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HYBRID HEURISTIC NATIONAL AIRSPACE FLIGHT PATH
OPTIMIZATION

FIELD OF THE INVENTION
The present invention relates generally to optimization problems, and more
particularly to optimizing competing portfolios of requested flight path routes for flights

within an airspace during a time period.

BACKGROUND OF THE INVENTION

The Federal Aviation Administration’s (FAA’s), joint industry-government
initiative — the Joint Program Development Office (JPDO) — is responsible for charting
the Next Generation Air Transportation System (NextGen). One of the strategic
objectives outlined in the JPDO’s operational concept is to ensure that flight operator
objectives are balanced with overall NAS performance objectives. To ensure that this
objective is met a process called Flow Contingency Management (FCM) has been
proposed. The FCM process aims to alleviate the demand capacity imbalance that could
originate as a result of excessive demand for a particular airspace or reduced capacity
because of operational constraints in a manner that is equitable across multiple
stakeholders.

The FAA in its Operational Evolution Partnership (OEP) emphasizes the need for
major improvement in collaborative air traffic management (CATM) process. OEP
highlights that NextGen CATM philosophy should be driven to accommodate flight
operator preferences to the maximum extent possible and to impose restrictions only
when a real operational need exists to meet the demand. Furthermore in case the
constraints are required, the goal should be to maximize the operators’ opportunities to
resolve them based on their own preferences.

The OEP outlines that NextGen CATM system should be interactive and iterative
and flight operators should be able to interact with a set of flow planning services to
manage their operations. The flow planning services will provide a trajectory analysis
capability so that flight plans can be mapped against the available resources for

compatibility analysis. In addition, through the flow planning services, a common set of
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flow strategies will be shared with all the stakeholders to promote a common situational
awareness of the NAS operating plan.

Steadily increasing traffic densities have motivated the use of automation to
alleviate controller workload and increase sector capacities. The “Automated Airspace,”
is described as a concept wherein automated flight separation command and control is
proposed as a powerful means to decrease controller workload and thereby increase
sector capacity. The role of aircraft-to-aircraft separation as a key traffic flow and
congestion management control parameter has been highlighted. In current traffic flow
management practice, aircraft-to-aircraft separation (miles-in-trail) is a widely used
strategy for managing congestion and workload. There is limited capability to assess the
consequences of these actions, and controllers must rely primarily on experience to assess
if their miles-in-trail actions will have desired impacts on traffic flow demands. In
response to this need a miles-in-trail impact assessment simulation system capability was
developed by MITRE.

Traffic controllers work at the level of sectors. The aggregate-level consisting of
several sectors is called a center. Efficient forecasting of traffic flows and congestion at
the center-level is important to anticipate and adapt to changing situations. Simulation-
based — such as the Reorganized Air Traffic Control Mathematical Simulator (RAMS
Plus) gate-to-gate simulator — or model-based methods have therefore evolved to support
this need. Control theoretic models that consider the impact of tactical air traffic control
actions on traffic flows have also been developed. Such a model may be used to augment
simulation-based methods. Simulation-based methods typically have the resources to
include multiple specialized fine-grained and coarse-grained hybrid models, each for a
given NAS resource, to assess the aggregate impact of traffic flow and air traffic control
strategy performance, and therefore tend to be more realistic in assumptions and overall
behavior.

Moderate to severe weather patterns have a principal effect on the efficiency of
NAS operations. Due to the complex nature of the probabilistic influence of weather on
traffic flows, simulation has been pursued as a method to assess system performance
impacts. In current practice, rerouting around expected weather patterns is typically

utilized as a principal traffic flow management strategy. In research carried out relating
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to stochasticity in traffic flow management, dynamic tactical reactive rerouting strategies
for aircraft under probabilistic weather influence assumptions are considered. Longer-
term anticipatory rerouting allows a greater degree of planning freedom than shorter-term
reactive tactical rerouting. Given that efficient anticipatory rerouting requires reliable
weather forecasts, and given significant inherent uncertainties in the weather forecasts
themselves, efforts have been invested to accommodate and manage forecast variance in
traffic flow decision-making.

A number of optimization-based planning methods and tools have been developed
for traffic flow management. Airspace configurations and traffic patterns have a principal
effect on controller workload and efficiency. An airspace sector aggregation or
partitioning meta-heuristic algorithm for European skies having the potential to improve
safety by reducing controller workload has been proposed. “Airspace Complexity” is a
term that has been proposed to capture the influence that airspace configurations and
traffic flow patterns have on controller workload and efficiency. However, this
relationship is complex, and planning tools that operate in this environment must be able
to accommodate nonlinearities, continuous and discrete variables, and high-dimensional
secarch. Therefore, stochastic optimization methods such as evolutionary or genetic
algorithms have been applied for planning and decision-support at multiple levels: at the
sector configuration level; at the route and departure time planning levels through; and at
the airport ground operations level.

Heuristic and mathematical programming-based techniques have also been
proposed for solving several aspects of traffic flow management. In general though,
mathematical programming approaches tend to make simplifying assumptions of the
nature of the traffic flow behavior and management action options in order to
accommodate solutions within tractable parametric search spaces. They also tend to work
off a baseline simulation assessment, and do not include a realistic simulation in the
optimization stage, as the problem formulation is used as a proxy for the airspace
simulation. In addition, these techniques typically result in a single final solution, which
if found unacceptable for any reason would necessitate computationally expensive

solution regeneration.
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The U.S. National Airspace accommodates over 50,000 flights daily. During an
operational day, paths for upcoming flights within a time horizon are filed by the various
Airline Operators (AOC) with the Air Traffic Control System Command Center
(ATCSCC). Once the AOCs have generated a flight path option for a particular flight
they submit it to the ATCSCC. However, since the AOC planning is done significantly in
advance, and the predictability of weather is low much in advance of departure, there
needs to be flexibility to manage uncertainty and meet AOC business objectives.
Theoretically, an AOC can wait until the last minute to file the flight plan, but in practice
an AOC has numerous flight plans to process, so they must continue to file flight plans in
order to manage their workload. In case weather does not pose a problem the AOC
should get the best possible route. In case weather does pose a problem the AOC should
be able to settle for their second choice. So to respond to the inherent uncertainty, an
AOC does the trial planning process iteratively and prepares a list of options that meets
their goals. The AOC consequently files a flight plan that has multiple flight path options

ranked in order of preference.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides a novel hybrid heuristic method and
system for fast large-scale optimization of flight route combinations from those filed by
the various AOCs within an operational horizon (e.g. a twenty-four hour period). Such
method and system is able to replan/reoptimize very quickly and up until the point of
departure should weather forecasts change considerably from the filing of the flight route
options by the AOCs. Such method and system may incorporate a realistic air traffic
simulator in the loop for highly reliable predictive optimization. Such method and
system may include top-down and bottom-up heuristics combined with genetic
algorithms and a realistic air traffic simulation in the loop to select a portfolio of flight
paths that has multiple desirable performance characteristics such as, for example, low
total congestion and low total flight miles.

Heuristics based methodologies may be used to provide both upfront complexity
reduction and optimization. Specifically, heuristics are able to leverage domain

knowledge and problem-specific strategies for superior problem solving. The heuristic



10

15

20

25

30

WO 2009/052404 PCT/US2008/080344

method the present inventors have developed leverages advanced fast-time computational
geometry capabilities described above and associated components to identify optimal
flight paths.

One heuristic-based method utilizes a bottom-up approach, starting with an empty
representation of the airspace, and then plans flights, on a first come, first served basis.
One or more path options are provided for each flight. It may be assumed that the path
options are provided in the order of preference with the first option being the preferred
one. Flights are given their first option until a demand capacity imbalance is calculated
utilizing the air traffic system approximation described above. Once this imbalance is
found, additional path options for flights are evaluated until either balance is recovered or
there are no remaining options.

Another heuristic method utilizes a top-down approach starting with a
representation of the future airspace, and incrementally removes demand capacity
imbalances. The algorithm, given a projection of demand, first identifies problematic
sector-time periods. Problem flights are then identified as flights that fly through the
predefined problematic sector-time periods and are selected for re-planning. Flight
options for each problematic flight are evaluated and selected based upon their
contribution to the identified demand capacity imbalance.

Following application of heuristics such as described above, an evolutionary
algorithm (genetic algorithm) may be utilized in a solution tuning and refinement step.
This hybrid approach uses heuristics as a key problem complexity reduction step for the
evolutionary search. An added benefit of the heuristic approach is that stakeholder
preferences may be easily incorporated in the problem-solving process, resulting in
solutions agreeable to stakeholders. The genetic algorithm may also be utilized at the
meta level to search in the space of heuristic strategies, and as such makes for a very
powerful and expansive search capability.

In one aspect, a method for optimizing a plurality of competing portfolios of flight
paths for flights through one or more sectors of an airspace represented by an air traffic
system includes executing at least one heuristic-based process to construct successive
portfolios of the flight paths for consideration, wherein the at least one heuristic-based

process includes one or more configurable parameters that are applied in selecting the
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successive portfolios. The method may also include applying a genetic optimization
process to identify the at least one heuristic-based process according to its one or more
configurable parameters. The method may further include evaluating each successive
portfolio constructed by the at least one heuristic-based process with an approximation
model that approximates the air traffic system. The method may additionally include
selecting an optimal portfolio of the flight paths from among the plurality of competing
portfolios of flight paths based on results of said evaluating step. The method may also
include utilizing a simulation of the air traffic system to validate the optimal portfolio of
flight paths selected in the selecting step.

In another aspect, a system that optimizes a plurality of competing portfolios of
flight paths for flights through one or more sectors of an airspace represented by an air
traffic system includes at least one heuristic-based filter that constructs successive
portfolios of the flight paths for consideration, wherein the at least one heuristic-based
filter includes one or more configurable parameters that are applied in selecting the
successive portfolios. The system may also include a genetic optimizer that identifies the
at least one heuristic-based filter according to its one or more configurable parameters.
The system may further include an approximation model of the air traffic system that is
usable to evaluate each successive portfolio constructed by the at least one heuristic-
based filter, wherein results of the evaluations of each successive portfolio by the
approximation model are used to select an optimal portfolio of the flight paths from
among the plurality of competing portfolios of flight paths. The system may additionally
include a simulation of the air traffic system usable to validate the optimal portfolio of
flight paths selected in accordance with results of the evaluations of each successive
portfolio by the approximation model.

In a further aspect, an approximation model of an air traffic simulation system
representing an airspace that is usable in a method or system that optimizes competing
portfolios of flight paths for flights through one or more sectors of the airspace
represented by the air traffic system includes a fine-grained demand matrix and a coarse-
grained demand matrix. The fine-grained demand matrix may be generated directly from
a four-dimensional traffic information set including information about which sectors of

the airspace are crossed during which of a plurality of first time periods for selected flight
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paths of the flights included in a competing portfolio of flight paths, wherein the fine-
grained demand matrix comprises a two-dimensional matrix having rows or columns
corresponding to the sectors of the airspace and columns or rows corresponding to first
time periods with numerical elements indicating the total number of the flights that cross
cach sector during each of the first time periods. The coarse-grained demand matrix may
comprise a two-dimensional matrix having rows or columns corresponding to the sectors
of the airspace and columns or rows corresponding to second time periods with numerical
elements representing an amount of the flights that cross each sector during each of the
second time periods, wherein each second time period comprises an aggregate of more
than one of the first time periods.

Various refinements exist of the features noted in relation to the various aspects of
the present invention. Further features may also be incorporated in the various aspects of
the present invention. These refinements and additional features may exist individually
or in any combination, and various features of the various aspects may be combined.
These and other aspects and advantages of the present invention will be apparent upon
review of the following Detailed Description when taken in conjunction with the

accompanying figures.

DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention and further
advantages thereof, reference is now made to the following Detailed Description, taken in
conjunction with the drawings, in which:

FIG. 1 is a schematic representation of one embodiment of a hybrid-heuristic
optimization process in accordance with the present invention;

FIG. 2 is a flow chart showing one embodiment of a bottom-up heuristic method
usable in the hybrid heuristic optimization process of the present invention;

FIG. 3 is a flow chart showing one embodiment of a top-down heuristic method
usable in the hybrid heuristic optimization process of the present invention;

FIG. 4A is a plot representing an exemplary four-dimensional air traffic

information set for a particular sector of interest;
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FIG. 4B is an exemplary fine-grained demand matrix generated directly from the
four-dimensional air traffic information set of FIG. 4A;

FIG. 4C is an exemplary coarse-grained demand matrix generated directly from
the four-dimensional air traffic information set of FIG. 4A;

FIG. 4D is an exemplary coarse-grained demand matrix calculated as a function
of the fine-grained demand matrix of FIG. 4B;

FIG. 5 is a histogram of the ratios between corresponding non-zero elements of a
coarse-grained demand matrix and a simulator-generated demand matrix for an
exemplary four-dimensional air traffic information set in which the left plot is for a
coarse-grained demand matrix calculated as a function of a fine-grained demand matrix
and the right plot is for a coarse-grained demand matrix generated directly from the four-
dimensional air traffic information set; and

FIG. 6 is a block diagram of one embodiment of a system that optimizes

competing portfolios of flight paths for flights through one or more sectors of an airspace.

DETAILED DESCRIPTION

FIG. 1 shows one embodiment of a hybrid-heuristic optimization process 100 that
optimizes competing portfolios of flight paths for flights through one or more sectors of
an airspace. The airspace may be represented by an air traffic system such as, for
example, as a collection of dynamic sector-time periods, with each sector-time period
representing a three-dimensional volume of the airspace during a given period of time
within an operational horizon.

In accordance with the hybrid-heuristic optimization process 100, a number of
process operations are undertaken including one or more heuristic based processes 110, a
genetic optimization process 120, an evaluation process involving an approximation
model 130, an optimal portfolio selection process 140, and a validation process involving
simulation 150 of the air traffic system. Each heuristic-based process 110 is executed to
construct successive portfolios of the flight paths for consideration as possible optimal
portfolios. In this regard, each heuristic-based process 110 includes one or more
configurable parameters that are applied in selecting the successive portfolios. Each

successive portfolio constructed by the one or more heuristic-based processes 110 is
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evaluated with the approximation model 130 that approximates the air traffic system.
The optimal portfolio selection process 140 selects an optimal portfolio of the flight paths
from among the plurality of competing portfolios of flight paths based on results of the
evaluation by the approximation model 130. The air traffic system simulation 150 may
then be used to validate the optimal portfolio of flight paths selected in the optimal
portfolio selection process 140. In this regard, the air traffic simulation 150 that is
employed may, for example, be the Common ATM Information State Space (CAISS)
simulator. While desirable, validation by the air traffic system simulation 150 (e.g.,
CAISS) may not be necessary in all embodiments of the hybrid-heuristic optimization
process 100.

While the one or more heuristic-based processes 110 are being executed, the
genetic optimization process 120 and evaluation by the approximation model 130 may be
occurring in conjunction with the one or more heuristic-based processes 110. In this
regard, the genetic optimization process 120 is applied to identify the one or more
heuristic-based processes 110 according to their one or more configurable parameters.
The one or more configurable parameters may include a heuristic-type (e.g., top-down or
bottom-up) and one or more threshold parameters (e.g., a congestion threshold).

In executing the one or more heuristic-based processes 110, a number of
heuristic methodologies may be executed to construct the successive portfolios of the
flight paths for consideration as possible optimal portfolios. Two exemplary heuristic-
based methods include a bottom-up method and a top-down method. In one embodiment
of the hybrid-heuristic optimization process 100, both bottom-up and top-down heuristic
methods are executed.

In one example as shown in FIG. 2, a bottom-up heuristic method 200 involves
receiving 202 one or more flight path options for each flight and an order of preference
associated with the flight path options for each flight. The flights are assigned 204 their
first flight path option until a demand capacity imbalance is calculated using the
approximation model 130. After a demand capacity imbalance is calculated, one or more
additional flight path options for the flights are evaluated 206 (using the approximation
model 130) until demand capacity balance is recovered or there are no remaining flight

path options.
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In another example, as shown in FIG. 3, a top-down heuristic method 300
involves assuming 302 a projected future airspace demand. In this regard, the future
airspace demand may include a plurality of sector-time periods in which the maximum
number of aircraft traversing a particular sector in a given time period within an
operational horizon is identified.  Sector-time periods wherein demand capacity
imbalances occur within the projected future airspace demand are identified 304. Flights
that fly through problematic sector-time periods are selected 306 for re-planning.
Alternative flight path options for the selected flights are then evaluated 308. In this
regard, the alternative flight path options may be evaluated 308 based upon a contribution
of each flight path option to the identified demand capacity imbalance.

Referring to FIGS. 4A-4D, in one embodiment the approximation model 130 is a
data structure comprised of four-dimensional (4-D) traffic information. The air traffic
control system is complicated not only in the high dimensionality (e.g., the number of
flights and sectors involved) but also in the strong correlation among flights and sectors,
which is due to the limitation of space, time, and other resources.  Due to the
computational burden of simulation-in-the-loop planning and optimization, it is desirable
that an approximation model 130 of the air traffic system be used in order to reduce the
total number of simulations executed. The approximation model 130 allows for a more
extensive and efficient search of the solution space.

Utilizing computational geometry, including four-dimensional (4-D) flight-sector
crossings, a data structure can be generated from which all potential flight path scenarios
for a specific set of flights can be evaluated. Ignoring the correlation among flights, this
4-D data structure can be used to predict the aggregate demand of a given flight portfolio.
That is, one can calculate the traffic demand at each sector during a certain time period as
the total number of flights whose adopted route option crosses this sector during that
period. Obtained is a two-dimensional matrix whose rows (or columns) correspond to
sectors and columns (or rows) correspond to continuous time periods. For example,
suppose each column corresponds to a fifteen-minute interval; then one will have 96
columns for a simulation period of 24 hours. This demand matrix can become more
accurate if a smaller interval is used; ¢.g., there will be 480 columns if one adopts a three-

minute interval. The demand matrix corresponding with the longer interval is referred to
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as the coarse-grained demand matrix and the demand matrix corresponding with the
shorter interval is referred to as the fine-grained demand matrix. Of course, the intervals
used for the coarse-grained and fine-grained demand matrices may vary from the
respective fifteen-minute and three-minute periods described herein.

FIG. 4A is plot showing a portion of an exemplary 4-D traffic information set.
The plot of FIG. 4A graphically depicts which of ten time intervals during which four
exemplary flights (flight a, flight b, flight ¢ and flight d) cross a particular sector of
interest. The 4-D traffic information set can be represented by similar plots for all of the
sectors of interest within the airspace. In the example of FIG. 4A, ‘flight a’ crosses the
sector during the first three time intervals, ‘flight b’ crosses the sector during time
intervals five through nine, ‘flight ¢’ crosses the sector during time intervals six through
eight, and ‘flight d’ crosses the sector during the tenth time interval.

The fine-grained demand matrix of the approximation model 130 may be
generated directly from the 4-D traffic information set. In this regard, FIG. 4B shows the
fine-grained demand matrix for the sector of interest represented by the plot of FIG. 4A.
The demand value for each interval in the fine-grained demand matrix is the number of
flights that cross the sector during that interval.

The coarse-grained demand matrix may be obtained in more than one manner. As
with the fine-grained demand matrix, the coarse-grained demand matrix may be
generated directly from the 4-D traffic information set. In this regard, FIG. 4C shows a
coarse-grained demand matrix for the sector of interest represented by the plot of FIG.
4A where the time-period of interest is divided into two intervals. In the case of FIG. 4C,
the demand value for each of the two intervals in the coarse-grained demand matrix of
FIG. 4B is the number of flights that cross the sector during that interval (e.g., flights a
and b for the first interval and flights b, ¢ and d during the second interval).

Another manner of generating the coarse-grained demand matrix is to calculate it
from the fine-grained demand matrix. In this regard, FIG. 4D, shows a coarse-grained
demand matrix for the sector of interest represented by the plot of FIG. 4A where the
time-period of interest is divided into two intervals. In the case of FIG. 4D, each element
of the coarse-grained demand matrix is calculated as a function of corresponding

elements in the fine-grained demand matrix. By way of example, the function employed
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may be a maximum value function. In this example, for the first interval of the coarse-
grained demand matrix, the element is calculated as the maximum value (e.g., 1) of the
first five shorter time intervals in the fine-grained demand matrix, and for the second
interval of the coarse-grained demand matrix, the element is calculated as the maximum
value (e.g., 2) of the second five shorter time intervals in the fine-grained demand matrix.
Other functions such as, for example, functions based upon the trajectories of flights
within the sector can be used in place of or in combination with a maximum value
function in calculating the coarse-grained demand matrix from the fine-grained demand
matrix.

In the examples of FIGS. 4A-4D, the fine-grained and coarse grained demand
matrices are depicted as having one row. This is because the exemplary 4-D traffic
information set (represented by the plot of FIG. 4A) is for only one sector of interest.
The 4-D traffic information set will, in general, be for more than one sector of interest,
and the fine-grained and coarse-grained demand matrices will, in general, have as many
rows as the number of sectors included in the 4-D traffic information set. Further, the 4-
D traffic information set will, in general, encompass many fine and coarse time periods
over the entire operational horizon, and the fine-grained and coarse-grained demand
matrices will, in general, have as many columns as the respective number of fine and
coarse time periods that comprise the operational horizon.

It may be desirable to estimate the accuracy of the two coarse-grained demand
matrices by comparing them with the demand matrix generated by the CAISS simulator.
As shown in the histograms of Fig. 5, the ratios between the corresponding non-zero
clements of the coarse-grained demand matrix and the simulator-generated demand
matrix are plotted using histograms. It is clear that the coarse-grained demand matrix
generated from the fine-grained matrix provides a much more accurate approximation to
the simulator-generated demand, as the majority of the ratios are close or equal to 1. The
other coarse-grained matrix, however, significantly over-estimates the simulator-
generated demand. In this case, the ratios are usually much larger than 1 and the mean of
the ratios is as high as 1.54, indicating a 54% overestimation.

FIG. 6 depicts one embodiment of a system 600 that optimizes competing

portfolios of flight paths for flights through one or more sectors of an airspace. The
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system 600 of FIG. 6 includes a one or more heuristic filters 602 and a genetic optimizer
604. As illustrated, the system 600 may include one or more computer processor(s) 606,
620, 622 and a data storage device 608 that can be accessed by the computer processor
606. The heuristic filter(s) 602 and genetic optimizer 604 may be implemented in
computer readable program code executable by the computer processor 606 and stored on
the data storage device 608. Information defining the competing portfolios of flight paths
may be receivable by the system 600 from one or more AOCs 610 via, for example, a
data network 612.

The one or more heuristic-based filters 602 construct successive portfolios of the
flight paths for consideration (e.g., from the information received from the AOCs 610).
In this regard, the heuristic-based filter(s) include(s) one or more configurable parameters
that are applied in seclecting the successive portfolios. The genetic optimizer 604
identifies the heuristic-based filter(s) according to their one or more configurable
parameters.

The system 600 also includes an approximation model 614 of the air traffic
system. The approximation model 614 may be implemented in computer readable
program code executable by the computer processor 606 and stored on the data storage
device 608. The approximation model 614 is used to evaluate each successive portfolio
constructed by the at least one heuristic-based filter. In this regard, the approximation
model 614 may include fine-grained and coarse-grained demand matrices such as
described in connection with FIGS. 4A-4D. Results of the evaluations of each successive
portfolio by the approximation model 614 are used to select an optimal portfolio of the
flight paths from among the plurality of competing portfolios of flight paths.

The system may also include a simulation 616 (e.g., the CAISS simulator) of the
air traffic system. The simulation model 616 may be implemented in computer readable
program code executable by the computer processor 606 and stored on the data storage
device 608. The simulation model 616 is sued to validate the optimal portfolio of flight
paths selected in accordance with results of the evaluations of each successive portfolio
by the approximation model 614.

Once sclected and wvalidated by the system 600, the optimal portfolio (or
information identifying the flight paths included in the optimal portfolio) may be output
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by the system 600 on one or more output device(s) 618 in communication with the
computer processor 606. As shown, one or more of the output devices 618 may be
located remotely from the computer processor 606 (e.g., located at a AOC 610) and
accessed via the data network 612.

Although FIG. 6 depicts the various elements of the system 600 implemented in
the context of a single computer processor, it is also possible to implement various
components of the system 600 in the context of a multiprocessor computing environment
or a distributed computing environment. In this regard, a portion or the entirety of the
computer program code may be simultaneously executable on more than one computer
processor of the multiprocessor computing environment or the distributed computing to
implement parallel instantiations of one or more of the heuristic-based filter(s) 602, the
genetic optimizer 604, the approximation model 614, and the simulation 616. For
example, FIG. 6 depicts two processors 620, 622 shown in dashed lines in addition to
processor 606 that may be included as part of a multiprocessor or distributed computing
environment implementation of system 600. Multiprocessor or distributed computing
environment implementations of system 600 may involve fewer or more than the three
processors 606, 620, 622.

While various embodiments of the present invention have been described in
detail, further modifications and adaptations of the invention may occur to those skilled
in the art. However, it is to be expressly understood that such modifications and

adaptations are within the spirit and scope of the present invention.
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What is claimed is:

1. A method for optimizing a plurality of competing portfolios of flight paths
for flights through one or more sectors of an airspace represented by an air traffic system,
said method comprising;:

executing at least one heuristic-based process to construct successive portfolios of
the flight paths for consideration, wherein the at least one heuristic-based process
includes one or more configurable parameters that are applied in selecting the successive
portfolios;

applying a genetic optimization process to identify the at least one heuristic-based
process according to its one or more configurable parameters;

evaluating each successive portfolio constructed by the at least one heuristic-
based process with an approximation model that approximates the air traffic system;

selecting an optimal portfolio of the flight paths from among the plurality of
competing portfolios of flight paths based on results of said evaluating step; and

utilizing a simulation of the air traffic system to validate the optimal portfolio of

flight paths selected in said selecting step.

2. The method of Claim 1 wherein said step of utilizing a simulation of the

air traffic system comprises operating an air traffic simulator.

3. The method of Claim 1 wherein said executing at least one heuristic-based
process comprises:

receiving one or more flight path options for each flight and an order of
preference associated with the flight path options for each flight;

assigning flights their first flight path option until a demand capacity imbalance is
calculated using the approximation model; and

after a demand capacity imbalance is calculated, evaluating one or more
additional flight path options for the flights until demand capacity balance is recovered or

there are no remaining flight path options.
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4. The method of Claim 1 wherein said executing at least one heuristic-based
process comprises:

assuming a projected future airspace demand, wherein the future airspace demand
includes a plurality of sector-time periods;

identifying sector-time periods wherein demand capacity imbalances occur within
the projected future airspace demand;

selecting flights that fly through problematic sector-time periods for re-planning;

evaluating alternative flight path options for the selected flights based upon a

contribution of each flight path option to the identified demand capacity imbalance.

5. The method of Claim 1 wherein the one or more configurable parameters
included in the at least one heuristic-based process include a heuristic-type and one or

more threshold parameters.

6. The method of Claim 1 further comprising:

executing computer program code on at least one computer processor to perform
said steps of executing at least one heuristic-based process, applying a genetic
optimization process, evaluating each successive portfolio, selecting an optimal portfolio,

and utilizing a simulation of the air traffic system.

7. The method of Claim 6 further comprising:
outputting information identifying the flight paths included in the optimal

portfolio on an output device in communication with the computer processor.

8. The method of Claim 6 further comprising:

executing at least a portion of the computer program code in parallel within a
multiprocessor computing environment or a distributed computing environment to
perform at least one of said steps of executing at least one heuristic-based process,
applying a genetic optimization process, evaluating each successive portfolio, and

selecting an optimal portfolio, and utilizing a simulation of the air traffic system.
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9. The method of Claim 1 wherein the genetic optimization process

comprises a multi-objective genetic optimization process.
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10. A system that optimizes a plurality of competing portfolios of flight paths
for flights through one or more sectors of an airspace represented by an air traffic system,
said system comprising;:

at least one heuristic-based filter that constructs successive portfolios of the flight
paths for consideration, wherein the at least one heuristic-based filter includes one or
more configurable parameters that are applied in selecting the successive portfolios;

a genetic optimizer that identifies the at least one heuristic-based filter according
to its one or more configurable parameters;

an approximation model of the air traffic system that is usable to evaluate each
successive portfolio constructed by the at least one heuristic-based filter, wherein results
of the evaluations of each successive portfolio by the approximation model are used to
select an optimal portfolio of the flight paths from among the plurality of competing
portfolios of flight paths; and

a simulation of the air traffic system usable to validate the optimal portfolio of
flight paths selected in accordance with results of the evaluations of each successive

portfolio by the approximation model.

11. The system of Claim 10 wherein said simulation of the air traffic system

comprises an air traffic simulator.

12. The system of Claim 10 wherein said at least one heuristic-based filter
receives one or more flight path options for each flight and an order of preference
associated with the flight path options for each flight, assigns flights their first flight path
option until a demand capacity imbalance is calculated using the approximation model,
and, after a demand capacity imbalance is calculated, evaluates one or more additional
flight path options for the flights until demand capacity balance is recovered or there are

no remaining flight path options.
13. The system of Claim 10 wherein said at least one heuristic-based filter

assumes a projected future airspace demand that includes a plurality of sector-time

periods, identifies sector-time periods wherein demand capacity imbalances occur within
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the projected future airspace demand, selects flights that fly through problematic sector-
time periods for re-planning, and evaluates alternative flight path options for the selected
flights based upon a contribution of each flight path option to the identified demand

capacity imbalance.

14. The system of Claim 10 wherein the one or more configurable parameters
included in the at least one heuristic-based process include a heuristic-type and one or

more threshold parameters.

15. The system of Claim 10 further comprising:

at least one computer processor; and

computer readable program code executable by said computer processor, said
computer readable program code implementing said at least one heuristic-based filter,
said genetic optimizer, said approximation model of the air traffic system, and said

simulation of the air traffic system.

16. The system of Claim 15 further comprising:
an output device in communication with said at least one computer processor by

which information identifying the flight paths included in the optimal portfolio is output.

17. The system of Claim 15 wherein said at least one computer processor is
included within a multiprocessor computing environment or a distributed computing
environment and wherein at least a portion of the computer program code is
simultancously executable on at least one other processor of the multiprocessor
computing environment or the distributed computing environment to implement parallel
instantiations of at least one of said at least one heuristic-based filter, said genetic
optimizer, said approximation model of the air traffic system, and said simulation of the

air traffic system.

18. The system of Claim 10 wherein the genetic optimization process

comprises a multi-objective genetic optimization process.
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19.  An approximation model of an air traffic simulation system representing
an airspace, wherein said approximation model is usable in optimizing competing
portfolios of flight paths for flights through one or more sectors of the airspace
represented by the air traffic system, said approximation model comprising:

a fine-grained demand matrix generated directly from a four-dimensional traffic
information set including information about which sectors of the airspace are crossed
during which of a plurality of first time periods for selected flight paths of the flights
included in a competing portfolio of flight paths, wherein the fine-grained demand matrix
comprises a two-dimensional matrix having rows or columns corresponding to the sectors
of the airspace and columns or rows corresponding to first time periods with numerical
elements indicating the total number of the flights that cross each sector during each of
the first time periods; and

a coarse-grained demand matrix comprising a two-dimensional matrix having
rows or columns corresponding to the sectors of the airspace and columns or rows
corresponding to second time periods with numerical elements representing an amount of
the flights that cross each sector during each of the second time periods, wherein each

second time period comprises an aggregate of more than one of the first time periods.

20. The approximation model of Claim 19 wherein the coarse-grained demand

matrix is generated directly from the four-dimensional traffic information set.

21. The approximation model of Claim 19 wherein the coarse-grained demand

matrix is calculated from the fine-grained demand matrix.

22.  The approximation model of Claim 21 wherein each second time period
corresponds with a plurality of first time periods, and wherein each numerical element of
the coarse-grained demand matrix for a second time period is calculated as a function of
the numerical elements in the corresponding first time periods of the fine-grained demand

matrix.
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23. The approximation model of Claim 22 wherein the function that calculates
cach numerical element of the coarse-grained demand matrix comprises the maximum
value of the numerical elements in the corresponding first time periods of the fine-

grained demand matrix.

24. The approximation model of Claim 19 wherein the competing portfolios of
flight paths are to be optimized for a period of twenty-four hours and wherein there are
480 first time periods of three minutes each and there are 96 second time periods of

fifteen minutes each.

25. The approximation model of Claim 19 further comprising:
computer readable program code executable by a computer processor, said
computer readable program code when executed calculating said fine-grained and coarse-

grained demand matrices.
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