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(57) Abstract: A method for analyzing and managing transportation may in-
clude generating, for each of a plurality of geographic regions, a first graph rep-
resentation based on transportation data relating to transport activities within
the geographic region. The method may also include obtaining, for any two of
the plurality of geographic regions, via a graph kernel based algorithm, a first
similarity indicator measuring a similarity between the first graph representa-
tions of the any two of the plurality of geographic regions. The method may
further include grouping, based on the first similarity indicators, the plurality of
geographic regions into a plurality of groups. The method may also include, for
cach of the plurality of groups, identifying at least one featured transportation
type of the group and associating a strategy to the group to promote or restrict
transport activities of the at least one featured transportation type of the group.
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METHODS AND SYSTEMS FOR TRANSPOTATION ANALYSIS AND MANAGEMENT

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority of Chinese Application No. 201810501673.8
filed on June 11, 2019, the entire contents of which are hereby incorporated by

reference.

TECHNICAL FIELD

{0002] The disclosure relates generally to the field of ransportation analysis and

management, and more specifically fo methods and systems for transportation analysis

and management using graph representations of geographic regions.

BACKGROUND

{0003] With the developing of a city, methods are desired for managing and
oplimizing the increased fransportation within the city.  Cities bearing sufficient
similarity on their transportation may be managed via similar strategies. However,
traditionally, cities are grouped in view of their geographic features, administrations,
size, populations, etc.  Such a grouping may not focus on the similarity of
transportation of different cities, and thus be of limited help for making strategies for

managing fransportation of a city.

SUMMARY

{0004] An aspect of the present disclosure provides a method for analyzing and
managing fransportation.  The method may include generating, for each of a plurality of
geographic regions, a first graph representation based on transportation data relating to
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transport activities within the geographic region. The method may also include
obtaining, for any two of the plurality of geographic regions, via a graph kemel based
algorithm, a first similarity indicator measuring a similarity between the first graph
representations of the any two of the plurality of geographic regions.  The method may
further include grouping. based on the first similarity indicators, the plurality of
geographic regions into a plurality of groups.  The method may also include, for each
of the plurality of groups, identifying at least one featured transportation type of the
group and associating a strategy to the group to promote or restrict transport activities
of the at least one featured transportation type of the group.

{0005] In some embodiments, the transportation data may include, for each of the
transport activities, points of interest (POIs}, which correspond to a departure location
and a destination location of the transpaort activily respectively and belong o a plurality
of POl types. The first graph representation may include a pluralily of first vertices and
a plurality of first edges. Each of the plurality of first vertices may represent a POl fype
of the plurality of POl types. Each of the plurality of first edges may represent transport
aclivities between the PQOIs of the corresponding PO! types, and have a weight
associated with at least a number of the transport activities represented by the first
adge.

{0006} In some embodiments, the generating, for each of a plurality of geographic
regions, a first graph representation based on transportation data may include:
generating, based on the transportation data associated with the geographic region, a
second graph representation of the geographic region, wherein the second graph
representation may include a plurality of second vertices and a plurality of second
edges,; selecting the plurality of first vertices from the plurality of second vertices based
on the second graph representation; and generating the first graph representation using

the plurality of first vertices.
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10007] In some embodiments, the selecting the plurality of first vertices may include:
associating a score with each of the plurality of the second vertices. The selecting the
plurality of first vertices may also include, for each of the plurality of second vertices: (i}
obtaining scores of one or more neighbor vertices of a current second vertex, the one or
more neighbor vertices connecting to the current second vertex with one or more
second edges, ({ii) oblaining weights of the one or more second edges; (iif) updating,
based at least on the scores of the one or more neighbor vertices and the weights of the
one or more second edges, the score of the current second vertex; and (iv) repeating
{i}, (i), and {(iiuntil a termination condition is satisfied. The selecting the plurality of
first vertices may further include selecting the plurality of first vertices based on the
scores of the second vertices.

{0008] In some embodiments, the second graph representation may be in a form of
an adjacency matrix. Each element of the adjacency matrix may be a weight of the
corresponding second edge.  The selecting the plurality of first vertices from the
plurality of second vertices may include: obtlaining a stochastic matrix based on the
adjacency matrix; calculating an eigenvector of the stochastic matrix; and selesting the
piurality of first vertices from the plurality of second vertices based on the eigenvector.
{0008] In some embodiments, he identifying at least one featured transporiation
type of the group may include: obtaining a first featured graph representation of the
group; identifying a plurality of transporiation types based on the first featured graph
representation; quantifving each of the plurality of transportation types by associating
the transportation type with a quantified number based at least on weights of edges of
the first featured graph representation associated with the transportation type; and
selecting, from the plurality of transportation types, the at least one featured
transporiation type of the group by ranking the plurality of transportation types based on

the quantified numbers.
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10010] In some embodiments, the method may further include: receiving a
transportation request o initiate a {arget transport activity within a target geographic
region; identifying, from the plurality of groups, a target group of the {arget geographic
region using a classifier, wherein the classifier may be oblained based on the result of
the grouping; identifying, based on at least one POl included in the transportation
request, a target transportation type of the target transport activily; and providing, based
on the strategy associated with the target group and the target transportation type, first
data to a mobile compuling device associated with a vehicle involved in the farget
transport activity, causing the vehicle to be more frequently or less frequently involved in
transport aclivities of the target transportation type.

{0011} In some embodiments, the first data may cause the mobile computing device
to generate a presentation on a display of the mobile computing device. The
presentation may include information to encourage or discourage a user of the mobile
computing device to participate transport activities of the target transportation type.
{0012] In some embaodiments, the vehicle may be an unmanned vehicle controlled
by the mobile computing device. The first dala may modify one or more paramsters of
the mobile computing device to change the cruising manner of the vehicle or o change
a response of the vehicle towards transportation request corresponding to the target
transpartation type.

{0013] In some embodiments, the identifving, from the plurality of groups, a target
group of the target geographic region using a classifier may include: generaling a target
graph representation of the target geographic region based on transportation data
relating to transport activities within the target geographic region, and; oblaining, for
each of the plurality of groups, a second similarity indicator indicating a similarity
between the target! graph representation and a second featured graph representation of

the group; and designating, as the target group, a group of the plurality of groups having
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a highest similanty via the second similarity indicator.

{0014} In some embodiments, the identifying, from the plurality of groups, a {arget
group of the target geographic region using a classifier may include: inpulting
transportation data relating to fransport aclivities within the target city into the classifier.
The classifier may be frained via a machine-leaming algorithm using a training dataset
that is obtained based on the resuit of the grouping.

{0015] In some embodiments, a graph kernel involved in the graph kernel based
algorithm may be a kernel based on walks or paths, or a kernel based on sub-frees.
10016] in some embodiments, the grouping, based on the first similarity indicators,
the plurality of geographic regions into a plurality of groups may include clustering,
hased on the first similarity indicators, the plurality of geographic regions via a clustering
algorithm to obtain a plurality of clusters, each of which corresponds to one of the
plurality of groups.

10017] in some embodiments, the clustering algorithm may be a K-means algorithm,
a hierarchical cluster analysis algorithm, or a graph community detection algorithm.
{0018] According {o another aspect of the present disclosure, a system for analyzing
and managing transportation is provided. The system may include at least one storage
medium including a set of instructions for fraining a learner model, and at least one
processor in communication with the storage medium.  When executing the set of
instructions, the at least one processor may be direcled {o generate, foreach of a
plurality of geographic regions, a first graph representation based on {fransportation data
refaling o transport activities within the geographic region.  The at least one processor
may be directed further {o obtain, for any two of the plurality of geographic regions, via a
graph kernel based algorithm, a first similarity indicator measuring a similarity between
the first graph representations of the any two of the plurality of geographic regions.

The at least one processor may be directed further to group, based on the first similarity
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indicators, the plurality of geographic regions into a plurality of groups. The at least
one processor may be directed further to, for each of the plurality of groups: identify at
ieast one featured fransportation type of the group, and associale, a strategy {o the
group o promote or restrict fransport aclivities of the at least one featured transportation
type of the group.

10016] According vet to another aspect of the present disclosure, a non-transitory
computer readable medium including at least one set of instructions compatible for
analyzing and managing transportation is provided. When executed by at least ong
processor of one or more electronic devices, the at least one set of instructions may
direct the at least one processor to generate, for each of a plurality of geographic
regions, a first graph representation based on fransportation data relating to transport
activities within the geographic region. The at least one processar may ailso be
directed to oblain, for any two of the plurality of geographic regions, via a graph kemel
based algorithm, a first similarity indicator measuring a similarity between the first graph
representations of the any two of the plurality of geographic regions.  The at least one
processor may further be direcled to group, based on the first similarity indicators, the
piurality of geographic regions into a plurality of groups. The at least one processor
may further be directed to, for each of the plurality of groups: identify at least one
featured transportation type of the group; and associate, a strategy to the group to
promote or restrict transport activities of the al least one featured transportation type of
the group.

[0020]  Additional features will be set forth in part in the description which follows,
and in part will become apparent to those skilled in the art upon examination of the
following and the accompanying drawings or may be leamned by production or operation
of the examples. The features of the present disclosure may be realized and attained

by practice or use of various aspects of the methodologies, instrumentalities and
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combinations set forth in the delailed examples discussed below.

BRIEF DESCRIPTIONS OF THE DRAWINGS

{0021] The present disclosure is further described in terms of exemplary
embodiments. These exemplary embodiments are described in detall with reference to
the drawings. These embodiments are non-limiting exemplary embodiments, in which
fike reference numerals represent similar structures throughout the several views of the
drawings, and wherein:

{0022] FIG. 1 is a schemalic diagram illustrating an exemplary transportation
analysis and management system according to some embodiments of the present
disclosure;

{0023] FIG. 2 is a schematic diagram illustrating an exemplary computing device;
10024} FIG. 3 Hlustrates an exemplary transportation analysis module according to
some embadiments of the present disclosure;

10025] FIG. 4 is a flowchart illustrating an exemplary {fransportation analysis process
according to some embodiments of the present disclosure;

{0026] FIG. 5 is a schematic diagram illustrating an exemplary graph according to
some embodiments of the present disclosure;

{00271 FI1G. 6 is a schematic diagram ilfustrating an exemplary undirected edge
according to some embodiments of the present disclosure;

10028] FIG. 7 is a schematic diagram illustrating an exemplary directed edge
according to some embodiments of the present disclosure;

{0029] FIG. 8 is a schematic diagram illustrating an exemplary adjacency matrix of a
graph according to some embodiments of the present disclosure;

{0030] FIG. 9 is a schematic diagram illustrating an exemplary adjacency matrix

including the plurality of first similarity indicators;
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10031] FIG. 10 is a schematic diagram illustrating an exemplary agglomerative
hierarchical cluster analysis clustering algorithm according to some embodiments of the
present disclosure;

{0032] FIG. 11 is a flowchart lustrating an exemplary clustering process according
to some embodiments of the present disclosure;

{0033] FIG. 12 is a schemalic diagram illustrating an exemplary first graph
representation sub-module according to some embodiments of the present disclosure;
{0034] FIG. 13 is a flowchart illustrating an exemplary process for generating a first
graph representation of a city according to some embodiments of the present
disclosure;

{0038] FIG. 14 is a schematic diagram illustrating an exemplary transportation
management module according {o some embodiments of the present disclosure; and
{0036] FIG. 15 is a flowchart llustrating an exemplary transportation management

process according to some embodiments of the present disclosure;

DETAILED DESCRIPTION

{0037] Embodiments of the present disclosure provide methods and systems for
efficient analyzing and/or managing transportation of a plurality of cities. The plurality
of cities may be grouped in view of the transportation to form a plurality of city groups,
and one or more feature transportation types may be identified for each city group. In
some embodiments of the present disclosure, a managing algorithm may be associated
with each of the cily group for managing transportation within the cities of the city group.
{0038] The following description is presented o enable any person skilled in the art
to make and use the present disclosure, and is provided in the context of a parlicular
application and its requirements.  Various modifications to the disclosed embodiments

will be readily apparent to those skilled in the art, and the general principles defined
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herein may be applied to other embodiments and applications without departing from
the spirit and scope of the present disclosure.  Thus, the present disclosure is not
limited {o the embodiments shown, but is to be accorded the widest scope consistent
with the claims.

{0038] The flowcharts used in the present disclosure illustrate operations that
systems implement according to some embodiments of the present disclosure. ltisto
be expressly understood, the operations of the flowcharts may be implemented not in
order. Conversely, the operations may be implemented in inverted order, or
simultaneously. Moreover, one or more other operations may be added to the
flowcharts. One or more operations may be removed from the flowcharts.

{0040] in the following detailed description, numerous spegific details are set forth by
way of examples in order to provide a thorough understanding of the relevant
disclosure. However, it should be apparent to those skilled in the art thal the present
disclosure may be practiced without such details. in other instances, well known
methods, procedures, systems, components, and/or circuitry have been described at a
relatively high-level, without detail, in order to avoid unnecessarily obscuring aspects of
the present disclosure. Various modifications fo the disclosed embodiments will be
readily apparent to those skilled in the art, and the generat principles defined herein
may be applied to other embodiments and applications without departing from the spirit
and scope of the present disclosure. Thus, the present disclosure is not limited to the
embadiments shown, but to be accorded the widest scope consistent with the claims.
10041} The terminology used herein is for the purpose of describing particular
example embodiments only and is not intended o be limiting. As used herein, the
singuiar forms "a”, “an’, and “the” may be intended {o include the plural forms as well,
unless the context clearly indicates otherwise. It will be further understood that the

L Y

terms "comprise”, "‘comprises”, andf/or "comprising”, "include”, “includes”, and/or
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“including”, when used in this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers, steps, operations,
slements, components, and/or groups thereof.

ELI +)

{0042] It will be understood that the term "system,” "unil,” "module,” and/or “blogk”
used herein are one method to distinguish different components, elements, parts,
section or assembly of different level in ascending order. However, the terms may be
displaced by another expression if they achieve the same purpose.

10043] Generally, the word "module,” "sub-maodule,” “unit,” or “block,” as used herein,
refers to logic embodied in hardware or firmware, or 10 a collection of software
instructions. A module, a unit, or a block described herein may be implemented as
software and/or hardware and may be stored in any type of non-transitory camputer-
readable medium or another storage device. In some embodiments, a sofiware
module/unit/block may be compiled and linked into an executable program. It will be
appreciated that software modules can be callable from other modules/units/blocks or
from themselves, andfor may be invoked in response to detected events or interrupts.
{0044] Software modules/units/blocks configured for execution on computing
devices {e.g., processor 210 as ilfustrated in FIG. 2) may be provided on a computer-
readable medium, such as a compact disc, a digital video disc, a flash drive, a magnetic
disc, or any other tangible medium, or as a digital download (and can be originally
stored in a compressed or installable format that needs installation, decompression, or
decryption prior {0 execution).  Such software code may be stored, partially or fully, on
a slorage device of the executing computing device, for execution by the computing
device. Software instructions may be embedded in a firmware, such as an EPROM,
it will be further appreciated that hardware modules/units/blocks may be included in

connected logic components, such as gates and flip-flops, and/or can be included of

1G
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programmabie units, such as programmable gate arrays or processors. The
modulesfunits/blocks or computing device functionality described herein may be
implemented as software modules/units/blocks, but may be represented in hardware or
firmware. In general, the modules/units/blocks described herein refer o logical
modules/units/blocks that may be combined with other modules/units/blocks or divided
into sub-modules/sub-units/sub-blocks despite their physical organization or storage.
The description may be applicable {0 a system, an engine, or a portion thereof.

{0045] It will be understood that when a unit, engine, module or block is referred to
as being “on,” “connected {o,” or "coupled 10,” another unit, engine, module, or block, it
may be directly on, connected or coupled to, or communicate with the other unit,
engine, module, or block, or an intervening unit, engine, module, or block may be
present, uniess the context clearly indicates otherwise. As used herein, the term
"andfor” includes any and all combinations of one or more of the associated listed items.
10046] These and other features, and characteristics of the present disclosure, as
well as the methods of operation and functions of the related elements of structure and
the combination of parts and economies of manufacture, may become more apparent
upon consideration of the following description with reference to the accompanying
drawings, all of which form a part of this disclosure. It is to be expressly understood,
however, that the drawings are for the purpose of illustration and description only and
are nol intended to limit the scope of the present disclosure.

10047] FIG. 1 is a schematic diagram illustrating an exemplary transportation
analysis and management system according to some embodiments of the present
disclogure. System 100 may include a server 110, a network 120, a plurality of
terminal devices 130, a storage device 150, and a positioning system 160.

10048] The server 110 may include a transportation analysis module 111 for

anablyzing transportation of a plurality of geographic regions.  In some embodiments,
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the server 110 may further include a transportation management module 112 to manage
transportation of diferent geographic regions based on the analysis result.

Geographic regions in the present disclosure may generally refer to human settiements,
such as districts, towns, cilies, provinces, or the like, or a combination thereof. The
geographic regions are not limited regions of the same typeflevel.  For example, the
geographic regions of which the transportation is {0 be analyzed may include a town as
a first geographic region and a district of a metropolis as a second geographic region.
{0048] For demonstration purposes and not intended to be limiting, the present
disclosure may be described by way of example with reference to analysis/imanagement
of transportation in different cities.

{0050] The server 110 (or the transporiation analysis modute 111} may collect
transportation data 140 of a plurality of cilies {or geographic regions of any other types)
via the network 120 for analyzing transporiation of the plurality of cities. By performing
the analysis of transportation, the transportation analysis module 111 may group the
plurality cities info a plurality of city groups based on the transportation data.

{00517 In some embodiments, for each of the plurality of city groups, the
transportation analysis module 111 may further identify at least one featured
transportation type of the city group and associate a strategy to the cily group to
promote or restrict the at least one featured transporiation type. The transportation
management module 112 may manage transportation of a city based on the associated
strateqy of the city group the city belongs to.

10052] In some embodiments, based on the grouping resulf, the transportation
analysis module 111 may generate a grouping model for classifying a city into one of the
plurality of city groups. Such a grouping model may be used for classifying an
unknown city (a city not involved in the grouping). To manage fransportation of a target

city, the transportation management module 112 may identify the city group of the target
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city via the grouping model and manage transportation of the target cily based on the
strategy associated to the identified city group.

{0053] The transportation data 140 may include data representing transport activities
of different cities. A transport activity may refer to an activity of {aking things or one or
more passengers from one place 1o another in a vehicle {e.g., a car, a bicycle, a
motorcycle, a fruck, a bus, a boat, a railway vehicle, an aerial vehicle}. The
transportation data 140 associated with one transport activity may be generated by a
terminal device 130 associated with a corresponding vehicle performing the transport
aclivity. For a single transport aclivity, the associated transportation data may include
two point of interests {POls), corresponding to the departure location (or start location)
and the destination location {or ending location}, respectively.  For simplicity, a PO}
corresponding to the departure location may be referred {o as a departure POI, and a
PO corresponding fo the destination location may be referred to as a destination POL
10054] in some embodiments, in situations such as carpool, a vehicle may be
shared by multiple passengers (or goods o be delivered) at the same time, each of
which may have a departure location and a destination location {some of the plurality of
passengers may share a same departure location and/or destination location). The
server 110 may treat the shared transportation performed by the vehicle as a
corresponding number of fransport aclivities, one for each passenger.

{0055] The server 110 may be a single server or a server group.  The server group
may be ceniralized, or distributed {e.q., the server 110 may be a distributed system).
The server 110 may be local or remote.  The transportation analysis module 111 and
the transportation management module 112 may be implemented by a same server or
different servers.

10056] The server 110 may access information and/or data stored in the terminal

device 130, andfor the storage device 150 via the network 120.  In some embodiments,
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the server 110 may be direclly connected 1o the storage device 150 to access stored
information and/or data.  In some embodiments, the server 110 may be implemented
on a cloud platform. Merely by way of example, the cloud platform may include a
private cloud, a public cloud, a hybrid cloud, a community cloud, a distributed cloud, an
inter-cloud, a multi-cloud, or the like, or any combination thereof.

10057] In some embodiments, the server 110 may have a structure the same as or
similar to that of a computing device 200 as illustrated in FIG. 2.  For example, the
server 110 may include one or more processors {e.q., the processor 210) and one or
more storage devices {e.g., the storage device 220, the RAM 240).

{0058]  The network 120 may facilitate the exchange of information andfor data, In
some embodiments, one or more components in the system 140 {e.g., the server 110,
the server 110, the terminal device 130, the storage device 1580, and the positioning
system 160} may send information and/or data to other componenti(s) in the system 140
via the network 120. For example, the server 110 may retrieve {ransportation data 140
from the terminal device 130 or the storage device 150 via the network 120.  in some
embadiments, the network 120 may be any type of wired or wireless network, or a
combination thereof. Merely by way of example, the network 120 may include a cable
network, a wireline network, an optical fiber network, a telecommunications network, an
intranet, the internet, a local area network (LAN), a wide area network (WAN3, a
wireless local area network (WLAN), a public telephone switched network (PSTN]}, a
cellutar network, a Blustooth™ network, a ZigBee network, a near field communication
{NFC) network, or the like, or any combination thereof. in some embodiments, the
network 120 may include one or more network access poinis.  For example, the
network 120 may include wired or wireless network access points such as base stations
{.g., base stations 121 and 122) and/or internet exchange points, through which one or

more components of the system 100 may be connected to the network 120 to exchange
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data and/or information.

{0058] The terminal device 130 may generate the transportation data 140, which
may be transmitied to the server 110 or the storage device 150 via the network 140,
The terminal device 130 may be a mobile compuling device, which may be or may
include a mobile phone 1301, a tablet computer 130-2, a laplop computer 130-3, an
on-board computing device 130-4, or the like, or any combination thereof. In some
embodiments, the terminal device 130 may be or may include a wearable device, a
virfual reality device, an augmented reality device, or the like, or any combination
thereof. The wearable device may include a bracelet, footgear, glasses, a helmet, a
watch, clothing, a backpack, a smart accessory, or the like, or any combination thereof,
The virtual reality device and/or the augmented reality device may include a virtual
reality helmet, a virfual reality glass, a virtual reality patch, an augmented reality helmet,
augmented reality glasses, an augmented realily patch, or the like, or any combination
thereof. For example, the virtual reality device and/or the augmented reality device
may include a Google Glass™, a RifiCon™, a Fragments™, a Gear VR™ stc. In
some embodiments, the on-board computing device 130-4 may include an onboard
computer, television, navigation system, etc.

{0060] In some embodiments, the terminatl device 130 may be a device with
positioning technology for lacating the current position of the terminal device 130. The
terminal device 130 may include a positioning module {e.g., a GPS module) to
communicate with the positioning system 160. The positioning system 160 may
provide the terminal device 130 information on the location and/or movement of the
terminal device 130 {or a vehicle associated with the terminal device 130}, In some
embodiments, the location of the terminal device 130 may be used fo generate the
ransporiation data 140.

{0061] The storage device 150 may store data and/or instructions.  For example,
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the storage device 150 may store a database recording historical data of the server 110.
As another example, the storage device 150 may store data obtained from the terminal
device 130.

{0062] The storage device 150 may include a mass storage, a removable storage, a
volatile read-and-write memory, a read-only memory (ROM), or the like, or any
combination thereof. Exemplary mass storage may include a magnetic disk, an optical
disk, a solid-state drive, etc. Exemplary removable storage may include a flash drive,
a floppy disk, an oplical disk, a memory card, a zip disk, a magnetic tape, efc.
Exemplary volatile read-and-write memory may include a random access memory
{(RAM). Exemplary RAM may include a dynamic RAM (DRAM), a double date rate
synchranous dynamic RAM (DDR SDRAM), a static RAM {SRAM), a thyrisor RAM (T-
RAM), and a zero-capacitor RAM (Z-RAM), etc. Exemplary ROM may include a mask
ROM (MROMj}, a programmable ROM {PROM), an erasable programmable ROM
{EPROM), an electrically-erasable programmable ROM (EEPROM), a compact disk
ROM (CD-ROM), and a digital versatile disk ROM, elc.

{0063] In some embodiments, the storage device 150 may be implemented on a
cloud platform. The storage device 150 may be connected to the network 120 o
communicate with one or more components in the system 100 {(e.g., the server 110, the
terminal device 130). One or more components in the system 100 may access the
data or instructions stored in the storage device 150 via the network 120.

10064] In some embodiments, the storage device 150 may be directly connected to
or communicate with one or more components in the system 100 {e.g., the server 110,
the terminal device 130).

{0065] In some embodiments, the storage device 150 may be part of the server 110.
For example, the storage device 150 may store data and/or instructions that the server

110 may execute or use to perform exemplary methods described in the present
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disclosure.

{0066] The positioning system 160 may determine information on location and
movement of the terminal device 130 {or a vehicle associated with the {erminal device
130). In some embodiments, the positioning system 160 may be a global positioning
system {GPS3), a global navigation satellite system (GLONASS), a compass navigation
system {COMPASS), a BelDou navigation salellife system, a Galileo positioning system,
a quasi-zenith satellite system (QZS8S), etc. The information may include a location, an
elevation, a velocity, or an acceleration of the object, or a currenttime.  The location
may be in the form of coordinates, such as, latitude coordinate and longitude
coordinate, efc. The positioning system 160 may include one or more satellifes, which
may determine the above information independently or jointly.  The positioning system
160 may send the delermined information {o the terminal device 130, or the provider
terminal 140 via the network 120.

100671 By performing the transportation analysis and transportation management
approaches described in the present disclosure, management strategies may be made
according to similarities between transportation siates of different cities, so as to
improve the effect of transportation management.

{0068]  For example, the system 100 may oblain common features (e.g., featured
transpariation type) of different cities {or geographic regions of any other types) in view
of transportation in the cities, no matter the geographic fealures, administration,
population, size, etc, of the cities. Techniques associated with data mining may be
introduced into the transportation analysis to improve the result.  After the
transportation analysis, cities included in the analysis may be grouped into a plurality of
city groups based on their similarity (determined by the systern 100) with each other on
transportation,

10068] For example, the system 100 may group cities within a same country {e.g.,
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Cities 1 to 4) or widsly across the world {e.g., Cities 1 to 17}.  Different cities, no matter
how different in their sizes, population distributions, and geographic locations are, may
be grouped into a same gity group if sufficient similarity is found on their, e.g.,
distribution of fransportation types. A same sirategy or similar strategies may be
adopted for managing transportation of cities belonging 1o the same city group. For
example, cities of the same city group may share at least one featured transporiation
type, and a strategy associated {o the city group may promote or suppress the at least
one featured transportation type.

[0070]  Atype of a transport activity may be defined by types (or labels) of the
corresponding departure PO! andfor the destination POl.  For example, a transport
aclivity having a departure POl labeled as residential district or home and a destination
POl labeled as industrial district or work may have a type of commute. As anocther
example, a transport activity having a destination PQI labeled as entertainment district
may have a type of entertainment.  Still as another example, a transport activity having
a destination POI labeled as airport or railway station may be labeled as journey. itis
noted that, the above cases are just for demonsiration purposes, and actual cases may
be much more complicated. For example, the types of POls (or be referred to as POI
types) may be very detail and huge on number. Exemplary POl types may include
shopping, scenic spot, hotel, neighborhood, food, entertainment, education, library,
religion, health service, entity, transportation junction, emergency, elc.

Correspondingly, the number of types of transport activities (or be referred {0 as
transportation types) may be enormous.

{0071} The above exemplary POI types may be further divided into subordinate PO}
types. For example, a superior POl type of entertainment may be further divided info
subordinate PO! types such as club, amusement park, teahouse, sports field, theater,

gym, etc. i some embodiments, a subordinate PO! type may further include time
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information. For example, a POI type of enterfainment may be further divided into
subordinate PO types such as entertainment at daytime, entertainment at night,
entertainment at workday, entertainment at weekends, all the like, or 2 combination
thereof.

{0072] The system 100 may be implemented in various application scenarios.
Exemplary scenarios are described below, which are only for demonstration purposes
and not intended to be Emiting.

{0073] In some embodiments, the system 100 may act as a navigation system,
which may, in response to a navigation request {e.g., transmitted via the terminal device
130}, determine a route for guiding a vehicle (manned vehicle or unmanned vehicle)
from a departure location to a destination location indicated by the navigation request.
The departure locations and the destination Jocations of historical navigation requests of
different cities may be stored in the slorage device 150, and may be refrieved by the
server 110 as at least part of the transportation data 140 for grouping different cities into
a plurality of city groups, each of which may be associated with a different route
determination strategy. Then to determine a route in a city, the navigation system may
be configured to identify its city group, and then use a corresponding route
determination strategy to determine the route.  Such a route determination approach
may take the transportation type distribution of the city into consideration, and may
avoid potential traffic jams caused by certain transportation type.

10074] In some embodiments, the server 110 may act as an online-to-offline
transportation service platform.  Via the online-to-ofiline transportation service platform,
a user may send a service request {e.g., transmitted via the terminal device 130} for
carrying the user or goods ordered by the user from a departure location o a
destination location, and a transportation service provider {e.g., a driver) may accept a

service request and profit by performing the transport activity indicated by the accepted
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service request. The departure locations and the destination locations of historical
service requests may be stored in the storage device 150, and may be retrieved by the
server 110 as at least part of the transportation data 140 for grouping different cities into
a plurality of city groups. Each of the plurality of city groups may be associated with a
different incentive strategy, which may encourage or discourage a transporiation service
provider {o accept service requests of certain transportation type{s). The service
providers may then be more frequently or less frequently driving around a place where
the encouraged or discouraged service requests are more easily 1o receive, thereby to
facilitate users in different cities to get driving services more easily and/or optimize the
transportation states of different cities.

{0075] In some embodiments, the transportation service providers in the above case
may be unmanned vehicles. Different unmanned vehicles may have different cruise
routes or cruise regions. Each city group may then be associated with a different
control strategy, which may be used 1o determine cruise routes or cruise regions of
unmanned vehicles in a cily. By adopting different control strategies to determine
cruise routes or cruise regions of unmanned vehicles in cities having different
transporiation type distributions, the unmanned vehicle may be more frequently or less
frequently cruising around a place where the encouraged or discouraged service
requests are more easily 1o receive.

{0076] In some embodiments, the server 110 may act as a government
transportation management system. The management system may record running
data or location data of a plurality of vehicles (manned or unmanned) in the storage
device 150. The depariure locations and the destination locations in the recarded dala
may be retrieved by the server 110 as at least part of the {ransporiation data 140 for
grouping different cities {or different districts of one or more cifies) into a plurality of city

groups. The management system may identify at least one featured transportation
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type of each group and may generate a corresponding report.  The report may facilitate
the government {o make development plan of one or more cities. For example, a
traffic-facilities-construction plan of a city may be made according to another cily in the
same city group.

{0077] it may be noted that, the above descriptions about system 100 are only for
lustration purposes, and not intended {o limit the present disclosure.  H is understood
that, after leaming the major concept and the mechanism of the present disclosure, a
person of ordinary skill in the art may alter system 100 in an uncreative manner. The
alteration may include combining and/or splitling componenis of the system 100, adding
or removing optional components, etc. The system 100 may ailso have other
application scenarios.  All such modifications are within the protection scope of the
present disclosure,

{0078] FIG. 2 is a schematic diagram illustrating an exemplary computing device.
Computing device 200 may be configured o implement the server 110, and perform one
or more operations disciosed in the present disclosure. The computing device 200
may be configured 1o implement various modules, units, and their functionalities
described in the present disclosure.

{0079] The computing device 200 may include a bus 270, a processor 210 {or a
plurality of processors 210), a read only memory (ROM) 230, a random access memory
{RAM) 240, a storage device 220 {e.g., massive storage device such as a hard disk, an
optical disk, a solid-state disk, a memory card, efc.), an input/output (110} port 250, and
a communication interface 260. It may be noted that, the architecture of the computing
device 200 Hlustrated in FIG. 2 is only for demonstration purposes, and not intended fo
be limiting. The computing device 200 may be any device capabie of performing a
comptitation,

{0080] The bus 270 may couple various components of computing device 200 and
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facilitate transferring of data and/or information between them. The bus 270 may have
any bus structure in the art.  For example, the bus 270 may be or may include a
memory bus andfor a peripheral bus. The VQ port 250 may allow a transferring of data
andior information between the bus 270 and one or more other devices (e.g., a touch
screen, a keyboard, a mouse, a microphone, a display, a loudspeaker). The
communication interface 260 may allow a transferring of data and/or information
between the network 130 and the bus 270. For example, the communication interface
260 may be or may include a network interface card (NIC}, a Bluetooth™ module, an
NFC module, efc.

{0081]  The ROM 230, the RAM 240, and/or the storage device 220 may be configured
to store instructions that may be executed by the processor 210.  The RAM 240, andlor
the storage device 220 may also store data andlor information generated by the
processor 210 during the execution of the instruction.

10082] The processor 210 may be or include any processor in the art configured to
execute instructions stored in the ROM 230, the RAM 240, and/or the storage device
220, so as to perform one or more operations or implement one or more modules/units
disclosed in the present disclosure. Merely by way of example, the processor 210 may
include one or more hardware processors, such as a central processing unit (CPU), an
application-specific integrated circuit (ASIC), an application-specific instruction-set
processor {ASIP), a graphics processing unit {GPU), a physics processing unit (PPU}, a
digital signal processor (DSP), a field-programmable gate array (FPGA), a
programmabie logic device (PLD), a controller, a microcontrolier unit, a reduced
instruction-set computer (RISC), a microprocessor, or the like, or any combination
thereof.

{0083] In some embodiments, one or more of the components of the computing

device 200 may be implemented on a single chip. For example, the processor 210, the
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ROM 230, and the RAM 240 may be integrated into a single chip.

{0084] In some embodiments, one of the /O port 250 and the communication
interface 260 may be remaved from the computing device 200,

{0085] The computing device 200 may be a single device or include a plurality of
computing devices having a same or similar architeciure as lustrated in FIG. 2. In
some embodiments, the computing device 200 may implement a personal computer
{PC) or any other type of work station or terminal device. The computing device 200
may also act as a server if appropriately programmed.

10086] FIG. 3 illustrates an exemplary transportation analysis module {(transportation
analysis module 300) according to some embodiments of the present disclosure. The
transportation analysis module 300 may be implemented by the server 110 to analyze
transportation of a plurality of cities via a process illustrated in FIG. 4 or an embodiment
thereof. The transportation analysis module 300 may include a first graph
representation sub-module 310, a simifarity indicator sub-module 320, a grouping sub-
module 330, a ransportation type identification sub-module 340, a strategy sub-module
360, a report sub-module 370, and a classifier sub-module 380.

{0087] The first graph representation sub-module 310 may generate, for each of a
plurality of cities, a first graph representation based on transportation data relating to
transpart activities within the city.

{0088] The similarity indicator sub-module 320 may obtain, for any two of the
plurality of cities, via a graph kernel based algorithm, a first similarity indicator
measuring a simitarity between the first graph representations of the any two of the
plurality of cities.

{0088]  The grouping sub-module 330 may group, based on the first similarity
indicators, the plurality of cities into a plurality of city groups.

{0090] The transportation type identification sub-module 340 may identify, for each
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of the plurality of city groups, at least one featured transportation type of the city group.
{0091] The strategy sub-module 350 may associate, for each of the plurality of city
groups, a strategy fo the city group 1o promaote or restrict the at least one featured
transportation type of the city group.

10082] The report sub-module 360 may generate a report including the plurality of
city groups and the featured transportation types of the plurality of city groups.

{0093] The classifier sub-module 370 may generate a classifier based on the result
of the grouping performed by the grouping sub-module 330,

[0004] The functions and operations of the sub-modules of the transportation
analysis module 300 may be further described in connection with FIG. 4.

{0095] In some embodimentis, one or more or the strategy sub-module 3640, the
report sub-module 370, and the classifier sub-modutle 380 may be removed from the
transporiation analysis module 300.

10096] it may be noted that, the above descriptions about the transportation analysis
module 300 are only for llusiration purposes, and not intended {o limit the present
disclosure. His understood that, after learning the major concept and the mechanism
of the present disclosure, a person of ordinary skill in the art may alter the transportation
analysis module 300 in an uncreative manner.  The alteration may include combining
and/or splitting sub-modules, adding or remaoving optional sub-modules, etc.  All such
modifications are within the protection scope of the present disclosure.

10097] FIG. 4 is a flowchart illustrating an exemplary fransportation analysis process
{process 400} according fo some embodiments of the present disclosure.  The process
400 may be performed by the transportation analysis module 300 {o analyze
transportation of different cities.  In some embodiments, one or more operations of the
process 400 Hustrated in FIG. 4 may be implemented in the system 100 illustrated in

FIG. 1. For example, the process 400 Hlustrated in FIG. 4 may be stored in a storage
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device {(e.g., the RAM 240, the storage device 220} in the form of instructions, and
invoked and/or executed by one or more processors {e.g., the processor 210)
implementing the corresponding sub-modules of the transportation analysis module
300.

{0088] For demonstration purposes and not intended {o be limiling, the process 400
may be described in connection with FIGs. 510 11.  Unless otherwise noted, the same
symbois or parameters in the descriptions of the FiGs. 4 to 11 may hold the same
meaning.

10009] in 410, the first graph representation sub-module 310 may generate, for each
of a plurality of cities {e.g., at least two cities), a first graph representation based on
transportation data {e.g., transportation data 140) relating to transport activities within
the city. The transportation data may include or record a plurality of fransport activities
within the cily initiated within a predetermined time period {(e.g., a day, a week, two
weeks, a month, three months, six months, a year). Each of the plurality of fransport
activities may include a departure POI and a destination POl.  The POis included in the
transporiation data may belong fo a plurality of POI types (e.g., as described in
connection with FIG. 1).

{0100] The transporiation data may be related o a navigation system, an online-to-
offline transportation service platform, a government transportation management
system, etc. The first graph representation sub-module 310 may obtain the
transporiation data from one or more local storage devices {e.q., the storage device
220, the RAM 240) and/or one or more online storage devices (e.q., the storage device
150) via the network 120,  Alternatively or additionally, the first graph representation
sub-module 310 may obtain the transportation data from one or more terminal devices
130.

10101] According o the transport activities included or recorded in the fransportation
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data, the first graph representation sub-module 310 may generate first graph
representations of the plurality of cities.  In the present disclosure, a graph
representation may refer (o a weighted and labeled graph or a data form of the graph.
FIG. 5 is a schematic diagram Hllustrating an exemplary graph {graph 500) according fo
some embodiments of the present disclosure.

10102} Generally, a graph may include a plurality of vertices {e.g., vertex 510} and a
plurality of edges {e.g., edge 520). The number of the plurality of vertices and the
number of the plurality of edges may be fwo or more. A vertex of the graph may
represent one of the set of objects, and an edge may represent a “relationship” between
a pair of related objects in the set of objects. Each of the plurality of edges may be
associated with a weight serving as a metric of the strength of the “relationship”.
Depending on the problem to be solved with the graph, vertices and edges of the graph
may have various actual meanings.

10103] in the present disclosure, a vertex of a graph may represent a POl type (e.g..
POl type 1 to POl type 10 llustrated in FIG. 10).  For example, the graph may include
a look-up table and/or a mapping function to label each vertex {i.e., to build an
association between the gach vertex and the corresponding POl fype). Anedge ofa
graph may represent transport aclivities {recorded or included in the transportation data)
between PQls of the POl types represented by the vertices connected by the edge.
Each edge of a graph may has a weight associated with at least the number of the
transport aclivities represented by the edge. For example, the weight may be a
measure of the amount of transport aclivities represented by the corresponding edge,
such as the total number of transport activities represented by the edge. ltis
understood that, the number of vertices {or POI types) may be set based on the
fransportation data or according 1o actual needs, and is not limited to ten as ilustrated in

FIG. 5. In some embodiments, the number of vertices may be in a range of [10, 200}
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in some more preferable embodiments, the number of vertices may be in a range of [60,
1801

{0104] In the present disclosure, a graph representation may be an undirected graph
or a directed graph. An edge (or be referred to as an undirected edge) of an
undirected graph may not include valid information on directions of the associated
transport activities, while an edge (or be referred to as a directed edge) of a directed
graph may further include information on directions of the associated transport activities.
{0105] FIG. 6 is a schematic diagram illustrating an exemplary undirected edge
according to some embodiments of the present disclosure. A pair of vertices 610 and
615 may be connected by an undirected edge 620. The vertex 610 may represent a
POI type A, which may be associated with a first plurality of POls.  The vertex 620 may
represent a POI type B, which may be associated with a second plurality of POls. The
undirected edge 620 may represent transport aclivities between any one of the first
plurality of POls and any one of the second plurality of POIs, no matier the directions of
the transport activities.

10106] Transport activities from any one of the first plurality of PQOls to any one of the
second plurality of POls or from any one of the second plurality of POls to any one of
the first plurality of POls may be used (e.g., by the first graph representation sub-
module 310) for computing a weight associated with the undirected edge 620. For
example, the weight may be the fotal number of fransport aclivities represented by the
undirected edge 620, a ratio of the {otal number of transport activities represented by
the undirected edge 620 to the total number of transport activities involved in the whole
graph, a ratio of the total number of transport activities represented by the undirected
edge 620 to the mean of the number of transport activities of each edge, eic.

101071 FIG. 7 is a schematic diagram illustrating an exemplary directed edge

according to some embodiments of the present disclosure. A pair of vertices 710 and
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715 may be connected by a directed {or griented) edge 720 directed from the vertex
710 to the vertex 715.  The vertex 710 may represent a POI type C, which may be
associated with a third plurality of POls. The vertex 715 may represent a POl type D,
which may be associated with a fourth plurality of POls. The directed edge 720 may
only represent transport activities from any one of the third plurality of POls o any one
of the fourth plurality of POls.  With respect to the directed edge 720, the vertices 710
may be referred to as a departure vertex, while the vertex 715 may be referred o as a
destination vertex.

10108] When there are one or more transport activities from any one of the fourth
plurality of POls to any one of the third plurality of POls, another directed edge 725
directed from the vertex 715 {o the vertex 710 may be used to represent such {ransport
activities, With respect to the directed edge 725, the vertices 715 may be referred to
as a departure veriex, while the veriex 710 may be referred to as a destination vertex.
1010¢] Transport activities from any one of the third plurality of POls to any one of
the fourth plurality of POls may be used (e.g., by the first graph representation sub-
module 310} for computing a weight associated with the directed edge 720. For
exampie, the weight may be the total number of fransport activities represented by the
directed edge 720, a ratio of the total number of fransport aclivities represented by the
directed edge 720 1o the tolal number of transport aclivities involved in the whole graph,
a ratio of the total number of fransport activities represented by the directed edge 720 to
the mean of transport activities for each edge, a ratio of the total number of transport
activities represented by the directed edge 720 to the total number of transport activities
starting from any one of the third plurality of POls, elc. Similarly, a weight associated
with the directed edge 725 {if any) may be computed using transport activities from any
one of the fourth plurality of PQOls to any one of the third plurality of POls.

10110] The transportation analysis module 300 may use various data structures fo
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store weights of the graph.  in some embodiments, the transportation analysis module
300 may use an adjacency malrix {o store weighis of a graph.  In the present
disclosure, an adjacency matrix of a graph may be directly used to refer 1o the
corresponding graph.

{0111] FIG. B is a schematic diagram illustrating an exemplary adjacency matrix of a
graph according to some embodiments of the present disclosure.

{0112] The adjacency matrix 4 illustrated in FIG. 8 may represent a graph &
including N vertices where N is an integer above 2. The rows and columns of the
adjacency matrix 4 may represent the N vertices. Arow and a column having the
same index number may represent a same vertex. The adjacency matrix 4 may store
weights of the edges of the corresponding graph.  As iflustrated in FIG. 8, a weight w;;
may correspond fo an edge (i,/) starting from the ith vertex V, {o the jth vertex V,,
where [ and j are integers between 1 and ¥. When there is no edge starting from the
vertex V; to the vertex V; in the graph, the weight w;; in the adjacency matrix 4 may
be zero.

{0113] According {o actual needs, the graph G may be an undirected graph or a
directed graph. For an undirected graph, edge (i /) and edge {/.i} may represent the
same edge (e.g., edge 620}, and w; ;=w;;. For a directed graph, edge ({i,j} and edge
{/,) represent different edges {e.g., edges 720 and 728), and w;; and w;; may be
obtained based on the transportation data, respectively.

{0114] Referring back to FIG. 4.  During the operation 410, the first graph
representation sub-module 310 may generale, based on the transportation data, a
graph representation Gy, fora dth city of the plurality of cities, where d is an integer
between 1 and the total number D of the plurality of ciies. The graph representation
Gqo may be an undirected graph or a directed graph. The graph representation Gy,

may have, for example, N vertices corresponding to N POl types. Insome
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embodiments, N may be in a range of {10, 200}

{0115] In some embodiments, the graph representation G,, may have a data form
as an adjacency matrix 44,. The size of the adjacency matrix Ay, may be NXN.
The ith {15 { 5 N)row or column of the adjacency matrix 4, may correspond to the
ith vertex V; of the graph reprasentation G, 4, which may in turn correspond to the ith
POl type of the ¥V POl fypes. Such a correspondence may be in the formof a
mapping function and/or a look-up table associated with the adjacency matrix A,,.

The mapping funclion and/or the look-up table may be predetermined and included in
the graph representation Gg,.

{0116] To generate the adjacency malrix 4,, of the dth city, the first graph
representation sub-module 310 may generate a blank matrix 4, having the size of ¥ X
N. The blank matrix 4, may be the initial version of the adjacency matrix 4,,, and be
associated with a predetermined mapping function and/or look-up table to label the N
vertices of the graph representation G,,. The weights stored in the blank matrix may
have initial values such as C.  After oblaining, from the transportation data, data on a
departure POl P, and a destination POl P,,, of an nth transport activity in the dth
city included in the transportation data, where n s an integer between 1 and the total
number T, of transport activities in the dth city, the first graph representation sub-
module 310 may identify (e.q., via the look-up table and/or the mapping function of the
graph) that the departure POl P, corresponds to, e.g., the vertex V; of the graph
representation G, and the destination POl Py, corresponds 1o, e.g., the vertex V; of
the graph representation G,,. The first graph representation sub-module 310 may
then update a count ¢ ; of transport activities associated with an edge (i,j) of the graph
representation Gy . After processing all the T,; transport activities accordingly in the
dth city, the first graph representation sub-module 310 may obtain a weight {(e.g., w; ;)

for each edge of the graph representation G,, based on the corresponding count (e.g.,
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¢i;)-  The first graph representation sub-module 310 may store the obtained weights
into the blank matrix 4, to generate the adjacency malrix Agq.

{0117} In some embodiments, the count ¢;; may directly serve as the weight w;;
and may be initially stored in the matrix 4,. Each lime the first graph represeniation
sub-module 310 update a count (e.g.. ¢;;} associated with an edge (e.g., edge {i,j}} of
the graph, the adjacency malrix 4,, may be updated accordingly.

{0118] In some embodiments, the graph representation G,, may directly serve as
the first graph representation G, of the dth city and be subjected to the subsequent
analysis.

{0119] In some embodiments, the graph representation G, , may serve as an
original graph representation of the dth city. The first graph representation sub-
module 310 may further process the graph representation G, 1o generate the first
graph representation G, of the dth city.

10120] in some embodiments, first graph representation sub-module 310 may
process the original graph representation &, via a processing pipeline to generate the
first graph representation G, of the dth city. The processing pipeline may include a
piurality of sequential processing operations. For example, the first graph
representation sub-module 310 may generate an intermediate graph representation
based on the graph representation &, , or an upstream intermediate graph
representation via a corresponding processing operation, and then process the
intermediate graph representation via a sub-sequent processing operation to generate
the first graph representation ¢, of the dth city or a downstream intermediate graph
representation.

{0121] For simplicity, in the present disclosure, an original graph representation or
an intermediate graph representation may be referred 10 as a second graph

representation. Exemplary operations for processing a second graph representation to
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generate the first graph representation &; or another second graph representation are
described as following, which are for demonstration purposes only and not intended fo
be limiting. The operations described as following may be optionally performed in
accordance with the algorithm(s) adopted in one or more subsequent operations of the
process 400.

10122} In some embodiments, to obtain the first graph representation of the dth city,
the first graph representation sub-module 310 may remove loops {if any) of a second
graph representation Gx,; of the dth city {i.e., an original graph representalion or an
intermediate graph represeniation). A loop may be an edge {e.q., edge (i,i}} starting
from and ending at the same vertex {.g., the veriex V;), which may correspond to
transport activities whose departure PO1 and destination POl belonging to the same PO
type. The first graph representation sub-module 310 may detect icops by detecting
non-zero diagonal weights (e.g., wy;) in, for example, the adjacency matrix dxy of the
second graph representation Gxy.

{0123] In some embaodiments, upon a detection of a non-zero diagonal weight, the
first graph representation sub-module 310 may set the detected non-zere diagonal
weight of the adjacency matrix Ax,; as zero to directly remove the corresponding loop,
thereby obtaining a new adjacency matrix 4,,. The adjacency matrix 4,, may
correspond {o a new graph representation &y, which may serve as the first graph
representation &, of the dth cily or an intermediate graph representation {another
second graph representation) of the dth city.

10124] In some embodiments, upon a detection of a non-zero diagonal weight, the
first graph representation sub-module 310 may sphit the vertex where the corresponding
foop exists to eliminaie the detected loop.  For instance, the vertex to be split may
correspond to a superior POI type Po, which may include or be divided into subordinate

PO1 types such as POl types P+ and P2, Belore the vertex is split, fransport activities
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having a departure POI corresponding to the PO{ type P+ and a destination POI
corresponding to the POl type Pz may cause a loop at the vertex.  Such a loop may be
eliminated after the vertex is split into at least a vertex corresponding to the POl type P4
and a vertex corresponding o the POl type P2, By splitiing the vertex having a loop
instead of directly removing the loop, more information on transport activities of the dth
city may be retained in the graph.

{0125] For example, before one or more vertices are split, the second graph
representation Gxy; may have N vertices and the adjacency matrix dx,; maybean N
AN adjacency matrix. After one or more vertices of the N vertices are splifinto a
plurality of new vertices, the graph representation G,, obtained thereby may have M
vertices (M is an integer larger than Nj, and the adjacency matrix 4., of the graph
representation G, , may have a size of M X M. Accordingly. the look-up table andfor
the mapping function associated with the graph representation G4, may further include
associations between the plurality of new vertices and thelr corresponding POl types,
and optionally exclude the associations between the one or more split vertices and their
corresponding POl types. The first graph representation sub-module 310 may obiain
weights associated with the new vertices and store the weights in the corresponding
positions in the adjacency matrix 4,,. The graph representation Gy, may serve as
the first graph representation G, of the dth city or an intermediate graph representation
{another second graph representation} of the dth city.

10126] The removing of loops (if any) may be performed when, for example the
graph kernetl based algorithm adopted in the operation 420 is not compatible with
graphs having loops, one or more processing operations in the processing pipeline for
generating the first graph representation ¢, require to be performed on or have a
better performance on graphs without loop, the result of grouping in the operation 430 is

to be optimized, etc. Otherwise, the removing of loops may be skipped or omitled.
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10127] In some embodiments, {0 generate the first graph representation ¢, of the
dth city, the first graph representation sub-module 310 may select [ vertices from
vertices of a second graph representation Gx, of the dth city, which may have a data
form as, for example, an adjacency matrix Ax,, where L is an inleger between 2 and
the total number (e.g., N, M) of the vertices of the second graph representation Gx,.

L may be a predetermined number or may depend on the resulf of the selection. In
some embodiments, L may be in a range of {10, 30]. The first graph representation
sub-module 310 may form a graph representation G, ; of the dth city using the
selected L vertices, which may have a data form as, for example, an adjacency matrix
Ay a-

{0128] In some embodiments, the first graph representation sub-module 310 may
select the L vertices by ranking the vertices of the second graph representation Gx,; in
view of their importances {or contributions) to the transport activities in the dth city.

For example, the first graph representation sub-module 310 may compute, for each
vertex of the second graph representation Gxy, the sum of transport activities starting
from andfor ending at POls associated with the vertex or compute the sum of weights of
edges starting from and/or ending at the vertex as a metric of the importance of the
vertex, and then select the most important L vertices.

{0126] In some embodiments, the first graph representation module 310 may
generaie the first graph representation via a process including a selection of verlices as
fllustrated in FIG. 13.  Correspondingly, the first graph representation module 310 may
have a structure as lustrated in FIG. 12,

{0130] According {o the graph kernel based algorithm {o be adopted in the next
operation 420, the adjacency matrix 4,5, may still maintain the same configuration of
the adiacency matrix Ax; or nol.

{0131] In some embodiments, the adjacency matrix A, ; may still maintain the same
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configuration of the adjacency matrix Ax,;. For example, the first graph representation
sub-module 310 may generate the adjacency malrix 4,4 by setlting the weights in the
rows and columns of the adjacency matrix dx, corresponding to the vertices other than
the L selected verlices as zeroes. The weights in the rows and columns
corresponding to the L selected vertices may be maintained the same or be updated
accordingly. As a result, same indexed rows/columns of the adjacency matrix 4,

and the adjacency matrix Ax,; may represent a same POl type, and the look-up table
and/or mapping function associated with the adjacency matrix A;; may be the same
as the look-up fable and/or mapping funclion associated with the adjacency matrix Axy.
{0132] In some embodiments, the adjacency matrix 4,; may have a configuration
different from that of the adjacency matrix Ax,;. For example, the size of the adjacency
matrix 4,5 may be reduced to LXL. The first graph representation sub-modtule 310
may generate the adjacency matrix Ay, by removing the rows and columns of the
adjacency matrix dx, corresponding to the verlices other than the L selecled vertices,
or by generating a new L L matrix using weights in the rows and columns of the
adjacency maltrix Ax, corresponding {o the L selected vertices. The weighis in the
rows and columns corresponding o the L selected vertices may be maintained the
same of be updated accordingly. The look-up table and/or mapping function
associated with the adjacency matrix 4,4 may also be updated accordingly.

{0133]  The graph representation G,; may serve as the first graph representation
G, of the dth city or an intermediate graph representation (another second graph
representation) of the dth city. The selection of vertices may be performed to reduce
the consumption of computing resources and the time cost of one or more subsequent
operations such as the operation 420, and/or to improve the result of the grouping in the
operation 430, In some embodiments, the selection of vertices may also be skipped or

omitted when the consumption of the computing resources and/or the time cost is out of
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concern.
{0134] In some embodiments, to generate the first graph representation G, of the
dth city, the first graph representation sub-module 310 may normalize an adjacency
matrix Axg of a second graph representation Gx,; of the dth city, so as to generale a
normalized adjacency matrix 4,,. In some embodiments, the normalized adjacency
matrix 4, may be a stochastic matrix satisfying that the sum of weights of each non-
zero row {a row including at least one weight that is not zero) of the adjacency matrix
44 s equalto 1. Such an adjacency matrix Ay, may describe transiion probabilities
of the fransport activities in the dth city.

{0135] The adjacency matrix 4., may correspond fo a graph representation Gg,,
which may serve as the first graph representation G of the dth city or an intermediate
graph representation (another second graph representation) of the dth city. The
normalization may be performed, for example, when the graph kernel based ailgorithm
adopted in the operation 420 requires to be performed or has a betler performance on
normalized adjacency matrixes, one or more processing operations in the processing
pipeline for generating the first graph representation ¢, require to be performed on or
have a better performance on normalized adjacency matrixes, the result of grouping in
the operation 430 is to be optimized, etc. Otherwise, the normalization may be omitted
or skipped.

{0136] In some embodiments, to generate the first graph representation G, of the
dth city, the first graph representation sub-module 310 may convert a directed second
graph representation Gx, of the dth city to an undirected graph representation G;5.

in some embodiments, the directed second graph representation Gx; may have a dala
form of an asymmetric adjacency matrix Ax,, and the undirected graph representation
Gq5 may have a data form of a symmetric adjacency matrix 4,:. To generate the

adjacency matrix Ay 5, the first graph representation sub-module 310 may compute a
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sum Sw;; of weights w;; and w;; of the adjacency matrix Ax,, and set the sum Sw;;

l

as both of weights w; ;" and w;;" of the adjacency matrix A,s.

{0137] The graph representation G4 may serve as the first graph representation
Gy of the dih cily or an intermediate graph representation (another second graph
representation) of the dth city. The conversion may be performed, for example, when
the graph kernel based algorithm adopted in the operation 420 requires to be performed
on or has a better performance when treating symmetric adjacency matrixes, while one
of more processing operations in the processing pipeline for generating the first graph
representation £, require 1o be performed on or have a betier performance on
asymmetric adjacency matrixes {e.g., the selection of vertices), efc. Otherwise, the
conversion may be omitted or skipped.

{0138] It is understood that, the above second graph representation Gx, may be
any reascnable one of the graph representations Gy, Ggy, Gas Gga @nd Gys. The
second graph representation Gxy; may also be another intermediate graph
representation obtained by processing any reasonable one of the graph representations
of Gyp, Ggy, Gya. Gaa. @0d Gy via a processing operation not described in the
present disclosure.  In some embodiments, a processing pipeline for generating the
first graph representation G, of the dth city may include a same operation for muttiple
times. For example, a pracessing pipeline for generating the first graph representation
G4 may include two normalization operations, one is for generating an intermediate
graph representation upon which a selection of vertices is performed, the other one is
for generating the final first graph representation 6.

{0139] In some embodiments, the graph kernel based algorithm adopted in the
operation 420 may require that the first graph representations of the plurality of cites,
e.¢., in the form of adjacency matrixes, share the same configuration, then a same

process or similar processes may be used for obtaining adjacency matrixes of all the
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plurality of cities. For example, the graph kernel based algorithm may require that the
adjacency matrixes of all the plurality of cites have the same size {8.g., N xXN}and
vertices represented by the same indexed rows/columns of the adjacency matrixes
correspond to the same PO type (L.e., the same mapping functionflock-up table is
associated with all the adjacency matrixes). Alternatively, the graph kernel based
algorithm adopted in the operation 420 may not have such a requirement, and the first
graph representations of the plurality of cities may share a same configuration or have
different configurations.
10140] in 420, the similarity indicator sub-module 320 may obtain, for any two of the
plurality of cities, via a graph kernel based algonthm, a first similarity indicator
measuring the similanity between the first graph representations of the any two of the
plurality of cities.
{0141] The graph kernel based algorithm may involve a kernel {or kernel function)
K;. Viathe kernel K., the similarity indicator sub~-module 320 may obtain a first
similarity indicator 5., indicating a similarity between the first graph representation &,
of the xth city and the first graph representation G, of the yth cily in the plurality of
cities by:

sy = Ke{G Gy),  Function (1)
where x and y are integers between 1 and the total number of the plurality of cities
{e.g.. D). Insome embodiments, the first graph representations G, and G, may be in
the form of adjacency matrixes. In some embodiments, the mapping functions (if any)
of the first graph representations @, and G, for labeling the vertices may also be part
of the input of the kermel K.
{0142] By trealing the first graph representations of each pair of the plurality of cites
with the kernel K, the similarity indicaior sub-module 320 may obtain a plurality of first

similarity indicators.
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10143] The kernel K; may be a graph kermnel, a combination of multiple graph
kernels {which may also be referred to as a graph kernel or be referred o as a
synthesized graph kernel), or a combination of a graph kernel and a transformation
function {g.g., in a nested manner).

{0144] In some embodiments, the kernel K; may be a graph kemnel based on walks
and paths {e.g., a random walk kernel or a variant thereof), a graph kemel based on
subtrees, or the like, or a combination thereof. A graph kernel based on walks or paths
{e.g., a random walk kernel or a variant thereof, a shorest-paths kernel or a variant
thereof) may compare walks or paths in two input graphs, where a walk is a sequence
of vertices in a graph that allow repetitions of vertices and a path is a walk that consisis
of distinct vertices only.  For example, a random walk kernel may count all pairs of
matching walks in the fwo input graphs as a metric of the similarity of the two input
graphs. A graph kernel based on sub-trees (e.g., a Weisfeiler-Lehman (W-L) kernel)
may compare sub-trees of two input graphs, where a sub~tree is a sub-graph that has
no cycles (formed by a series of end-to-end connected edges) bt a designated root
veriex and thus may be seen as a connected subset of distinct vertices of the
corresponding graph with an underlying tree structure.  For example, a graph kernel
based on sub-trees, such as a W-L kernel, may count all pairs of matching sub-trees in
the two input graphs as a metric of the similarity of the two input graphs.

{0145] It is understood that, any kernel that is based on graph and measures the
similarity of two input graphs {e.g., the first graph representations of the plurality of
cities) may be used herein {o obtain the first similarity indicator,  In some embodiments,
the input graphs G, and G, may be in the form of adjacency matrixes having the same

configuration, and the graph kernel K; may have a form of:
Ko(Gy Gy ) = FE g{wye; —wyiy)). Function (2)

where [ and g are predetermined functions properly configured so that the kemel K
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satisfies standards of a well-defined kernel function {e.g., symmetric (K{G,, G},) =

K{(G,, Gy )}, positive-semidefinite (p.s.d)), wy; and w,; are corresponding weights in
the adjacency matrixes of the input graphs 6, and G,, { and j are integers between 1
and the fotal number of rows/columns of the adjacency matrixes {e.g., N, M, L}.
{0146] In some embodiments, the kernel K; may be a combination of multiple
graph kerneils. For instance, the kernel K, may have a form of:

Ko{Gy, 6) = 2, K (G, Gy ) + 3K (Gy, Gy ) + - + a0y K {6, Gy}, Function (3)
where Z is an integer equal to or more than 2, K . K,.....K; are different graph kernels
{e.g., a random path kernel, a W-L kernel, a shortest paths kernel, a kernel comply with
the Function (2}}, and a4, a,,..., a; are predetermined coefficients associated with the
graph kerneils K,,K,,....K;. In some embodiments, a; + a2 + -+ ay = 1. The kemel
K; comply with the Function (3) may also be referred to as a graph kernel or be
referred to as a synthesized graph kernel.

{01471 In some embaodiments, the kemel K; may be a combination of a graph

kernel and a fransformation function. For instance, the kemel K,; may have a form of :
Ke(Gr Gy ) = K6, Gy ), Function (4)

where K. is a graph kernel {e.g., a synthesized graph kernel or non-synthesized graph

kernel}, and the function h may be a transformation function selected or determined in

accordance with the grouping algorithm adopted in operation 430. The function h

may transform the oulput of the graph kermel K; into a proper form for the grouping

algorithm. For example, the grouping algorithm adopted in operation 430 may reguire

that the value of the first similarity indicators of the plurality of cities within a certain

value range {e.g., between 0 and 1), but the output of the graph kernel K. may be out

of such a value range. Then the function h may at least normalize the output of the

graph kemel K into the value range suitable for the grouping algorithm.  As another
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example, the grouping algorithm adopted in operation 430 may require that the higher
the simitarity {or the lower the difference) between the first graph representation of two
cifies, the lower the value of the corresponding first similarity indicator, but the output of
the graph kernel K; may satisfy that, the higher the similarity {or the lower the
difference) between the first graph representation of two cities, the higher the value of
the corresponding first similarity indicator.  The function & may at least convert the
output of the graph kernel K, so that the generated first similarity indicators may
comply with the requirement of the grouping algorithm,

{0148] in some embodiments, the similarity indicator sub-module 320 may first use
the graph kernel K/ to treat each pair of the plurality of cilies {o obtain a plurality of
outputs, then treat the plurality of outputs with the fransformation function h to obtain
the plurality of first similarity indicators.

{0149] In some embodiments, the kernel K used to oblain the plurality of first
similarity indicators may not be capable of treating graphs with loops.  Then in the
operation 410, the aforementioned loop removing operation may be performed during
the generation of the first graph representations of the piurality of cities.  In some
embodiments, the Kemel K; used to oblain the plurality of first similarity indicators may
be capable of trealing graphs with loops, then the loop removing operation may be
omilted or skipped in the operation 410.

{0150] In some embodiments, the similarity indicator sub-module 320 may store the
obtained plurality of first similarity indicators in a matrix, which may also have a form of
an adjacency matrix. FlG. 8 is a schematic diagram illustrating an exemplary
adjacency matrix {matrix 5} including the plurality of first similarity indicators according
to some embodiments of the present disclosure.  As illustrated in FIG. 9, each
row/column of the matrix § may repraesent a city {or a first graph representation thereof)

of the plurality of cities {e.g., with a total number of D). Arow and a column of the
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matrix § having the same index number may represent the same city. An element s, ;
of the matrix § may be a first similarity indicator indicating a similarity between the first
graph representation &; of the ith city and the first graph representation &; of the jth
city, where { and  are inlegers between 1 and D.  Diagonal elements (e.g., 5;;) of the
matrix § may also be obtained using the kernel K, or be set as a predetermined value
{e.g.. 0). The malrix § may be subjected to the next operation for grouping the
plurality of cities,

{0151] In 430, the grouping sub-module 330 may group, based on the first similarity
indicators, the plurality of cities into a plurality of city groups.

10152] In some embodiments, the grouping sub-module 330 may use a clustering
algorithm as the grouping algorithm to perform the grouping.  The grouping sub-
module 330 may cluster, based on the first similarity indicators, the plurality of cities via
a clustering algorithm {o obtain a plurality of clusters, each of which corresponds fo one
of the plurality of city groups. Various clustering algorithms may be adopted by the
grouping sub-module 330. Exemplary clustering algorithm may include a hierarchical
cluster analysis, a centroid-based cluster analysis {e.q., K-means or a variant thereof), a
graph-based cluster analysis {&.g., a graph communily detection), or the like, or a
combination thereof.  Afirst similarity indicator obtained in the operation 420 may serve
as a metric of "distance” between the corresponding two cities.  As used herein, a
‘distance” between two cities may represent the difference between the first graph
representations of the two cities (instead of the geographic distance betwesn the two
cities}). The higher the difference {(or the lower the similarity) between the first graph
representations of the corresponding two cities the first similarity indicator indicates, the
closer the distance betwesn the two cities is.

{0153] For demonsiration purposes and simplicity, exemplary clustering algorithms

may be described below on the premise that the first similarity indicators obtained in the
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operation 420 satisfy that, the higher the value of a first similarity indicator is, the higher
the difference between the first graph representations of the corresponding two cities.
Under such premise, the first similarity indicators may be directly used as the distances
hetween the corresponding two cities. Howevaer, it is understood thal, the clustering
algorithms may also be adiusted to accommodate to other kinds of situations {(e.q., the
higher the value of a first similarity indicator is, the lower the difference between the first
graph representations of the corresponding two cities is).

{0154] Hierarchical cluster analysis algorithm

[0155] in some embodiments, the grouping sub-module 330 may adopt a
hierarchical cluster analysis algorithm to cluster the plurality of cities.  The hierarchical
cluster analysis algorithm may be agglomerative {e.g., Hierarchical Agglomerative
Clustering, HAC}) or divisive {e.g., Dlvisive ANAlysis Clustering, DIANA). In some
embodiments, the grouping sub-module 330 adopt an HAC algorithm. Each city of the
plurality of cites may be initially treated as an individual cluster. The grouping sub-~
module 330 may build a higrarchy from the individual clusters by progressively merging
clusters having the lowest distance. To obtain a distance between two clusters, the
grouping sub-moduile 330 may use a complete-linkage approach (i.e., the maximum
distance between cities of the two clusters), a single-linkage approach {i.e., the
minimum distance between cities of the two clusters), or an average-linkage approach
{i.2., the mean distance between cities of the two clusters).

{0156] FIG. 10 is a schematic diagram #lustrating an exemplary hierarchical
agglomerative clustering algorithm (HAC) according to some embodiments of the
praesent disclosure. For demonstration purposes and not intended to be limiting, only
seven cities {Cities 1-7) are illustrated in FIG. 10,  Initially, each of the seven cities may
be treated as an individual cluster, thus a total of seven clusters may be formed. The

merging of clusters may be performed for six stages in a "bottom up” manner to
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generate a hierarchy 1000 as illustrated in FIG. 10. Al the first stage, the grouping
sub-module 330 may merge the clusters {City 3} and {City 4} to form a new cluster {Cily
3, City 4} as these two clusters have the lowest distance. At the second stage, the
grouping sub-module 330 may merge the clusters {City 5} and {Cily 6} {o form a new
cluster {City 5, City 6} as these two clusters have the lowest distance. Similarly, the
grouping sub-modute 330 may sequentially form the clusters {City 1, City 2}, {City 1,
City 2, City 3, City 4}, {City 5, City 6, City 7}, and finally the cluster {City 1, City 2, City 3,
City 4, City 5, City 8, City 7} including all the cities.

[0157] The grouping sub-module 330 may analyze the hierarchy 1000 {o identify the
best stage and choose the clusters oblained at that stage as the plurality of city groups.
For example, the grouping sub-module 330 may identify the fourth stage is the best
stage, then determine the corresponding clusters {City 1, City 2, City 3, City 4}, {City B,
City 6} and {City 7} as the plurality of city groups. The metric for the grouping sub-
module 330 to identify the best stage may be or be based on, for example, the within~
class distances of the corresponding clusters, the between-class distances beltween any
two of the corresponding clusters, the number of the corresponding clusters, the
numbers of cities of the corresponding clusters, or the like, or a combination thereof.
{0158] In some embodiments, the grouping sub-module 330 may not build the whole
hierarchy. The merging of the clusters may be performed until a termination condition
is met,  Exemplary termination conditions may include: the number of the clusters is
below a threshold, the obtained shortest distance is above a threshold, the number of
cities in the cluster formed or to be formed is above a threshold, or the like, or a
combination thereof., Upon a detection that a termination condition is met, the grouping
sub-module 330 may stop the clustering, and output the current clusters as the plurality
of city groups.

{0158] In some embodiments, the HAC algorithm may be performed on the matrix §
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obtained in the operation 420.  As the clustering progresses, rows and columns of the
matrix § may be merged as the clusters are merged, and the distances in the matrix S
may be updated accordingly.

{0160] In some embodiments, the grouping sub-module 330 may adopt a DIANA
algorithm. initially, all of the plurality of cites may be treated as a global cluster. The
grouping sub-modute 330 may build a hierarchy from the global cluster by progressively
split a current cluster into two clusters having the farthest distance in a "top down”
marmer. The DIANA algorithm may be regarded as a reverse form of the HAC
algorithm.

{0161]  Variants of the HAC algorithm or DIANA algorithm may also be adopted by
the grouping sub-module 330,

{0162] Graph community detection algorithm

{0163] In some embodiments, the grouping sub-module 330 may adopt a graph
community detection algorithm or a variant thereof {0 cluster the plurality of cities.  ltis
understood that, the matrix § obtained in the operation 420 may also have a form of an
undirected graph. The vertices of the graph may represent cilies of the plurality of
cities, and the first similarity indicators in the matrix § may be weights associated with
the corresponding edges. The graph community detection algorithm may be
performed on such a matrix §.

{0164] The graph communily detection algorithm may be similar {o the HAC
algorithm described above, but with a different criteria to select clusters {o be merged.
Also, to adopt the graph community detection algorithm, in some embodiments, the first
similarity indicators in the malrix $ may satisfy that, the higher the value of a first
similarily indicator is, the higher the similarity between the first graph representations of
the corresponding cities is. I is understood that, the graph community detection

algorithm may also be adjusted to accommodate to other kinds of situations.
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{0165] In some embodiments, the s, ; in the matrix § may be between 0 and 1.
The simitarity indicator sub-module 320 may normalize the output of the graph kernel to
such a range.

{0166] In the graph community detection algorithm, each city of the plurality of cites
{or each vertex of the graph) may also be initially treated as an individual cluster. The
grouping sub-modute 330 may also build a hierarchy from the individual clusters by
progressively merging clusters in a “bottom up” manner.  However, o select the
clusters to be merged, the grouping sub-module 330 may try to merge any two clusters
connected by a single edge and compute the gaining of the modularity of the whole
graph caused by the merging. The grouping sub-module 330 may select two clusters
corresponding to the maximum gaining of the modularity as the clusters to be merged.

{0167] In some embodiments, the modularity MOD of the graph may be computed

by:

MOD = =32, (s ~ 250} 8(c.e),  Function (5)
where H is the sum of all the first similarity indicators in the matrix S, 5;; is the first
similarity indicator for the ith city {or veriex} and the jth city, { and j are integers
between 1 and D, D is the total number of the plurality of cities, Sk, and Sk; are
respectively the sums of the first similarity indicators in the ith row/column and jth
rowfcolumn of the matrix §, ¢; and ¢; are respectively the clusters of the ith city and
the jth city, the function § may be a Kronecker-delta function which may returmn 1 when
¢; = ¢ andreturn 0 when ¢; # ¢;.  The grouping sub-module 330 may obtain the
gaining of the modularity by subtracting the modularity of the graph before the merging
from the modularity of the graph afier the merging.

{0168] K-means algorithm

{0169] In some embodiments, the grouping sub-module 330 may adopt a K-means

algorithm or 3 variant thereof {o cluster the pluralily of cities. Via the K-means
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algorithm, the grouping sub-module 330 may cluster the plurality of cities into K
clusters via a process itlustrated in FIG. 11,

{0170] FIG. 11 is a flowchart illustrating an exemplary clustering process (process
1100} according to some embodiments of the present disclosure.

{0171] In 1110, the grouping sub-module 330 may select K cities from the plurality
of cites as centroids of K cluslers, where K is an integer equal to or more than 2.
The selection may be performed randomiy or according o a predetermined manner to
optimize the result (e.g., K-means++). K may be a predetermined number or be
adaptively determined by the grouping sub-module 330 based on the first similarity
indicators obtained in the operation 420,

10172] Operations 1120-1140 may be performed iteratively.

{0173] In 1120, the grouping sub-module 330 may assign, for each city of the
plurality of cities, the city {0 a cluster whose centroid has a distance lowest {o the city.
The grouping sub-moduile 330 may identify the maximum first similarity indicator from
the first similarity indicators between the city and the ceniroids of the K clusters, and
assign the city to the cluster corresponding to the maximum first similarity indicator.
10174] In 1130, the grouping sub-module 330 may update, for each of the K
clusters, the centroid of the cluster.

{0175] in 1140, the grouping sub-module 330 may detect whether a convergence is
met {e.g., using the Cauchy Criterion: the changes (e.g., in the form of distances
between the centroids of the last iteration and the corresponding centroids determined
in the current iteration) of all (or at least most) of the centroids are less than a pre-
determined threshold compared with the centroids determined in the last iteration in the
operation 1130). Upon a detection the convergence is not met, the grouping sub-
module 330 may re-perform the operation 1120 to initiate the next iteration and re-

cluster the plurality of cities info K clusters using the K updated centroids. Upon a
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detection that the convergence is met, the grouping sub-module 330 may perform
operation 1150, in which the grouping sub~-module 330 may output the current K
clusters as the plurality of city groups.

{0176] In some embodiments, in the operation 1130, to update the centroid of a
cluster of the K clusters, the grouping sub-module 330 may compute a mean ¢ of the
first graph representations {e.g., in the form of adjacency matrixes) of the cities in the
same cluster as the updated cenlroid. Then in the operation 1120 of the next Heration,
for each city of the plurality of cities, the grouping sub-module 330 may compute a
distance from the city to each of the K updated centroids by using the kemel K, to
treat the first graph representation of the city and the corresponding G, and assign the
city to a cluster whose centroid has a distance lowest {0 the city.

{0177] It is understood that, the grouping sub-module 330 may also use other
clustering algorithms or a variant thereof to group the plurality of cities into the plurality
of city groups, such as a clustering algorithm based on unsupervised machine learning
algorithm,

{0178] In some embodiments, the operation 420 and the operation 430 may be
combined. Correspondingly, the similarily indicator sub-module 320 may be integrated
into the grouping sub-moduie 330. For example, during the grouping process,
whensver the grouping sub-module 330 is 10 determine an unknown distance between
a first city and a second cily, the grouping sub-module may obtain a corresponding first

similarity indicator as the distance with the graph kemel K, inreal-time. ltis not

necessary to obtain all the first similarity indicators before the grouping.

{0179] Referring back to FIG. 4. In 440, the transportation type identification sub-
module 340 may identify, for each of the plurality of city groups, at least one featured
transporiation type of the city group. For example, the transporiation type identification

sub-module 340 may determine a featured distribution of transportation types of the
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cities in a city group, and identify the at least one featured transportation type of the city
group based on the featured distribution {e.g., by ranking).

{0180] In some embodiments, for each of the plurality of city groups, the
transportation fype identification sub-module 340 may obiain a first featured graph
representation of the cily group, and obiain the fealured distribution of transportation
types of the city group based on the first featured graph representation.

{0181] In some embodiments, the transportation type identification sub-module 340
may obtain the first graph representation of g city that is the centroid city of a city group
as the first featured graph representation of the cily group. For example, the operation
430 may be performed via a K-means clustering algorithm, and the finally determined
centrolds may be the centroids of the city groups.  As another example, the operation
430 may be performed using another clustering algorithm (e.g., HAC), and the
transporiation type identification sub-module 340 may identify, for each of the pluralily of
cily groups, a city in the city group having the lowest mean {or sum, median, mode) of
distances {e.g., the first similarity indicators) to other cities in the same city group as the
centroid of the city group.

10182} In some embodiments, the transportation type identification sub-module 340
may obtain the mean {or median, mode} of the first graph representations {e.g., in the
form of adjacency matrixes) of all the cities in a city group as the first featured graph
representation of the city group.

{0183] In some embodiments, the transportation type identification sub-module 340
may select a plurality of vertices from the first graph representation of the centroid of a
city group or the mean of the first graph representations of all the cities in the city group
to form the first featured graph representation of the city group. For example, the
transporiation type identification sub-module 340 may select the pluralily of vertices by

ranking the vertices of the first graph representation of the centroid of the city group or
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the mean of the first graph representations of all the cities in the city group in view of
their importance {or contributions) to the transport activities.  The selection of the
plurality of vertices and the forming of the first featured graph representation may be the
same as or similar to the process for generating the adjacency matrix 4,3 in the
operation 410, the descriptions of which is not repeated herein.

[0184] The transportation type identification sub-maodule 340 may identify and
guantify a plurality of transportation types based on the first featured graph
reprasentation to form the featured distribution.  To quantify a transportation type, the
transportation type identification sub-module 340 may obtain a quantified number based
at least on weights of one or more edges associated with the transporiation type and
associate the quantified number to the transportation type.

{0185] For exampie, the first featured graph representation may include a plurality
verfices representing different POI types and a plurality of edges (directed or
undirected) representing transport activities between PQOls of the corresponding POI
types. The transportation type identification sub-module 340 may identify a
transporiation type in the first featured graph representation according 1o an edge
and/or a vertex of the first featured graph representation.

{0186] Obviously, a single edge (directed or undirected) of the first featured graph
representation may be used to define a transpartation type {or be referred {o as a
second-order transporiation type). For example, an edge connecting a first vertex
corresponding to a residential district POI type or home PO type and a second vertex
corresponding to an industrial district POI type or work POI type may represent a type of
transport activities related {o commute.

{01871 In some embodiments, a second-order transportation type may be guantified
by a weight associated with the corresponding edge.

{0188] In some embodiments, directed edges connecting the same pair of vertices
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may also define a second-order transportation type, and such a second-order
transportation type may be quantified by a sum of weights associated with the directed
edges.

{0189] in different embodiments, the transportation type identification sub-module
340 may identify a total of one {minimum) to three (maximum) second-order
transportation types for a pair of directed edges connecting the same pair of vertices.
{0190] In some embodiments, a single vertex may be used to define one or more
transporiation types (or be referred {o & first-order transportation type), as the verlex
itself may represent a type of transport activities starting from and/or ending at PQOls
associated with the vertex.  For example, a vertex corresponding o an enterfainment
PO type may represent a type of transport activities related to entertainment.

{01911 In some embodiments, the first featured graph representation may be
undirected. One vertex may correspond to one first-order transporiation type, and a
first-order transportation type may be gquantified by a sum of weights of all the edges
connecting to the corresponding vertex {e.g., weights in the corresponding row/column
of the corresponding adjacency matrix),

{0192] In some embodiments, the first featured graph representation may be
directed. One vertex may correspond to two first-order transportation types, which
correspond to transport activities starting from and ending at the associated POls,
respectively.  Such a first-order transportation type may be quantified by a sum of
weights of all the edges starting from the corresponding vertex e.g., weighis in the
corresponding row of the corresponding adiacency matrix) or a sum of weights of all the
edges ending at the corresponding vertex {e.g., weighis in the corresponding column of
the corresponding adjacency matrix).  In some embodiments, the first featured graph
representiation may be directed, but one vertex can still correspond to one first-order

transporiation type. Such a first-order transportation type may be guantified by a sum
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of weights of all the edges starting from and ending at the corresponding vertex {e.g.,
weighis in the corresponding row and the corresponding column of the corresponding
adjacency matrix}.

10193] in different embodiments, when the first featured graph representation is
directed, the {ransportfation type identification sub-module 340 may identify a total of
one {minimum) to three {maximum) first-order fransportation types for a vertex when
there are edges starting from and ending at the vertex.

{0194] The transportation type identification sub-module 340 may identify and
guantify all the possible second-order transportation types and/or all the possible first-
order transportation types from the first fealured graph representation of the city group,
and thereby to form a featured distribution of ransportation types for the city group. A
targer quantiied number may represent a higher importance {or contribution), while a
smaller quantified number may represent a lower importance (or contribution) By
ranking the transportation types based on the quantified numbers of the transportation
types, the transportation type identification sub-module 340 may identify the at least one
featured transporiation type of the city group. For example, the at least one featured
transportation type may include one or more transportation types having the largest
guantified numbers and/or one or more transportation types having the smatllest
quantified numbers.

{0195] In some embodiments, the generation of the featured distribution of the
transportation types may involve both the second-order transportation types and the
first-order transportation types. The featured distribution of fransportation types of a
city group may differentiate the first-order transportation types from the second-order
transporiation types. For example, the fealured distribution of transportation types may
include a distribution of the first-order transportation types and a distribution of the

second-order transportation fypes as two distinctive parts.  Alternatively, the featured
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distribution of transportation types of a city group may not differentiate the first-order
transportation types from the second-order transportation types. For example, the first-
order transportiation types and the second-order transporiation types may be mixed in
the featured distribution.

{0196] In some embodiments, the transportation type identification sub-module 340
may perform a single ranking process for both the first-order transportation types and
the second order transportation types.

{0197] In some embodiments, the transportation type identification sub-module 340
may perform a first ranking on the first-order transportation types and a second ranking
on the second-order transportation types respectively. The at least one featured
transportation type may include one or more first-order transporiation types selected
based on the first ranking and one or more second-order fransportation types selected
hased on the second ranking.

10198] in operation 450, the sirategy sub~-module 360 may associate, for each of the
plurality of city groups, a strategy to the city group for managing transportation of cites
belonging to the city group.  In some embodiments, a sirategy associated with a city
group may promote or restrict the at least one featured transportation type of the city
group. A strategy may take various forms in different application scenarios.

Exemplary scenarios are described below, which are for demonstration purposes only
and not intended fo be Bmiting.

10199] In some embodiments, the transportation analysis module 300 may be
included in a navigation system. A strategy associated with a city group may be in the
form of, for example, a model involved for planning routes or one or more parameters {o
be inputted into such a model. For example, the strategy may cause that, when
determining routes in a cily of the corresponding city group, the defermined routes may

avoid roads possibly to be occupied {(which may not be the current situation) by
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transport activities of one or more featured transportation types having larger quantified
numbers and/or along roads possibly to be occupied by transport aclivities of one or
more featured transportation types having smaller quantified numbers. As another
example, the strategy may cause that, when a user sends a request via a computing
device {e.g., 2 mobile phone) {o determine a route corresponding o a featured
transportation type having a large quantified number, the computing device warns the
user with possible traffic jam and/or resource oceupation, and/or suggesting a more
proper time for performing the transportation.

10200] in some embodiments, the transportation analysis module 300 may be
included in an online-to~-offline {ransportation service platform system. A strategy
associated with a city group may be in the form of, for example, a model involved for
distributing orders, a mode! involved for reguiating behaviors {e.g., by providing or
agjusting fee or share) of a user or a transportation service provider, or ong or more
parameters 1o be inputted into the above models. For example, the strategy may
cause a fransportation service provider to accept more orders corresponding to featured
transporiation types whose quantified number is larger {e.q., by increasing share)
and/or accept fewer orders corresponding to featured transportation types whose
guantified number is smaller (e.g., by decreasing share).

{0201] In some embodiments, the operation 450 may be skipped or omifted. The
transportation analysis modutle 300, or the report sub-module 370, may output a report
presenting the featured transportation types and/or the featured distribution of
transportation types of one or more of the plurality of the city group.  The report may
include one or more texts, charts, animations, and/or videos for presenting its content.
The transporiation analysis module 330 may output the generated report, and present
the report via a display device.

10202] In some embodiments, the transportation analysis module 300, or the
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classifier sub~-module 380, may generate a classifier for classifying an unknown city (a8
city not included in the plurality of cites being clustered) using the result of the cluster
analysis in the operation 430. The plurality of clusters obtained via the operation 430
may serve as the plurality of city groups a city of inferest to be classified into.

{0203] In some embodiments, to generate the classifier, the classifier sub-module
350 may obtain, for each of the plurality of city groups, a second featurad graph
representation of the city group via one of the exemplary approaches for generating the
first featured graph representation described in the operation 440. in some
embodiments, the second featured graph representation and the first featured graph
representation may be generated via the same approach. The generated classifier
may be configured to obtain, for each of the second featured graph representations, a
second similarity indicator indicating the similarity between the graph representation of
the city of interest and the second featured graph representation. The classifier may
also be configured 1o classify the city of interest into a city group corresponding to a
second similarity indicator indicating the highest similarity {e.qg., has the highest value).
A second similarity indicator may be obtained by using the graph kernel K, to treat the
graph representation of the city of inferest and the corresponding second featured
graph.

{0204} In some embodiments, the classifier sub-module 380 may {abel the plurality
of cities {or the first graph representations thereof) according to their clusters.  The first
graph representations of the plurality of cites {e.g., in the form adjacency matrixes of the
same configuration) and the corresponding labels may serve as a training dataset for
training the classifier. Alternatively, the transporiation data associated with the plurality
of cities and the corresponding labels may server as a training dataset for training the
classifier. The classifier sub-module 380 may {rain the classifier using a machine-

fearning algorithm with the training dataset.  In different embodiments, the classifier
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may be or may include a decision free {or a plurality of decision trees such as a
random-forests classifier), a support vector machine (SVM), a neural network (e.g., a
convalutional neural network), or the like, or a combination thereof.

{0205] The generated classifier may be used in a process Husirated in FIG. 15 for
identifying a city group {(or a label) of a target city from the plurality of city groups and
manage the transportation of the target city using the strategy associated with the cily
group.

{0206] It should be noted that the above descriptions of the process 400 are only for
demonstration purposes, and not intended to limit the scope of the present disclosure.
it is understandable that, after learning the major concept of the present disclosure, a
person of ordinary skilf in the art may alter the process 400 in an uncreative manner.
For example, the operations above may be implemented in an order different from that
illustrated in FIG. 4. One or more optional operations may be added fo the flowcharts.
One or more operations may be split or be combined. All such modifications are within
the scope of the present disclosure.

{0207] FIG. 12 is a schematic diagram illustrating an exemplary first graph
representation sub-module {first graph representation sub-module 1200) according to
some embodiments of the present disclosure.  The first graph representation sub-
module 1200 may be implemented by the server 110 to generate a first graph
representation of a city via a process illustrated in FIG. 13 or an embodiment thereof.
The first graph representation sub-module 1200 may include a second graph
representation unit 1210, a score associating unit 1220, a score updating unit 1230, a
vertex selection unit 1240, and a first graph representation unit 1250.

{0208] The second graph representation unit 1210 may generate, for each of the
plurality of cities, a second graph representation based on transportation data relating to

transport activities within the city, The second graph representation may include a
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plurality of vertices and a plurality of edges.

{0208] The score associating unit 1220 may associate a score with each verfex of
the second graph representation.

{0210] The score updating unit 1230 may iteratively update, for each vertex of the
second graph representation, the score associated with the veriex at least based on
scores of one or more neighbor vertices of the vertex and weights of one or more edges
through which the one or more neighbor vertices connecting {o the vertex.

{0211] The vertex selection unit 1240 may select vertices based on the scores of the
vertices of the second graph representation,

{02121  The first graph representation unit 1250 may generate the first graph
representation using the selected vertices.

{0213] The functions and operations of the units of the first graph representation
sub-module 1200 may be further described in connection with FIG. 13,

10214] it may be noted that, the above descriplions about the first graph
representation sub-madule 1200 are only for illustration purposes, and not intended to
fimit the present disclosure. i is undersiood that, after learming the major concept and
the mechanism of the present disclosure, a person of ordinary skill in the art may alter
the first graph representation sub-module 1200 in an uncreative manner. The
alteration may include combining andfor splitting units, adding or removing optional
units. Al such modifications are within the protection scope of the present disclosure.
10215] FIG. 13 is a flowchart illustrating an exemplary process (process 1300) for
generating a first graph representation of a city according to some embodiments of the
praesent disclosure. The process 1300 may be performed by the first graph
representation sub-module 1200 to generate a first graph representation of a city, such
as the dth city of the plurality of cities described in the operation 410 of the process 400

fllustrated in FiG. 4. By repeating the process 1300, the first graph representations of
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all the plurality of cities may be obtained and then subjected to the operation 420 of the
process 400.

{02186] In some embodiments, one or more operations of the process 1300
ilustrated in FIG. 13 may be implemented in the system 100 illustrated in FIG. 1. For
example, the process 1300 illustrated in FIG. 13 may be stored in a storage device
{e.g., the RAM 240, the storage device 220} in the form of instructions, and invoked
and/or executed by one or more processors {e.g., the pracessor 210) implementing the
corresponding units of the first graph representation sub-maodule 1200,

10217] The process 1300 may involve generating a second graph representation
{i.e., the aforementioned original graph representation or intermediate graph
representation) of the dth city and generating the first graph representation of the dth
city based on the second graph representation. For simplicity, a vertex of a first graph
representation may be referred {o as a first vertex, an edge of a first graph
representation may be referred to as a first edge, a vertex of a second graph
representation may be referred to as a second vertex, and an edge of a second graph
representation may be referred {0 as a second edge.

10218} In 1310, the second graph representation unit 1210 may generate, based on
transportation data associated with the dth city of the plurality of cities, a second graph
reprasentation Gxy including N second vertices and a plurality of second edges,
where N is an integer above 2, and d is an integer between 1 and N.

10219] In some embodiments, the data form of the second graph representation Gx,
may be an adjacency matrix 4x,; having a size of NN,

{0220] In some embodiments, the adjacency matrix 4x,; may be a stochaslic matrix
satisfying that the sum of weights of each non-zero row of the adjacency matrix dx, is
equal o 1. The adjacency matrix Ax,; may describe transition probabilities of the

transport aclivities in the dth city.  When the adjacency malrix Ax,; is not a stochastic
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matrix, the second graph representation unit 1210 may normalize the adjacency matrix
Axq 1o obtain a corresponding stochastic matrix.

{0221] For descriptions of generating the adjacency matrix Ax,, reference may be
made {o the operation 410 of the process 400.  In some embodiments, to generale the
adjacency matrix Ax, which is also a stochastic malrix, the second graph
reprasentation unit 1210 may first generate an adjacency malrix 4, based on the
transportation data associated with the dih city, then perform a loop removing operation
on the adjacency matrix 4., o generate an adjacency matrix 4., (or 4,;), and next
normalize the adjacency matrix 4,, {(or 4,.)to generate the adjacency matrix Ax, to
be used in the current operation.  Detailed descriptions of the above process may be
found in the descriptions of the operation 410, which are not repeated herein.

{0222] In 1315, the score associating unit 1220 may associate a score with each
second vertex of the second graph representation Gx,.  The score initially associated
with each second vertex may be a predetermined non-zero number {(e.g., 1, 0.5, 0.2), a
randomn number, a predetermined number associated with the corresponding POI type,
a number determined based on properties of elements of the second graph
representation Gx,;, a number determined based on a priori model, or the like, or a
combination thereof,

{0223} In some embodiments, the score initially associated with each second vertex
may be a predetermined number, such as 1, 0.5, 0.2, 0.1, stc.

10224] In some embodiments, the score initially associated with each second vertex
may be 1/N.

{0225] In some embodiments, the iniial score associated with each second vertex
may be based on the number of edges (or the sum of weighis of the edges) starting
from and/or ending at the second vertex. For example, the score associated with an a

second vertex may be a ratio of the number of second edges starting from and/or
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ending at the second vertex to the number of all the second edges of the second graph
representation Gx,.  As another example, the score may be a ratio of the sum of
weights of second edges starting from and/or ending at the second vertex to the sum of
weights of all the second edges of the second graph representation Gx,.

{0226] Via operations 1320 to operations 1355, the score updating unit 1230 may
iteratively update the score associated with each second vertex of the second graph
representation Gx,.

{0227] In 1320, the score updating unit 1230 may set i=1 {o focus on the first
second vertex Vy of the second graph representation Gx,. During the process 1300,
the score updating unit 1230 may set { with an integer in a range of [1,D] {o focus on
different vertex of the second graph representation Gx.

{0228] In 1325, the score updating unit 1230 may identify one or more neighbor
vertices of the ith second vertex V; of the second graph representation Gx,. A
neighbor vertex of the second vertex V; may be a second vertex from which the second
vertex V; may be reachable via a single second edge (directed or undirected). When
the second graph representation Gx, is an undirected graph, a neighbor vertex may be
any second vertex connecting with the second vertex V; through a single second edge.
When the second graph representation Gx,; is a directed graph, a neighbor vertex may
be a second vertex from which a directed edge points {o the second vertex V,. For
example, as illustrated in FIG. 7, when the directed edge 725 does not exist, the vertex
710 is a neighbor vertex of the vertex 715, but the vertex 715 is not a neighbor vertex of
the vertex 710.

{0228] In some embodiments, the score updating unit 1230 may identify the one or
more neighbor vertices of the ith second vertex V; by detecting non-zero weights in the
ith column of the adjacency matrix 4x,; {orin the ith row if the second graph

representation Gxy is undirected). The row of a detected non-zero weight may
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correspond to a neighbor vertex of the ith second vertex V..

{0230] In 1330, the score updating unit 1230 may obtain scores of the one or more
neighbor vertices of the second vertex V; identified in the operation 1325,

{0231] In 1335, the score updating unit 1230 may oblain weights of one of more
second edges through which the one or more neighbor vertices connecling to the
second vertex V.

{0232] In some embodiments, the weights of the one or more second edges may be
the non-zero weight(s) detected in the operation 1325,

10233] in operation 1340, the score updating unit 1230 may update, based on the
scores of the one or more neighbor vertices and the weights of the one or more second
edges, the score of the second vertex V.

{0234] In some embodiments, the updating may be performed in view of a
probability that the POls associated with the second vertex V; serve as dastinations of
the transpor activities in the dthcity.  In some embodiments, the score updating unit

1230 may update the score SV, associated with the second vertex ¥; by:
SV = Tueny -E-‘; Function (6)

where NV is a set conslituted of the one or more neighbor vertices of the second
verfex V;, v is a vertexin the set NV, SV, is the score associated with the vertex v,
5L, s the sum of weighis of all the second edges starting from the vertex v {or the
weight of the only second edge starting from the vertex v} when the second graph
representation Gxy is a directed graph, or the sum of weights of all the second edges
connecting with the vertex v when the second graph representation Gx, is an
undirected graph.

{0235] In some embodiments, the score updating unit 1230 may update the score
SV; based further on a factor pf, which represents a probability that a vehicle o

engage a second transportation after completing a first transportation within a

61



WO 2020/248290 PCT/CN2019/091429

predetermined time window {e.g., 10 min, 30 min, 1 h, 4h, 8h, 1d}. In some

embodiments, the factor pf may be introduced into the Function (6} by:

SV,

SV = (A —-pf)x 35 +pf X Dpeny ::-«) Function (7)

where Sr is the sum of the scores initially associated the N second vertices. In some
embodiments, Ss may be equalto 1 or N.

10236] in some embodiments, the factor pf may have a value range of [0.1. 1. In
some embodiments, the factor pf may have a value range of [0.5, 0.85].

{02371 By iteratively updating the score associated with each vertex of the second
graph representation via the Function {6) or the Function (7}, a second vertex {or the
corresponding POI type) associated with POIs having higher probabilities to serve as
destinations of the transport activities in the dth city may be associated with a higher
score.  Such a score may serve as a metric of importance of the corresponding second
veriex.

{0238] In 1345, the score updating unit 1230 may detect that whether the updating
of scores in the current ieration is completed by checking, for example, whether i<D.
Upon a detection that i<D, the score updating unit 1230 may trigger operation 1350 to
focus on the [+1th vertex of the second graph representation Gxy,, and perform the
operations 1325 t0 1348 on the i+1th verlex {o update the score $V;, of the i+1th
vertex. Upon a detection that (2D, the score updating unit 1230 may trigger operation
1355 to detect whether a termination condition for terminating the updaling of scores is
satisfied. Exemplary {ermination conditions for terminating the updating of scores may
include: a convergence is met, a count of iterations is equal to or above a
predetermined number, or the like, or a combination thereof. Upon a detection that the
termination condition is not satisfied, the score updating unit 1230 may start the next

iteration for updating the scores and re-trigger the operation 1320 to focus on the first

second vertex ¥, again. Upon a detection that a termination condition is satisfied, the
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score updating unit 1230 may end the updating, and operation 1360 may be triggered.
{0238] The operations 1325 fo 1355 may be performed in any proper sequence.
For example, the operation 1335 may be performed before the operation 1330, As
another example, the operation 1345 and/or the operation 1355 may be performed
before the operation 1325, and the operation 1350 may be performed right after the
operation 1340 and before the operation 1345 of the next iteration.  In some
embodiments, two or more of the operations 1325 fo 1355 may be integrated info a
single operation.  For example, the operations 1325, 1330, 1335, and 1340 may be
integrated into a single operation,

10240] In 1360, the vertex selection unit 1240 may select L vertices from the N
second vertices based on the scores of the N second vertices, where L may be an
integer between 2 and N. L may be a predetermined integer (e.g., 10, 15, 20) or
depend on the scores of the N second vertices. For example, the verlex selection unit
1240 may select the 1 vertices by ranking the plurality of second vertices based on the
scores thereof. The selected vertices may be the L vertices with the highest scores.
Allernatively, the vertex selection unit 1240 may select vertices whose score is within a
predetermined value range (e.g., above a threshold) as the L vertices.

{0241] In 1385, the first graph representation unit 1250 may generate the first graph
reprasentation G4 of the Jth oity using the L seleclted vertices. The L selecled
vertices may serve as the first vertices of the first graph representation.

10242 In some embodiments, the first graph representation unit 1250 may generate
an adjacency matrix 44, using the L selected vertices via operations described in
connection with the operation 410, which are not repeated herein.  The adjacency
matrix A, may directly serve as the first graph representation (¢, of the dth city.
Altermatively, the first graph representation unit 1250 may further process the adjacency

matrix Ay 1o generate the first graph representation Gy
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10243] In some embodiments, the adiacency matrix Ax,; of the second graph
representation Gx,; may be a stochastic matrix, and the sum of weights in each non-
zero row of the corresponding adjacency matnix 4x,; maybe equalto 1. LetSVbea
vector in the form of {SVy, SV, ..., SVy]', where SV,, SV, ..., SVy are scores of the 1st
second vertex, the 2nd second vertex, ..., and the Nth second vertex of the second
graph representation Gx,. The vector SV may be oblained as an eigenvector of the
matrix Ax, . which Is the transpose of the adjacency matrix Ax,. The first graph
repraesentation sub-module 1200, or a unit (e.9., 2 computation unit) {o replace the score
associating unit 1220 and the score updating unit 1230, may obtain the vecior SV by
soiving:

Ax," SV = A8V,  Function (8)
where 1 is an eigenvalue of the matrix 4Ax,’. 1 may be equal to 1 in some
embodiments.
10244] In some embodiments, the adjacency matrix Ax; of the second graph
representation Gx,; may not be a stochastic matrix. Then the first graph
representation sub-module 1200, or the second graph representation unit 1210, may
normalize the adjacency matrix Ax,; to generate a stochastic matrix, which may then be
used {o obtain the vector SV via the Function (8).
{0245] In some embodiments, the second graph representation ¢xy; may be
undirected, then the adjacency matrix Ax, may be symmetric, and 4dx, =4x,.
Correspondingly, the vector SV may be an eigenvector of the adjacency malrix Ax,.
The first graph representation sub-module 1200, or the computation unit, may calculate
an eigenvector of the adjacency maitrix dx, as the vector SV.
{02461 The vector SV, or the scores of the N second vertices included in the vector
SV, may then be used in the operation 1360 for selecting the L vertices.

10247] FiG. 14 is a schematic diagram illustrating an exemplary fransportation
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management module (fransportation management module 1400) according {o some
embodiments of the present disclosure. The transportation management module 1400
may be implemented by the server 110 {o manage transportation of a city via a process
ilustrated in FIG. 15 or an embodiment thereof. The transportation management
module 1400 may include a request receiving unit 1410, a group identification unit 1420,
and a management unit 1430,

{0248] The request receiving unit 1410 may receive a transportation request to
initiate a target transport activity within a target city.

{02491  The group identification unit 1420 may identify, from the plurality of city
groups, a target city group of the target city using a classifier.  The classifier may be
obtained based on the result of the grouping in the operation 430.

{0250] The target fransportation type identification unit 1430 may identify, based on
at least one POI included in the transportation request, a larget transportation type of
the target iransport aclivity.

{02511  The management unit 1440 may provide, based on the strategy associated
with {he target group and the target fransportation type, first data to a mobile computing
device associated with a vehicle involved in the target transport activity, causing the
vehicle to more frequently or less frequently engage in transport activities of the target
transpartation type.

{0252] The functions and operations of the sub-modules of the transportation
management module 1400 may be further described in connection with FIG. 15.

10253] it may be noted that, the above descriptions about the transportation
management module 1400 are only for illustration purposes, and not intended to imit
the present disciosure. |t is understood that, after learning the major concept and the
mechanism of the present disclosure, a person of ordinary skill in the art may alter the

transporiation management module 1400 in an uncreative manner.  The alferation may
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include combining andfor splitting unit, adding or removing optionatl unils, etc. All such
modifications are within the protection scope of the present disclosure.

{0254] FIG. 15 is a flowchart illustrating an exemplary transportation management
process (process 1500) according 1o some embodiments of the present disclosure.

The process 1500 may be performed by the transporiation management module 1400
to manage transportation of different cities.  In some embodiments, one or more
operations of the process 1500 illustrated in FIG. 15 may be implemented in the system
100 Hlustrated in FIG. 1. For example, the process 1500 illustrated in FIG. 15 may be
stored in a slorage device (e.g., the RAM 240, the slorage device 220) in the form of
instructions, and invoked and/or executed by one or more processors (e.g., the
processor 210} implementing the corresponding sub-modules of the transportation
management module 1400,

{0255] In some embodiments, the system 100 for performing the process 1500 may
implement an onlineo-offline transportation service platform. A passenger may send
a transportation request via the online-to-offline driving service platform for ordering a
transporiation service. A transportation service provider such as a human driver or an
unmanned vehicle may accept the transportation request via the platform and provide
the required transportation service to the passenger.  Via the process 1500, the
transpariation services provided via the platform may be managed or be regulated so as
to improve the service qualily of the platform and/or improve the transportation state of
different cities.

10256] In 1510, the request receiving unit 1410 may receive a transportation request
to inifiate a target transport activity within a target city.  The transportation request may
be send by a passenger by operation a mobile computing device {e.g., the terminal 130)
for ordering a fransportation service, and the request receiving unit 1410 may receive

the transportation request via the network 120,  The transportation request may include
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information on at least a departure POI and a destination PO, based on which the
target transport activity may be arranged.

{0257] In 1520, the group identification unit 1420 may identify, from the plurality of
city groups (resulting from the operation 430), a target city group of the targst city using
a classifier. The classifier may be obtained based on the result of the grouping in the
operation 430 llustrated in FIG. 4. Descriptions of the obtaining of the classifier have
been provided in connection with FIG. 4 and are nof repeated herein.

{0258] In some embodiments, the classifier may take a graph representation as its
input. Correspondingly, the group identification unit 1420 may generate a target graph
representation of the target city based on transportation data relating to transport
activities within the target city.  The group identification unit 1420 may generate the
target graph representation via operations the same as or similar to the ones through
which the first graph representation sub-module 310 generates a first graph
representation of a city, which are not repeated herein.

{0259] In some embaodiments, the classier may implement the classification by
comparing the target graph representation of the target city with the second featured
graph of each of the plurality of city groups. By operating the classifier, the group
identification unit 1420 may obtain, for each of the plurality of city groups, a second
similarity indicator indicating the similarity between the target graph representation of
the target city and the second featured graph representation of the city group, and
designate, as the target city group, a city group of the plurality of groups having a
highest similarity via the second similarity indicator.  The group identification unit 1420
may obtain a second similarily indicator by using the kernel K, involved in the
operation 420 o treat the target graph representation and the corresponding second
featured graph representation.

10260] In some embodiments, the classier may be obtained via a machine-learing
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algorithm based on the transportation data and the labels for labeling the plurality of
cities with their clusters.  The group identification unit 1420 may identify the target city
group of the target city by inpulling transportation data relating to transport activities
within the target city into the classifier.

{0261] In 1530, the target transportation type identification unit 1430 may identify,
based on at least one PO! included in the fransportation request, a arget transportation
type of the target transport activity.  The at least one POl may be the departure POI
and/or the destination POl For example, the larget transportation type identification
unit 1430 may identify a POI type of the at least one POl {e.g., via a look-up {able), and
identify the target transportation type using the identified PO type.

10262] In 1530, the management unit 1430 may provide based on the strategy
associated with the target group and the {arget transporiation type, first data to a mobile
computing device associated with a vehicle involved in the target transport activity.

The first data may cause the vehicle to be more frequently or less frequently involved in
the transport activities the same as or similar {o the target transport activity.

{02631 For example, the management unit 1430 may determine, based on the
strategy, whether the target transportation type is a transportation type to be promoted
or to be restricted, and generating the first data accordingly.  In some embodiments,
the strategy may include a rulebook including associations between transportation types
and correspond promotion/restriction rules.  The management unit 1430 may search
the target transportation type in such a rulebook, and generate the first data according
to the rule associated with the target transportation type.

{0264] In some embodiments, the first data may cause the mobile computing device
to generate a presentation on a display of the mobile computing device. The
presentation may include information {0 encourage or discourage a user of the mobile

computing device to participate the transport activilies the same as or similar to the
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target transport activity.  The mobile computing device may include an application
related to the ontine-~{o-offline transportation service platform.  After receiving the first
data {e.g., via the network 120}, the mobile computing device may generate the
presentation on a display. For example, the mobile computing device may be a mobile
phone and the display may be the screen or louchscreen of the mobile phone.  As
ancther example, the mobile computing device may be an on-board computing device
which may project the presentation on the windshield {serving as the display) of the
vehicle.

{0265]  The user may be a passenger ordering a fransportation service or a driver
providing the transportation service. The information {0 be presented to the user may
encourage or discourage the user to participate transport activities of the target
transportation type. For example, the information may include discount or increased
share for encouraging the user, or include increased fee or decreased share for
discouraging the user. As another example, the information may include text and/or
graphs promising a better oulcome or warning a possible risk for participating fransport
activities of the target transportation type.  Still as another example, the information
may include a region where transportation requests or transportation services of the
target transportation type are easier o receive.

{0266} In some embodiments, the vehicle may be an unmanned vehicle controlled
by the mobile computing device {e.g., on-board). The first data may modify one or
more parameters of the mobile computing device {0, for example, change the cruising
manner of the vehicle or {o change a response of the vehicle towards transportation
request corresponding {o the target transportation type.  For example, the first data
may change the cruising manner of the vehicle such that the vehicle may cruise in a
region where the transportation requests of the {arget fransporiation type may be easier

or harder to receive.  As another example, the first data may cause the vehicle to
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accept the transportation requests of the target transportation type in a higher or lower
frequency.

{0267] The regulating of transportation via the process 1500 may be beneficial for
the platform and for the cities. For example, by encouraging a driver or setling an
unmanned vehicle to participate a certain type of transport activities, needs of such
transport activities may be {ulfilled in cities where such transport activities are prevailing
or in great need. As another example, by discouraging a driver/passenger or
resiricting an unmanned vehicle {o participate a certain type of transport activities in a
city at a certain time period (it is noted that a POl type or a transportation type may
further relate to a specific time period in some embodiments) such as rush hours
specific to the city and the type of transport activities, the transportation state of the city
may be improved.

{0268] Having thus described the basic concepts, it may be rather apparent {0 those
skilled in the art after reading this detailed disclosure that the foregoing detailed
disclosure may be intended o be presented by way of example only and may be not
fimiting.  Various alterations, improvements, and modifications may occur and are
intended to those skilled in the art, though not expressly stated herein.  These
alterations, improvements, and modifications are intended fo be suggested by this
disclosure, and are within the spirit and scope of the exemplary embodiments of this
disclosure.

10269] Moreover, certain terminology has been used {o describe embodiments of the
present disclosure.  For example, the terms “one embodiment,” “an embodiment,”
and/or “some embodiments” mean that a particular feature, structure or characteristic
described in connection with the embodiment may be included in at feast one
embodiment of the present disclosure. Therefore, it may be emphasized and should

be appreciated that two or more references {0 "an embodiment” or “one embodiment” or
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“an alternative embodiment” in various portions of this specification are not necessarily
all referring to the same embodiment.  Furthermore, the particular features, structures
or characteristics may be combined as suitable in one or more embodiments of the
present disclosure.

{0270] Further, i will be appreciated by one skilled in the art, aspects of the present
disclosure may be illustrated and described herein in any of a number of patentable
classes or context including any new and useful process, machine, manufacture, or
compaosition of matter, or any new and useful improvement thereof.,  Accordingly,
aspects of the present disclosure may be implemented entirely hardware, entirely
software (including firmware, resident software, micro-code, ele.) or combining software
and hardware implementation that may ali generally be referred to herein as a “unit,”
‘module,” or "system.” Furthermore, aspects of the present disclosure may take the
form of a computer program product embodied in one or more computer readable
media having computer readable program code embodied thereon,

{02711 A computer readable signal medium may include a propagated data signal
with computer readable program code embaodied therein, for example, in baseband or
as part of a carrier wave, Such a propagated signal may take any of a variely of forms,
including electro-magnetic, optical, or the like, or any suitable combination thereof. A4
computer readable signal medium may be any computer readable medium that may be
not a computer readable storage medium and that may communicate, propagate, or
transport a program for use by or in connection with an instruction execution system,
apparafus, or device. Program code embodied on a computer readable signal medium
may be transmitted using any appropriate medium, including wireless, wireline, oplical
fiber cable, RF, or the like, or any suitable combination of the foregoing.

10272} Computer program code for carrying out operations for aspects of the present

disclosure may be written in any combination of one or more programming languages,
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including an object oriented programming language such as Java, Scala, Smallalk,
Eiffel, JADE, Emerald, C++, C#, VB. NET, Python or the like, conventional procedural
programming languages, such as the “C” programming language, Visual Basic, Fortran
2103, Perl, COBOL 2102, PHP, ABAP, dynamic programming languages such as
Python, Ruby, and Groovy, or other programming languages. The program code may
execute entirely on the user's computer, partly on the user's computer, as a stand-alone
software package, parlly on the user's computer and parily on a remote computer or
entirely on the remote computer or server.  in the latter scenario, the remote computer
may be connected o the user’s computer through any type of network, including a local
area network (LAN) or a wide area network {(WAN), or the connection may be made to
an external computer (for example, through the Internet using an Internet Service
Provider) or in a cloud computing environment or offered as a service such as a
Software as a Service (Saal).

10273] Furthermore, the recited order of processing elements or sequences, or the
use of numbers, lefters, or other designations therefore, may be not intended {o limit the
claimed processes and methods 1o any order except as may be specified in the claims.
Although the above disclosure discusses through various examples what may be
currently considered {o be a variety of useful embodiments of the disclosure, it may be
to be understood that such detall may be solely for that purposes, and that the
appended claims are not limited to the disclosed embodiments, but, on the contrary, are
intended to cover modifications and equivalent arrangements that are within the spirit
and scope of the disclosed embodiments.  For example, although the implementation
of various components described above may be embodied in a hardware device, it may
also be implemented as a software only solution, for example, an installation on an
gxisting server or mobile device.

{0274] Similarly, it should be appreciated that in the foregoing description of
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embodiments of the present disclosure, various fealures are sometimes grouped
together in a single embodiment, figure, or description thereof for the purposes of
streamlining the disclosure aiding in the understanding of one or more of the various
inventive embodiments. This method of disclosure, however, may be not to be
interpreted as reflecting an intention that the claimed subject matler requires more
features than are expressly recited in each claim.  Rather, inventive embodiments lie in
tess than all features of a single foregoing disclosed embodiment.

{0275] In some embodiments, the numbers expressing quantities or properties used
to describe and claim certain embodiments of the application are to be understood as

» R

being modified in some instances by the term “about,” “approximate,” or “substantialiy.”

b

For example, “about,” “approximate,” or “substantially” may indicate +20% variation of
the value it describes, unless otherwise stated. Accordingly, in some embodiments,
the numerical parameters set forth in the written description and atfached c¢laims are
approximations that may vary depending upon the desired properties sought {o be
obtained by a particular embodiment. In some embodiments, the numerical parameters
should be construed in light of the number of reported significant digits and by applying
ordinary rounding techniques. Notwithstanding that the numerical ranges and
parameters setting forth the broad scope of some embodiments of the application are
approximations, the numerical values set forth in the specific examples are reporied as
precisely as practicable.

j0276] Each of the patents, patent applications, publications of patent applications,
and other material, such as arlicles, books, specifications, publications, documents,
things, and/or the like, referenced herein may be hereby incorporated herein by this
referance in its entirety for all purposes, excepting any prosecution file history
associated with same, any of same that may be inconsistent with or in conflict with the

present document, or any of same that may have a limiting affect as to the broadest
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scope of the claims now or later associated with the present document. By way of
exampile, should there be any inconsistency or conflict between the description,
definition, and/or the use of a term associated with any of the incorporated material and
that associated with the present document, the description, definition, and/or the use of
the term in the present document shall prevail.

10277] In closing, it is {0 be understood that the embodiments of the application
disclosed herein are illustrative of the principles of the embodiments of the application.
Other modifications that may be employed may be within the scope of the application.
Thus, by way of example, but not of limitation, alternative configurations of the
embodiments of the application may be utilized in accordance with the teachings herein,
Accordingly, embodiments of the present application are not limited {o that precisely as

shown and describe.
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WE CLAIM:
1. Amethod for analyzing and managing fransportation, implemented on at least one
device, each of which includes one or more storage devices and al least one processor,
the method comprising:
generating, by the at least one processor, for each of a pluralily of geographic
regions, a first graph representation based on transportation data relating to transport
activities within the geographic region;
obtaining, by the at least one processor, for any two of the pluralily of geographic
regions, via a graph kemnel based algorithm, a first similarity indicator measuring a
similarity between the first graph representations of the any two of the pluralily of
gecgraphic regions;
grouping, by the at least one processor, based on the first similarity indicators, the
plurality of geographic regions into a plurality of groups; and
for each of the plurality of groups:
identifying, by the at least one processor, at least one featured transportation
type of the group; and
assodciating, by the at least one processor, a strategy fo the group to promote
or restrict transport activities of the at least one featured fransportation type of the

group.

2. The method of claim 1, wherein:

the transportation data includes, for each of the transport activities, points of
interest (POIls), which correspond {o a departure location and a destination location of
the transport activity respectively and belong to a plurality of POl types;

the first graph represeniation includes a plurality of first verlices and a plurality of

first edges;
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each of the plurality of first vertices represent a POI type of the plurality of POI
types; and

each of the plurality of first edges represent {ransport aclivities between the PQOls of
the corresponding POl types, and has a weight associated with at least a number of the

transport aclivities represented by the first edge.

3. The method of claim 2, wherein the generating, for each of a plurality of
geographic regions, a first graph representation based on transportation data
comprises:

generating, based on the transportation data associated with the geographic
region, a second graph representation of the geographic region, wherein the second
graph representation includes a plurality of second vertices and a plurality of second
edges,;

selecting the plurality of first vertices from the plurality of second vertices based on
the second graph representation; and

generating the first graph representation using the plurality of first vertices.

4. The method of claim 3, wherein the selecting the plurality of first vertices
COMPFsSes.
associating a score with each of the plurality of the second vertices;
for each of the plurality of second vertices:
(i} obtaining scores of one or more neighbor vertices of a current second
vertex, the one or more neighbor vertices connecling to the current second veriex
with one or more second edges;

(it} obtaining weighis of the one or more second edges;
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{iifupdating, based at least on the scores of the one or more neighbor vertices
and the weights of the one or more second edges, the score of the current second
vertex; and

(iv) repeating (i), (i), and (iuntl a termination condition is satisfied;
and

selecting the plurality of first vertices based on the scores of the second vertices.

5. The method of claim 3, wherein:
the second graph representation is in a form of an adjacency matrix, wherein each
element of the adjacency matrix is a weight of the corresponding second edge; and
the selecting the plurality of first vertices from the plurality of second vertices
comprises:
obtaining a stochastic matrix based on the adjacency matrix;
calculating an eigenvector of the stochastic matrix; and
selecting the plurality of first vertices from the plurality of second vertices

hased on the eigenvector.

8. The method of any one of claims 2 {o 5, wherein the identifying at least one
featured transportation type of the group comprises:

obfaining a first featured graph representation of the group;

identifying a plurality of transportation types based on the first featured graph
representation;

guantifying each of the plurality of transportation types by associaling the
transporiation type with a quantified number based at least on weights of edges of the
first featured graph representation associated with the transportation type; and

selecting, from the piurality of transportation types, the at least one featured
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transportation type of the group by ranking the plurality of transporiation types based on

the quantified numbers.

7. The method of any one of claims 1 to 8, further comprising:

receiving a transportation request to initiate a target {ransport activity within a target
geographic region;

identifying, from the plurality of groups, a target group of the target geographic
region using a classifier, wherein the classifier is oblained based on the result of the
grouping;

identifying, based on at least one POI included in the fransportation request, a
target transportation type of the target fransport activity; and

providing, based on the strategy associated with the target group and the target
transportation type, first data to a mobile computing device associated with a vehicle
involved in the target transport activily, causing the vehicie to be more frequently or less

frequently involved in fransport activities of the target transporiation type.

8. The method of claim 7, wherein the first data causes the mobile computing device
to generate a presentation on a display of the mobile computing device, wherein the
presentation includes information 1o encourage or discourage a user of the mobile

computing device to participate transport aclivities of the {arget transportation type.

9. The method of claim 7, wherein:
the vehicle is an unmanned vehicle controlled by the mobile computing device; and
the first data modifies one or more parameters of the mobile computing device to
change the cruising manner of the vehicle or to change a response of the vehicle

towards transportation request corresponding to the target transportation type.
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10. The method of any one of claims 7 to 9, the identifying, from the plurality of
groups, a target group of the target geographic region using a classifier comprising:
generating a target graph representation of the target geographic region based on
transportation data relating to transport aclivities within the target geographic region;
obtaining, for each of the plurality of groups, a second similarily indicator indicating
a similarity between the target graph representation and a second featured graph
reprasentation of the group; and
designating, as the farget group, a group of the plurality of groups having a highest

similarity via the second similarity indicator.

11.  The method of any one of claims 7 to 9, the identifying, from the plurality of

groups, a target group of the {arget geographic region using a classifier comprising:
inputling transportation dala relating to transport activities within the target city into

the classifier, wherein the classifier is trained via a machine-learning algorithm using a

training dataset that is obtained based on the result of the grouping.

12. The method of any one of claims 1 to 11, wherein a graph kernel involved in the
graph kernel based algorithm is a kermnel based on walks or paths, or a kernel based on

sub-frees.

13. The method of any one of claims 1 to 12, wherein the grouping, based on the first
similarity indicators, the plurality of geographic regions into a plurality of groups
COMPrises.

clustering, based on the first similarity indicators, the plurality of geographic regions

via a clustering algorithm to obtain a plurality of clusters, each of which corresponds to
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one of the plurality of groups.

14, The methaod of claim 13, wherein the clustering algorithm is a K-means clustering
algorithm, a hierarchical cluster analysis algorithm, or a graph community detection

algorithm.

15. A system for analyzing and managing fransportation, comprising:
at feast one storage medium including a set of instructions for training a learner
model; and
at feast one processor in communication with the storage medium, wherein when
executing the set of instructions, the at least one processor is directed {o:
generate, for each of a plurality of geographic regions, a first graph
representation based on transportation data relating to transport activities within the
geographic region;
obtain, for any two of the plurality of geographic regions, via a graph kernel
hased algorithm, a first similarity indicator measuring a similarity between the first
graph representations of the any two of the plurality of geographic regions;
group, based on the first similarity indicators, the plurality of geographic
regions into a plurality of groups; and
for each of the plurality of groups:
identify at least one featured transportation fype of the group; and
associate, a strategy to the group to promote or restrict transport

activities of the at least one featured transportation type of the group.

16. The system of claim 15, wherein;

the transportation data includes, for each of the transport activities, points of
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interest (FOIls), which correspond {o a departure location and a destination location of
the fransport aclivily respectively and belong to a plurality of PO types;

the first graph representation includes a piurality of first vertices and a plurality of
first edges;

each of the plurality of first vertices represent a POI type of the plurality of PO!
types; and

each of the plurality of first edges represent transport activities between the POls of
the corresponding POI types, and has a weight associated with at least a number of the

transport activities represented by the first edge.

17. The system of claim 16, wherein to generate, for each of the plurality of
geographic regions, the first graph representation based on the transportation data, the
at least one processor is directed io:

generate, hased on the transporiation data associated with the geographic region,
a second graph representation of the geographic region, wherein the second graph
representation includes a plurality of second vertices and a plurality of second edges;

select the plurality of first vertices from the plurality of second vertices based on the
second graph representation; and

generate the first graph representation using the plurality of first vertices.

18. The system of claim 17, wherein to select the plurality of first vertices, the at least
one processor is directed to:
associate a score with each of the pluralily of the second vertices;

for each of the pluralily of second vertices:
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(i) obtain scores of one or more neighbor vertices of a current second vertex,
the one or more neighbor vertices connecting to the current second vertex with one
or more second edges,;

(i} obtain weights of the one or more second edges;

{iijupdale, based at least on the scores of the one or more neighbor vertices
and the weights of the one or more second edges, the score of the current second
vertex; and

{iv) repeat {1}, (i), and (i until a termination condition is satisfied;
and

select the plurality of first verlices based on the scores of the second vertices.

18. The system of claim 17, wherein:
the second graph representation is in a form of an adjacency matrix, wherein each
element of the adjacency matrix is a weight of the corresponding second edge; and
to seilect the plurality of first verices from the plurality of second vertices, the at
feast one processor is directed {o:
obtaining a stochastic matrix based on the adjacency matrix;
calculating an eigenvector of the stochastic matrix; and
selecting the plurality of first vertices from the plurality of second verlices

based on the eigenvector.

20. The system of any one of claims 18 to 19, wherein to identify the at least one
featured transportation type of the group, the at least ane processor is directed o
obtain a first featured graph representation of the group;
identify a plurality of transportation types based on the first featured graph

representation;
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quantify each of the plurality of transportation types by associating the
transportation type with a quantified number based at least on weights of edges of the
first featured graph representation associated with the transportation type; and

select, from the plurality of transportation types, the at least one featured
transportation type of the group by ranking the plurality of {ransportation types based on

the quantified numbers.

21. The sysiem of any one of claims 15 to 20, wherein the at least one processor is
further directed to:

receive a transportation request {o initiate a {arget transport activity within a target
gecgraphic region;

identify, from the plurality of groups, a target group of the target geographic region
using a classifier, wherein the classifier is obtained based on the result of the grouping;

identify, based on at least one PO included in the transportation request, a target
transportation type of the {arget transport activity; and

provide, based on the siralegy associated with the target group and the target
transportation type, first dafa to a mobile computing device associated with a vehicle
involved in the target transport activity, causing the vehicle to be more frequently or less

frequently involved in transport activities of the target fransportation type.

22. The system of claim 21, wherein the first data causes the mobile computing device
to generate a presentation on a display of the mobile computing device, wherein the
presentation includes information o encourage or discourage a user of the mobile

computing device 1o participate transport activities of the target transportation type.
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23. The system of claim 21, wherein:
the vehicle is an unmanned vehicle controlled by the mobile computing device,; and
the first data modifies one or more parameters of the mobile computing device to
change the cruising manner of the vehicle or to change a response of the vehicle

towards transportation request corresponding o the targst transportation type.

24. The system of any one of claims 21 to 23, wherein to identify, from the plurality of
groups, the target group of the target geographic region using the classifier, the at least
one processor is directed to:

generate a target graph representation of the target geographic region based on
transportation data relating to transport activities within the target geographic region;

obtain, for each of the plurality of groups, a second similarity indicator indicating a
similarity between the target graph representation and a second featured graph
representation of the group; and

designate, as the target group, a group of the plurality of groups having a highest

similarity via the second similarity indicator.

25. The system of any one of claims 21 to 23, wherein to identify, from the plurality of
groups, the target group of the target geographic region using the classifier, the at least
one processor is directed to:

input transportation data relating to transport activities within the target city into the
classifier, wherein the classifier is trained via a machine-learning algorithm using a

training dataset that is oblained based on the result of the grouping.
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26. The system of any one of claims 15 to 25, wherein a graph kernel involved in the
graph kernel based algorithm is a kemel based on walks or paths, or a kernel based on

sub-lrees.

27. The system of any one of claims 15 to 26, wherein to group, based on the first
similarity indicators, the plurality of geographic regions into the plurality of groups, the at
least one processor is directed to:

cluster, based on the first similarity indicators, the plurality of geographic regions via
a clustering algorithm o obtain a plurality of clusters, each of which corresponds o one

of the plurality of groups.

28. The system of claim 27, wherein the dlustering algorithm is a K-means algorithm, a

hierarchical cluster analysis algorithm, or a graph community detection algorithm.

29. A non-fransitory computer readable medium, comprising at least one set of
instructions compatible for analyzing and managing transporiation, wherein when
executed by at least one processor of one or mare electronic devices, the at least one
set of instructions directs the at least one processor to:
generate, for each of a plurality of geographic regions, a first graph
representation based on transportation data relating to transport activities within the
geographic region;
obtain, for any two of the plurality of geographic regions, via a graph kermnel
based algorithm, a first similarity indicator measuring a similarity between the first
graph representations of the any two of the plurality of geographic regions;
group, based on the first similarity indicators, the plurality of geographic

regions into a plurality of groups; and



WO 2020/248290 PCT/CN2019/091429

for each of the plurality of groups:
identify at least one featured transportation type of the group; and
associate, a sirategy to the group to promote or restrict transport activities of the at

least one featured transportation type of the group.
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