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A method involves accelerating the electronic determination
of high quality solutions to routing problems by utilizing
determined optimized time windows for precomputing opti-
mal path matrices to reduce computer resource usage. The
use of traffic windows defined based on changes in rates of
change of speeds for traffic on road segments allows for
more rapid determination of a set of one or more high quality
solutions as compared to requiring on-demand, in-process
determination of a shortest path for a particular time during
comparison of paths or routes performed as part of a process
for determining high quality solutions to the routing prob-
lem.
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Potential Path 2: BF + AB + AD + CD
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UTILIZING DETERMINED OPTIMIZED
TIME WINDOWS FOR PRECOMPUTING
OPTIMAL PATH MATRICES TO REDUCE

COMPUTER RESOURCE USAGE

[0001] The present application hereby incorporates herein
by reference the entire disclosure of Appendices A-D.

COPYRIGHT STATEMENT

[0002] All of the material in this patent document is
subject to copyright protection under the copyright laws of
the United States and other countries. The copyright owner
has no objection to the facsimile reproduction by anyone of
the patent document or the patent disclosure, as it appears in
official governmental records but, otherwise, all other copy-
right rights whatsoever are reserved.

BACKGROUND OF THE INVENTION

[0003] The present invention generally relates to software
for providing solutions to routing problems, such as vehicle
routing problems.

[0004] Software which is configured to provide solutions
to vehicle routing problems is increasingly ubiquitous. Most
smart phones offer access to simplistic routing software
which can be used to generate and display an optimized
route for a user’s vehicle.

[0005] However, conventional approaches utilized by
typical routing software present a number of problems,
particularly when considering determination of routing solu-
tions for more complicated or complex routing problems,
such as those involving a large number of locations or a large
geographical area.

[0006] Needs exist for improvement in providing solu-
tions to routing problems. One or more of these needs and
other needs are addressed by one or more aspects of the
present invention.

SUMMARY OF THE INVENTION

[0007] The present invention includes many aspects and
features. Moreover, while many aspects and features relate
to, and are described in, the context of vehicle routing, the
present invention is not limited to use only in this context,
as will become apparent from the following summaries and
detailed descriptions of aspects, features, and one or more
embodiments of the present invention.

[0008] One aspect relates to a method involving acceler-
ating the electronic determination of optimized solutions to
routing problems by utilizing determined optimal time win-
dows for precomputing optimal path matrices to reduce
computer resource usage. The method includes receiving, at
a server, problem data for a routing problem comprising
information for one or more locations involved in the
routing problem; electronically accessing traffic data for a
first set of road segments in one or more areas of a road
network encompassing the one or more locations, the traffic
data comprising speed information for travel along the road
segments at various times of day; electronically calculating,
based on the accessed traffic data, data for a best fit line
representing a best fit for the accessed traffic data, the data
for the best fit line including, for each of various respective
times of day, a respective best fit speed value for that
respective time of day; electronically defining, based on the
calculated data for the best fit line, a plurality of traffic
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windows each having a start time and an end time during a
day, electronically defining the plurality of traffic windows
comprising electronically determining a plurality of inflec-
tion points representing times of day at which a change in a
rate of change of the best fit line exceeds a minimum
threshold, and electronically defining a start time and an end
time for each traffic window of the plurality of traffic
windows based on the determined plurality of inflection
points, each inflection point representing an end time for one
traffic window and a start time for another traffic window.
The method further includes electronically populating one or
more shortest path matrices with travel time estimates for
each defined traffic window by, for each respective defined
traffic window, calculating, for each of one or more respec-
tive ordered pairs of locations involved in the routing
problem, a respective travel time estimate for a shortest path
for travel from a respective first location of the respective
ordered pair of locations to a respective second location of
the respective ordered pair of locations, such calculated
respective travel time estimate being calculated based on
road network data and traffic data for that respective defined
traffic window; electronically determining a set of one or
more optimized solutions to the routing problem using a
plurality of the calculated travel time estimates accessed
from the one or more shortest path matrices; and returning,
from the server, data corresponding to the determined set of
one or more optimized solutions to the routing problem. The
use of traffic windows defined based on changes in rates of
change of speeds for traffic on road segments allows for
more rapid determination of the set of one or more optimized
solutions as compared to requiring on-demand, in-process
determination of a shortest path for a particular time during
comparison of paths or routes performed as part of a process
for determining optimized solutions to the routing problem.
[0009] In a feature of this aspect, electronically determin-
ing a plurality of inflection points representing times of day
at which a change in a rate of change of the best fit line
exceeds a minimum threshold comprises applying statistical
methods to determine the plurality of inflection points.
[0010] In a feature of this aspect, electronically determin-
ing a plurality of inflection points representing times of day
at which a change in a rate of change of the best fit line
exceeds a minimum threshold comprises calculating one or
more second derivatives of the best fit line.

[0011] In a feature of this aspect, electronically defining a
start time and an end time for each traffic window of the
plurality of traffic windows based on the determined plural-
ity of inflection points comprises automatically defining a
start time for a first traffic window proximate a certain time
of day.

[0012] In a feature of this aspect, electronically defining a
start time and an end time for each traffic window of the
plurality of traffic windows based on the determined plural-
ity of inflection points comprises automatically defining a
start time for a first traffic window proximate midnight.
[0013] In a feature of this aspect, electronically defining a
start time and an end time for each traffic window of the
plurality of traffic windows based on the determined plural-
ity of inflection points comprises automatically defining an
end time for a last traffic window proximate a certain time
of day.

[0014] In a feature of this aspect, electronically defining a
start time and an end time for each traffic window of the
plurality of traffic windows based on the determined plural-
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ity of inflection points comprises automatically defining an
end time for a last traffic window proximate midnight.
[0015] In a feature of this aspect, electronically defining a
start time and an end time for each traffic window of the
plurality of traffic windows based on the determined plural-
ity of inflection points comprises defining a traffic window
which overlaps from one day to a next day.

[0016] In a feature of this aspect, electronically populating
one or more shortest path matrices with travel time estimates
for each defined traffic window comprises electronically
populating a different shortest path matrix for each defined
traffic window.

[0017] In a feature of this aspect, electronically populating
one or more shortest path matrices with travel time estimates
for each defined traffic window comprises electronically
populating a single shortest path matrix with travel time
estimates for each defined traffic window.

[0018] Another aspect relates to a method involving accel-
erating the electronic determination of optimized solutions
to routing problems by utilizing determined optimal time
windows for precomputing optimal path matrices to reduce
computer resource usage. The method includes receiving, at
a server, problem data for a routing problem comprising
information for one or more locations involved in the
routing problem; electronically accessing traffic data for a
first set of road segments in one or more areas of a road
network encompassing the one or more locations, the traffic
data comprising travel time information for travel along the
road segments at various times of day; electronically calcu-
lating, based on the accessed traffic data, data for a best fit
line representing a best fit for the accessed traffic data, the
data for the best fit line including, for each of various
respective times of day, a respective best fit travel time value
for that respective time of day; and electronically defining,
based on the calculated data for the best fit line, a plurality
of traffic windows each having a start time and an end time
during a day, electronically defining the plurality of traffic
windows comprising electronically determining a plurality
of inflection points representing times of day at which a
change in a rate of change of the best fit line exceeds a
minimum threshold, and electronically defining a start time
and an end time for each traffic window of the plurality of
traffic windows based on the determined plurality of inflec-
tion points, each inflection point representing an end time for
one traffic window and a start time for another traffic
window. The method further includes electronically popu-
lating one or more shortest path matrices with travel time
estimates for each defined traffic window by, for each
respective defined traffic window, calculating, for each of
one or more respective ordered pairs of locations involved in
the routing problem, a respective travel time estimate for a
shortest path for travel from a respective first location of the
respective ordered pair of locations to a respective second
location of the respective ordered pair of locations, such
calculated respective travel time estimate being calculated
based on road network data and traffic data for that respec-
tive defined traffic window; electronically determining a set
of one or more optimized solutions to the routing problem
using a plurality of the calculated travel time estimates
accessed from the one or more shortest path matrices; and
returning, from the server, data corresponding to the deter-
mined set of one or more optimized solutions to the routing
problem. The use of traffic windows defined based on
changes in rates of change of travel times for traffic on road
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segments allows for more rapid determination of the set of
one or more optimized solutions as compared to requiring
on-demand, in-process determination of a shortest path for
a particular time during comparison of paths or routes
performed as part of a process for determining optimized
solutions to the routing problem.

[0019] Another aspect relates to a method involving accel-
erating the electronic determination of optimized solutions
to routing problems by utilizing determined optimal time
windows for precomputing optimal path matrices to reduce
computer resource usage. The method includes receiving, at
a server, problem data for a routing problem comprising
information for one or more locations involved in the
routing problem; electronically accessing traffic data for a
first set of road segments in one or more areas of a road
network encompassing the one or more locations, the traffic
data comprising speed information for travel along the road
segments at various times of day; and electronically defin-
ing, based on the accessed traffic data for the first set of road
segments, a plurality of traffic windows each having a start
time and an end time during a day, electronically defining
the plurality of traffic windows comprising electronically
applying statistical methods to the accessed traffic data to
determine a plurality of inflection points which represent
times of day at which a change in a rate of change of speeds
exceeds a minimum threshold, and electronically defining a
start time and an end time for each traffic window of the
plurality of traffic windows based on the determined plural-
ity of inflection points, each inflection point representing an
end time for one traffic window and a start time for another
traffic window. The method further includes electronically
populating one or more shortest path matrices with travel
time estimates for each defined traffic window by, for each
respective defined traffic window, calculating, for each of
one or more respective ordered pairs of locations involved in
the routing problem, a respective travel time estimate for a
shortest path for travel from a respective first location of the
respective ordered pair of locations to a respective second
location of the respective ordered pair of locations, such
calculated respective travel time estimate being calculated
based on road network data and traffic data for that respec-
tive defined traffic window; electronically determining a set
of one or more optimized solutions to the routing problem
using a plurality of the calculated travel time estimates
accessed from the one or more shortest path matrices; and
returning, from the server, data corresponding to the deter-
mined set of one or more optimized solutions to the routing
problem. The use of traffic windows defined based on
changes in rates of change of speeds for traffic on road
segments allows for more rapid determination of the set of
one or more optimized solutions as compared to requiring
on-demand, in-process determination of a shortest path for
a particular time during comparison of paths or routes
performed as part of a process for determining optimized
solutions to the routing problem.

[0020] One aspect relates to a method involving utilizing
a geo-locator service and zone servers to reduce server
resource requirements for determining optimized solutions
to routing problems. The method includes maintaining, by a
geo-locator service at a first server, data corresponding to a
plurality of defined zones each corresponding to a geo-
graphic area, wherein each defined zone has a defined
boundary, a plurality of the defined zones each overlap with
other of the defined zones, and a plurality of the defined
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zones are each located entirely within another defined zone.
The method further includes maintaining a plurality of
servers, each server including road network data for a
respective one of the zones of the plurality of defined zones;
electronically communicating, from a requesting device to a
geo-locator service at a first server, a request comprising
information for a plurality of locations involved in a routing
problem; electronically determining, by the geo-locator ser-
vice based on the list of locations and the maintained list of
defined zones, a smallest defined zone that contains all of the
locations of the list of locations; electronically returning, by
the geo-locator service to the requesting device in response
to the received request, data comprising an indication of the
determined zone and an identifier for the zone server cor-
responding to the determined zone; electronically commu-
nicating, from the requesting device to the zone server
corresponding to the determined zone based on the returned
identifier for the zone server, problem data for the routing
problem comprising data for the plurality of locations
involved in the routing problem; electronically determining,
at the zone server corresponding to the determined zone, a
set of one or more optimized solutions to the routing
problem using a plurality of calculated travel time estimates
accessed from one or more computed shortest path matrices;
and returning, from the zone server corresponding to the
determined zone to the requesting device, data correspond-
ing to the determined set of one or more optimized solutions
to the routing problem. The use of a geo-locator service and
zone servers enables the use of servers having less memory
which can handle determination of optimized solutions to
routing problems involving locations spanning a smaller
geographic area even if they are incapable of handling
determination of optimized solutions to routing problems
involving locations spanning a larger geographic area, and
enables efficient assignment of requests to an appropriate
server without unduly burdening high value servers having
sufficient memory to handle determination of optimized
solutions to routing problems involving locations spanning
a very large geographic area with determination of opti-
mized solutions to routing problems involving locations
spanning a smaller geographic area.

[0021] In a feature of this aspect, maintaining, by a
geo-locator service at a first server, data corresponding to a
plurality of defined zones each corresponding to a geo-
graphic area comprises maintaining, for each defined zone,
a list of coordinates defining the defined boundary for that
zone.

[0022] In a feature of this aspect, maintaining, by a
geo-locator service at a first server, data corresponding to a
plurality of defined zones each corresponding to a geo-
graphic area comprises maintaining, for each defined zone,
a list of latitude and longitude coordinates defining the
defined boundary for that zone.

[0023] In a feature of this aspect, electronically commu-
nicating, from a requesting device to a geo-locator service at
a first server, a request comprising information for a plurality
of locations involved in a routing problem comprises elec-
tronically communicating coordinates for each of the plu-
rality of locations.

[0024] In a feature of this aspect, electronically commu-
nicating, from a requesting device to a geo-locator service at
a first server, a request comprising information for a plurality
of locations involved in a routing problem comprises elec-
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tronically communicating latitude and longitude coordinates
for each of the plurality of locations.

[0025] In a feature of this aspect, the returned identifier
comprises a server name.

[0026] In a feature of this aspect, the returned identifier
comprises an internet protocol (IP) address.

[0027] In a feature of this aspect, the returned identifier
comprises a uniform resource locator (URL).

[0028] In a feature of this aspect, the requesting device
comprises a computer having a web browser loaded thereon,
and wherein electronically communicating, from a request-
ing device to a geo-locator service at a first server, a request
comprising information for a plurality of locations involved
in a routing problem comprises electronically communicat-
ing via a web browser.

[0029] In a feature of this aspect, the requesting device
comprises a computer having a web browser loaded thereon,
and wherein electronically communicating, from a request-
ing device to a geo-locator service at a first server, a request
comprising information for a plurality of locations involved
in a routing problem comprises electronically communicat-
ing via hypertext transfer secure protocol (HTTPs).

[0030] In a feature of this aspect, the requesting device
comprises a desktop computer.

[0031] In a feature of this aspect, the requesting device
comprises a laptop computer.

[0032] In a feature of this aspect, the requesting device
comprises a tablet.

[0033] In a feature of this aspect, the requesting device
comprises a phone.

[0034] Another aspect relates to a method involving uti-
lizing a geo-locator service and zone servers to reduce server
resource requirements for determining optimized solutions
to routing problems. The method includes maintaining, by a
geo-locator service at a first server, data corresponding to a
plurality of defined zones each corresponding to a geo-
graphic area, wherein each defined zone has a defined
boundary, a plurality of the defined zones each overlap with
other of the defined zones, and a plurality of the defined
zones are each located entirely within another defined zone.
The method includes maintaining a plurality of servers, each
server including road network data for one or more of the
zones of the plurality of defined zones; electronically com-
municating, from a requesting device to a geo-locator ser-
vice at a first server, a request comprising information for a
plurality of locations involved in a routing problem; elec-
tronically determining, by the geo-locator service based on
the list of locations and the maintained list of defined zones,
a smallest defined zone that contains all of the locations of
the list of locations; electronically returning, by the geo-
locator service to the requesting device in response to the
received request, data comprising an identifier for accessing
a zone server corresponding to the determined zone; elec-
tronically effecting, by the requesting device using the
returned identifier for accessing a zone server corresponding
to the determined zone, communication of problem data for
the routing problem comprising data for the plurality of
locations involved in the routing problem; electronically
determining, at one or more zone servers corresponding to
the determined zone in response to the effected communi-
cation of problem data, a set of one or more optimized
solutions to the routing problem using a plurality of calcu-
lated travel time estimates accessed from one or more
computed shortest path matrices; and returning, from the
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one or more zone servers corresponding to the determined
zone to the requesting device, data corresponding to the
determined set of one or more optimized solutions to the
routing problem. The use of a geo-locator service and zone
servers enables the use of servers having less memory which
can handle determination of optimized solutions to routing
problems involving locations spanning a smaller geographic
area even if they are incapable of handling determination of
optimized solutions to routing problems involving locations
spanning a larger geographic area, and enables efficient
assignment of requests to an appropriate server without
unduly burdening high value servers having sufficient
memory to handle determination of optimized solutions to
routing problems involving locations spanning a very large
geographic area with determination of optimized solutions
to routing problems involving locations spanning a smaller
geographic area.

[0035] In a feature of this aspect, the requesting device
comprises a desktop computer.

[0036] In a feature of this aspect, the requesting device
comprises a laptop computer.

[0037] In a feature of this aspect, the requesting device
comprises a tablet.

[0038] In a feature of this aspect, the requesting device
comprises a phone.

[0039] Another aspect relates to a method involving uti-
lizing a geo-locator service and zone servers to reduce server
resource requirements for determining optimized solutions
to routing problems. The method includes maintaining, by a
geo-locator service at a first server, data corresponding to a
plurality of defined zones each corresponding to a geo-
graphic area, wherein each defined zone has a defined
boundary, a plurality of the defined zones each overlap with
other of the defined zones, and a plurality of the defined
zones are each located entirely within another defined zone.
The method further includes maintaining a plurality of
servers, each server including road network data for one or
more of the zones of the plurality of defined zones; elec-
tronically communicating, from a requesting device to a
geo-locator service at a first server, a request comprising
information for a plurality of locations involved in a routing
problem; electronically determining, by the geo-locator ser-
vice based on the list of locations and the maintained list of
defined zones, a smallest defined zone that contains all of the
locations of the list of locations; electronically returning, by
the geo-locator service to the requesting device in response
to the received request, data comprising an identifier for
accessing a zone server corresponding to the determined
zone; electronically effecting, by the requesting device using
the returned identifier for accessing a zone server corre-
sponding to the determined zone, communication of prob-
lem data for the routing problem comprising data for the
plurality of locations involved in the routing problem;
electronically computing, at one or more zone servers cor-
responding to the determined zone in response to the
effected communication of problem data, one or more short-
est path matrices comprising shortest path data for direc-
tional shortest paths between pairs of locations of the
plurality of locations; and returning, from the one or more
zone servers corresponding to the determined zone to the
requesting device, data corresponding to the computed one
or more shortest path matrices. The use of a geo-locator
service and zone servers enables the use of servers having
less memory which can handle determination of optimized
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solutions to routing problems involving locations spanning
a smaller geographic area even if they are incapable of
handling determination of optimized solutions to routing
problems involving locations spanning a larger geographic
area, and enables efficient assignment of requests to an
appropriate server without unduly burdening high value
servers having sufficient memory to handle determination of
optimized solutions to routing problems involving locations
spanning a very large geographic area with determination of
optimized solutions to routing problems involving locations
spanning a smaller geographic area.

[0040] One aspect relates to a graphical user interface
method involving one or more graphical user interfaces for
providing preferred solutions to multi-objective routing
problems. The method includes presenting, to a user via an
electronic display associated with an electronic device, a
first graphical user interface comprising a map; receiving,
from the user via one or more input devices associated with
the electronic device, first user input corresponding to iden-
tification of one or more locations involved in a routing
problem; receiving, from the user via one or more input
devices associated with the electronic device, second user
input corresponding to engagement with a user interface
element configured to access a constraints graphical user
interface; displaying, to the user via the electronic display
associated with the electronic device, a second graphical
user interface comprising one or more user interface ele-
ments configured to allow a user to specify one or more
constraints and, for each specified constraint, one or more
penalties; receiving, from the user via one or more input
devices associated with the electronic device, third user
input corresponding to definition of one or more constraints,
and, for each defined constraint, one or more penalties; and
electronically determining, based on the identification of one
or more locations involved in the routing problem and the
defined constraints and penalties, a plurality of preferred
solutions to the routing problem. Such electronic determin-
ing comprises generating a plurality of potential solutions to
the routing problem, calculating, for each generated solu-
tion, an estimated amount of time for traversal of routes
involved in that generated solution, a weighted time value
based on the calculated estimated amount of time for tra-
versal of routes involved in that generated solution, and an
adjusted value involving a sum of the calculated weighted
time value for that generated solution and one or more
penalty values calculated based on evaluation of features of
that generated solution. Such electronic determining further
comprises determining the plurality of preferred solutions
based on the calculated adjusted values. The method further
includes displaying, to the user via the electronic display
associated with the electronic device, the determined plu-
rality of preferred solutions, including displaying, for one or
more respective displayed solutions of the determined pre-
ferred solutions, an indication of one or more constraints
violated by each respective displayed solution.

[0041] In a feature of this aspect, displaying, to the user
via the electronic display associated with the electronic
device, the determined plurality of preferred solutions
includes displaying, for each displayed solution, an indica-
tion of an estimated total travel time for that solution.

[0042] In a feature of this aspect, displaying, to the user
via the electronic display associated with the electronic
device, the determined plurality of preferred solutions
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includes displaying, for each displayed solution, an indica-
tion of an estimated total travel distance for that solution.
[0043] In a feature of this aspect, displaying, to the user
via the electronic display associated with the electronic
device, the determined plurality of preferred solutions
includes displaying, for each displayed solution, an indica-
tion of an estimated total travel cost for that solution.
[0044] In a feature of this aspect, displaying, to the user
via the electronic display associated with the electronic
device, the determined plurality of preferred solutions
includes displaying, for each displayed solution, an indica-
tion of estimated total fuel required for that solution.
[0045] In a feature of this aspect, displaying, to the user
via the electronic display associated with the electronic
device, the determined plurality of preferred solutions
includes displaying, for each displayed solution, an indica-
tion of an estimated total fuel cost for that solution.

[0046] In a feature of this aspect, displaying, to the user
via the electronic display associated with the electronic
device, the determined plurality of preferred solutions
includes displaying, for each displayed solution, an indica-
tion of an estimated total labor cost for that solution.
[0047] Another aspect relates to a graphical user interface
method involving one or more graphical user interfaces for
providing preferred solutions to multi-objective routing
problems. The method includes presenting, to a user via an
electronic display associated with an electronic device, a
first graphical user interface comprising a map; receiving,
from the user via one or more input devices associated with
the electronic device, first user input corresponding to iden-
tification of one or more locations involved in a routing
problem; receiving, from the user via one or more input
devices associated with the electronic device, second user
input corresponding to engagement with a user interface
element configured to access a constraints graphical user
interface; displaying, to the user via the electronic display
associated with the electronic device, a second graphical
user interface comprising one or more user interface ele-
ments configured to allow a user to specify one or more
constraints and, for each specified constraint, one or more
penalties; receiving, from the user via one or more input
devices associated with the electronic device, third user
input corresponding to definition of one or more constraints,
and, for each defined constraint, one or more penalties; and
electronically determining, based on the identification of one
or more locations involved in the routing problem and the
defined constraints and penalties, a plurality of preferred
solutions to the routing problem. Such electronic determin-
ing comprises generating a plurality of potential solutions to
the routing problem, calculating, for each generated solu-
tion, one or more penalty values based on evaluation of
features of that generated solution, and determining the
plurality of preferred solutions based at least in part on one
or more calculated penalty values. The method further
includes displaying, to the user via the electronic display
associated with the electronic device, the determined plu-
rality of preferred solutions, including displaying, for one or
more respective displayed solutions of the determined pre-
ferred solutions, an indication of one or more constraints
violated by each respective displayed solution.

[0048] Another aspect relates to a method providing a
technical solution to the technical problem of electronically
determining preferred solutions to multi-objective routing
problems. The method includes receiving, at a server, prob-
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lem data for a routing problem comprising coordinates for
one or more locations involved in the routing problem, and
constraint data defining one or more constraints for the
routing problem and one or more penalties associated with
each constraint. The method further includes electronically
determining, utilizing the one or more locations involved in
the routing problem and the defined constraints and penal-
ties, a plurality of preferred solutions to the routing problem.
Such electronic determining comprises generating a plural-
ity of potential solutions to the routing problem, and calcu-
lating, for each generated solution, an estimated amount of
time for traversal of routes involved in that generated
solution, a weighted time value based on the calculated
estimated amount of time for traversal of routes involved in
that generated solution, and an adjusted value involving a
sum of the calculated weighted time value for that generated
solution and one or more penalty values calculated based on
evaluation of features of that generated solution. Such
electronic determining further comprises determining the
plurality of preferred solutions based on the calculated
adjusted values. The method further includes returning, from
the server, data corresponding to the determined plurality of
preferred solutions to the routing problem.

[0049] In a feature of this aspect, returning, from the
server, data corresponding to the determined plurality of
preferred solutions to the routing problem comprises return-
ing the calculated estimated amount of time for traversal of
routes for each solution of the determined plurality of
preferred solutions.

[0050] In a feature of this aspect, electronically determin-
ing, utilizing the one or more locations involved in the
routing problem and the defined constraints and penalties,
the plurality of preferred solutions to the routing problem
comprises calculating, for each generated solution, an esti-
mated total travel distance for that solution, and returning,
from the server, data corresponding to the determined plu-
rality of preferred solutions to the routing problem com-
prises returning the calculated estimated total travel distance
for each solution of the determined plurality of preferred
solutions.

[0051] In a feature of this aspect, electronically determin-
ing, utilizing the one or more locations involved in the
routing problem and the defined constraints and penalties,
the plurality of preferred solutions to the routing problem
comprises calculating, for each generated solution, an esti-
mated total fuel cost for that solution, and returning, from
the server, data corresponding to the determined plurality of
preferred solutions to the routing problem comprises return-
ing the calculated estimated total fuel cost for each solution
of the determined plurality of preferred solutions.

[0052] In a feature of this aspect, electronically determin-
ing, utilizing the one or more locations involved in the
routing problem and the defined constraints and penalties,
the plurality of preferred solutions to the routing problem
comprises calculating, for each generated solution, an esti-
mated total labor cost for that solution, and returning, from
the server, data corresponding to the determined plurality of
preferred solutions to the routing problem comprises return-
ing the calculated estimated total labor cost for each solution
of the determined plurality of preferred solutions.

[0053] In a feature of this aspect, electronically determin-
ing, utilizing the one or more locations involved in the
routing problem and the defined constraints and penalties,
the plurality of preferred solutions to the routing problem
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comprises calculating, for each generated solution, an esti-
mated total cost for that solution, and returning, from the
server, data corresponding to the determined plurality of
preferred solutions to the routing problem comprises return-
ing the calculated estimated total cost for each solution of
the determined plurality of preferred solutions.

[0054] One aspect relates to a method involving acceler-
ating the electronic determination of optimized solutions to
routing problems by leveraging simplified travel time
approximations. The method includes receiving, at a server,
problem data for a routing problem comprising information
for one or more locations involved in the routing problem;
and electronically populating a shortest path matrix with first
approximation travel time estimates. Such electronic popu-
lating comprises calculating, for each respective possible
pair of locations involved in the routing problem, a respec-
tive first approximation travel time estimate. Such calculat-
ing comprises calculating a respective straight line distance
estimate between the respective pair of locations, calculating
a deformed distance value representing deformation of the
calculated respective straight line distance estimate based on
one or more curvature values, and calculating the respective
first approximation travel time estimate based on the
deformed distance value. Such electronic populating further
comprises populating an area of the shortest path matrix
corresponding to travel from a respective first location of the
respective possible pair of locations to a respective second
location of the respective possible pair of locations with the
calculated respective first approximation travel time esti-
mate, and populating an area of the shortest path matrix
corresponding to travel from the respective second location
of the respective possible pair of locations to the respective
first location of the respective possible pair of locations with
the calculated respective first approximation travel time
estimate. The method further includes beginning to elec-
tronically determine one or more optimized solutions to the
routing problem using one or more of the calculated first
approximation travel time estimates contained in the shortest
path matrix, while concurrently, in parallel, electronically
updating the shortest path matrix with second travel time
estimates by calculating, for each of one or more respective
ordered pairs of locations involved in the routing problem,
a respective second travel time estimate for a shortest path
for travel from a respective first location of the respective
ordered pair of locations to a respective second location of
the respective ordered pair of locations, such calculated
respective second travel time estimate being calculated
based on road network data, and updating an area of the
shortest path matrix corresponding to travel from the respec-
tive first location of the respective ordered pair of locations
to the respective second location of the respective ordered
pair of locations with the calculated respective second travel
time estimate. The method further includes completing
electronic determination of a set of one or more optimized
solutions to the routing problem using one or more of the
calculated second travel time estimates accessed from the
shortest path matrix; and returning, from the server, data
corresponding to the determined set of one or more opti-
mized solutions to the routing problem. The use of first
approximation travel time estimates allows for more rapid
beginning of a process for electronically determining one or
more optimized solutions to the routing problem as com-
pared to having to wait for computation of second travel
time estimates for every ordered pair of locations involved
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in the routing problem, thus allowing for more rapid deter-
mination of the determined set of one or more optimized
solutions.

[0055] In a feature of this aspect, the information for one
or more locations involved in the routing problem comprises
coordinates for one or more locations involved in the routing
problem.

[0056] In a feature of this aspect, the information for one
or more locations involved in the routing problem comprises
latitude and longitude coordinates for one or more locations
involved in the routing problem

[0057] In a feature of this aspect, with respect to calcu-
lating, for each respective possible pair of locations involved
in the routing problem, the respective first approximation
travel time estimate, such calculating comprises calculating
the respective straight line distance estimate between the
respective pair of locations using the Haversine formula.

[0058] In a feature of this aspect, with respect to calcu-
lating, for each respective possible pair of locations involved
in the routing problem, the respective first approximation
travel time estimate, calculating the deformed distance value
representing deformation of the calculated respective
straight line distance estimate based on one or more curva-
ture values involves calculating the deformed distance value
based on one or more curviness values for an area of a road
network.

[0059] In a feature of this aspect, with respect to calcu-
lating, for each respective possible pair of locations involved
in the routing problem, the respective first approximation
travel time estimate, calculating the deformed distance value
representing deformation of the calculated respective
straight line distance estimate based on one or more curva-
ture values involves calculating the deformed distance value
based on one or more curviness values for one or more road
segments.

[0060] In a feature of this aspect, with respect to calcu-
lating, for each respective possible pair of locations involved
in the routing problem, the respective first approximation
travel time estimate, calculating the deformed distance value
representing deformation of the calculated respective
straight line distance estimate based on one or more curva-
ture values involves calculating the deformed distance value
based on one or more curviness values for an area of a road
network proximate a location of the respective possible pair
of locations.

[0061] In a feature of this aspect, with respect to calcu-
lating, for each respective possible pair of locations involved
in the routing problem, the respective first approximation
travel time estimate, calculating the deformed distance value
representing deformation of the calculated respective
straight line distance estimate based on one or more curva-
ture values involves calculating the deformed distance value
based on one or more curviness values for an area of a road
network proximate both locations of the respective possible
pair of locations.

[0062] In a feature of this aspect, with respect to calcu-
lating, for each respective possible pair of locations involved
in the routing problem, the respective first approximation
travel time estimate, calculating the deformed distance value
representing deformation of the calculated respective
straight line distance estimate based on one or more curva-
ture values involves calculating the deformed distance value
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based on one or more curviness values for an area of a road
network located between the locations of the respective
possible pair of locations.

[0063] In a feature of this aspect, with respect to calcu-
lating, for each respective possible pair of locations involved
in the routing problem, the respective first approximation
travel time estimate, calculating the deformed distance value
representing deformation of the calculated respective
straight line distance estimate based on one or more curva-
ture values involves calculating the deformed distance value
based on one or more curviness values for an area of a road
network proximate both locations of the respective possible
pair of locations and one or more curviness values for an
area of a road network located between the locations of the
respective possible pair of locations.

[0064] Another aspect relates to a method involving accel-
erating the electronic determination of optimized solutions
to routing problems by leveraging simplified travel time
approximations. The method includes receiving, at a server,
problem data for a routing problem comprising coordinates
for one or more locations involved in the routing problem;
and electronically populating a first shortest path matrix with
first approximation travel time estimates. Such electroni-
cally populating the first shortest path matrix comprises
calculating, for each respective possible pair of locations
involved in the routing problem, a respective first approxi-
mation travel time estimate, such calculating comprising
calculating a respective straight line distance estimate
between the respective pair of locations, calculating a
deformed distance value representing deformation of the
calculated respective straight line distance estimate based on
one or more curvature values, and calculating the respective
first approximation travel time estimate based on the
deformed distance value. Such electronically populating the
first shortest path matrix further comprises populating an
area of the first shortest path matrix corresponding to travel
from a respective first location of the respective possible pair
of'locations to a respective second location of the respective
possible pair of locations with the calculated respective first
approximation travel time estimate, and populating an area
of the first shortest path matrix corresponding to travel from
the respective second location of the respective possible pair
of locations to the respective first location of the respective
possible pair of locations with the calculated respective first
approximation travel time estimate. The method further
comprises beginning to electronically determine one or more
optimized solutions to the routing problem using one or
more of the calculated first approximation travel time esti-
mates contained in the shortest path matrix, while concur-
rently, in parallel, electronically populating a second shortest
path matrix with second travel time estimates by calculating,
for each of one or more respective ordered pairs of locations
involved in the routing problem, a respective second travel
time estimate for a shortest path for travel from a respective
first location of the respective ordered pair of locations to a
respective second location of the respective ordered pair of
locations, such calculated respective second travel time
estimate being calculated based on road network data, and
populating an area of the second shortest path matrix cor-
responding to travel from the respective first location of the
respective ordered pair of locations to the respective second
location of the respective ordered pair of locations with the
calculated respective second travel time estimate. The
method further comprises completing electronic determina-
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tion of a set of one or more optimized solutions to the routing
problem using one or more of the calculated second travel
time estimates accessed from the second shortest path
matrix; and returning, from the server, data corresponding to
the determined set of one or more optimized solutions to the
routing problem. The use of first approximation travel time
estimates allows for more rapid beginning of a process for
electronically determining one or more optimized solutions
to the routing problem as compared to having to wait for
computation of second travel time estimates for every
ordered pair of locations involved in the routing problem,
thus allowing for more rapid determination of the deter-
mined set of one or more optimized solutions.

[0065] Another aspect relates to one or more non-transi-
tory computer readable media containing computer execut-
able instructions executable by one or more processors for
performing a disclosed method.

[0066] Another aspect relates to a system for performing
a disclosed method.

[0067] In addition to the aforementioned aspects and fea-
tures of the present invention, it should be noted that the
present invention further encompasses the various logical
combinations and subcombinations of such aspects and
features. Thus, for example, claims in this or a divisional or
continuing patent application or applications may be sepa-
rately directed to any aspect, feature, or embodiment dis-
closed herein, or combination thereof, without requiring any
other aspect, feature, or embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0068] One or more preferred embodiments of the present
invention now will be described in detail with reference to
the accompanying drawings, wherein the same elements are
referred to with the same reference numerals, and wherein:
[0069] FIG. 1 illustrates an exemplary graphical user
interface for exemplary software configured to provide
solutions to routing problems;

[0070] FIG. 2 illustrates a portion of a road network from
the graphical user interface of FIG. 1;

[0071] FIG. 3 illustrates road segments from the graphical
user interface of FIG. 1;

[0072] FIG. 4 illustrates road segments connected at con-
nections points;

[0073] FIG. 5 illustrates a road segment characterized by
two end points;

[0074] FIG. 6 illustrates multiple road segments, each
characterized by two end points;

[0075] FIG. 7 illustrates a table of road segments from
FIG. 6 and their corresponding distances;

[0076] FIG. 8 illustrates a first potential path between
points F and C;
[0077] FIG. 9 illustrates a second potential path between
points F and C;
[0078] FIG. 10 illustrates a third potential path between
points F and C;
[0079] FIG. 11 illustrates a fourth potential path between
points F and C;
[0080] FIG. 12 illustrates total distance summations for
potential paths;
[0081] FIG. 13 illustrates a shortest path identification

from the distance summations;
[0082] FIG. 14 illustrates a flow for determining a shortest
path;
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[0083] FIG. 15 illustrates a table of estimated travel times
based on speed limits of the road segments;

[0084] FIG. 16 illustrates calculation of estimated travel
times for potential paths;

[0085] FIG. 17 illustrates estimated travel times and total
distances for potential paths;

[0086] FIG. 18 fancifully illustrates determination of a
preferred path;
[0087] FIG. 19 fancifully illustrates determination of a

preferred path using estimated travel times and a number of
turns;

[0088] FIGS. 20-24 illustrate calculation of total estimated
travel time for the paths of FIGS. 8-11, updated to account
for turning time;

[0089] FIGS. 25-29 illustrate calculation of total estimated
travel time for the paths of FIGS. 8-11, updated to account
for time at various types of intersections and turning time;
[0090] FIG. 30 illustrates exemplary storage of historical
data for traversal of road segments;

[0091] FIG. 31 illustrates exemplary average travel time
values calculated for road segments based on historical data;
[0092] FIG. 32 illustrates exemplary average historical
travel time values calculated for navigation from one road
segment to another;

[0093] FIG. 33-34 illustrate exemplary average travel
times for windows of time throughout a day;

[0094] FIG. 35 fancifully illustrates a directional road
segment,

[0095] FIG. 36 fancifully illustrates another directional
road segment;

[0096] FIG. 37 fancifully illustrates two directional road
segments going in opposite directions;

[0097] FIG. 38 illustrates exemplary travel times for the
road segments illustrated in FIG. 37;

[0098] FIG. 39 illustrates a more granular road segmen-
tation;
[0099] FIG. 40 illustrates a calculation of a preference
value for a path utilizing a distance weight and a time
weight;
[0100] FIG. 41 illustrates a calculation of such a prefer-

ence value for each potential path of FIGS. 8-11;

[0101] FIG. 42 illustrates a calculation of normalized time
and distance values, and a preference value;

[0102] FIG. 43 illustrates exemplary C Sharp style
pseudocode for calculation of a preference value based on
normalized time and distance values;

[0103] FIG. 44 illustrates exemplary storage of data for a
road segment which includes latitude and longitude coordi-
nates;

[0104] FIG. 45 illustrates the use of an assigned unique
identifier for a road segment;

[0105] FIG. 46 illustrates data stored for a road segment
including a list of connections from the road segment to and
from other road segments;

[0106] FIG. 47 illustrates stored data for a road segment
which includes end points of the road segment as well as a
list of points along the road segment;

[0107] FIG. 48 illustrates an exemplary graphical user
interface with a start location and a destination location;
[0108] FIG. 49 illustrates points along road segments;
[0109] FIG. 50 illustrates an exemplary graphical user
interface with markers indicating locations to be visited;
[0110] FIG. 51 illustrates a simple two-dimensional grid
for distance values for shortest paths between each location;
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[0111] FIG. 52 illustrates a grid for an exemplary scenario
in which the distance between any location and itself would
be zero;

[0112] FIG. 53 illustrates a first potential path between
two locations;
[0113] FIG. 54 illustrates a second potential path between

the two points of FIG. 53;
[0114] FIG. 55 illustrates calculation of total distance
values for each path in FIG. 53 and FIG. 54;

[0115] FIG. 56 illustrates the identification of a shortest
distance path;
[0116] FIGS. 57-58 illustrate the population of a shortest

distance path value in the grid of FIG. 51;

[0117] FIG. 59 illustrates the population of all shortest
distance path values in the grid of FIG. 51;

[0118] FIG. 60 illustrates a simple two-dimensional grid
for estimated time values for shortest paths between each
location;

[0119] FIGS. 61-62 illustrate a first and second potential
path between two locations and the estimated travel time;

[0120] FIG. 63 illustrates the identification of the shortest
travel time from FIGS. 61-62;

[0121] FIG. 64 illustrates the population of a shortest
travel time in the grid of FIG. 60;

[0122] FIG. 65 illustrates a first potential path between the
two locations of FIGS. 61-62 in the opposite direction and
the estimated travel time;

[0123] FIG. 66 illustrates the population of a shortest
travel time in the grid of FIG. 60;

[0124] FIG. 67 illustrates the population of all shortest
travel times in the grid of FIG. 60;

[0125] FIG. 68 illustrates the shortest distance and shortest
travel times stored in a matrix together;

[0126] FIG. 69 illustrates a matrix with travel times and
distances for multiple time windows each corresponding to
an hour of a twenty four hour day;

[0127] FIGS. 70-73 illustrate four potential routes visiting
all four locations illustrated in FIG. 50;

[0128] FIG. 74 illustrates identification of a preferred
route;
[0129] FIG. 75 illustrates three potential assignments of

trucks for a routing problem;

[0130] FIGS. 76-77 fancifully illustrate determination of
an estimated travel time for a first potential assignment of
two trucks;

[0131] FIG. 78 fancifully illustrates determination of an
estimated travel time for a second potential assignment of
two trucks;

[0132] FIG. 79 fancifully illustrates determination of an
estimated travel time for a third potential assignment of two
trucks;

[0133] FIG. 80 fancifully illustrates comparison of esti-
mated travel times for different potential assignments of two
trucks;

[0134] FIG. 81 illustrates three potential assignments of
trucks for solution of another routing problem;

[0135] FIGS. 82-84 fancifully illustrate determination of
an estimated travel time for first, second, and third potential
assignments of two trucks;

[0136] FIG. 85 fancifully illustrates determination of an
estimated travel time for a third potential assignment of two
trucks;

[0137] FIG. 86 illustrates weighting of an estimated time
value for an assignment;
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[0138] FIG. 87 illustrates calculation of weighted esti-
mated time values for potential assignments;

[0139] FIG. 88 illustrates calculation of a normalized
value for an estimated value for an assignment;

[0140] FIG. 89 illustrates calculation of normalized esti-
mated time values for potential assignments;

[0141] FIG. 90 fancifully illustrates calculation of a cur-
viness value for a road segment;

[0142] FIGS. 91-92 illustrate an exemplary user interface
for specifying constraints and penalties for a routing prob-
lem;

[0143] FIGS. 93A-C fancifully illustrate approaches for
the calculation of penalty values and adjusted values taking
such penalty values into account;

[0144] FIG. 94 fancifully illustrates penalty points for
various routes;
[0145] FIG. 95 illustrates adjusted values calculated for

potential solutions by adding calculated penalty values to
normalized estimated values;

[0146] FIGS. 96A-D illustrate one or more exemplary
methodologies for generating high quality solutions to a
routing problem;

[0147] FIG. 97 illustrates an exemplary user interface
presenting multiple solutions to a routing problem where a
user is allowed to select from the presented solutions;
[0148] FIG. 98 illustrates calculation of an adjusted value
for various potential paths during determination of a pre-
ferred or optimized route;

[0149] FIGS. 99-101 illustrate three potential assignments
together with calculated total adjusted values for routes
under each assignment;

[0150] FIG. 102A illustrates the identification of a pre-
ferred or optimized assignment using calculated adjusted
values;

[0151] FIG. 102B illustrates the identification of a pre-
ferred or optimized solution;

[0152] FIG. 103 illustrates penalty values being utilized to
calculate adjusted values for road segments or path portions
during path evaluation;

[0153] FIG. 104 illustrates a calculated Euclidean distance
estimate for travel between two points;

[0154] FIG. 105 illustrates the estimate from FIG. 104
stored in a shortest path matrix;

[0155] FIG. 106 illustrates a calculated Euclidean distance
estimate for travel between two points;

[0156] FIG. 107 illustrates the estimate from FIG. 106
stored in the same shortest path matrix from FIG. 105;
[0157] FIG. 108 illustrates population of the shortest path
matrix of FIG. 105;

[0158] FIG. 109 illustrates population of estimated time
values in a shortest path matrix;

[0159] FIGS. 110-111 illustrate first and second potential
routes and determined estimated travel times;

[0160] FIG. 112 fancifully illustrates identification of a
preferred or optimized route;

[0161] FIG. 113 illustrates updating the shortest path
matrix of FIG. 109 with a computed value;

[0162] FIGS. 114-116 illustrate three potential assign-
ments for two trucks;

[0163] FIG. 117 fancifully illustrates comparison of poten-
tial assignments;

[0164] FIG. 118 illustrate use of updated computed values
in a shortest path matrix;
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[0165] FIG. 119 further illustrates use of updated com-
puted values in the shortest path matrix;

[0166] FIG. 120 illustrates calculation of an estimated
travel time, based on computed values, for an assignment
that was previously determined, based on estimated values,
to be preferred or optimized;

[0167] FIG. 121 fancifully illustrates computed accurate
shortest path values for paths determined to be part of a
preferred or optimized assignment;

[0168] FIG. 122 illustrates exemplary calculation of a
deformed Euclidean distance estimate;

[0169] FIG. 123 illustrates plotting of a normalized aver-
age travel time to traverse a particular road segment
throughout the day;

[0170] FIG. 124 illustrates plotting of a normalized aver-
age speed for a particular road segment throughout the day;
[0171] FIG. 125 illustrates plotting of a normalized aver-
age travel time to traverse a specific road segment during
each of twenty four one hour windows throughout the day;
[0172] FIG. 126 illustrates plotting of normalized average
travel times to traverse three specific road segments through-
out the day;

[0173] FIG. 127 illustrates exemplary C Sharp style
pseudocode for calculation of a best fit line based on
normalized average travel time values throughout the day;
[0174] FIG. 128 illustrates calculation of a best fit average
travel time value for a simplified best fit line for a specific
window of time;

[0175] FIG. 129 illustrates the plotting of a best fit average
travel time value for a simplified best fit line for a window
of time;

[0176] FIG. 130 illustrates plotting of similarly calculated
best fit average travel time values for a simplified best fit line
for other windows of time;

[0177] FIG. 131 illustrates how the values of FIG. 130 can
be characterized as forming a best fit line;

[0178] FIG. 132 illustrates simplified calculation of a
second order delta representing a change in the rate of
change at a specific time interval;

[0179] FIG. 133 illustrates comparison of the calculated
second order delta of FIG. 132 to a threshold value;
[0180] FIG. 134 fancifully illustrates that it has been
determined that a corresponding time interval should be
used as a cutoff to define a traffic window;

[0181] FIG. 135 fancifully illustrates additional time inter-
vals used as cutoffs to define a traffic window;

[0182] FIG. 136 illustrates the cutoffs in FIG. 135 used to
define a plurality of traffic windows;

[0183] FIG. 137 illustrates exemplary C Sharp style
pseudocode for simplified determination of times to be
utilized for definition of traffic windows;

[0184] FIG. 138 illustrates a matrix containing calculated
values for shortest or preferred paths for traffic windows of
FIG. 136;

[0185] FIG. 139 illustrates an exemplary geographic area
comprising a road network;

[0186] FIG. 140 illustrates a requestor communicating a
request related to a routing problem involving specific
locations;

[0187] FIG. 141 fancifully illustrates characterization of
the state of North Carolina as a zone;

[0188] FIG. 142 fancifully illustrates that a zone may have
a designated server;
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[0189] FIG. 143 fancifully illustrates characterization of
the state of Florida as a zone;

[0190] FIG. 144 illustrates provision of a server including
data for a zone corresponding to Florida;

[0191] FIG. 145 illustrates that a single server may include
data for two or more zones;

[0192] FIGS. 146-152 fancifully illustrate that multiple
zones may overlap or be nested inside of one another;
[0193] FIG. 153 illustrates a server comprising a geo-
locator service which contains information regarding
defined zones;

[0194] FIG. 154 fancifully illustrates three locations
involved in a routing problem;

[0195] FIG. 155-158 fancifully illustrate a methodology in
which a geo-locator service is utilized to allow a requestor
to determine what server to contact to receive information
for a routing problem;

[0196] FIGS. 159-160 illustrate another example of deter-
mination of a smallest defined zone containing all of the
locations involved in a routing problem.

DETAILED DESCRIPTION

[0197] As a preliminary matter, it will readily be under-
stood by one having ordinary skill in the relevant art
(“Ordinary Artisan”) that the invention has broad utility and
application. Furthermore, any embodiment discussed and
identified as being “preferred” is considered to be part of a
best mode contemplated for carrying out the invention.
Other embodiments also may be discussed for additional
illustrative purposes in providing a full and enabling disclo-
sure of the invention. Furthermore, an embodiment of the
invention may incorporate only one or a plurality of the
aspects of the invention disclosed herein; only one or a
plurality of the features disclosed herein; or combination
thereof. As such, many embodiments are implicitly dis-
closed herein and fall within the scope of what is regarded
as the invention.

[0198] Accordingly, while the invention is described
herein in detail in relation to one or more embodiments, it is
to be understood that this disclosure is illustrative and
exemplary of the invention and is made merely for the
purposes of providing a full and enabling disclosure of the
invention. The detailed disclosure herein of one or more
embodiments is not intended, nor is to be construed, to limit
the scope of patent protection afforded the invention in any
claim of a patent issuing here from, which scope is to be
defined by the claims and the equivalents thereof. It is not
intended that the scope of patent protection afforded the
invention be defined by reading into any claim a limitation
found herein that does not explicitly appear in the claim
itself.

[0199] Thus, for example, any sequence(s) and/or tempo-
ral order of steps of various processes or methods that are
described herein are illustrative and not restrictive. Accord-
ingly, it should be understood that, although steps of various
processes or methods may be shown and described as being
in a sequence or temporal order, the steps of any such
processes or methods are not limited to being carried out in
any particular sequence or order, absent an indication oth-
erwise. Indeed, the steps in such processes or methods
generally may be carried out in various different sequences
and orders while still falling within the scope of the inven-
tion. Accordingly, it is intended that the scope of patent
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protection afforded the invention be defined by the issued
claim(s) rather than the description set forth herein.

[0200] Additionally, it is important to note that each term
used herein refers to that which the Ordinary Artisan would
understand such term to mean based on the contextual use of
such term herein. To the extent that the meaning of a term
used herein—as understood by the Ordinary Artisan based
on the contextual use of such term—differs in any way from
any particular dictionary definition of such term, it is
intended that the meaning of the term as understood by the
Ordinary Artisan should prevail.

[0201] With regard solely to construction of any claim
with respect to the United States, no claim element is to be
interpreted under 35 U.S.C. 112(f) unless the explicit phrase
“means for” or “step for” is actually used in such claim
element, whereupon this statutory provision is intended to
and should apply in the interpretation of such claim element.
With regard to any method claim including a condition
precedent step, such method requires the condition prec-
edent to be met and the step to be performed at least once
during performance of the claimed method.

[0202] Furthermore, it is important to note that, as used
herein, “comprising” is open-ended insofar as that which
follows such term is not exclusive. Additionally, “a” and
“an” each generally denotes “at least one” but does not
exclude a plurality unless the contextual use dictates other-
wise. Thus, reference to “a picnic basket having an apple” is
the same as “a picnic basket comprising an apple” and “a
picnic basket including an apple”, each of which identically
describes “a picnic basket having at least one apple” as well
as “a picnic basket having apples™; the picnic basket further
may contain one or more other items beside an apple. In
contrast, reference to “a picnic basket having a single apple”
describes “a picnic basket having only one apple”; the picnic
basket further may contain one or more other items beside
an apple. In contrast, “a picnic basket consisting of an apple”
has only a single item contained therein, i.e., one apple; the
picnic basket contains no other item.

[0203] When used herein to join a list of items, “or
denotes “at least one of the items” but does not exclude a
plurality of items of the list. Thus, reference to “a picnic
basket having cheese or crackers” describes “a picnic basket
having cheese without crackers”, “a picnic basket having
crackers without cheese”, and “a picnic basket having both
cheese and crackers”; the picnic basket further may contain
one or more other items beside cheese and crackers.

[0204] When used herein to join a list of items, “and”
denotes “all of the items of the list”. Thus, reference to “a
picnic basket having cheese and crackers” describes “a
picnic basket having cheese, wherein the picnic basket
further has crackers”, as well as describes “a picnic basket
having crackers, wherein the picnic basket further has
cheese”; the picnic basket further may contain one or more
other items beside cheese and crackers.

[0205] The phrase “at least one” followed by a list of items
joined by “and” denotes an item of the list but does not
require every item of the list. Thus, “at least one of an apple
and an orange” encompasses the following mutually exclu-
sive scenarios: there is an apple but no orange; there is an
orange but no apple; and there is both an apple and an
orange. In these scenarios if there is an apple, there may be
more than one apple, and if there is an orange, there may be
more than one orange. Moreover, the phrase “one or more”
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followed by a list of items joined by “and” is the equivalent
of “at least one” followed by the list of items joined by
“and”.

[0206] Referring now to the drawings, one or more pre-
ferred embodiments of the invention are next described. The
following description of one or more preferred embodiments
is merely exemplary in nature and is in no way intended to
limit the invention, its implementations, or uses.

Introduction

[0207] FIG. 1 illustrates an exemplary graphical user
interface for exemplary software which is configured to
provide solutions to routing problems. The graphical user
interface comprises a map with a first placement marker 102
indicating a start location and second placement marker 104
indicating a desired destination location.

[0208] The graphical user interface is displaying a portion
of a road network, which can be more clearly seen in FIG.
2. The road network can be characterized as being made up
of road segments, as fancifully illustrated in FIG. 3, in which
exemplary road segments 112,114 are called out. The road
segments can be characterized as being connected to one
another at connections points, as fancifully illustrated in
FIG. 4, where exemplary road segments 112,114 are fanci-
fully illustrated as connected at connection point 116. A road
segment can be characterized by its end points, as illustrated
in FIG. 5, where point 116 is characterized as point A, point
118 is characterized as point B, and road segment 112 is
characterized as road segment AB. FIG. 6 illustrates similar
characterization of other road segments of the illustrated
road network.

[0209] A distance of each of these road segments can be
determined and stored, as illustrated in FIG. 7. Based on
these distances, a total distance of a path from one point to
another can be determined. Further, determined distances for
various possible paths can be compared to determine an
optimal path.

[0210] For example, with reference to points F and C
illustrated in FIG. 6, FIG. 8 illustrates a first potential path
between points F and C which includes road segments BF,
AB, and AC, FIG. 9 illustrates a second potential path
between points F and C which includes road segments BF,
AB, AD, and AC, FIG. 10 illustrates a third potential path
between points F and C which includes road segments BF,
BE, DE, and CD, and FIG. 11 illustrates a fourth potential
path between points F and C which includes road segments
BF, BE, DE, AD, and AC. It will be appreciated that more
or less paths may be identified. For example, a search for
paths between two points may involve a breadth first or
depth first traversal of connecting road segments in an
attempt to determine one or more paths from a first point to
a second point.

[0211] A total distance for each path can be determined by
summing up the distances of each road segment that the path
traverses, as illustrated in FIG. 12. A shortest path can be
identified based on these determined total distances, as
illustrated in FIG. 13.

[0212] Thus, an exemplary process for determining a
shortest path can involve determining one or more potential
paths, calculating one or more values (e.g. a total distance)
for each potential path, and then determining a shortest path
based on the calculated values. FIG. 14 illustrates a flow for
such an exemplary process.

Feb. 6, 2020

[0213] Notably, however, other methodologies and
approaches may additionally or alternatively be utilized for
determining a shortest or preferred path between two points.
For example, a search for a shortest or preferred path
between two points may involve a breadth first traversal of
connecting road segments in an attempt to determine a
shortest or preferred path from a first point to a second point.

[0214] It will be appreciated that determination of a pre-
ferred path may involve not just determination of a path
having a shortest total distance, but also may involve deter-
mination of a path having a shortest estimated travel time.

[0215] For example, an estimated travel time for road
segments could be calculated based on speed limits of the
road segments, as illustrated in FIG. 15, and these estimated
travel times could then be utilized to calculate estimated
travel times for paths traversing such road segments. FIG. 16
illustrates calculation of estimated travel times for the paths
of FIGS. 8-11.

[0216] In some instances, both a determined estimated
travel time for a path and a determined total distance for a
path may be utilized to select a preferred or shortest path.
For example, as illustrated in FIG. 17, three of the four
potential paths of FIGS. 8-11 have all been determined to
have the same total estimated travel time. Determination of
a preferred or shortest path might involve first determining
one or more paths having a shortest total estimated travel
time, and then using a determined total distance as a further
metric to select a preferred or shortest path from among any
that have the same (or very similar) total estimated travel
time, as illustrated in FIG. 18.

[0217] Other criteria could be utilized as well. For
example, FIG. 19 illustrates use of a number of turns as a
further metric to select a preferred or shortest path from
among any that have the same (or very similar) total
estimated travel time.

[0218] Additionally or alternatively, required turns along a
traversed path may be taken into account in calculating an
estimated travel time for a path. For example, FIGS. 20-24
illustrate calculation of total estimated travel times for the
paths of FIGS. 8-11, updated to add 30 seconds for each
required left turn and 10 seconds for each required right turn.

[0219] It will be appreciated that the values of 30 seconds
and 10 seconds are just exemplary values. Further, more less
different values could be utilized for different navigation
scenarios (e.g. turns) along a path. For example, FIGS.
25-29 illustrate calculation of total estimated travel times for
the paths of FIGS. 8-11, updated to add 15 seconds for going
straight at an intersection without a light, 20 seconds for
going straight at an intersection with a light, 30 seconds for
a left turn at an intersection with a light, 20 seconds for a left
turn at an intersection without a light, and 10 seconds for a
right turn at an intersection with a light.

[0220] Moreover, rather than simply being calculated
based on speed limits of a road segment, an estimated travel
time for a road segment may be determined based on
historical data for vehicles that traversed that road segment.
For example, global positioning system (GPS) data may be
gathered from vehicles with a GPS device traveling on a
road segment. FIG. 30 illustrates exemplary storage of
historical data for traversal of road segments.

[0221] FIG. 31 illustrates exemplary average travel time
values calculated for road segments based on gathered
historical data for traversal of such road segments.
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[0222] Similarly, historical data can be gathered on the
time it takes vehicles to navigate from one road segment to
another (e.g. turn at an intersection), and utilized to deter-
mine an estimated travel time for such navigations.

[0223] FIG. 32 illustrates exemplary average travel time
values calculated for navigation from one road segment to
another based on gathered historical data for such naviga-
tions.

[0224] It will be appreciated that traffic patterns may
frequently allow for quicker traversal of a road segment (or
navigation from one road segment to another) at certain
times of the day, and slower traversal at other times. To
account for this, exemplary average travel times may be
determined for windows throughout the day, e.g. for 24 one
hour windows, as illustrated in FIGS. 33-34.

[0225] Determination of a shortest path may involve uti-
lizing the time estimates for a window within which a
current time falls, or within which an estimated time of
travel falls.

[0226] It will further be appreciated that it may frequently
take longer or shorter to traverse a road in a first direction,
as compared to the opposite direction. In this regard, a two
way road between two points can be characterized as rep-
resenting not just one road segment, but two road segments
(one in each direction). For example, FIG. 35 illustrates road
segment AB from point 116 to point 118, and FIG. 36
illustrates road segment BA from point 118 to point 116.
FIG. 37 illustrates both of these road segments together, and
FIG. 38 illustrates different average travel times for each of
these road segments.

[0227] Although thus far road segments have largely been
described as a segment connecting two intersections, it will
be appreciated that more or less granular road segments may
be defined and utilized. For example, FIG. 39 illustrates
more granular road segmentation.

[0228] As noted above, determination of a preferred path
may involve not just determination of a path having a
shortest total distance, but also may involve determination
of a path having a shortest estimated travel time. Determi-
nation of a preferred path may for example involve calcu-
lation of a preference value for a path utilizing a distance
weight for a total distance of the path and a time weight for
an estimated travel time for the path, as illustrated in FIG.
40. FIG. 41 is a fanciful illustration of calculation of such a
preference value for each potential path of FIGS. 8-11.

[0229] Determination of a preferred path may also involve
calculation of a preference value based on normalized time
and distance values. For example, a normalized time value
may be generated by dividing each total estimated time
amount by a minimum total estimated time amount (or by
dividing a minimum total estimated time amount by each
total estimated time amount), and a normalized distance
value may be generated by dividing each total distance
amount by a minimum total distance amount (or by dividing
a minimum total distance amount by each total distance
amount). FIG. 42 is a fanciful illustration of calculation of
normalized time and distance values, and a preference value
based on such normalized time and distance values. FIG. 43
illustrates exemplary C Sharp style pseudocode for calcu-
lation of such a preference value based on normalized time
and distance values.

[0230] It will be appreciated that stylized, simplified
examples are described herein in a fanciful manner for
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purposes of clarity of description. Actual implementations
will generally involve more complexity.

[0231] For example, FIG. 44 illustrates exemplary storage
of data for a road segment which includes latitude and
longitude coordinates for a beginning of a road segment, and
latitude and longitude coordinates for an end of the road
segment. Although the example of FIG. 44 involves use of
an identifier for a road segment which comprises an iden-
tifier for each of two end points of the road segment, a road
segment may instead include an assigned unique identifier,
as illustrated in FIG. 45.

[0232] Data stored for a road segment may include a list
of joins or connections from the road segment to other road
segments, as well as a list of joins or connections to the road
segment from other road segments, as illustrated in FIG. 46.
Stored data for such a join or connection may include an
indication of a joined or connected street segment, an
indication of a type of join or connection, and an indication
of coordinates at which the join or connection occurs, as
illustrated in FIG. 46.

[0233] It will be appreciated that many roads are not
straight. Stored data for a road segment may include both a
traversal length of the road segment, as well as a “crow flies”
distance between ends of the road segment (e.g. a Euclidean
distance or a distance calculated via the Haversine formula).
Further, stored data for a road segment may include not just
coordinates for end points of a road segment, but a list of
points along a length of the road segment, as illustrated in
FIG. 47.

[0234] It will be appreciated that in determining a shortest
or preferred path between two locations, those two locations
will not always fall at an end of a road segment. For example
FIG. 48 illustrates an exemplary graphical user interface
comprising a map with a first placement marker 106 indi-
cating a start location and second placement marker 108
indicating a desired destination location. Stored data regard-
ing points along road segments enables determination of
what road segment the placement marker 106 lies on (or is
closest t0), as well as determination of a distance from that
point to an end of that road segment. FIG. 49 illustrates this
in a fanciful manner.

Precomputing Shortest Path Matrices

[0235] It will be appreciated that it can be useful to
determine not only the shortest path between two locations,
but also a preferred or optimized route for visiting multiple
locations. For example, FIG. 50 illustrates an exemplary
graphical user interface comprising a map with placement
markers 202 indicating locations to be visited. These can
represent locations for use in a routing problem, in which a
high quality routing solution is to be determined which
involves visiting of all of the specified locations.

[0236] In accordance with one or more preferred imple-
mentations, determination of a routing solution to a routing
problem involves precomputation of information regarding
shortest or optimal paths between locations to be visited for
the routing problem. This information can be stored in one
or more matrices, which can be characterized as shortest
path matrices.

[0237] For example, FIG. 51 illustrates a simple two-
dimensional grid for distance values for shortest paths
between each location.

[0238] As illustrated in FIG. 52, the distance between any
location and itself (e.g. From “1” to “1”") would be zero.
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[0239] Other distance values for each square can be deter-
mined based on a determined shortest path, e.g. as described
hereinabove.

[0240] As an example, consider travel from location “1” to
location “2”. As illustrated in FIG. 53, a first potential path
would involve traversing road segments BF and BE. Simi-
larly, as illustrated in FIG. 54, a second potential path would
involve traversing road segments BF, AB, AD, and DE. As
noted above, other paths could be considered as well, or
another methodology could be utilized to determine a short-
est path (and corresponding distance).

[0241] FIG. 55 illustrates calculation of total distance
values for each of these paths, and FIG. 56 illustrates
identification of the value “429” as the calculated total
distance value for the determined shortest path for traversal
from location “1” to location “2”.

[0242] This calculated total distance value for the deter-
mined shortest path for traversal from location “1” to
location “2” can be stored as a precalculated value in a travel
distance matrix, as illustrated in FIG. 57. In this simplistic
example, all of the road segments are characterized as
bidirectional road segments having the same travel distance
in both directions, so a distance value for the shortest path
from location “1” to location “2” would be the same as a
distance value for the shortest path from location “2” to
location <17, as illustrated in FIG. 58.

[0243] A shortest path, and distance value therefore, can
similarly be determined for traveling from each location to
each other location, as illustrated in FIG. 59.

[0244] Further, an estimated time value can similarly be
calculated for a shortest path between each location. For
example, FIG. 60 illustrates a simple two-dimensional grid
for estimated time values for shortest paths between each
location.

[0245] Just like calculated total distance values, estimated
time values for each square can be calculated based on a
determined shortest path, e.g. as described hereinabove.
[0246] As an example, again consider travel from location
“1” to location “2”, this time using directional road segments
(e.g. where travel from A to B in a first direction along road
segment AB might have a first estimated travel time and
travel from B to A in a second, opposite direction along road
segment BA might have a second estimated travel time
which may be, but does not have to be, different from the
first estimated travel time).

[0247] FIG. 61 illustrates a first potential path involving
traversing road segments BF and BE, and calculation of an
estimated travel time of 30 seconds. Similarly, FIG. 62
illustrates a second potential path involving traversing road
segments FB, BA, AD, and DE, and calculation of an
estimated travel time of 99 seconds. As noted above, other
paths could be considered as well. A shortest path could be
determined to be the shortest based on having a lowest
estimated travel time. Another methodology could be uti-
lized to determine a shortest path (and estimated travel
time).

[0248] FIG. 63 illustrates identification of thirty seconds
as the calculated total estimated travel time value for the
determined shortest path for traversal from location “1” to
location “2”.

[0249] This calculated total estimated travel time value for
the determined shortest path for traversal from location “1”
to location “2” can be stored as a precalculated value in a
travel time matrix, as illustrated in FIG. 64. Unlike the
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previous example, it cannot necessarily be assumed that the
same total estimated travel time for a shortest path will hold
for traversal from location “2” to location “1”.

[0250] Thus, it necessary to also consider travel from
location “2” to location “1”.

[0251] FIG. 65 illustrates a first potential path involving
traversing road segments EB and BF, and calculation of an
estimated travel time of 21 seconds. This estimated travel
time of 21 seconds can be determined to be the estimated
travel time for the shortest path from location “2” to location
“1”, and can be stored as a precalculated value in a travel
time matrix, as illustrated in FIG. 66.

[0252] A shortest path, and estimated travel time value
therefore, can similarly be determined for traveling from
each location to each other location, as illustrated in FIG. 67.
[0253] These calculated estimated travel time values can
even be stored in a matrix together with calculated distance
values, as illustrated in FIG. 68.

[0254] As noted above, it will be appreciated that traffic
patterns may frequently allow for quicker traversal of a road
segment (or navigation from one road segment to another) at
certain times of the day, and slower traversal at other times.
As described above, to account for this, exemplary average
travel times may be determined for windows throughout the
day, e.g. for 24 one hour windows, as illustrated in FIGS.
33-34, and determination of a shortest path may involve
utilizing the time estimates for a window within which a
current time falls, or within which an estimated time of
travel falls.

[0255] Similarly, a matrix containing calculated values for
determined shortest paths may be precomputed and stored
for time windows throughout the day, e.g. for 24 one hour
windows, as illustrated in FIG. 69.

Determining High Quality Routes Utilizing
Precomputed Shortest Path Matrices

[0256] As noted above, it will be appreciated that it can be
useful to determine not only the shortest path between two
locations, but also a preferred or optimized route for visiting
multiple locations. These can represent locations for use in
a routing problem, in which one or more preferred or
optimized routing solutions are to be determined which
involve visiting of all of the specified locations. In accor-
dance with one or more preferred implementations, one or
more optimized routes may be determined which represent
part of a high quality routing solution. In accordance with
one or more preferred implementations, one or more opti-
mized routing solutions may be determined which represent
high quality routing solutions, even if they have not been
determined or confirmed to be an optimal routing solution.
[0257] Returning to the example of FIG. 50, an exemplary
approach to determining a high quality routing solution for
visiting all four locations will now be outlined utilizing the
calculated travel times in the precomputed shortest path
matrix of FIG. 67.

[0258] FIG. 70 illustrates a first potential route visiting all
four locations which involves traversal from location “1” to
location *“2”, traversal from location “2” to location “3”, and
traversal from location “3” to location “4”. A total estimated
travel time for this route can be determined utilizing the
precalculated shortest estimated travel times for shortest
paths between these locations in the precomputed shortest
path matrix. Thus, the route portion representing traversal
from location “1” to location “2” can be determined based
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on the precomputed shortest path matrix to have an esti-
mated travel time of 30 seconds, the route portion repre-
senting traversal from location “2” to location “3” can be
determined based on the precomputed shortest path matrix
to have an estimated travel time of 23 seconds, and the route
portion representing traversal from location “3” to location
“4” can be determined based on the precomputed shortest
path matrix to have an estimated travel time of 24 seconds.
A total estimated travel time for the route can be calculated
by summing together these estimated travel times for these
route portions. This results in a total estimated travel time for
the first potential route of 77 seconds, as illustrated in FIG.
70.

[0259] FIG. 71 illustrates a second potential route visiting
all four locations which involves traversal from location “1”
to location “3”, traversal from location “3” to location “4”,
and traversal from location “4” to location “2”. The route
portion representing traversal from location “1” to location
“3” can be determined based on the precomputed shortest
path matrix to have an estimated travel time of 24 seconds,
the route portion representing traversal from location “3” to
location “4” can be determined based on the precomputed
shortest path matrix to have an estimated travel time of 24
seconds, and the route portion representing traversal from
location “4” to location “2” can be determined based on the
precomputed shortest path matrix to have an estimated travel
time of 28 seconds. These calculated estimated travel times
for the route portions can be summed together to result in a
total estimated travel time for the second potential route of
76 seconds, as illustrated in FIG. 71.

[0260] FIG. 72 illustrates a third potential route visiting all
four locations which involves traversal from location “4” to
location *“3”, traversal from location “3” to location “2”, and
traversal from location “2” to location “1”. The route portion
representing traversal from location “4” to location “3” can
be determined based on the precomputed shortest path
matrix to have an estimated travel time of 24 seconds, the
route portion representing traversal from location “3” to
location “2” can be determined based on the precomputed
shortest path matrix to have an estimated travel time of 45
seconds, and the route portion representing traversal from
location “2” to location “1” can be determined based on the
precomputed shortest path matrix to have an estimated travel
time of 21 seconds. These calculated estimated travel times
for the route portions can be summed together to result in a
total estimated travel time for the third potential route of 90
seconds, as illustrated in FIG. 72.

[0261] FIG. 73 illustrates a fourth potential route visiting
all four locations which involves traversal from location “2”
to location “4”, traversal from location “4” to location “3”,
and traversal from location “3” to location “1”. The route
portion representing traversal from location “2” to location
“4” can be determined based on the precomputed shortest
path matrix to have an estimated travel time of 28 seconds,
the route portion representing traversal from location “4” to
location “3” can be determined based on the precomputed
shortest path matrix to have an estimated travel time of 24
seconds, and the route portion representing traversal from
location “3” to location “1” can be determined based on the
precomputed shortest path matrix to have an estimated travel
time of 28 seconds. These calculated estimated travel times
for the route portions can be summed together to result in a
total estimated travel time for the fourth potential route of 90
seconds, as illustrated in FIG. 73.
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[0262] A preferred or optimized route can be identified
based on the calculated total estimated travel times for each
potential route, as illustrated in FIG. 74.

[0263] It will be appreciated that more or less paths may
be identified. For example, a search for routes may involve
a breadth first or depth first traversal of paths in an attempt
to determine one or more paths.

[0264] Further, other methodologies and approaches may
additionally or alternatively be utilized for determining a
shortest, optimized, or preferred route. For example, a
search for a shortest, optimized, or preferred route may
involve one or more breadth first traversals of paths in an
attempt to determine a shortest, optimized, or preferred
route, e.g. a depth first traversal from each of one or more
locations identified as being geographically exterior to other
locations.

[0265] It will be appreciated that routing problems can
take various forms. For example, a routing problem may
involve determining an optimized route for not just one
vehicle, but two or more vehicles, e.g. a fleet of vehicles.
[0266] Returning again to the locations illustrated in FIG.
50, consider such a routing problem in which two trucks are
to visit the four locations (assuming that each truck is to visit
two of the locations). FIG. 75 illustrates potential assign-
ments of the trucks for solution of the routing problem. An
exemplary approach to determining preferred or optimized
assignments for a high quality routing solution will now be
outlined utilizing the calculated travel times in the precom-
puted shortest path matrix of FIG. 67.

[0267] FIG. 76 illustrates a first potential assignment for
two trucks. This first potential assignment involves, for a
first truck, use of either a first potential route involving
traversal from location “1” to location “2”, or a second
potential route involving traversal from location “2” to
location “1”. A total estimated travel time for each potential
route for the first truck can be determined utilizing the
precalculated shortest estimated travel times for shortest
paths between these locations in the precomputed shortest
path matrix. Thus, the route involving traversal from loca-
tion “1” to location “2” can be determined based on the
precomputed shortest path matrix to have a total estimated
travel time of 30 seconds, and the route involving traversal
from location “2” to location “1” can be determined based
on the precomputed shortest path matrix to have a total
estimated travel time of 21 seconds.

[0268] This first potential assignment further involves, for
a second truck, use of either a first potential route involving
traversal from location “3” to location “4”, or a second
potential route involving traversal from location “4” to
location “3”. A total estimated travel time for each potential
route for the second truck can be determined utilizing the
precalculated shortest estimated travel times for shortest
paths between these locations in the precomputed shortest
path matrix. Thus, the route involving traversal from loca-
tion “3” to location “4” can be determined based on the
precomputed shortest path matrix to have a total estimated
travel time of 24 seconds, and the route involving traversal
from location “4” to location “3” can be determined based
on the precomputed shortest path matrix to have a total
estimated travel time of 24 seconds.

[0269] A total estimated travel time for this first potential
assignment can be determined by summing together the
lowest calculated estimated travel time for each truck, as
illustrated in FIGS. 76-77. Here, a total estimated travel time
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for this first potential assignment can be calculated to be 45
seconds, as illustrated in FIG. 77.

[0270] FIG. 78 illustrates a second potential assignment
for two trucks. This second potential assignment involves,
for a first truck, use of either a first potential route involving
traversal from location “1” to location “3”, or a second
potential route involving traversal from location “3” to
location “1”. A total estimated travel time for each potential
route for the first truck can be determined utilizing the
precalculated shortest estimated travel times for shortest
paths between these locations in the precomputed shortest
path matrix. Thus, the route involving traversal from loca-
tion “1” to location “3” can be determined based on the
precomputed shortest path matrix to have a total estimated
travel time of 24 seconds, and the route involving traversal
from location “3” to location “1” can be determined based
on the precomputed shortest path matrix to have a total
estimated travel time of 28 seconds.

[0271] This second potential assignment further involves,
for a second truck, use of either a first potential route
involving traversal from location “2” to location “4”, or a
second potential route involving traversal from location “4”
to location “2”. A total estimated travel time for each
potential route for the second truck can be determined
utilizing the precalculated shortest estimated travel times for
shortest paths between these locations in the precomputed
shortest path matrix. Thus, the route involving traversal
from location “2” to location “4” can be determined based
on the precomputed shortest path matrix to have a total
estimated travel time of 28 seconds, and the route involving
traversal from location “4” to location “2” can be deter-
mined based on the precomputed shortest path matrix to
have a total estimated travel time of 28 seconds.

[0272] A total estimated travel time for this second poten-
tial assignment can be determined by summing together the
lowest calculated estimated travel time for each truck, as
illustrated in FIG. 78. Here, a total estimated travel time for
this first potential assignment can be calculated to be 52
seconds, as illustrated in FIG. 78.

[0273] FIG. 79 illustrates a third potential assignment for
two trucks. This third potential assignment involves, for a
first truck, use of either a first potential route involving
traversal from location “1” to location “4”, or a second
potential route involving traversal from location “4” to
location “1”. A total estimated travel time for each potential
route for the first truck can be determined utilizing the
precalculated shortest estimated travel times for shortest
paths between these locations in the precomputed shortest
path matrix. Thus, the route involving traversal from loca-
tion “1” to location “4” can be determined based on the
precomputed shortest path matrix to have a total estimated
travel time of 48 seconds, and the route involving traversal
from location “4” to location “1” can be determined based
on the precomputed shortest path matrix to have a total
estimated travel time of 52 seconds.

[0274] This third potential assignment further involves,
for a second truck, use of either a first potential route
involving traversal from location “2” to location “3”, or a
second potential route involving traversal from location “3”
to location “2”. A total estimated travel time for each
potential route for the second truck can be determined
utilizing the precalculated shortest estimated travel times for
shortest paths between these locations in the precomputed
shortest path matrix. Thus, the route involving traversal
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from location “2” to location “3” can be determined based
on the precomputed shortest path matrix to have a total
estimated travel time of 23 seconds, and the route involving
traversal from location “3” to location “2” can be deter-
mined based on the precomputed shortest path matrix to
have a total estimated travel time of 45 seconds.

[0275] A total estimated travel time for this third potential
assignment can be determined by summing together the
lowest calculated estimated travel time for each truck, as
illustrated in FIG. 79. Here, a total estimated travel time for
this first potential assighment can be calculated to be 71
seconds, as illustrated in FIG. 79.

[0276] The calculated total estimated travel times for each
potential assignment can be compared to determine an
optimized or preferred assignment, as illustrated in FIG. 80.
The optimized routes that were utilized to determined the
calculated total estimated travel times for each potential
assignment may be used as optimized routes for a routing
solution, or additional determination of optimized routes
may be performed.

[0277] As noted above, it will be appreciated that routing
problems can take various forms. As another example, one
or more vehicles may have a set starting location which is to
be taken into account in determining a solution.

[0278] Returning again to the locations illustrated in FIG.
50, consider such a routing problem in which two trucks
having a set starting location of location “1” are to visit
location “2”, location “3”, and location “4” (assuming that
each truck is to visit at least one location). FIG. 81 illustrates
potential assignments of the trucks for solution of the
routing problem. An exemplary approach to determining
preferred or optimized assignments for a high quality rout-
ing solution will now be outlined utilizing the calculated
travel times in the precomputed shortest path matrix of FIG.
67.

[0279] FIG. 82 illustrates a first potential assignment for
two trucks. This first potential assignment involves, for a
first truck, use of either a first potential route involving
traversal from location “1” to location “2” and traversal
from location “2” to location “3”, or a second potential route
involving traversal from location “1” to location “3” and
traversal from location “3” to location “2”. A total estimated
travel time for each potential route for the first truck can be
determined utilizing the precalculated shortest estimated
travel times for shortest paths between these locations in the
precomputed shortest path matrix. Thus, the route involving
traversal from location “1” to location “2” and traversal
from location “2” to location “3” can be determined based
on the precomputed shortest path matrix to have a total
estimated travel time of 53 seconds, and the route involving
traversal from location “1” to location “3” and traversal
from location “3” to location “2” can be determined based
on the precomputed shortest path matrix to have a total
estimated travel time of 69 seconds.

[0280] This first potential assignment further involves, for
a second truck, use of a potential route involving traversal
from location “1” to location “4”. A total estimated travel
time for this potential route for the second truck can be
determined utilizing the precalculated shortest estimated
travel times for shortest paths between these locations in the
precomputed shortest path matrix. Thus, the route involving
traversal from location “1” to location “4” can be deter-
mined based on the precomputed shortest path matrix to
have a total estimated travel time of 48 seconds.
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[0281] A total estimated travel time for this first potential
assignment can be determined by summing together the
lowest calculated estimated travel time for each truck, as
illustrated in FIG. 82. Here, a total estimated travel time for
this first potential assignment can be calculated to be 101
seconds, as illustrated in FIG. 82.

[0282] FIG. 82 illustrates a second potential assignment
for two trucks. This second potential assignment involves,
for a first truck, use of either a first potential route involving
traversal from location “1” to location “2” and traversal
from location “2” to location “4”, or a second potential route
involving traversal from location “1” to location “4” and
traversal from location “4” to location “2”. A total estimated
travel time for each potential route for the first truck can be
determined utilizing the precalculated shortest estimated
travel times for shortest paths between these locations in the
precomputed shortest path matrix. Thus, the route involving
traversal from location “1” to location “2” and traversal
from location “2” to location “4” can be determined based
on the precomputed shortest path matrix to have a total
estimated travel time of 58 seconds, and the route involving
traversal from location “1” to location “4” and traversal
from location “4” to location “2” can be determined based
on the precomputed shortest path matrix to have a total
estimated travel time of 76 seconds.

[0283] This second potential assignment further involves,
for a second truck, use of a potential route involving
traversal from location “1” to location “3”. A total estimated
travel time for this potential route for the second truck can
be determined utilizing the precalculated shortest estimated
travel times for shortest paths between these locations in the
precomputed shortest path matrix. Thus, the route involving
traversal from location “1” to location “3” can be deter-
mined based on the precomputed shortest path matrix to
have a total estimated travel time of 24 seconds.

[0284] A total estimated travel time for this second poten-
tial assignment can be determined by summing together the
lowest calculated estimated travel time for each truck, as
illustrated in FIG. 83. Here, a total estimated travel time for
this first potential assignment can be calculated to be 82
seconds, as illustrated in FIG. 83.

[0285] FIG. 83 illustrates a third potential assignment for
two trucks. This third potential assignment involves, for a
first truck, use of either a first potential route involving
traversal from location “1” to location “3” and traversal
from location “3” to location “4”, or a second potential route
involving traversal from location “1” to location “4” and
traversal from location “4” to location “3”. A total estimated
travel time for each potential route for the first truck can be
determined utilizing the precalculated shortest estimated
travel times for shortest paths between these locations in the
precomputed shortest path matrix. Thus, the route involving
traversal from location “1” to location “3” and traversal
from location “3” to location “4” can be determined based
on the precomputed shortest path matrix to have a total
estimated travel time of 48 seconds, and the route involving
traversal from location “1” to location “4” and traversal
from location “4” to location “3” can be determined based
on the precomputed shortest path matrix to have a total
estimated travel time of 72 seconds.

[0286] This third potential assignment further involves,
for a second truck, use of a potential route involving
traversal from location “1” to location “2”. A total estimated
travel time for this potential route for the second truck can
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be determined utilizing the precalculated shortest estimated
travel times for shortest paths between these locations in the
precomputed shortest path matrix. Thus, the route involving
traversal from location “1” to location “2” can be deter-
mined based on the precomputed shortest path matrix to
have a total estimated travel time of 30 seconds.

[0287] A total estimated travel time for this second poten-
tial assignment can be determined by summing together the
lowest calculated estimated travel time for each truck, as
illustrated in FIG. 84. Here, a total estimated travel time for
this first potential assignment can be calculated to be 78
seconds, as illustrated in FIG. 84.

[0288] The calculated total estimated travel times for each
potential assignment can be compared to determine an
optimized or preferred assignment, as illustrated in FIG. 85.
The optimized routes that were utilized to determine the
calculated total estimated travel times for each potential
assignment may be used as optimized routes for a routing
solution, or additional determination of optimized routes
may be performed.

[0289] Notably, calculated values, such as a calculated
estimated time value, may be weighted, e.g. for calculations
for determining a shortest, optimal, or preferred path, assign-
ment, or route. For example, FIG. 86 illustrates weighting of
an estimated time value for an assignment, and FIG. 87
illustrates calculation of such weighted estimated time val-
ues for potential assignments.

[0290] Further, calculated values, such as a calculated
estimated time value, may be normalized, e.g. for calcula-
tions for determining a shortest, optimal, or preferred path,
or preferred or optimized assignment or route. For example,
FIG. 88 illustrates calculation of a normalized value for an
estimated time value for an assignment, and FIG. 89 illus-
trates calculation of such normalized estimated time values
for potential assignments.

Utilizing Constraints and Penalties to Facilitate
Determination of High Quality Solutions to
Multi-Objective Routing Problems

[0291] A classic approach to generating a solution to a
routing problem involves trying to minimize travel time
while adhering to hard time window constraints. In reality,
however, many problems are multi-objective, and it may be
desirable to account for a variety of tradeoffs such as, for
example, travel time, importance of assigning certain drivers
or vehicles to individual customers, visiting as many cus-
tomers as possible, avoiding certain roads at some times of
day, etc. For example, objectives for a routing problem may
include minimizing total travel time, minimizing fuel costs,
minimizing a number of vehicles used, making sure the right
vehicle or driver visits each customer, minimizing overtime
costs, and visiting as many high priority customers as
possible. Systems and methodologies in accordance with
one or more preferred implementations are configured to
facilitate solution of multi-objective routing optimization
problems where there are tradeoffs between possibly con-
flicting objectives.

[0292] In accordance with one or more preferred imple-
mentations, a methodology involves defining one or more
constraints related to features of possible solutions to a
routing problem. Each constraint is assigned a penalty value
or weight based on how important it is, e.g. a higher penalty
can indicate increased importance of adhering to the con-
straint. An approach in accordance with one or more pre-



US 2020/0043333 Al

ferred implementations involves applying mathematical
optimization to try and generate solutions that have as low
a total score as possible where the score is generated
utilizing a sum of determined penalty values.

[0293] In accordance with one or more preferred imple-
mentations, a constraint is a rule that asks a yes or no
question about the solution to a problem. Exemplary con-
straints might be, for example: “Is the driver working more
than 8 hours?”, “Is the vehicle traveling more than 200 miles
in a day?”, “Is customer x being serviced by driver y?”, “Is
customer X being serviced on Wednesday between 9 am and
11 am?”, “Does the driver get a lunch break?”, or “Are we
visiting at least 5 high priority customers today?”.

[0294] In accordance with one or more preferred imple-
mentations, a penalty is a numerical quantity assigned to
each instance in a solution when a constraint is violated. A
penalty might be, for example, that if a driver is driving
more than eight hours on a day, that solution is penalized x
points (for each violation instance within that solution). A
penalty may also be configured to be applied based on the
extent of violation of a constraint. For example, a solution
may be penalized an additional y points for every ten
minutes over the eight hour limit.

[0295] In accordance with one or more preferred imple-
mentations, the overall quality of the solution can be char-
acterized utilizing a sum of all of these penalties which
measures which rules are broken and how important each of
those violations is to the user’s overall preferences. In
accordance with one or more preferred implementations, by
viewing routing problems as multi-objective, a system is
able to determine potential solutions that match what a user
really wants. Additionally, a system can provide multiple
solutions back to a user to allow the user to select which
solution he or she feels best addresses his or her needs.

[0296] As a more specific example, consider a routing
problem in which it is desired to avoid curvy roads. In
particular, returning again to the locations illustrated in FIG.
50 and the routing problem illustrated in FIG. 81 in which
two trucks having a set starting location of location “1” are
to visit location “2”, location “3”, and location “4” (assum-
ing that each truck is to visit at least one location), now
consider the same routing problem where it is additionally
desired to avoid curvy roads.

[0297] Notably, a curviness value for a road segment can
be stored or determined based on data for that road segment.
For example, a curviness value for a road segment could be
determined by dividing a traversal length of a road segment
by a Fuclidean distance between two endpoints of that road
segment, as fancifully illustrated in FIG. 90. In FIG. 90, a
curviness value for the road segment AC is determined to be
“1.1”. In accordance with one or more preferred implemen-
tations, a curviness value may be determined based on a
distance calculated using the Haversine formula.

[0298] FIG. 91 illustrates an exemplary user interface
which allows a user to specify constraints and penalties for
use in generating solutions to a routing problem, e.g. the
routing problem illustrated in FIG. 81 in which two trucks
having a set starting location of location “1” are to visit
location “2”, location “3”, and location “4” (assuming that
each truck is to visit at least one location).

[0299] FIG. 92 illustrates the same exemplary user inter-
face where a user has indicated that with respect to violation
of a constraint that a route does not include a road with a
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curviness value at or over “1.05”, a penalty of “3” points is
to be applied for every “0.05” over “1.00”.

[0300] A penalty could be specified in various formats,
and could be weighted in various ways. For example, a
penalty could be specified as points (as illustrated), or as
seconds which are to be applied to a total estimated time for
a route or solution.

[0301] In this example, points are weighted to generate a
penalty value by dividing the total number of points by 100,
as illustrated in FIG. 93A, although it will be appreciated
that weighting may not always be used, or that other various
weights may be utilized.

[0302] A penalty value can be added to a value for a path,
route, assignment, or solution to produce an adjusted value.
A penalty value might be added to a weighted estimated
value, as illustrated in FIG. 93B, or a normalized estimated
value, as illustrated in FIG. 93C.

[0303] In this example, a penalty is added to a route for
each instance of traversal over a road segment which has a
curviness value at or over 1.05. For each instance, the
penalty is equal to three points for each “0.05” over “1.00”.
[0304] FIG. 94 illustrates how, for the route including
traversal from location “1” to location “3” and from location
“3” 10 location “4”, a penalty of six points is incurred owing
to traversal of road segment AC during traversal from
location “3” to location “4”. This penalty is incurred
because, as illustrated in FIG. 90, the road segment AC has
a curviness value of “1.1”. A penalty value for this route is
calculated by dividing the total number of penalty points by
“100”, resulting in a penalty value for this route of “0.06”,
as illustrated in FIG. 94.

[0305] Similarly, FIG. 94 illustrates how, for the route
including traversal from location “1” to location “4” and
from location “4” to location “3”, a penalty of six points is
incurred owing to traversal of road segment CA during
traversal from location “4” to location “3”. This penalty is
incurred because the road segment CA has a curviness value
of “1.1”. A penalty value for this route is calculated by
dividing the total number of penalty points by “1007,
resulting in a penalty value for this route of “0.06”, as
illustrated in FIG. 94.

[0306] An adjusted value can be calculated for a potential
solution by adding together penalty values calculated for the
various routes forming part of that solution to a weighted or
normalized value for that solution (e.g. the sum of weighted
or normalized values for the routes forming part of that
solution).

[0307] FIG. 95 illustrates adjusted values calculated for
potential solutions by adding calculated penalty values for
routes for the solutions to normalized estimated values for
the solutions. As illustrated, although solution number five
has the lowest total estimated travel time of seventy eight
seconds, once penalty values are applied based on specified
constraints and penalties, solution number three has the
lowest adjusted value taking into account these specified
constraints and penalties, with an adjusted value of “1.051”.
[0308] In accordance with one or more preferred imple-
mentations, an exemplary methodology for generating high
quality solutions to a routing problem involves sending
problem data and constraint (and penalty) data to a system
(e.g. an optimization service running at one or more servers).
This problem data can include, for example, latitude and
longitude coordinates for locations for the routing problem,
customer attributes, vehicle attributes, driver attributes, etc.
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This problem data and constraint data may be sent together,
as illustrated in FIG. 96 A, or separately as illustrated in FIG.
96B.

[0309] In accordance with one or more preferred imple-
mentations, following receipt of problem and constraint
data, the system generates a large number of possible
solutions (e.g. millions) and evaluates how well each solu-
tion meets the specified constraints, as illustrated in FIG.
96C. In accordance with one or more preferred implemen-
tations, a penalty value is calculated for all generated
solutions, or for one or more of the more promising gener-
ated solutions. In accordance with one or more preferred
implementations, estimated time values or other generated
values are evaluated in combination with generated penalty
values.

[0310] In accordance with one or more preferred imple-
mentations, the system thereafter returns one or more solu-
tions based on calculated values, as illustrated in FIG. 96D.
In accordance with one or more preferred implementations,
a system returns multiple solutions with an indication of an
overall score (e.g. an adjusted value) and information on
violated constraints.

[0311] In accordance with one or more preferred imple-
mentations, one or more determined available solutions (e.g.
most preferred solutions) are presented to a user, as illus-
trated in FIG. 97, and the user is allowed to select from the
presented available solutions.

[0312] In accordance with one or more preferred imple-
mentations, an indication of a total travel time, travel
distance, or cost (e.g. fuel costs, labor costs, or both) is
presented to a user for each presented available solution.
[0313] In accordance with one or more preferred imple-
mentations, one or more penalty values may be added to a
value generated based on an estimated travel time, distance,
or cost (such as a fuel cost or a labor cost or both) to
facilitate identification or ranking of potential solutions, or
may be solely utilized to facilitate identification or ranking
of potential solutions.

[0314] In accordance with various preferred implementa-
tions, various methodologies for applying a penalty value to
road segments, paths, routes, assignments, or solutions may
be utilized.

[0315] For example, FIG. 98 illustrates calculation of an
adjusted value for various potential paths during determi-
nation of an optimized route for travel from location “1” to
location “4”, where calculation of the adjusted value
involves summing a weighted estimated value based on a
total estimated travel time for a path with a penalty value.
This allows for determination of an adjusted value for an
optimal path between location “1” and location “4” given
the specified constraints and penalties.

[0316] In accordance with one or more preferred imple-
mentations, an optimal path matrix is populated with calcu-
lated adjusted values for travel between locations under
specified constraints and penalties, as illustrated in FIG. 99.
Such an optimal path matrix can be utilized to determine
optimized routes, and optimized or high quality assignments
and solutions.

[0317] For example, FIG. 99 illustrates calculated
adjusted values for routes for a first potential assignment
together with a calculated total adjusted value for optimized
routes under the first potential assignment, FIG. 100 illus-
trates calculated adjusted values for routes for a second
potential assignment together with a calculated total
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adjusted value for optimized routes under the second poten-
tial assignment, and FIG. 101 illustrates calculated adjusted
values for routes for a third potential assignment together
with a calculated total adjusted value for optimized routes
under the third potential assignment. These calculated
adjusted values can be utilized to identify a preferred or
optimized assignment, as illustrated in FIG. 102A, or pre-
ferred or optimized solution (representing a high quality
solution), as illustrated in FIG. 102B.

[0318] Penalty values may be utilized to calculated
adjusted values for road segments or path portions during
evaluation of paths, e.g. during determination of a shortest
or optimal path between two locations, as illustrated in FIG.
103 where adjusted values have been calculated for path
portions to facilitate determination of a shortest path from
location “1” to location “4”.

Utilizing Estimated Traversal Values to Accelerate
the Determination of High Quality Solutions to
Routing Problems

[0319] As described herein, methodologies for determin-
ing high quality solutions to routing problems may involve
computing a shortest or optimal path matrix containing
shortest or optimal path information for travel between
locations involved in the routing problem. As the number of
locations involved in a routing problem grows, this begins to
greatly increase the number of computations that are
required to compute such a shortest or optimal path matrix.
In general, for a routing problem involving n locations,
approximately n*n shortest or optimal paths must be deter-
mined. Thus, for example, for a routing problem involving
one thousand locations, one million shortest or optimal paths
would have to be determined to compute the shortest or
optimal path matrix.

[0320] Computing such a matrix can be a cumbersome and
time consuming process and can delay the solution to a
routing problem, e.g. a routing optimization problem that
involves a road network.

[0321] However, a very fast approximation to road net-
work travel time can be obtained by using estimated dis-
tances and travel times (e.g. “crow flies” approximations
such as a Fuclidean distance or a distance computed using
the Haversine formula). In a simplified example, a distance
is computed using the Haversine formula, and then a rea-
sonable estimate of a speed of a vehicle is utilized to
calculate a travel time estimate.

[0322] In accordance with one or more preferred imple-
mentations, a more complex estimate utilizes an estimate of
the curvature (e.g. curviness value) of roads in an area in
order to weight a distance approximation (or a speed or time
estimate). For example, a highway or interstate would
generally have very little curvature (e.g. a low curviness
value) since it is generally straight allowing for a high rate
of travel.

[0323] Such an approach might, for example, involve
taking into account a curvature (e.g. curviness value) of
roads around a start location, taking into account a curvature
(e.g. curviness value) of roads around a destination location,
and taking into account a curvature (e.g. curviness value) of
roads between such locations. A curvature (e.g. curviness
value) for an area may be determined based on curvature
(e.g. curviness values) for roads in the area (e.g. aggregating
or averaging curviness values for roads in the area).
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[0324] In accordance with one or more preferred imple-
mentations, a methodology involves accelerating the solu-
tion to an optimization problem that involves a road net-
work. While accurate solutions to these problems generally
require distances and travel times to be computed while
accounting for streets, turns, and predicted traffic, in accor-
dance with one or more preferred implementations, a meth-
odology involves first computing estimates or approxima-
tions of distances and travel times, and then beginning
optimization for the problem using these approximations
while simultaneously, in parallel, performing distance and
travel time computations for the road network (e.g. com-
puting a shortest or optimal path matrix), gaining an overall
speedup in the solution of the optimization problem.

[0325] As a simplistic example, returning again to the
locations illustrated in FIG. 50, FIG. 104 illustrates a cal-
culated Fuclidean distance estimate for travel from location
“1” to location “2”. This calculated Euclidean distance
estimate value for travel from location “1” to location “2”
can be stored in a shortest path or optimal path matrix, as
illustrated in FIG. 105. This may be a shortest or optimal
path matrix that is eventually updated with computed short-
est path distance values, or may be a different matrix.

[0326] FIG. 106 similarly illustrates a calculated Euclid-
ean distance estimate value for travel from location “1” to
location “3”. This calculated Euclidean distance estimate
value for travel from location “1” to location “3” can also be
stored in the matrix, as illustrated in FIG. 107.

[0327] A calculated Euclidean distance estimate value can
similarly be calculated and stored for traveling from each
location to each other location, as illustrated in FIG. 108.

[0328] Further, estimated time values can be calculated
based on these calculated Euclidean distance estimate val-
ues, and stored in a shortest or optimal path matrix, as
illustrated in FIG. 109. This may be a shortest or optimal
path matrix that is eventually updated with computed short-
est path distance values, or may be a different matrix.

[0329] In accordance with one or more preferred imple-
mentations, such calculated estimated distance values and
corresponding calculated estimated time values can be uti-
lized to begin determination of one or more high quality
solutions to a routing problem.

[0330] For example, FIG. 110 illustrates a first potential
route visiting all four locations which involves traversal
from location “1” to location “2”, traversal from location “2”
to location “3”, and traversal from location “3” to location
“4”. A total estimated travel time for this route can be
determined utilizing the estimated travel times for shortest
paths between these locations in the shortest path matrix
which were generated based on the FEuclidean distance
estimate values. Thus, the route portion representing tra-
versal from location “1” to location “2” can be determined
based on the shortest path matrix to have an estimated travel
time of 14 seconds, the route portion representing traversal
from location “2” to location “3” can be determined based
on the precomputed shortest path matrix to have an esti-
mated travel time of 14 seconds, and the route portion
representing traversal from location “3” to location “4” can
be determined based on the precomputed shortest path
matrix to have an estimated travel time of 26 seconds. A total
estimated travel time for the route can be calculated by
summing together these estimated travel times for these
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route portions. This results in a total estimated travel time for
the first potential route of 54 seconds, as illustrated in FIG.
110.

[0331] FIG. 111 illustrates a second potential route visiting
all four locations which involves traversal from location “1”
to location “3”, traversal from location *“3” to location “4”,
and traversal from location “4” to location “2”. A total
estimated travel time for this route can be determined
utilizing the estimated travel times for shortest paths
between these locations in the shortest path matrix which
were generated based on the Euclidean distance estimate
values. The route portion representing traversal from loca-
tion “1” to location “3” can be determined based on the
shortest path matrix to have an estimated travel time of 20
seconds, the route portion representing traversal from loca-
tion “3” to location “4” can be determined based on the
shortest path matrix to have an estimated travel time of 26
seconds, and the route portion representing traversal from
location “4” to location “2” can be determined based on the
shortest path matrix to have an estimated travel time of 32
seconds. These calculated estimated travel times for the
route portions can be summed together to result in a total
estimated travel time for the second potential route of 78
seconds, as illustrated in FIG. 111.

[0332] A preferred or optimized route can be identified
based on the calculated total estimated travel times for each
potential route, as illustrated in FIG. 112.

[0333] In accordance with one or more preferred imple-
mentations, a methodology involves, while beginning opti-
mization for the routing problem using these approxima-
tions, simultaneously, in parallel, performing distance and
travel time computations for the road network (e.g. updating
the shortest or optimal path matrix with computed values),
gaining an overall speedup in the solution of the optimiza-
tion problem.

[0334] For example, FIG. 113 illustrates updating of the
shortest path matrix of FIG. 109 with computed values for
traversal from location “1” to location “2”.

[0335] As determination of high quality solutions to a
routing problem proceeds, these updated values may be
utilized as they are computed, resulting in increasingly
accurate optimization results.

[0336] In accordance with one or more preferred imple-
mentations, one or more determinations or calculations
performed as part of a methodology for determining one or
more high quality solutions to a routing problem are per-
formed utilizing estimates or approximate values, while one
or more subsequent determinations of calculations per-
formed as part of the same methodology are performed
utilizing updated, more accurate computed values.

[0337] For example, returning again to the locations illus-
trated in FIG. 50 and the routing problem illustrated in FIG.
75 in which two trucks are to visit the four locations
(assuming that each truck is to visit two of the locations), in
accordance with one or more preferred implementations,
optimized assignments for the trucks might be determined
using values based on Euclidean or Haversine estimates,
while more accurate high quality solutions may subse-
quently be determined utilizing more accurate, computed
values.

[0338] FIG. 114 illustrates a first potential assignment for
two trucks. This first potential assignment involves, for a
first truck, use of either a first potential route involving
traversal from location “1” to location “2”, or a second
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potential route involving traversal from location “2” to
location “1”. A total estimated travel time for each potential
route for the first truck can be determined utilizing the
estimated travel times for shortest paths between these
locations in the shortest path matrix which were generated
based on the Fuclidean distance estimate values. It will be
appreciated that, in this example, because the values are
based on Euclidean distance estimates, the value for travel
in a first direction is the same as a value for travel in a
second, opposite direction. Here, the routes involving tra-
versal between location “1” and location “2” can be deter-
mined based on the estimated travel times for shortest paths
between these locations in the shortest path matrix to have
a total estimated travel time of 14 seconds.

[0339] This first potential assignment further involves, for
a second truck, use of either a first potential route involving
traversal from location “3” to location “4”, or a second
potential route involving traversal from location “4” to
location “3”. A total estimated travel time for each potential
route for the second truck can be determined utilizing the
estimated travel times for shortest paths between these
locations in the shortest path matrix which were generated
based on the Fuclidean distance estimate values. It will be
appreciated that, in this example, because the values are
based on Euclidean distance estimates, the value for travel
in a first direction is the same as a value for travel in a
second, opposite direction. Here, the routes involving tra-
versal between location “3” and location “4” can be deter-
mined based on the estimated travel times for shortest paths
between these locations in the shortest path matrix to have
a total estimated travel time of 26 seconds.

[0340] A total estimated travel time for this first potential
assignment can be determined by summing together the
estimated travel times for each truck, as illustrated in FIG.
114. Here, a total estimated travel time for this first potential
assignment can be calculated to be 40 seconds, as illustrated
in FIG. 114.

[0341] FIG. 115 illustrates a second potential assignment
for two trucks. This second potential assignment involves,
for a first truck, use of either a first potential route involving
traversal from location “1” to location “3”, or a second
potential route involving traversal from location “2” to
location “4”. A total estimated travel time for each potential
route for the first truck can be determined utilizing the
estimated travel times for shortest paths between these
locations in the shortest path matrix which were generated
based on the Fuclidean distance estimate values. It will be
appreciated that, in this example, because the values are
based on Euclidean distance estimates, the value for travel
in a first direction is the same as a value for travel in a
second, opposite direction. Here, the routes involving tra-
versal between location “1” and location “3” can be deter-
mined based on the estimated travel times for shortest paths
between these locations in the shortest path matrix to have
a total estimated travel time of 20 seconds.

[0342] This second potential assignment further involves,
for a second truck, use of either a first potential route
involving traversal from location “2” to location “4”, or a
second potential route involving traversal from location “4”
to location “2”. A total estimated travel time for each
potential route for the second truck can be determined
utilizing the estimated travel times for shortest paths
between these locations in the shortest path matrix which
were generated based on the Fuclidean distance estimate
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values. It will be appreciated that, in this example, because
the values are based on Euclidean distance estimates, the
value for travel in a first direction is the same as a value for
travel in a second, opposite direction. Here, the routes
involving traversal between location “2” and location “4”
can be determined based on the estimated travel times for
shortest paths between these locations in the shortest path
matrix to have a total estimated travel time of 32 seconds.

[0343] A total estimated travel time for this second poten-
tial assignment can be determined by summing together the
estimated travel times for each truck, as illustrated in FIG.
115. Here, a total estimated travel time for this first potential
assignment can be calculated to be 52 seconds, as illustrated
in FIG. 115.

[0344] FIG. 116 illustrates a third potential assignment for
two trucks. This third potential assignment involves, for a
first truck, use of either a first potential route involving
traversal from location “1” to location “4”, or a second
potential route involving traversal from location “2” to
location “3”. A total estimated travel time for each potential
route for the first truck can be determined utilizing the
estimated travel times for shortest paths between these
locations in the shortest path matrix which were generated
based on the Euclidean distance estimate values. It will be
appreciated that, in this example, because the values are
based on Euclidean distance estimates, the value for travel
in a first direction is the same as a value for travel in a
second, opposite direction. Here, the routes involving tra-
versal between location “1” and location “4” can be deter-
mined based on the estimated travel times for shortest paths
between these locations in the shortest path matrix to have
a total estimated travel time of 44 seconds.

[0345] This third potential assignment further involves,
for a second truck, use of either a first potential route
involving traversal from location “2” to location “3”, or a
second potential route involving traversal from location “3”
to location “2”. A total estimated travel time for each
potential route for the second truck can be determined
utilizing the estimated travel times for shortest paths
between these locations in the shortest path matrix which
were generated based on the Euclidean distance estimate
values. It will be appreciated that, in this example, because
the values are based on Euclidean distance estimates, the
value for travel in a first direction is the same as a value for
travel in a second, opposite direction. Here, the routes
involving traversal between location “2” and location “3”
can be determined based on the estimated travel times for
shortest paths between these locations in the shortest path
matrix to have a total estimated travel time of 14 seconds.

[0346] A total estimated travel time for this third potential
assignment can be determined by summing together the
estimated travel times for each truck, as illustrated in FIG.
116. Here, a total estimated travel time for this first potential
assignment can be calculated to be 58 seconds, as illustrated
in FIG. 116.

[0347] The calculated total estimated travel times for each
potential assignment can be compared to determine an
optimized or preferred assignment, as illustrated in FIG.
117. The optimized routes that were utilized to determined
the calculated total estimated travel times for each potential
assignment may be used as optimized routes for a routing
solution, or additional determination of optimized routes
may be performed.
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[0348] For example, although these optimized assign-
ments for the trucks were determined using values based on
Euclidean distance estimates, a more accurate high quality
solution may subsequently be determined utilizing more
accurate, computed values.

[0349] In this regard, FIG. 118 illustrates use of updated
computed values in the shortest path matrix to determine an
optimized order or route for traversal between location “1”
and location “2”. Here, it is determined that traversal from
location “2” to location “1” has a shorter estimated travel
time than traversal from location “1” to location “2”, as
illustrated in FIG. 118.

[0350] FIG. 119 further illustrates use of updated com-
puted values in the shortest path matrix to determine an
optimized order or route for traversal between location “3”
and location “4”. Here, it is determined that traversal from
location “3” to location “4” has the same estimated travel
time as traversal from location “4” to location “3”, as
illustrated in FIG. 119.

[0351] Such calculations based on updated computed val-
ues in the shortest path matrix can be utilized in determining
one or more high quality routing solutions. For example,
FIG. 120 illustrates calculation of an estimated travel time,
based on computed values, for the assignment that was
previously determined, based on estimated values, to be
preferred or optimized.

[0352] In accordance with one or more preferred imple-
mentations, a methodology may involve selectively com-
puting shortest path information based on determinations
made utilizing estimates or approximations. For example,
with respect to the just outlined example, a methodology
may only require computing accurate shortest path values
for paths determined to be part of a preferred or optimized
assignment, as illustrated in FIG. 121.

[0353] More generally, a methodology may involve only
computing accurate shortest path values for paths deter-
mined to be likely to be part of a high quality routing
solution (e.g. a preferred or optimized routing solution), or
which cannot be ruled out as being part of a high quality
routing solution.

[0354] As noted above, in accordance with one or more
preferred implementations, a more complex estimate can
utilize an estimate of the curvature (e.g. curviness value) of
roads in an area in order to weight a distance approximation
(or a speed or time estimate). For example, FIG. 122
fancifully illustrates exemplary calculation of a deformed
Euclidean distance estimate for travel from location “1” to
location “2” using an area curviness value of “1.2”.

[0355] Although simplified fanciful examples are pro-
vided herein utilizing Euclidean distance estimates, in one or
more preferred implementations, estimates or approxima-
tions utilize distance values calculated utilizing the Havers-
ine formula, e.g. calculated Haversine values which are then
deformed based on one or more estimates of curvature of
roads in one or more areas.

Utilizing Determined Optimized Traffic Windows
for Precomputing Optimal Path Matrices to Reduce
Computer Resource Usage

[0356] As noted above, it will be appreciated that traffic
patterns may frequently allow for quicker traversal of a road
segment (or navigation from one road segment to another) at
certain times of the day, and slower traversal at other times.
As described above, to account for this, exemplary average
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travel times may be determined for windows throughout the
day, e.g. for 24 one hour windows, as illustrated in FIGS.
33-34, and determination of a shortest path may involve
utilizing the time estimates for a window within which a
current time falls, or within which an estimated time of
travel falls.

[0357] Similarly, as noted above, a matrix containing
calculated values for determined shortest paths may be
precomputed and stored for time windows throughout the
day, e.g. for 24 one hour windows, as illustrated in FIG. 69.
[0358] Notably, although a rate of travel for a road seg-
ment generally changes throughout the day, it generally
changes slowly and somewhat continuously as long as there
are no surprise disruptions such as a car accident (which
cannot be predicted).

[0359] In accordance with one or more preferred imple-
mentations, it is desirable to break up a day (or week, month,
or year) into as few time intervals (or windows) as possible
where the overall traffic during each window is similar and
the speeds in different traffic windows is as different as
possible. In accordance with one or more preferred imple-
mentations, a methodology involves assuming that the rate
of travel on each road segment is constant during a window,
or utilizing a simple, defined formula to determine an
estimated travel time or speed during a window.

[0360] The use of a reduced number of windows as
compared to, for example, twenty four one hour windows or
forty eight thirty minute windows allows for more rapid
precomputation of one or more required shortest or optimal
path matrices for a routing problem, and thus quicker
determination of a solution with less resource usage (e.g.
less processing time, less memory usage, and optionally less
storage usage).

[0361] A methodology in accordance with one or more
preferred implementations involves applying statistical
methods to determine the points in time that best partition a
twenty four hour day into traffic windows such that the rate
of travel within each window is most constant.

[0362] For example, FIG. 123 illustrates plotting of a
normalized average travel time to traverse a particular road
segment throughout the day. Each normalized average travel
time value for a particular time is calculated by dividing a
minimum average travel time value for the road segment
(the lowest value at any time throughout the day) by an
average travel time at that particular time.

[0363] It will be appreciated that a similar methodology
can be performed with normalized speed values. For
example, FIG. 124 illustrates plotting of a normalized aver-
age speed for a particular road segment throughout the day.
Each normalized average speed value for a particular time is
calculated by dividing an average speed at that particular
time by a maximum average speed value for the road
segment (the highest value at any time throughout the day).
[0364] Under either approach, various methodologies
including statistical methodologies can be applied to deter-
mine the points in time that best partition a day into traffic
windows.

[0365] For purposes of a simplified example, FIG. 125
illustrates plotting of a normalized average travel time to
traverse road segment AC during each of twenty four one
hour windows throughout the day. FIG. 126 further includes
plotting of a normalized average travel time to traverse road
segments CA and AD during each of the same twenty four
one hour windows throughout the day.
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[0366] In accordance with one or more preferred imple-
mentations, a best fit line can be calculated based on average
travel time or speed values throughout a day, e.g. normalized
average travel time or speed values.

[0367] FIG. 127 illustrates exemplary C Sharp style
pseudocode for very simplified calculation of a best fit line
based on normalized average travel time values throughout
the day.

[0368] Forexample, returning to the simplified example of
FIG. 125, FIG. 128 fancifully illustrates calculation of a best
fit average travel time value for a simplified best fit line for
the window “0:00-0:59”. FIG. 129 illustrates plotting of this
best fit average travel time value for a simplified best fit line
for the window “0:00-0:59”. FIG. 130 illustrates similar
plotting of similarly calculated best fit average travel time
values for a simplified best fit line for other windows, and
FIG. 131 illustrates how these values can be characterized as
forming a best fit line.

[0369] In accordance with one or more preferred imple-
mentations, statistical methods are applied to best fit data or
a best fit line or curve to find one or more inflection points
in best fit data, a best fit line, or a best fit curve. These are
points where a rate of change begins to change (e.g. a second
derivative in calculus). In accordance with one or more
preferred implementations, determined inflection points are
utilized as cutoff points separating traffic windows.

[0370] Returning to the simplified example of FIG. 125,
FIG. 132 fancifully illustrates simplified calculation of a
second order delta representing a change in the rate of
change at the time interval “1:00-1:59”. This involves first
calculating a delta in the best fit line from time interval
“0:00-0:59” to time interval “1:00-1:59”, which is calculated
to be “0.0”. This further involves calculating a delta in the
best fit line from time interval “1:00-1:59” to time interval
©2:00-2:59”, which is calculated to be “0.083”. A second
order delta for time interval “1:00-1:59” can then be calcu-
lated by determining a difference between the two calculated
values, which is calculated to be “0.083”.

[0371] It will be appreciated that this is a very simple
methodology for calculating a second order delta, and
merely is based on the rate of change for the one hour
interval prior to the current interval, and the one hour
interval subsequent to the current interval, and that other
methodologies could equally be utilized. For example, meth-
odologies may be utilized which consider more than three
hours of data in determining a second order delta, or which
consider less than three hours of data in determining a
second order delta.

[0372] In accordance with one or more preferred imple-
mentations, a determined value for a second order delta or
derivative may be compared to a minimum threshold to
determine whether a particular time or time interval should
be used as a cutoff to define a traffic window.

[0373] Returning to the simplified example of FIG. 125,
FIG. 133 fancifully illustrates comparison of the calculated
second order delta of FIG. 132 to a threshold value, and
determination that the calculated second order delta is
greater than the threshold value, and thus that the corre-
sponding time interval should be used as a cutoff to define
a traffic window.

[0374] FIG. 134 fancifully illustrates that it has been
determined that the corresponding time interval “1:00-1:59”
should be used as a cutoff to define a traffic window.
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[0375] Similar calculations can be carried to identify other
time intervals which should be used as a cutoff to define a
traffic window. FIG. 135 fancifully illustrates additional
time intervals that it has been determined should be used as
a cutoff to define a traffic window.

[0376] Preferably, these determined time intervals are uti-
lized to define a plurality of traffic windows, as illustrated in
FIG. 136.

[0377] FIG. 137 illustrates exemplary C Sharp style
pseudocode for very simplified determination of times to be
utilized for definition of traffic windows.

[0378] As described above, exemplary average travel
times for each road segment may be determined for each of
a plurality of determined and defined windows, and deter-
mination of a shortest path may involve utilizing the time
estimates for a window within which a current time falls, or
within which an estimated time of travel falls. Further, a
matrix containing calculated values for determined shortest
or preferred paths may be precomputed and stored for each
of these time windows, as illustrated in FIG. 138.

[0379] In accordance with one or more preferred imple-
mentations, traffic windows are determined utilizing statis-
tical or other methodologies, and for each road segment an
average travel time or speed is computed during that win-
dow, and used to represent an estimated travel time or speed
for that entire interval. In accordance with one or more
preferred implementations, a shortest or optimal path matrix
containing calculated values for determined shortest or
optimal paths is precomputed and stored for each deter-
mined traffic window. In accordance with one or more
preferred implementations, traffic window determinations
may be made for a particular problem or area.

[0380] In accordance with one or more preferred imple-
mentations, determining a number of traffic windows for
which shortest or optimal path information is precomputed
allows for less computation as compared to requiring on-
demand, in-process determination of a shortest or optimal
path for a particular time during comparison of paths or
routes performed as part of a process for determining a
solution to a routing problem. In accordance with one or
more preferred implementations, determining a number of
traffic windows for which shortest or optimal path informa-
tion is precomputed allows for quicker determination of a
solution.

[0381] In accordance with one or more preferred imple-
mentations, reducing a number of traffic windows for which
shortest or optimal path information is precomputed allows
for less computation as compared to computation over an
increased number of intervals (e.g. twenty four one hour
intervals). In accordance with one or more preferred imple-
mentations, reducing a number of traffic windows for which
shortest or optimal path information is precomputed allows
for quicker determination of a solution with less resource
usage (e.g. less processing time, less memory usage, and
optionally less storage usage).

Utilizing a Geo-Locator Service and Zone Servers
to Reduce Computer Resource Requirements for
Determining High Quality Solutions to Routing

Problems

[0382] As described herein, methodologies for determin-
ing high quality solutions to routing problems may involve
computing a shortest or optimal path for travel between
locations involved in the routing problem. As noted above,
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as the number of locations involved in a routing problem
grows, this begins to greatly increase the number of com-
putations that are required to compute such a shortest or
optimal path matrix. In general, for a routing problem
involving n locations, approximately n*n shortest or optimal
paths must be determined. Thus, for example, for a routing
problem involving one thousand locations, one million
shortest or optimal paths would have to be determined to
compute the shortest or optimal path matrix.

[0383] Computing such a matrix can be a time consuming
process and can delay the solution to a routing problem, e.g.
a routing optimization problem that involves a road network.
[0384] Even more calculations and shortest path determi-
nations may be required if data for various time intervals
throughout a day is to be taken into consideration.

[0385] As more and more calculations and computations
become required for more complex problems, it becomes
increasingly important to be able to quickly compute infor-
mation for shortest or optimal paths, e.g. a shortest or
optimal path matrix. Rapid computation requires that the
relevant data be stored in memory, but storing data on a large
road network in memory (e.g. the road network for an entire
state or country) requires a large amount of memory. This
can quickly escalate into requiring tens of gigabytes of
memory (e.g. random access memory, or “RAM”), or even
more.

[0386] While some routing problems may require use of
road network data for an entire state or country, many
routing problems may only require use of road network data
for a much smaller area, such as a town, city, county, or
portion of a state or country. It is inefficient to tie up a high
value server having a large amount of memory to compute
shortest or optimal paths for a routing problem that is
confined to a very small geographic area and only requires
road network data for a very small road network.

[0387] For example, FIG. 139 illustrates an exemplary
geographic area comprising a road network. In a traditional
implementation approach, a requester 510 would commu-
nicate a request related to a routing problem involving
specified locations to a server 520, as illustrated in FIG. 140.

[0388] This might, for example, be a request for one or
more high quality solutions to a routing problem involving
specified locations, or might be a request for a shortest or
optimal path matrix for specified locations.

[0389] The server 520 (or a related server) would include
a large amount of memory to allow for loading of road
segment data for a large road network, e.g. the entire road
network within the geographical area.

[0390] In accordance with one or more preferred imple-
mentations, a geographic area comprising a road network is
divided up into a plurality of zones, and one or more servers
are utilized for each zone to provide routing solutions for
that zone.

[0391] For example, with respect to the exemplary geo-
graphic area illustrated in FIG. 139, each state could be
characterized as its own zone, as illustrated in FIG. 141,
where North Carolina is highlighted with an increased
thickness line to fancifully illustrate its characterization as a
zone. Notably, zones can overlap one another, and can even
be located entirely within another zone. For example, the
entire geographic area illustrated in FIG. 139 might be a first
zone, and the state of North Carolina might be a second
zone.
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[0392] In accordance with one or more preferred method-
ologies, a server is provided for each of these zones, as
illustrated in FIG. 142, where a server 620 includes data for
a zone corresponding to the geographic area illustrated in
FIG. 139, and a server 630 includes data for a zone corre-
sponding to the state of North Carolina.

[0393] In this example, the state of Florida would itself be
another zone, as illustrated in FIG. 143, where Florida is
highlighted with an increased thickness line to fancifully
illustrate its characterization as a zone. FIG. 144 illustrates
additional provision of a server 640 including data for a zone
corresponding to the state of Florida.

[0394] In accordance with one or more preferred imple-
mentations, a single server may include data for two or more
zones, as illustrated in FIG. 145, where server 730 includes
data for a first zone corresponding to the state of North
Carolina and further includes data for a second zone corre-
sponding to the state of Florida.

[0395] In accordance with one or more preferred imple-
mentations, multiple zones may overlap with, or be nested
inside of, other overlapping or nesting zones. For example,
FIG. 146 illustrates a western portion of North Carolina that
is highlighted with an increased thickness line to fancifully
illustrate its characterization as a zone, FIG. 147 illustrates
a central portion of North Carolina that is highlighted with
an increased thickness line to fancifully illustrate its char-
acterization as a zone, and FIG. 148 illustrates an eastern
portion of North Carolina that is highlighted with an
increased thickness line to fancifully illustrate its character-
ization as a zone. FIG. 149 illustrates additional provision of
servers 650,660,670 including data for these zones. As noted
above, a single server may include data for two or more
zones, and data for these zones could be found on a single
server, as illustrated in FIG. 150, where a server 740
includes data for each of these zones.

[0396] As another example, FIG. 151 illustrates a geo-
graphic area comprising the states of Virginia, North Caro-
lina, and South Carolina that is highlighted with an increased
thickness line to fancifully illustrate its characterization as a
zone. FI1G. 152 illustrates additional provision of a server
680 including data for this zone.

[0397] In accordance with one or more preferred imple-
mentations, a geo-locator service is utilized to allow a
requestor to determine what server to contact to receive
information for a routing problem.

[0398] For example, FIG. 153 illustrates a server 690
comprising a geo-locator service 692 which contains infor-
mation regarding the defined zones (e.g. sets of coordinates
for defined boundaries of each of the zones). The geo-locator
service 692 is configured to receive a list of sets of coordi-
nates for locations involved in a routing problem, determine
the smallest zone that contains all of the locations, and return
an indication of the determined zone or corresponding
server.

[0399] As an example, consider a routing problem involv-
ing the three locations fancifully illustrated in FIG. 154. In
accordance with one or more preferred methodologies, the
server 690 hosting the locator service 692 receives, from a
requestor 610, a list comprising information for these loca-
tions (e.g. in the form of latitude and longitude coordinates
for these locations), as illustrated in FIG. 155.

[0400] In accordance with one or more preferred method-
ologies, the locator service 692 accesses zone data for
defined zones and determines a smallest defined zone con-
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taining all of these locations, as illustrated in FIG. 156. For
example, in accordance with one or more preferred imple-
mentations, each zone is defined by a plurality of sets of
latitude and longitude coordinates defining a boundary for
that zone, and a locator service compares latitude and
longitude coordinates for locations involved in a routing
problem to defined boundaries of defined zones to identify
a smallest defined zone containing all of the locations
involved in the routing problem.

[0401] In accordance with one or more preferred imple-
mentations, a locator service 692 returns an identifier for an
identified or determined zone, or an identifier or address for
a server corresponding to that identified or determined zone.
In accordance with one or more preferred methodologies,
the locator service 692 returns a name of an identified or
determined zone and a uniform resource locator correspond-
ing to that identified or determined zone, as illustrated in
FIG. 157.

[0402] Such a returned uniform resource locator which
corresponds to an identified or determined zone preferably
can be used to access one or more servers corresponding to
that identified or determined zone, as illustrated in FIG. 158,
where a list comprising information for locations (e.g. in the
form of latitude and longitude coordinates for locations) is
communicated from the requestor 610 to a server 650
corresponding to the zone previously determined by the
requestor service 692 to be the smallest defined zone con-
taining all of the locations involved in the routing problem.
In accordance with one or more preferred implementations,
a computed shortest or optimal path matrix is returned for
the list of locations.

[0403] FIGS. 159-160 fancifully illustrate another
example of determination of a smallest defined zone con-
taining all of the locations involved in a routing problem.

[0404] In accordance with one or more preferred imple-
mentations, communication of a list comprising information
for locations may be communicated as part of a request for
a shortest or optimal path matrix, or as part of a request for
one or more high quality solutions to a routing problem. In
accordance with one or more preferred implementations, a
response to such a request may include a shortest or optimal
path matrix, or one or more high quality solutions to a
routing problem.

CONCLUSION

[0405] Based on the foregoing description, it will be
readily understood by those persons skilled in the art that the
present invention has broad utility and application. Many
embodiments and adaptations of the present invention other
than those specifically described herein, as well as many
variations, modifications, and equivalent arrangements, will
be apparent from or reasonably suggested by the present
invention and the foregoing descriptions thereof, without
departing from the substance or scope of the present inven-
tion. Accordingly, while the present invention has been
described herein in detail in relation to one or more preferred
embodiments, it is to be understood that this disclosure is
only illustrative and exemplary of the present invention and
is made merely for the purpose of providing a full and
enabling disclosure of the invention. The foregoing disclo-
sure is not intended to be construed to limit the present
invention or otherwise exclude any such other embodiments,
adaptations, variations, modifications or equivalent arrange-
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ments, the present invention being limited only by the claims
appended hereto and the equivalents thereof.

1-20. (canceled)

21. A method involving accelerating the electronic deter-
mination of optimized solutions to routing problems by
utilizing determined optimized time windows for precom-
puting optimal path matrices to reduce computer resource
usage, the method comprising:

(a) receiving, at a server, problem data for a routing
problem comprising information for one or more loca-
tions involved in the routing problem;

(b) electronically accessing traffic data for road segments,
the traffic data comprising speed information for travel
along the road segments at various times;

(c) electronically calculating, based on the accessed traffic
data, data for a best fit line representing a best fit for the
accessed traffic data, the data for the best fit line
including, for each of various respective times, a
respective normalized best fit speed value for that
respective time;

(d) electronically defining, based on the calculated data
for the best fit line, a plurality of traffic windows each
having a start time and an end time during a time
period, electronically defining the plurality of traffic
windows comprising

(1) electronically determining a plurality of inflection
points representing times at which a change in a rate
of change of the best fit line exceeds a minimum
threshold, and

(ii) electronically defining a start time and an end time
for each traffic window of the plurality of traffic
windows based on the determined plurality of inflec-
tion points, each inflection point representing an end
time for one traffic window and a start time for
another traffic window;

(e) electronically populating one or more optimal path
matrices with travel time estimates for each defined
traffic window by, for each respective defined traffic
window, calculating, for each of one or more respective
ordered pairs of locations involved in the routing
problem, a respective travel time estimate for an opti-
mal path for travel from a respective first location of the
respective ordered pair of locations to a respective
second location of the respective ordered pair of loca-
tions, such calculated respective travel time estimate
being calculated based on road network data and traffic
data for that respective defined traffic window;

(D) electronically determining a set of one or more opti-
mized solutions to the routing problem using a plurality
of the calculated travel time estimates accessed from
the one or more optimal path matrices, at least some
such use being based on time estimates within which
estimated times of travel fall; and

(g) returning, from the server, data corresponding to the
determined set of one or more optimized solutions to
the routing problem;

(h) wherein the use of traffic windows defined based on
changes in rates of change of speeds for traffic on road
segments allows for more rapid determination of the set
of one or more optimized solutions as compared to
requiring on-demand, in-process determination of an
optimal path for a particular time during comparison of
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paths or routes performed as part of a process for
determining optimized solutions to the routing prob-
lem.

22. The method of claim 21, wherein electronically deter-
mining a plurality of inflection points representing times at
which a change in a rate of change of the best fit line exceeds
a minimum threshold comprises applying statistical methods
to determine the plurality of inflection points.

23. The method of claim 21, wherein electronically deter-
mining a plurality of inflection points representing times at
which a change in a rate of change of the best fit line exceeds
a minimum threshold comprises calculating one or more
second derivatives of the best fit line.

24. The method of claim 21, wherein the time period
comprises one or more weeks.

25. The method of claim 21, wherein the time period
comprises one or more months.

26. The method of claim 21, wherein the time period
comprises one or more days.

27. The method of claim 21, wherein electronically defin-
ing a start time and an end time for each traffic window of
the plurality of traffic windows based on the determined
plurality of inflection points comprises automatically defin-
ing a start time for a first traffic window proximate a certain
time of day.

28. The method of claim 21, wherein electronically defin-
ing a start time and an end time for each traffic window of
the plurality of traffic windows based on the determined
plurality of inflection points comprises automatically defin-
ing a start time for a traffic window proximate midnight.

29. The method of claim 21, wherein electronically defin-
ing a start time and an end time for each traffic window of
the plurality of traffic windows based on the determined
plurality of inflection points comprises defining a traffic
window which overlaps from one day to a next day.

30. The method of claim 21, wherein electronically popu-
lating one or more optimal path matrices with travel time
estimates for each defined traffic window comprises elec-
tronically populating a different optimal path matrix for each
defined traffic window.

31. The method of claim 21, wherein electronically popu-
lating one or more optimal path matrices with travel time
estimates for each defined traffic window comprises elec-
tronically populating a single optimal path matrix with travel
time estimates for each defined traffic window.

32. A method involving accelerating the electronic deter-
mination of optimized solutions to routing problems by
utilizing determined optimized time windows for precom-
puting optimal path matrices to reduce computer resource
usage, the method comprising:

(a) receiving, at a server, problem data for a routing
problem comprising information for one or more loca-
tions involved in the routing problem;

(b) electronically accessing traffic data for road segments,
the traffic data comprising travel time information for
travel along the road segments at various times;

(c) electronically calculating, based on the accessed traffic
data, data for a best fit line representing a best fit for the
accessed traffic data, the data for the best fit line
including, for each of various respective times, a
respective normalized best fit travel time value for that
respective time;

(d) electronically defining, based on the calculated data
for the best fit line, a plurality of traffic windows each
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having a start time and an end time during a time

period, electronically defining the plurality of traffic

windows comprising

(1) electronically determining a plurality of inflection
points representing times at which a change in a rate
of change of the best fit line exceeds a minimum
threshold, and

(ii) electronically defining a start time and an end time
for each traffic window of the plurality of traffic
windows based on the determined plurality of inflec-
tion points, each inflection point representing an end
time for one traffic window and a start time for
another traffic window;

(e) electronically populating one or more optimal path
matrices with travel time estimates for each defined
traffic window by, for each respective defined traffic
window, calculating, for each of one or more respective
ordered pairs of locations involved in the routing
problem, a respective travel time estimate for an opti-
mal path for travel from a respective first location of the
respective ordered pair of locations to a respective
second location of the respective ordered pair of loca-
tions, such calculated respective travel time estimate
being calculated based on road network data and traffic
data for that respective defined traffic window;

(D) electronically determining a set of one or more opti-
mized solutions to the routing problem using a plurality
of the calculated travel time estimates accessed from
the one or more optimal path matrices, at least some
such use being based on time estimates within which
estimated times of travel fall; and

(g) returning, from the server, data corresponding to the
determined set of one or more optimized solutions to
the routing problem;

(h) wherein the use of traffic windows defined based on
changes in rates of change of travel times for traffic on
road segments allows for more rapid determination of
the set of one or more optimized solutions as compared
to requiring on-demand, in-process determination of an
optimal path for a particular time during comparison of
paths or routes performed as part of a process for
determining optimized solutions to the routing prob-
lem.

33. The method of claim 32, wherein electronically deter-
mining a plurality of inflection points representing times at
which a change in a rate of change of the best fit line exceeds
a minimum threshold comprises applying statistical methods
to determine the plurality of inflection points.

34. The method of claim 32, wherein the time period
comprises one or more weeks.

35. The method of claim 32, wherein the time period
comprises one or more months.

36. The method of claim 32, wherein the time period
comprises one or more days.

37. The method of claim 32, wherein electronically defin-
ing a start time and an end time for each traffic window of
the plurality of traffic windows based on the determined
plurality of inflection points comprises automatically defin-
ing a start time for a traffic window proximate midnight.

38. The method of claim 32, wherein electronically defin-
ing a start time and an end time for each traffic window of
the plurality of traffic windows based on the determined
plurality of inflection points comprises defining a traffic
window which overlaps from one day to a next day.



US 2020/0043333 Al Feb. 6, 2020
26

39. The method of claim 32, wherein electronically popu-
lating one or more optimal path matrices with travel time
estimates for each defined traffic window comprises elec-
tronically populating a different optimal path matrix for each
defined traffic window.

40. The method of claim 32, wherein electronically popu-
lating one or more optimal path matrices with travel time
estimates for each defined traffic window comprises elec-
tronically populating a single optimal path matrix with travel
time estimates for each defined traffic window.
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