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Abstract

This study presents a new solution for the Air ficaFlow Management (ATFM) problem. Its
main objective is to improve computational effi@grfor ATFM by combing grid computing
with multi-agent coordination techniques. ATFM imidsComputing (ATFMGC) was proposed
to balance the communication among Multi-Agents, ATFM for grid computing
environments, in order to deal with synchronizagwoblems. The function of the agents, their
knowledge representation and inference processag wWiscussed, as well as the grid
architecture, in which the agents execute it, wescdbed to demonstrate the developed model.
Also, a metric criterion called Standard of Balaigcamong Agents (SBA) was used as a basic
index to measure the effectiveness of reducingatheunt of communication among agents,
and the delay of flights. The simulation resultewshhe efficiency of the developed model, and

its successful application in a case study.
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1. INTRODUCTION A distributed ATM system has been studied

Air Traffic Flow Management (ATFM) is a in Australia (Tidhar et al, 1992). The
problem example of Real Time Traffic advantages of that approach are its inherent
Synchronization (RTTS) (Stoltz, Guerreaudistribution, autonomy, communication and
2002), (Stoltz, Ky, 2001). A common critical reliability. ~ Prevot, from NASA  Ames
problem is to achieve computing efficiencyResearch Center, has studied a distributed
due to the large-scale, safety andpproach for operator interfaces and
synchronization characteristics of mostntelligent flight guidance, management and
models and systems of ATFM. Since thelecision support (Prevot, 2002). Eurocontrol
1970s, scientists from Artificial Intelligence, (Nguyen-Duc et al, 2003) has also recently
Operation Research and Air Transportatiofresented an application of multi-agent
have worked together to develop morecoordination techniques in ATM that sets up a
efficient Air Traffic Control (ATC) and Air methodological framework, using multi-agent
Traffic Management (ATM) systems, but thecoordination techniques, to support the
computing-based solution still needs to b&ollaborative work in ATM. Although the
further enhanced in order to reduce aircrafinulti-agent coordination technique is a useful
delays. methodological framework, its research
Some Knowledge-Based Systems (KBS) havéNguyen-Duc et al, 2003) is limited to a
also been developed in ATC/ATM, such asoftware shell. Considering the huge amount
the 4D-Planner; a ground based planningf information traffic in ATFM, its
system using a rule-based approach for arrivdnplementation may not be straightforward
sequencing and scheduling (Dippe, 1989)vhen brought into practical fields.

(Volckers, 1989). Gosling (1987) pointed outRecently, grid computing represents a
the potential of Artificial Intelligence Prospective  solution  for  large-scale
application in ATC. A real time knowledge- computation tasks such as ATFM. A
based support for ATM has been developegomputational grid has been defined as
by IBM Switzerland (Schlatter, 1994). In “coordinated resource sharing, and problem
Brazil, an expert system for ATFM has alsgsolving, in dynamic, multi-institutional virtual
been evaluated to set timetable schedules affdanizations” (Berman et al, 2003 to Foster,

traffic flow control (Weigang, 1997), C. Kesselman, 1999). A grid consists of
(Weigang, 1993). hardware and software infrastructure,
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providing dependable, consistent, pervasivesomposed of three computers. A tactical
and inexpensive access to high-enghlanning case study, related with some real
computational capabilities. An agent-basediata from Brazilian airports, was illustrated as
resource management system, for gridn example. A new metric criterion, called
computing, shows the importance ofStandard of Balancing among Agents (SBA),
combining research in both grid computingvas defined to evaluate the amount of
and Al (Cao et al, 2002). Grid resourcecommunication among agents and the
management has been defined as the procdsterated flight delays.

of identifying requirements, matching As a preliminary study, the investigation of
resources to applications, allocating thosesing a multi-agent system and grid
resources, as well as scheduling andomputing to ATFM is not only a simple
monitoring Grid resources over time, in orde@pplication, but also an important topic in
to run Grid applications as efficiently asArtificial Intelligence, grid computing and Air
possible (Nabrzyski et al, 2003). Traffic Control. Using real data from four
Based on these mentioned researchdrige Brazilian airports, our approach was
(Weigang et al, 1997 to Nguyen-Duc, 2003)able to reduce the total of flight delays in air,
we proposed in this study a multi-agenfrom 20 minutes into O, if compared to the
system in grid computing for ATFM: the traditional approach.

ATFMGC (Air Traffic Flow Management in The following sections are organized in seven
Grid Computing). The main contribution of parts: after this introduction we placed section
this study is to develop an approach ofl presenting the basic concepts and
cooperation and negotiation among agentgharacteristics of ATFM. Section Il shows a
using grid computing in a real time traffic general view of grid computing. Section IV
synchronization problem. It describes thealiscusses the work related in the area of
synchronization concepts in ATFM, the mainartificial  intelligence and  distributed
structure of the system, and the relatiomomputing for ATFM. Section V presents the
among its components. At the same time, thdesign of the ATFMGC, including the design
function of agents, their knowledgeof the agents, the inference process and the
representations and inference processes aggd infrastructure. A case study is illustrated
also discussed. Then, the ATFMGC wasnd discussed in section VI. Finally, section

implemented as a prototype, in a network
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VIl presents the conclusions and future on-line operation; it is responsible to
studies. continuously monitoring the aircraft; from
the moment it takes off to the moment it
2. REAL TIME TRAFFIC lands at the airport
SYNCHRONIZATION PROBLEM -

ATEM As mentioned by Stoltz and Guerreau (2002),

ATFM is developed to ensure an optimumhe ATFM system has two special properties,

flow of air traffic to or through areas, within as follows:

which, the traffic demands may exceed af) Real time traffic synchronization: is an

certain times the ATC system available activity that consists in implementing

capacity (Weigang, 1993). The general corrective actions on traffic applicable,
scenario of ATFM is shown in figure 1.  until traffic is actually received by the

ATFM includes four main functions: controllers.

a) Strategic Planning: deals with long-termb) Dynamic collaborative decision-making:
planning, using typical projections of air aimed at achieving prompt dynamic
traffic demands, in a long period of time; “agreements” between Traffic Managers,

b) Pre-Tactical and Tactical Planning: co-involved in the implementation of
analyzes the total capacity available and corrective actions on traffic transit,
the current demand. If congestion is performed from one sector to the other.
detected, tactical operations are performed
to solve it. If these operations occur atThere are three types of ATC rules: for
least one day before the occurrence of thianding aircrafts, for both landing and taking-
detected congestion, it is used a preeff aircrafts, and only for aircrafts in taking-
tactical planning operation. On the othefoff condition. In Brazil, the rules for landing
hand, if the congestion is treated in theaircrafts are presented as follows (DEPV,
same day that it would occur, then tacticall999):
planning is used, a) A-Rule 1: If a second aircraft would

c) Short Term planning: to be used in case of arrive, at a time space between the
ongoing flights: 45 minutes before a flight  estimated arrival time and the concluding
enters in a control sector, or 20 to 45 landing time of another aircraft coming
minutes before a flight arrival; first, then this second aircraft will need to

d) Monitoring and Control: also called an
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be delayed; on their availability, capability, performance,

b) A-Rule 2: If two aircrafts would arrive at cost, and users' guality-of-service
the same time, the larger one will havaequirements” (Buyya, 2005).
landing priority; Grid Computing technologies and concepts

c) A-Rule 3: If two aircrafts would arrive at were initially developed in order to enable
the same time, the aircraft with passengengesource  sharing between scientific
will have landing priority over the others; institutions with common projects, who

d) A-Rule 4: If two aircrafts, of same needed to share data, software and
category, would arrive at the same timecomputational power. In  developing
the one on schedule (following itsapplications for the grid, it is essential to have
previously scheduled arrival time) will a unified middleware, to provide a transparent
have landing priority; interface to the underlying protocols.

e) A-Rule 5: If two aircrafts, of same The Globus Toolkit (Foster, C. Kesselman,
category and schedule, would arrive, thd999) emerged in 1998 as an open source
program will randomly choose which oneproject, and quickly became a, de facto,
will have landing priority; standard for grid computing infrastructure.

f) A-Rule 6: If an aircraft is kept waiting for Globus defines and implements a set of
more than ten minutes (arrival rate isprotocols, APIs, and services, used by
higher than runway capacity), the aircrafthundreds of grid applications all over the
departure time, at the last airport along thevorld. Moreover, it worked as a pioneer in
route, will need to be rescheduled (addinghe development of interoperable grid

its arrival delaying time). systems.

In 2002, the Open Grid Services Architecture
(OGSA) (Nabrzyski et al, 2003) was
The word grid was introduced to denote Introduced by the Global Grid Forum (GGF)

new infrastructure for distributed computing.to expand standardization. OGSA provided a
Grid Computing can be defined as

3. GRID COMPUTING

“a type Ofie\y architecture for grid applications, based

parallel and distributed system that enablegn Web Services. in order to achieve

the sharing, selection, and aggregation %teroperability using industry standards.

geographically  distributed  autonomousgseq on the concepts and technologies from

resources dynamically at runtime dependingoth the Grid and the Web services
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communities, OGSA defines a uniformISAC is a centralized case-based reasoning to
semantic view of service (the grid servicesolve ATFM, proposed by Bonzano et al.
and standard mechanisms for creating1996). Its goal is to help flight controllers to
naming, and discovering transient grid serviceeduce conflicts.

instances. It also provides transparency dbekhavat and Sastry (1998) proposed an
location and multiple protocol bindings for ATFM distributed system, by dividing the air
service instances, and supports integratiospace where planes fly, into virtual tubes. In
with underlying native platform facilities. this model each aircraft knows where it must
OGSA also defines mechanisms, concerninge, in each and every moment, and an
the Web Services Description Languageptimization function is applied to reduce its
(WSDL) interfaces, and associatedwaiting time.

conventions required for creating andThe OASIS system, proposed by Ljundberg
composing sophisticated distributed systemsnd Lucas (2002), is one of the first systems
including lifetime management, changeusing agents in ATFM. The system is divided
management, and notification. Servicanto macro tasks, using separate agents to
bindings can support reliable invocation,ssolve part of the problem. The agents are
authentication, authorization, and delegatiomrautonomous and cooperative, communicating
Globus Toolkit 3 is an implementation of awith each other by asynchronous messages.
part of the OGSA architecture, called theéTwo classes of agents are defined: global
Open Grid Services Infrastructure (OGSI). agents, responsible to coordinate the aircrafts;
4 RELATED STUDY and aircraft agents, solving problems that are
. specific to each aircraft. There is also a

The study proposed by Gosling (1987) is

. : . 1 . reasoning module, used in real time.
pioneer in showing how atrtificial intelligence

can add benefits to the ATFM. It is in fact anThe system proposed by Callantine (2002),

. . uses multiple intelligent agents as air traffic
expert system helping the controller to define

. . controllers, in a synchronous centralized
flight scheduling. y

: , . architecture. A central controller sends a
Weigang et al. (Weigang, 1993) studied the

. message to each agent, in every clock tick
Brazilian ATFM system, and developed a g g y

) and, the agent should act when receiving the
centralized knowledge-based system to re- g g

: : I message, according to its contents and the
schedule flight timetables, aiming to reduce g g

. internal condition of the agent.
conflicts.
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The Virtual National Airspace Simulation potential congestion points and solving them
(VNAS) (Mcdermott, 2003) is a simulation before they occur, as shown in this section.
environment for ATFM, using a grid-basedThe scope is, thus, limited to the ATFM pre-
solution. The VNAS structure is composed otactical and tactical planning (section II).
governmental and non-governmental researdh this system, see figure 1, we opted to use
organisms, within the USA, connected by agents and grid computing to reduce conflicts
computational grid infrastructure. Besidesn ATFM. As seen in table |, artificial
simulating ATFM scenarios, VNAS is alsointelligence has been successfully applied to
able to simulate aircraft modeling. When thesolve a variety of ATFM problems. More
resource becomes idle, the computing poweecently, distributed architectures have also
is allocated to the VNAS through a specificboeen used as an infrastructure to ATFM
screen-saver. Due to its characteristics, this &/stems. However, the combination between
rather a peer-to-peer (P2P) architecture, #égents and grid computing to ATFM has not
compared to the grid computing. yet been applied. As far as we know, this is

ARMS (Cao et al, 2002) is an agent-basethe first grid-based multi-agent system for

system to schedule resources in a gr

IATFM.

environment. In ARMS, each agent acts as arable! - Related Studiesin the areas of Artificial
Intelligence and Distributed Systems applied to

representative of a grid resource. Th

e

ATFM
proposed agent architecture is hierarchicaBystem Purposgq Al Technigyérchitecture
. Gosling ATFM |expert system centralized
and the agents cooperate to find out the9s7)
. .. . Weigang ATFM |knowledge- |centralized
available resources. This is a generic systefhog3a) based
and does not deal specifically with the'>AC ATFM | case-based | centralized
(Bonzano, reasoning
ATFM. 1996)
Sekhavat ATFM mathematical | distributed
Table | presents a comparative view of th€1998) modeling
. . . . OASIS ATFM agents centralized
systems discussed in this section. (Ljungberg,
2002)
Callantine ATFM |agents centralized
. ) (2002)
5. THE ATFMGC DESIGN: A GRID VNAS ATEM Tmathematical P2p
BASED MULTI-AGENT SYSTEM (Buyya, modeling
2005)
FOR ATEM ARMS generic | agents grid
. (Mcdermott,
The ATFMGC system aims to reducezoog)

conflicts among flights, by analyzing the
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Fig. 1- The ATFM system
least the time required for departure

The following constraints in airport terminal  service rendering.

area are considered in the ATFMGC: This proposed system, in short, analyzes the

a) The arrival flights have absolute priority available capacity of departure, en-route, and

over departures; arrival airspace, and takes tactical actions, in

b) Aircrafts are served on a FIFO basis (firstase the predicted demand exceeds its

c)

in, first out); available capacity. There are four main
No two aircrafts are permitted to be on thdunctions in this system (Weigang, 1997),

same runway at the same time; (Tidhar et al, 1992):

d) Aircrafts under special conditions, havea) Creating a schedule for all departure and

priority over others; arrival flights, to every airport, trying to

e) A taking-off aircraft may not be maximize the utilization of its runways

f)

authorized if the subsequent arrival flight and terminal;

is closer than a specified distanceb) Identifying congestion areas with regards
concerning that runway threshold; of airspace, aircraft and terminal
Successive departures are kept apart for at constraints;
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c) Negotiating with other agents, overequation (1).
expected traffic flow, both to and from the
SBA(t1, t2) =

2i=1.nWeight_delayf) x minutes_delay{)/10
d) Re-scheduling the flights, according to the

airport;

where: SBA (t1, t2): Standard of Balancing
among Agents between instatitsand t2;

the new schedule to all agents involved in né.number of flights between instartts and

negotiation outcomes, and communicating

it. fi: the flight under analysis

In ATFMGC, the system administrator can

i ) _choose the SBA threshold value that fits
To measure traffic congestion, a metric
o better his/her system. A small value for this
criterion called SBA (Standard Balance _ _
_ _ threshold will typically reduce the average
among Agents) is used, which was adapted - o
) ) flight delay, requiring more communication
from the Weighted Combined Total Delay o
o , and negotiation among the agents. On the
(WCTD) criterion (Tidhar et al, 1992). The _ _
) i other hand, high threshold values will cause
SBA uses a different delay cost function, for . .
. _ _ higher average flight delay, requiring less
flights landing and taking-off procedures. o
o o communication among the agents.
Considering that the objective of the
. o . i The calculation of SBA is thoroughly carried,
ATFMGC is to minimize the air holdings of _ _
. , _in each of the airports. The schedule is
aircrafts, the function of delay cost is
S ) ) ) created for one determined interval of time,
simplified in this study to multiply every _ . o . .
i ) _ TS (Time Slice), taking into consideration the
minute of delay by a weight rank. For landing
. . ) exiting appointments, previously set, and the
flights, weight ranks 5, and for taking-off
estimated arrival time of the flights. Time

5.1. Definition of the SBA

flights, weight 1 is ranked. o .
_ _ _ Slice is changeable and can be either reduced,
When an airport is congested, some flights are _ o _
_ _ when the airport load is high, or increased,
delayed, and the extension of the delaying
) ) ) . when it is low.
time is proportional to the severity of the

congestion. But the flights do not have all the .
5 Negotiation Process

me importan nd th I t of . . -
same importance, and the delay cost o 8ongestlon is identified when the total

certain flight can be higher than the delay 0];1umber of flights, scheduled for an airport in

others. Thus, the SBA is calculated according : : .
given time slice (TS),
to the duration of delayn{inutes_delayand

is higher than the

airport maximum throughput. When this
its weight rank \Weight_delay, as shown in
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occurs, flights are delayed or kept hold in airis influenced by the output flow of other
In general, high levels of congestion causairports, the agents must interact, hours before
high average flight delays. the congestion would actually occur, in order
In ATFMGC, congestion is defined in termsto solve congestions. The agents of each
of SBA (section V.A). Whenever the airport’sairport negotiate by a metric criterion called
SBA is higher than a given threshold (callechverage flight delay, which is derived from
acceptable SBA), the airport is consideredBA. After reaching an agreement, each
congested. When this situation is detected, @rport agent must recalculate its new SBAs,
negotiation must take place. now considering the flight(s) that agreed to be

Considering that the input flow of an airportdelayed.

AIRPORT i

L e

(

Pre-ATC Agent )

f
: |
I DIAGNOSTICIAN |
L J AIRPORT 1
I \ | TP Agent
I (TP Agent A
TP MONITOR
| AIRPORT 2
: I
|
|
|
|

TP Agent

EXECUTION <— NEGOTIATOR
. X
/ AIRPORT 3
( )
ATC Agent |
\ TP Agent

I

Fig. 2. Communication and Negotiation among Agentsin ATFM GC

5.3. Design of the agents System for Tactical Planning. Its goal is to
We developed in this system, three types ahanage traffic flow over the entire airspace.
agents: the Pre-ATC agent, the Tacticalhe ATC agent is responsible to manage the
Planning (TP) agent and the ATC agent. Theaffic flow, in and out the local airport,
first agent is an expert agent for local aiimonitoring any possible changes and
traffic control, designed only to simulate theinteracting with the external world. Figure 2
situation for ATFM purposes. The secondshows the interaction and negotiation among
agent is a distributed Knowledge-Basedgents in the ATFMGC system.
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5.3.1. The Pre-ATC Agent After reaching an agreement, the negotiator
The Pre-ATC agent of ATFMGC is contacts the executor, in order to change the
represented according to the ATC/ATM rulesdata of the flights that were actually re-
defined by the Brazilian Department of Airscheduled.

Space Control - DECEA (Weigang, 1997),The TP agent, in knowledge representation,
(DEPV, 1999). considers the following processes:

This agent has two modules: scheduler ang) The schedule process proposes the best

diagnostician. The scheduler is responsible to overload-removing solution, from its

re-schedule flights showing conflicting  point of view. The distributed design of

conditions. The diagnostician receives the re- the system allows each airport to have its

scheduled flight timetable, from the own local optimization criteria, for

scheduler, and calculates its SBA. With this  determining the schedule;

SBA, the module will contact the TP agentp) Diagnosis is designed to check any

and negotiate with agents of other airports. changes in the system (local and related
airports), and re-schedule knowledge

5.3.2. The Tactical Planning Agent (TP) representation. The warning informing

The Tactical Planning Agent is composed of impossible solution is also a function of

three modules (figure 2): the TP monitor, the g process:

negotiator, and the executor. c) The Broadcasting and Negotiation process

The TP monitor is responsible for contacting sends the proposed solution to other

the scheduler, in the Pre-ATC agent, 10 4nicq) Planning agents, then, it receives

activate the re-scheduling of the flight the evaluation and validation from them;

timetable, providing the time slice (TS) to be The negotiation is also a function of this

used in the SBA computation. Also, it is process:

responsible for receiving the re-scheduledy gya1yation and Validation is designed to

flight(s) request(s) from the diagnostician and evaluate and validate the proposed

sending it/them to the negotiator. solution, received from other TP agents.

The negotiator is the one that actually The choosing solution is also a function of

negotiates every new flight schedule. It this process
receives the re-schedule request and interacts
with the negotiators of other TP agents, until

one acceptable SBA is reached.
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5.4. Inference Process g) Evaluation and Validation processes verify
The main inference process used in the Pre- the actual schedule, within a certain time
ATC agent was already described in literature period.

(Weigang, 1997), (Weigang, 1993). Theh) The PT agent at airport A is recursively
following steps are inference processes of TP invoked until there are no more conflicts.
agent:

a) The TP agent, at airport A, communicate$.5.  Grid Infrastructure

with Pre-ATC agent, at airport B (andThe ATFMGC is proposed to support a
others), to get the flight departure delaysharing and coordinated use of diverse ATFM

requirements at airport A. resources, in an air traffic control system. As
b) The schedule process of TP agent, airports are geographically distributed,
airport A, re-schedules the departurdlistinct controllers operate the ATFM
flights, according to the accepted WCTDcomponents, some of the times with differing
value, at airport A. policies. The ATFMGC is developed in
c) The diagnosis process checks the ne®very airport as a virtual computing system,
schedule and stores it in the database 6tfficiently integrated to deliver the desired
airport A, if there is no conflict. When any quality of service, over all ATFM.
conflict takes place, the schedule procesdsing web methods, controller clients in
repeats the procedure described in (a) afTFMGC can perform computations on their
(b). own airport data, and then, use the grid-
d) Broadcasting and Negotiation generate §omputing infrastructure to interact with other
message to be sent to the TP agents, at thentrollers. The controller client does not
related airports. directly connect to the “Final Service” that
e) At the same time, the ATFMGC, at thewants to use, but to an Interface of the web
related airports, is also proceeding with théervice. That way, the clients controller
changed schedule. program is protected from the complexity of
f) If the system detects conflicts at anygrid computing, to resolve the ATC/ATM
related airport, a new schedule is generategpnflicts, and insert the changes of flight
at other airports, and the information isschedules, at each airport. As shown in figure
sent back to airport A. Broadcasting and3, all the clients communicate through web
Negotiation processes negotiate with thénethods.
related airport.
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Fig. 3. The ATFMGC Architecture

In fact, the ATFMGC is applied on airportsairports.

computing  system communicatinga)

by
accordingly with the “Final Services”. With a
simple interface in the client program,
ATFMGC allows the users to get computing
power in the grid.

The basic components of the ATFMGC
architecture and the relation among the
components are shown in Figure 3. The
proposed ATFMGC architecture consists of
Open Gridb)
Services Architecture (OGSA), Web Services,

KBS and Database, distributed in a set of

five components: Interface,

Interface: the function of the interface is
to help the flight controller to use the
ATFMGC, Web

Assuming that each airport has its own

through Services.

operation system, the controller uses the
interface function to send requirements
and receive the answers from related

airports, through some specific

notification services of grid computing.
OGSA Globus Toolkit 3: provides the

basic infrastructure to create the
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d)

synchronism service among involved
airports.
This

component for the implementation of the

Web Services: is an essential
ATFMGC. Since web services use
standard XML languages, they are botle)
platform and language independent. Since
most Web Services use HTTP for
transmitting messages (such as service
and to build an

request response),

Internet-scale ATEM application
represents a significant advantage. Web
services address heterogeneous distributed
computing data, by defining techniques
for describing software components,

methods for accessing these components,

set almost equally, in every airport. Each
referred airport has its own Knowledge
Base, constituted of a variety of functional
agents, such as Pre-ATC agent and
Tactical Planning (TP) agent.

Databases: at each airport, databases
consist of three parts: flight timetables,
on-line traffic information and database
administration. Due to the real time traffic
property,

systems should be easily and quickly

synchronization database
accessed. All data, such as aircraft and
runway conditions, are stored in database
by a XML form. The database is

constructed through JDOM parser, an

open source, tree-based, pure Java API.

and discovering methods enabling thdn ATFMGC, the following parameters are

identification  of  relevant
providers. The neutrality of Web servicesa)
concerning their programming language,

model, network, and system software, is

its key advantage.

Agents and Knowledge-Based Systenb)
(KBS):

knowledge (facts and

KBS contains both domain
rules) and the
for

processes structuring knowledge

(knowledge representation), and it is

distributed at each airport, in ATFMGC. c)
The facts represent the local and real time
The

processes for structuring knowledge are

updated information. rules and

service considered (Nabrzyski et al, 2003):

A precedence directed acyclic graph
(DAG),
between ATC, Pre-ATC and Tactical

Planning agents;

describing the control flow

The processing time of each flight re-
scheduling with the related airport. This
may be a function defined by the kinds of
resources on which this task can be
performed, and by its input data;

A communication graph, listing the files
to be transmitted between the re-
scheduling tasks, as well as the sizes of

the files;
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d) Deadlines and/or ready times of flight re-6. THE BRAZILIAN ATFM CASE
scheduling with the related airports, ifSTUDY
they are imposed; Based on the original data of flight schedules

e) Point-to-point characteristics (bandwidth,of 19, July 2004 (Guia de Horéario de
latency, etc.) of the network connectionsNacionais e Internacionais, 2004), we
between the nodes of a Grid (airports otinalyzed the airport capacity and the air
ATFMGC); and traffic flow of the main airports in Brazil

f) The characteristics of resources, on whicliGuarulhos-GRU, Congonhas-CGH, Brasilia-
particular re-scheduling tasks can beBSB, Galedo-GIG).

executed
6.1.  Air Traffic Flow in Four Airports

5.6. Implementation Details The air traffic flow and airport capacity of the
At that point, an ATFMGC prototype was four main Brazilian airports, are different.
developed, using the Globus Toolkit 3. ThisThrough this evaluation we can observe the
prototype consists of three personateal traffic situation at GRU airport. We can
computers (Pentium V). Each computer, withalso demonstrate the capacity of the
ATFMGC interface, represents the ATFMATFMGC to rationalize and create flight
operation system of an airport. The wholeschedules, evaluating the minimum time
system was programmed using JAVA. space for separating flights concerning their
The KBS, which consists of rules and factslanding and taking-off procedures. Table |
was developed using XML language. XMLshows the legend of some concepts, used in
documents use the JDOM parser library fothis section, and figure 4 shows the process of
interpreting the stored data. Web Services ancbmmunication and negotiation in the
client interface were also integrated with theATFMGC simulation.
ATFMGC in JAVA. Apache TomCat 4.0 was The capacity of GRU airport operation is 54
used as a Servlet Container. For installindlights per hour (landing and taking-off
and manipulating the Globus Toolkit, Cygwinprocedures). Using 5 minutes as a Time Slice
was chosen as emulator. (TS) will mean that the capacity refers to 5
flights in every TS. The real schedule at this
airport is 27 flights per hour, but the flights
are not well distributed per TS. At some TS,

more than 5 flights were scheduled. This is
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the reason for the delay. Analyzing the flight 20h55, with 4 landing flights, and a 21h15
schedule of GRU airport, we can observe that peak of delay, for flight taking-off

a) The actual schedule is 6 delaying hours, procedures. |If any meteorological

total, in which 55.9% of them refers to  problem occurs, from 20h50 to 21h10,

taking-off procedures, with an average heavy congestion may take place.

delay of 2.1 minutes per flight; and

31.52% of them are landing procedures,

with delays of 1.5 minutes per flight.

b) There is a problem of actual schedule at

Tablel - Legends OF THE CONCEPTS CODES

Code M eaning

SAD | Inquiry for a possible re-schedule of a flighite-off — message sent by the airport in chargefbfht
take-off, inquiring the destination airport the eptance possibility for landing re-schedule ofrisferred
flight.

PAP | Request of landing re-schedule — request ligtat fanding re-schedule received by the destimadirport
of the referred flight.

SAP | Inquiry for a possible re-schedule of a fligiitding — message sent by the airport in chargeflight
landing, inquiring the origin airport the acceptammssibility for taking-off re-schedule of theestd
flight.

PAD | Request of take-off re-schedule — requestftiflat take-off re-schedule received by the origirport of
the referred flight.

RPA | Acceptance of re-scheduling request — messageby the airport requested of flight re-schedylin
agreeing with the referred PAP or PAD

HE Time of the Event

HS Requested Time of re-scheduling

ST Status

A/N | Accepted / Not accepted
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s Guaruihos (GRL RG2308
Delay 6 min Uarulinos (LhL ool

RGB936

Delay 4 min RG2306 15 min

ATMFGC - SystemDesign

Fig. 4. The Communication and Negotiation Processin the ATFMGC Simulation.

6.2.  Simulation the local acceptable SBA, the system needs to
The first task, for every TP agent, is to getommunicate with the other airports, to
a solution for conflicts and inform the negotiate a suitable solution. It is necessary to
problems to other airports, within the Grid.establish an acceptable SBA to unify the
The TP agents can communicate to each othgiterpretation of the ATFMGC. Five accepted
to reduce delays, using the SBA (sectior&BA cases were considered in the simulation:
V.A.2) to measure the delaying situation ing, 0.75, 1, 1.25 and 2.5. Table Il shows the
every airport, and generate a standargbsult of the simulation.
balancing. a) The Accepted SBA is 0. In this case, the
SBA is locally calculated, for each airport,system does not allow any delay (even if it is
at each TS, and will indicate traffic andimpossible in a real case). For any delay, the
congestion. With a high SBA value, thesystem needs to communicate and negotiate
congestion situation represents a moramong four airports. In this case, 421
complicated coming situation. There is a locatommunications took place, totally within the
acceptable SBA, based on the traffic capacityystem. Just at CGH, the number of

of each airport. If the real SBA is higher thamegotiation rounds was 218, and it took 8
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minutes to eliminate any delay at this airportninutes to eliminate any delay at this airport
(tables 1l and I1ll). Besides, 133 messagegable IlI).

were required to eliminate take-off delays of) Accepted SBA is 2.5This means that the
the flights, and 53 messages for landingystem allowed considerable delay. In this case,

procedures. The system processed 9 messab’éé 17 communications took place. At CGH, there

asking to re-arrange landing procedures and"ere 9 negotiation rounds, and it took 20 seconds

: . to eliminate any delay at this airport (see tahje |
to re-arrange taking-off procedures. Finally, y y port( ke

Tablelll - Execution Timesfor ATFMGC WITH

16 messages answered these requirements. SBASO, 0.75, 1 1.25and 2.5
Tablell - Number of M essages Sent to Each Accepteg
Airport According to the Accepted SBA SBA GRU | CGH BSB GIG

0 6:53.408 8:07.354| 8:24.220| 7:27.628
0.75 0:47.7151:37.587| 0:53.843| 0:13.329
1 0:11.896 1:21.377| 0:45.431| 0:09.794

SBA|Airp0rt| SAD | SAP| PAP| PAD| RPA| Sub Tota| Total
GRU 28 1 17 2 19 67
CGH 133 53 16 218

0 o 7 421 1.25 0 | 0:48.4780:27.106| 0:06.800
BSB 64 23 6 4 10 107 2.5 0 | 0:19.453 0:04.366/ 0:00.360
GIG 9 2 8 1 9 29
GRU 11 1 1 1 2 16 .
075 COH 21 5 6 1 7 0 o 6.3. A Proposal for Traffic Management
BSB 18 9 1 1 2 31 The ATFMGC was designed to analyze
GG 7 2 0 1 1 11 _ _
GRU 0 1 1 o0 1 3 conflicts, 2 hours ahead of the operation real
p C6H 006 1T 14 g time. In case there will be a conflict between
BSB 5 1 1 1 2 10 ) ) . )
GG 3 1 0 1 1 6 two landing flights in B airport, one or the
GRU-0O 1000 ! two of them may not have taken off yet. The
1.25 CGH 0 0 4 1 5 10 21 .
BSB 3 1 1 0 1 6 system will arrange a delay, to one of the
GIG 2 0 0 1 1 4 . . . .
oRU 0 o0 o o o 5 taking-off flights at A airport, equivalent to
o5 CGH 4 1 2 0 2 9 47 the time this flight would have to wait for
BSB 3 2 0 0 © 5 ) . . .
G 21 o0 o o 3 landing at B airport. When this aircraft takes

. _ off, its arrival will be synchronized with its
b) Accepted SBA is 1. In this case, the system

landing time window. As this is not in real
allowed a reasonable delay. For any delay, the g

_ . time, it is assumed that the flying time is
system needed to communicate and negotiate

. . always constant.
among four airports. In this case, 33 Y

As the landing flights have absolute priorit
communications took place, within the g g P Y

... over taking-off ones, these flights tend to be
system. At CGH, the number of negotiation g g

elayed. However, since this flight will have
rounds was 14 and it took one and hal%j y g

its take-off delayed at the original airport, the
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ATFMGC will negotiate a new landing factors, saving 20 minutes in one hour is
schedule with the destination airport. Thesignificant in air delaying.

agents of the ATFMGC will synchronize all
) . L . CONCLUSIONS AND FUTURE STUDY
the flights, of all the airports, within the Grid.

The proposed method considers théo‘ multi-agent system, using grid computing

synchronization of the flights, as well as theto deal with real tme air traffic

behavior analysis of the Tactical Planning anaynchronlzatlon problems, was proposed in

Pre-ATC agents. The advantage of the ﬂightghIS research. Through negotiation ~ and

synchronization process is to reduce flights iﬁynchronlzatlon of flight schedules, among

air, consequently, reducing the possibility OiIhe airports within the Grid, a lack-of-conflict

congestions. situation is reached. In the strategically

_ _ _ planning phase, the ATFMGC can assist air
Table 1V - Flight Delay comparison using the Two

Methods (in minutes) traffic flow control, in planning and
Delay in Air heduling the flights, allowing thei

ciore | Erorm] To Calculated by the scheduling e flights, allowing eir
g Method: identification and reducing overload and

o

In use | Propose
JJ3540| CGH BSB 1
JJ3716| CGH BSB
RG8920 GIG |GRU
VP4261| GIG | GRU
RG2329 BSB | GRU
G31712| GIG |CGH
RG2635 BSB | CGH
VP4281| BSB | GIG

Total 20

Table IV compares flight delays using twoamong the airports; however, it may be used

methods: the ATFMGC and the conventionahs well, for solving similar problems in multi-

conflicts. Its structural components allow

verifying and synchronizing, in real time,

flight taking-off and landing schedules, in all

airports, throughout their routes, observing

the capacity of each airport. Standard of

NIN|OT P INNO

Balancing among Agents (SBA) was

sll=l=======)

conceived to balance the communication

method. For the conventional method, theagent system.

conflicts of flights show a delay in air of 20 The ATFM is an interesting domain for multi-
minutes, total. This means an average of 1.dgent system application. As far as we know,
minutes, per flight, during one hour. Usinga study about multi-agent system in real time
the ATFMGC  method, with the air traffic synchronization problems, using
synchronization of schedules for flightgrid computing, has not been reported yet.
landing and taking-off procedures, there ar@earing in mind the advantages of grid

no more delays in air. Considering securityyomputing, this proposal also presents a
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