Representing RN’s Features

o current_capacity : N x S — N
current_capacity,(s;) = n iff station s; has room for n
more trains at time ¢. This information is only available
to station agent sa; .

e Tunning_on: N X E =T
running_onr(e(i,j,k)) = Ty.. Ty iff T,,, ..., T} are the
trains currently running on edge e(i, j), where, 17 is the
first train that left the station and 7, is the last who is
following previous trains maintaining a critical distance.
This information is only available to the station agent sai
in charge of the station from which the edge exits.

Persistent Functions of Train Schedule

e route: T x N — S
route(t;,i,) = S; iff the i, th station in t's scheduled
path is S; (i, ranges between 1 and the maximum number
of stations that ¢; is expected to traverse)

o scheduled_arrival : T x S — N
scheduled arrival (75, S;) = n iff n is the time instant
when T; should arrive in S; according to the planned
schedule.

o max_speed : T — R
maz_speed(T;) = r iff the maximum allowed speed for
T; is r, expressed in some suitable speed unit measure.

(Destination

Station)

o stop_value : T x S — Bool
stop_value(T;, S;) is true if T; will stop in station S;
and false otherwise.

Fluents of Train’s Features

o current_position : N - (VUE) x R
current position (7;) = (v/e,d) iff T; is currently either
on vertex v, in which case r is 0, or on edge e, in which
case d is the distance from the edge origin expressed in
a suitable distance measure unit.

V. METRIC DEFINITION

Here we proposes some of the metrics to analyze the whole

system of task allocation to agents.

o Utility of resource availability(t; ® t;): The utility of
the resources (track (Track(i,j)), platform(P)) is a
binary element which takes either 0, if the track(path)
connecting two neighboring stations(S;,.S;) in the con-
tiguous time are free and P(.S;) is available when T5, ¢,
arrives at S;. The value is 1 otherwise. By including this
utility term in the utility function of our system, we can
check whether the schedule is possible or not as if it is
1 then the track resource is not free and as we deducting
this term in the utility function, hence the total utility will
be much less. So we can conclude that schedule is not
possible.

e Utility for single path delay(Us): In practical scenario
almost every train faces some delay in their journey due
to various constraints. For our system, we have taken
some predefined utility value for delay for every single
track connecting two neighboring stations, where utility
is inversely proportionate with the amount of delay, i.e.
for the best case scenario the delay 6 = 0, so utility
value of that particular amount of delay (Us) = 1. When
0 increases, the utility value decreases uniformly. This
takes care of the feasibility of the new schedule.

o Threshold delay(0Ty,): The theshold delay is the max-
imum permissible delay beyond which the new train
cannot be scheduled as we have to optimize the total
journey time of the train. So to get an optimized schedule
0 < 8Ty,

o Total system utility(Urot41): Using above mentioned met-
ric we have formulated the total utility U (S;, S(i41) ) as
U(Si, Seiv1) ) = (v(ts) — (ts®t;) +Us —Urp,) for every
connecting path of the neighboring stations S;, S(;y1).
~(t;) has taken a fixed positive value for all free time
slots of every station. Hence the total system utility can
be calculated as (Urotar) = > U(Si, S(i+1) ), where

1=1,2,...,n.
VI. PROBLEM FORMULATION

We introduce a new train in the existing timetable with
some delay optimization so that the train would face minimum
journey time. And as the delay gets minimized so the total
utility gets maximized leading minimization in cost as well.
There are n number of stations, i.e. S = {S;|i € [1,n]}
and m number of trains where, T' = {T}|j € [1,m]} which



are already in circulation. We are assuming that every station
S; has a particular number of platforms P, (0 < P < n)
and there is only one track connecting S; to S;41). First
every station .S; will take their individual free time slot ¢; at
which they have available resources, i.e (P Utrack > 0) and
station agent SA; will put a value v(¢;) = 0.5 for every free
slot, and —0.5 otherwise. And if the resources are available
then (t; ® t;) = 0, where (t;) = t; + Journey_timercw
(Si, S(i+1) ) and 1 otherwise. We will set a threshold level
for delay 0 for each station within which the train can be
introduced, denoted by dr;, . We also fix some predefined
utility value Uy for each value of 4, like when § = 0,Us = 1
the maximum value as system is facing no delay at all and
will decrease as the delay increase i.e. for 6 = 1,Us = 0.8
and so on. Now, the source station Si for its first avail-
able free slot will send a message ¢; + Journey_timerpew
(Si,S(i+1) ) to its immediate neighbor station S(;y1) to
check S(ngs availability. Accordingly S(;y1) will check
whether t; + Journey_timeryq 1s matching any of its free
time slots or not from its own database. So, there will arise
three cases: Case I: If the slot is available i.e. there are free
resources at the expected time then it will simply forward a
message to its next neighbor in terms of time ¢ and send back
acknowledgement AC'K to its previous station. Case 2: Else
if there is any other free time slot within the threshold delay
limit i.e. starting time of free time slot at S(,»H), i.e. (ts(i_;,_l)
—t; + Journey_timernew (Si;Siivy1) ) < Orn), then it
send a request to accelerated the train so that when it reaches
S(i+1), the arrival time coenside with its free slots to provide
required resources. Case 3: Else S;4.1) will send NACK to
its previous station .S; and no message will be forwarded to
its next neighbor. For every path the utility will be calculated.
As there can be many feasible timetable path for introducing
a new train (without considering any optimization), we have
introduced the modification of Max—sum to find out the
optimized path to minimize the total journey time. So for each
track the utility will be calculated as:

U(Si, Si+1) ) = (V(t:) — (ti @ t5) + Us — Urp) and,
Urotar = > U(Si, S(it1)) » where i = 1,2, ..., n.

5Total = Z(S(SZ, S(i+1)), where ¢ = 17 2, N

Algorithm 1. and Algorithm 2. therefore represent this phe-
nomena to generate the optimized railway timetable schedule.

A. Proof of Optimality

lemma: If there is a feasible schedule which is obtained from
Algorithm 1. and Algorithm 2. in the above discussed way,
then the schedule is optimized railway schedule for the train
Tnew which faces minimum journey time.

Proof: As previously mentioned, our railway system consists
of n stations and m trains, where m,n > 2. m includes
the trains in circulation as well as the new train that will be
introduced. Journey time of T); , where j € [1,m], from station
S; to S;+1 , where i € [1,n], is denoted by JT'(S;,S;4+1). A
time schedule for a particular track is a sequence of tuples
(Ty,STr, , FTr ), where,

T; : Thew » i.e. the train to be introduced,

Algorithm 1 : Scheduling 7},.,, and Delay Handling

1: for VT,,., € T do
2 for VS; € S do

3 if (TRACK(SZ, S(z 1
4 Free_Slot(S;) =t;
5: end if

6: for Vt; do
7

8

9

NZ )/\P(SH_l) = 0 then

V(i) = 0.5
end for
: JT(S;,Si41) = FT(S;+1) —ST(S;)
10: 5:AJT(S“S7+1) *JT(SZ‘,Si_Fl)
11:  end for

12: orn = 30

13: Us=1

14:  for V6 do

15: Us=Us; —0.2

16:  end for
17: if 6 < 1), then

18: Ur, =0

19:  end if

20.  if 6 > o7y, then

21: Urp =1

22:  end if

23:  CALL(Algorithm?2.)
24: end for

Algorithm 2 : Computing Total Utility

I: UTotal =0

2: for Vt; do

3. for VS; € S do

4: U(TRACK(SZ', S(i+1) ) = ('y(ti) + Us — UTh)
5.

6

7:

UTotal = UTotal + U(TRAOK(S“ S(i+1) )
end for
end for

STTj: departure or start time at station .S;, and

FTr, : arrival or finish time at station Sit1)-

STr, (Si) < FTr, (Siy1) < STr, (Siy1), i.e. the train can
only start from (.S;1) after it finishes its journey from S, at
(S;+1) and finish time will always be greater than the start
time from its previous station.

and

JT(S;,Siv1) = FTr; (Siy1) —STr, (Si)

For the best schedule it is required that the train 7% will spend
exactly JT'(S;, S;+1) amount of time on a track connecting
S; and (S;41). And also the time schedule will be such that,
there will be no overlapping time sequence, i.e. the train can
spend time only on a single track at a time.

Now, when n = 2 and m = 141, (one train in circulation and
one is to be introduced), the optimal schedule can be trivially
obtained. The train schedule is such that there is no delay for
T; inbetween except at the end of its journey time at (S;41) .
Whereas there is also no delay for T; except at the beginning
at S; . So, combining these two scenarios it is proved that the



delay is optimized in this case. But in some practical cases the
required resources are not always free. So some delay comes
into the picture.

AFTTJ, (Si+1) = FTTj (Si+1) +4, where,

AFTr, (Siy1) : actual finish time at station (S;1).

0 : delay in its journey.

and

AJTr; (Siy1) = JT(Si, Siv1) + 96,

where,

AJTr, (Siy1) : actual journey time of T}.

For our proposed system, as § is the minimum delay that
should be given to T} for getting the resources available and
if § < 7y , then we can consider it as no delay at all.

So, JT(S“ Si+1) +6 ~ JT(SZ‘, SiJrl).

This also supports the best case scenario. Now in such way we
can check for the STT], where ¢ = 0, i.e. source station, for
which all the FTrr; (S;11) as well as ST, (S;41) will be a
contiguous time sequence with that small permitted d. Using
Omin Where 0.,5n = 6(S;i, Sit1),1 € [1,n], we can obtain the
optimal solution which supports our claim as well. In this way
we can present the whole path from source to final destination
as the summation of all the individual paths connecting a
station to its immediate neighbor. For every single track or
path, where 1 < track < n — 2, the lemma is true. So, it is
true for the whole path as well. Now for the last station it is
obvious that the train T} will not face any delay at the end
station according to our assumption. Hence the schedule we
get is the optimal one.

B. Indian Railway System : A Case Study

In Indian Railway System, which is indeed a very very large
network is broadly distributed all over the country (divided
into 17 main zones in total, which are again divided into num-
ber of divisions and sub—divisions). Therefore throughout the
day a large number of trains are in circulation. So, introducing
a new train in any domain, may it be the train whose journey
covers number of zones or not, is not an easy job. Many
conflicting issues appear when a new train comes into picture,
mainly in inter zonal journey. So, practically the authority
has to consider all these constraints. Moreover traditionally,
in Indian Railway System the making of timetable is done
manually. As per the discussion with railway personnel of
Eastern Indian Railway, every zone has their own database
regarding the resources like station, track and record of trains
in circulation with time basis. Whenever any new train is
going to be introduced, at first the source and destination and
also the route in which the train will be scheduled and at
what time, is decided according to the demand. Then all the
zones which are involved in this, individually checks for the
availability of resources depending on time and forwards to
the central authority. This authority then maps all the zones
free resources for the particular train to check whether the new
train can be scheduled on that route at that time or not and
accordingly gives the permission to the zones. But this is not at
all an easy process and takes huge amount of time to compose
the whole issue. According to the information gathered from

the railway personnel it takes at least 20 days to schedule
a new train in internal routes. And as a train goes through
several zones, so handling the inter zonal dependencies and
conflicts in an optimized way(in terms of both time and cost) is
really a challenge in present scenario. We hereafter represented
current railway timetable scheduling as an algorithmic way in
Algorithm 3..

Algorithm 3 : Existing Timetable Scheduling
1: for VT,,., € T do

2. for VS; € S do

3: Arr_time(S; 1) = Dep_time(S;) + JT(S;, Siv1)
4: for VArr_time(S;+1) do

S: if (TRACK(SZ, S(i+1)ti ) /\ P(Si+1) = 0 then
6: Free_Slot(S;) = TRUE

7: CENTRAL_SERVER(S;) =1

8: end if

9: end for

10: Result = (CENTRAL_SERV ER(S;)) \
(CENTRAL_SERVER(S; 1))

11:  end for

12:  if Result = 1 then

13: SCHEDULED!

14:  end if

15: end for

VII. EXPERIMENTS AND RESULTS

In order to simulate our proposed methodology i.e.

to schedule a new train in an existing timetable with
delay optimization, we use JADE(Java Agent DEvelopment
Framework)[23], which is a software Framework implemented
in Java. We consider six stations with defined paths along
with six trains(which are already in circulation) and a new
train 7},.,, Which is to be introduced. Stations can have more
than one platforms and there is only one track connecting
two neighboring stations. These two parameters(tracks and
platforms) are considered as resources of the railway system.
We run our algorithm for different trains at different time
slots as the scenario is dynamic in nature and time dependent.
Fig. 2 represents the feasible optimized schedule for the new
train. We also consider different amount of threshold delay
as mentioned before in Section 5 to check the changes in
optimal solutions.
Fig. 3 shows the comparison between existing solution and
our proposed solution. It is clearly seen that our scheduling
algorithm generates much less delay. And also we can see
that in existing algorithm no schedule can be produced for
time slot 2 from the source station, which is possible with
our algorithm.

VIII. CONCLUSION

An algorithm and its simulated result is presented in this
paper based on the optimization and scheduling approach.
The features of the system along with the working principle
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is described. We perform a case study to prove our claim.

Future

work focuses on the dynamic rescheduling extending

this approach.
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