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METHOD AND SYSTEM FOR IMPROVING GPU PERFORMANCE DURING
DATA-INTENSIVE VISUALIZATION OPERATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority of Chinese Application No.
201610818816.4, titled “Method and System for Processing Data,” filed on September
12,2016, and U.S. Application No. 15/690,593, titled “Method and System for
Improving GPU Performance During Data-Intensive Visualization Operations,” filed

August 30, 2017, both of which are hereby incorporated by reference in their entirety.
BACKGROUND
Technical Field

[0002] The present disclosure relates to the field of computer architecture, and in
particular, to method and systems for improving GPU processing during

visualization operations.
Description of the Related Art

[0003] With advances in science and technology, associated data exists in many
fields such as e-commerce, telecommunications, traffic and the like. Associated data
refers to data having an associative relationship between a start point and an end

point.

[0004] For example, a ship-from address and a ship-to address are one piece of
associated data in the field of e-commerce; a calling party address and a called party
address are one piece of associated data in the field of telecommunications; and a
departure address and a destination address are also one piece of associated data in

the field of transportation.

[0005] In order to make the associated data more intuitive, the associated data may
be visualized on a map. Currently, “flight line” or “trajectory” visualizations are

commonly adopted to display associated data and depict a visualization result. Other
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methods may also be used to visualize the associated data and to obtain a

visualization result, and are not listed in detail herein.

[0006] In order to enable those skilled in the art to more clearly understand the
result of visualizing the associated data, illustrations and descriptions are provided
below. With reference to FIG. 1A, the “flight line” method is used to display a
visualization result. As can be seen from FIG.1A, two end points are used to
represent, for example, a ship-from address and a ship-to address and a curve is used

to represent an association relationship between the described addresses.

[0007] With reference to FIG. 1B, the “trajectory” method is used to display the
visualization result of visualizing the associated data. As can be seen from FIG.1B,
two end points are used to represent a ship-from address and a ship-to address and a
trajectory is used to represent an association relationship between the described

addresses.

[0008] In order to display the directionality from a start point to an end point of the
associated data, different colors may be added at different positions of a line segment;
and the direction from the start point to the end point is indicated through a variation
in color shades of the line segment. For example, a shooting-star effect is set for a line
segment color; the parts closest to the start point have the darkest color whereas the

parts closest to the end point have the lightest color (not illustrated).

[0009] Currently, associated data is visualized using an image processing device,
including a central processing unit (CPU) and a graphics processing unit (GPU).
When the CPU receives multiple pieces of associated data, data transfers need to be
performed multiple times between the CPU and the GPU. That is, the number of
times of communication between the CPU and the GPU is consistent with the number

of pieces of associated data.

[0010] However, due to hardware limitations of an image processing device, if the

number of times of communication between the CPU and the GPU is relatively large,
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the frame rate of the GPU would be reduced, thereby affecting the display

performance of the GPU.
BRIEF SUMMARY

[0011] In view of this, the disclosed embodiments provide methods and systems for
processing data wherein the number of instances of communication between the CPU

and the GPU is reduced during visualization of associated data.

[0012] In one embodiment, a method is disclose that comprises receiving a data
frame at a central processing unit (CPU), the data frame including a plurality of
pieces of associated data; identifying, by the CPU, feature information corresponding
to the plurality of pieces of associated data; generating, by the CPU, overall feature
information by combining at least a portion of the feature information; and sending,

by the CPU, the overall feature information to a graphics processing unit (GPU).

[0013] In another embodiment, a system is disclosed comprising a graphics
processing unit (GPU) and a central processing unit (CPU) configured to receive a
data frame, the data frame including a plurality of pieces of associated data; identify
feature information corresponding to the plurality of pieces of associated data;
generate overall feature information by combining at least a portion of the feature

information; and send the overall feature information to the GPU.

[0014] The following advantageous effects may be achieved through the

above-mentioned embodiments.

[0015] The disclosed embodiments provide methods for processing data, of which
multiple pieces of feature information are combined to obtain overall feature
information, thereby transmitting the overall feature information between the CPU

and the GPU.

[0016] In current systems, the CPU has to repeatedly communicate with the GPU to
transfer multiple pieces of feature information. In the disclosed embodiments,

however, the CPU only needs to have one communication transmission with the GPU

3
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because multiple pieces of feature information are combined into one overall piece of

feature information.

[0017] Thus, the communication frequencies between the CPU and the GPU can be
greatly reduced in the present application, thereby improving the frame rate of the

GPU and reducing the impact on display performance of the GPU.
BRIEF DESCRIPTION OF THE DRAWINGS

[0018] In order to more clearly illustrate the technical solutions in embodiments of
the present disclosure or current systems, the drawings which need to be used in the
description of the embodiments or the current systems will be introduced briefly
below. The drawings described below are merely some embodiments of the
disclosure, and those of ordinary skill in the art also can obtain other drawings

according to these drawings without creative efforts.

[0019] FIGS. 1A-1B are two implementations of a display line according to some

embodiments of the disclosure.

[0020] FIG. 2 is a diagram of a system for processing data according to some

embodiments of the disclosure.

[0021] FIG. 3is a flow diagram illustrating a method for processing data used in

current systems.

[0022] FIGS. 4A—4B are flow diagrams illustrating methods for processing data

according to some embodiments of the disclosure.

[0023] FIGS. 5A-5B are diagrams of visualization results according to some

embodiments of the disclosure.

[0024] FIG. 6is a flow diagram illustrating a method for processing data according

to some embodiments of the disclosure.

[0025] FIG. 7 is a flow diagram illustrating a method for processing data according

to some embodiments of the disclosure.

4
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[0026] FIG. 8 is a flow diagram illustrating a method for processing data according

to some embodiments of the disclosure.

[0027] FIG. 9is a flow diagram illustrating a method for processing data according

to some embodiments of the disclosure.

[0028] FIG. 10 is a flow diagram illustrating a method for processing data according

to some embodiments of the disclosure.

[0029] FIG. 11 is a flow diagram illustrating a method for processing data according

to some embodiments of the disclosure.
DETAILED DESCRIPTION

[0030] The embodiments disclosed herein will be described clearly and completely

below with reference to the drawings. The described embodiments are merely some,
rather than all of the embodiments of the present disclosure. Based on the disclosed

embodiments, all other embodiments obtained by those of ordinary skill in the art

without making creative efforts shall fall within the scope of the disclosure.

[0031] In order to enable those skilled in the art to clearly understand the disclosed
embodiments, a system for processing data that is used to visualize associated data is

first introduced.

[0032] FIG. 2 is a diagram of a system for processing data according to some

embodiments of the disclosure.

[0033] The system for processing data comprises a data providing device 100 and a
data processing device 200. The data processing device 200 comprises a central
processing unit (CPU) and a graphics processing unit (GPU). As illustrated, the CPU
is communicably connected to the GPU. The data providing device 100 sends

associated data to the data processing device 200.

[0034] The disclosed embodiments may be applied to a plurality of application

scenarios and the data providing device and the associated data may differ
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depending on the different application scenarios. Illustrations are provided below by

using examples of application scenarios.

[0035] For example, the disclosed embodiments may be applied in the field of
e-commerce and a ship-from address and a ship-to address of an order may be
visualized. In this situation, the data providing device 100 may be an order server of
an e-commerce system and the associated data is the ship-from address and the
ship-to address associated with an order. In one embodiment, the order server
includes a plurality of groups of ship-from and ship-to addresses. Thus, the order
server may send the plurality of groups of ship-from and ship-to addresses to the

data processing device 200.

[0036] As another example, the disclosed embodiments may be applied in the field
of telecommunications, and a calling party address and a called party address of a
telephone call may be visualized. In this example, the data providing device 100 may
be a traffic server of a telecommunications system and the associated data is the
calling party address and the called party address. In one embodiment, the traffic
server includes a plurality of groups of calling party and called party addresses.
Thus, the traffic server may send the plurality of groups of calling party and called

party addresses to the data processing device 200.

[0037] As another example, in the field of telecommunications, a sender address and
a receiver address of a short message may also be visualized. In this example, the data
providing device 100 may be a short-message server of a telecommunications system.
For example, the disclosed embodiments may also be applied in the field of instant
messaging software. A plurality of instant messaging messages exist in the instant
messaging software (such as DINGTALK and ALITALK and the like). Sender
addresses and receiver addresses of the instant messaging software may be
visualized. In this situation, the data providing device 100 may be a server of the

instant messaging software.
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[0038] The disclosed embodiments may also, for example, visualize a sender and a
receiver of a mail. In this situation, the data providing device 100 may be an email

server.

[0039] As another example, the disclosed embodiments may be applied in the field
of transportation in which a departure address and a destination address of a vehicle
(a car, train, bus, airplane, military combat vehicle, ship, bicycle, etc.) may be
visualized. In this situation, the data providing device 100 may be a navigation server
of a transportation system and the associated data is the departure address and the
destination address. In one embodiment, the navigation server includes a plurality of
groups of departure addresses and end addresses. Thus, the navigation server may
send the plurality of groups of departure and end addresses to the data processing

device 200.

[0040] The disclosed embodiments may be applied, for example, in the field of
games and a start point and a destination point of weapons such as gunfire, an arrow
and the like in a game may be visualized. In this example, the data providing device
100 may be a game server of a game system and the associated data is the start point
and the destination point. In one embodiment, the game server includes a plurality of
groups of start addresses and end addresses. Thus, the game server may send the

plurality of groups of start points and end points to the data processing device 200.

[0041] The disclosed embodiments may be applied, for example to the technical
field of group movement in a public place. In this example, the disclosed
embodiments may visualize a start point and a destination point of a crowd
movement in a public place (e.g., a marketplace, scenic region, bus station, train
station, etc.). The disclosed embodiments may visualize a departure address and a
destination address of moving objects and the like. In this situation, the data
providing device 100 may be a data server for recognizing a start point and a
destination point of a crowd and the associated data is the start point and the

destination point. It can be understood that the data server includes a plurality of
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groups of departure addresses and end addresses. Thus, the data server may send the

plurality of groups of start and end points to the data processing device 200.

[0042] As another example, the disclosed embodiments may also be applied in the
field of military combat technologies to visualize a start point and a destination point
of weapon firing. In this example, the data providing device 100 may be a server for
recognizing a start point and a destination point of weapon firing and the associated

data is the start point and the destination point.

[0043] As another example, the disclosed embodiments may be applied in the field
of weather to visualize a starting point and an ending point of an airflow, a typhoon
or a wind direction. In this example, the data providing device 100 may be a server

for recognizing a start point and a destination point in a weather condition.

[0044] The disclosed embodiments may be applied, for another example, to a
starting point and an ending point of planet movements in the field of astronomy. In
this example, the data providing device 100 may be a server for recognizing a start

point and a destination point in a planet movement condition.

[0045] It can be understood that the disclosed embodiments are not limited to the
illustrated scenarios provided in the above examples. The technology provided in the
disclosed embodiments can be applied in situations where the visualized object has a

start point and a destination point in its movement.

[0046] The data processing device 200 is used for receiving and processing
associated data to achieve the goal of visualizing the associated data on a map as

described in more detail herein.

[0047] The process of visualizing associated data by the data processing device 200
in current systems is introduced below in connection with FIG. 3, such that those
skilled in the art could have a better understanding of the technical problems existing

in current systems.
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[0048] In current systems, the process of processing each piece of associated data by
the data processing device 200 is consistent, except that the process of identifying
display line data is different in different application scenarios. The operation of
current systems is illustrated below by using a group of a ship-to address and a

ship-from address in the field of e-commerce as the associated data as an example.

[0049] FIG. 3is a flow diagram illustrating a method for processing data used in

current systems.

[0050] Step S301: A CPU receives associated data sent by a data providing device
and then performs coordinate conversion on the associated data to obtain start point

coordinates and end point coordinates.

[0051] Assuming that a ship-from address is “Hangzhou” and a ship-to address is
“Shanghai,” after performing three-dimensional coordinates conversion on the
associated data, the start point coordinates, x1, y1, z1, (i.e., the coordinates of the
ship-from address “Hangzhou”) in the associated addresses may be obtained; and
the end point coordinates, x2, y2, z2, (i.e., the coordinates of the ship-to address
“Shanghai”), in the associated addresses may be obtained. Herein, x1, y1, z1, x2, y2 and

z2 are specific coordinate values.

[0052] Step S302: the CPU builds display line data based on the start point

coordinates and the end point coordinates.

[0053] A person skilled in the art may pre-determine the type of the display line,
which may include “flight line” and “trajectory.” The flight line may be a straight
line, a parabola or a broken line and the like, while the “trajectory” is a trajectory line

of a movement of an object from a start point to an end point.

[0054] A processor may select a preset function corresponding to the display line
type. Then, the preset function is stored in the CPU. In this step, the CPU may invoke
the preset function and carry out computation according to the start point

coordinates and the end point coordinates to obtain the display line data.

—9__
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[0055] For example, in the case where the display line type is a parabola, the CPU

pre-stores a preset function corresponding to the parabola type, such asy = ax? +

X1+Xy Y11y 2112,
27 2 7 2

bx + c. First, intermediate coordinates ( ) between the start point

coordinates and the end point coordinates are calculated.

[0056] The start point coordinates (x1, y1, z1), the end point coordinates (xz, y2, z2) and

X1+Xp Y11V 2112,

i ) are substituted into y = ax? +bx +c¢

the intermediate coordinates (

to calculate specific values of g, b and ¢, thereby determining the display line data

corresponding to the associated data.

[0057] Assuming that a = 5,b = 4, and ¢ = 3, the display line dataisy = 5x* +
4x + 3. The specific values of 4, b and ¢ are merely exemplified, and do not represent

a real situation.

[0058] The above-mentioned parabolic equation is a relatively simple example. In an
actual application, a normal vector, i.e., direction of gravity, may be set for the flight
line, so as to indicate that all parabolic movements to the ground are influenced by
gravity. The normal vector is represented by normal. If the trajectory of a parabolic

movement to the ground is spherical, assuming that the coordinates of a sphere

X1+X; V11> Zl+ZZ)
2 7 27 2 7

center is (0, 0, 0), a normalized vector of normal is (
[0059] A parabola that opens downward (1 — A1) * 1 * kHeight is preset. Herein, A
represents a definite-proportion division point, and kHeight represents a height
proportionality coefficient. Then, (1 — 1) * A * kHeight * normal is added to the

definite-proportion division point of the start point coordinates (x1, y1, z1) and the end

point coordinates (xz, y2, z2) to form a 3D parabola, i.e., the display line data.

[0060] The above section merely provides two specific implementations of
determining the display line data. It should be understood that the preset function
may vary with the display line and the specific preset function may be determined

according to actual situations, and is not limited herein.

— 10 —
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[0061] Step S303: the CPU identifies feature information based on the display line

data.

[0062] The feature information specifically comprises a position array and a color
array. Specifically, a plurality of position points may be identified from the display
line data, each position point corresponding to a position coordinate and a color
value. Position coordinates of the plurality of position points form a position array of
the feature information; and color values of the plurality of position points form a

color array of the feature information.

[0063] The process of identifying the feature information is introduced in detail
below. The CPU identifies a position array in the display line data by using a position
function; identifies a color value of each position point in the position array by using
a color function; and combines the color values of respective position points to form a
color array. The number of the position points in the position array is definite, such as
m. Then, the object of the position function is to take coordinate values of m position
points from the display line data. Preferably, the position function may equidistantly
take the coordinate values of m position points from the display line data; and of
course, the position function may also be used to randomly take the coordinate

values of m position points from the display line data.

[0064] After identifying the position array, the color function is used to set different
colors for m position points, so as to use different colors to represent the
directionality from a start point to an end point. That is, the color array also
comprises m color values, each color value corresponding to a position point in the

position array.
[0065] Step S304: the CPU sends the feature information to a GPU.

[0066] Step S305: the GPU performs a visualization operation on the feature
information by using drawing software and obtains a visualization result. The GPU

identifies coordinates of respective position points in the position array in a preset

— 11 —



WO 2018/048711 PCT/US2017/049581

map and sets corresponding colors in the color array for respective position points.
Then, by means of a canvas-based drawing standard or the SVG drawing standard, a
display line is displayed based on respective position points (the specific
implementation process is not critical to the disclosed embodiments and is thus not
repeatedly described herein), and different portions of the display line have different

colors.

[0067] In the above-mentioned embodiment, each piece of associated data only
corresponds to one piece of feature information; and it can be understood that the
way of expressing the associated data is relatively simple with only the feature
information (the position array and the color array). In order to vividly display the
associated data, geometric information corresponding to the associated data may be
added, wherein the geometric information includes information such as a shape

array, a curvature feature value, and a width feature value and the like.

[0068] The shape array is used to represent the shape of an object to be displayed.
For example, in the case where the associated data is a departure address and a
destination address of an order, in order to vividly display the order on a map, a
shape representing the “order” may be displayed on the display line; for example, a
cube representing a parcel. At this time, the shape array is an array representing the

shape of the cube.

[0069] As another example, in the case where the associated data is a weapon in a
game, in order to vividly display the shape of the weapon, the shape array may be
used for representation. For example, when the weapon is a “dart”, in the process of
displaying a movement of the “dart” from a start point to a destination point, a
position point representing the shape of the “dart” may be added in the shape array

in order to display the shape of the “dart” on the display line.

[0070] The curvature feature value is used to represent the arc radius of the display

line. The arc radius may vary depending on specific application scenarios, and may

— 12—
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be preset by a person skilled in the art and may also be processed by a processor

according to different conditions during use.

[0071] For example, taking the departure address and the destination address of the
order as an example. Because the arc radius between the departure address and the
destination address may be preset. The arc radius between departure addresses and
destination addresses of respective orders may then be consistent, thereby
maintaining consistency. In different technical fields, in order to enable the display
line to be more applicable for specific application scenarios, a person skilled in the art

could modify the magnitude of the curvature feature value of the display line.

[0072] The width feature value is used to represent the width of the display line.
Similar to the above-mentioned curvature feature value, the feature is an adjustable
feature, provided to be applicable for different technical fields and is adjustable by a

person skilled in the art.

[0073] Generally speaking, the geometric information is pre-stored in a storage
space of the CPU and thus the CPU may directly extract the geometric information
corresponding to the associated data from the storage space. For ease of description,
the feature information and the geometric information are referred to as attribute
information. In the attribute information, the feature information certainly is
indispensable content while the geometric information is optional content. During a
specific implementation, the attribute information may be determined according to

actual situations.

[0074] The above process shown in FIG. 3 is a process of processing a piece of
associated data by a data processing device; in the case where the CPU receives
multiple pieces of associated data, each piece of associated data is processed

according to the process shown in FIG. 3.

[0075] It can be understood that when the CPU receives a piece of associated data,

data communication needs to be performed once between the CPU and the GPU

— 13—
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(transmission of a piece of feature information); and when the CPU receives multiple
pieces of associated data, data communication needs to be performed multiple times
between the CPU and the GPU (transmission of multiple pieces of feature

information).

[0076] However, due to hardware limitations of a data processing device, if the
number of times of communication between the CPU and the GPU is relatively large,
the frame rate of the GPU would be reduced, thereby affecting the display
performance of the GPU. Therefore, the disclosed embodiments provide methods to
solve the problem faced by the data processing device without changing the

hardware structure of the data processing device.

[0077] The disclosed embodiments to remedy these deficiencies are introduced

below.

[0078] In current systems, the reason that the CPU communicates with the GPU
many times per data frame is that each piece of feature information obtained in the
data frame is communicated once between the CPU and the GPU. Thus when the
number of pieces of feature information calculated in the data frame is relatively
large, the number of times of communication between the CPU and the GPU is

correspondingly high.

[0079] In order to reduce the number of times of communication between the CPU
and the GPU, the disclosed embodiments provides the following solution: the CPU
combines multiple pieces of feature information to obtain overall feature information,

and then sends the overall feature information to the GPU.

[0080] For example, for i pieces of feature information, the CPU has to communicate
with the GPU for i times in current systems. In the disclosed embodiments, the i
pieces of feature information may be combined into one piece of overall feature

information and thus, the CPU only has to communicate with the GPU once.

— 14 —
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Therefore, the number of times of communication between the CPU and the GPU

may be greatly reduced.

[0081] Regarding the technical features of the CPU combining multiple pieces of
feature information to obtain the overall feature information and then sending the
overall feature information to the GPU, the disclosed embodiments provide four

parallel implementations which are introduced below.

[0082] In a first implementation, the CPU communicates with the GPU once in a

data frame.

[0083] FIG. 4A is a flow diagram illustrating a method for processing data according

to some embodiments of the disclosure.

[0084] Step S401: the CPU acquires multiple pieces of associated data in a data
frame, and identifies attribute information corresponding to the associated data, each

piece of attribute information at least comprising feature information.

[0085] If the attribute information includes geometric information, the respective
pieces of geometric information corresponding to the respective pieces of associated

data are acquired in a storage space of the CPU.

[0086] The process of identifying the feature information corresponding to the

associated data is described in more detail herein.

[0087] In the case where the number of pieces of feature information in the CPU is
not defined, the CPU acquires any number of pieces of associated data for a data
frame and identifies the feature information corresponding to each piece of

associated data.

[0088] However, due to the display performance of the GPU, a display line
corresponding to the feature information cannot be rendered without limitation.
Therefore, the number of pieces of feature information that may be built may be set to
a preset number in the CPU. In this embodiment, since the GPU may build a partial

number of pieces of feature information, a remaining number is used to represent the

— 15—
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number of pieces of feature information that may be additionally built by the CPU.

The remaining number is equal to the preset number less the partial number.

[0089] Thus, the CPU may judge whether the number of the multiple pieces of
associated data is larger than the remaining number after receiving multiple pieces of
associated data in a data frame. If the number of the multiple pieces of associated
data is not larger than the remaining number it indicates that the remaining number
is large enough and the feature information may be built for each piece of associated
data. Therefore, the CPU may identify the feature information corresponding to each

piece of associated data in the multiple pieces of associated data.

[0090] If the number of the multiple pieces of associated data is larger than the
remaining number, it indicates that the remaining number is not large enough; and
the feature information cannot be built for each piece of associated data. As a result,
several pieces of associated data are screened from the multiple pieces of associated
data and the number of the several pieces of associated data is not larger than the
remaining number. The CPU may identify the feature information corresponding to

each piece of associated data in the several pieces of associated data.

[0091] In the case where the preset number is not set in the CPU, a detailed

description of this step is given below.

[0092] In a data frame, the CPU acquires multiple pieces of associated data sent by a
data providing device. In order to clearly illustrate the embodiment, it is assumed

that n pieces of associated data are acquired in a data frame.

[0093] The CPU performs steps S301-S302 in FIG. 3 for each piece of associated data
and obtains n pieces of feature information: feature information 1, feature
information 2, feature information 3, ...... feature information i, ...... feature

information n.

[0094] The feature information includes a position array P and a color array C; and

thus feature information 1 includes a position array P; and a color array C;; feature
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information 2 includes a position array P, and a color array C,; feature information 3
includes a position array P; and a color array Cs; ...... feature information i includes
a position array P; and a color array Cj; ...... feature information n includes a

position array P, and a color array C,.

[0095] Assuming that the number of position points in the position array is m and
the number of color values in the color array is also m, then n pieces of feature

information may be:

position array color array

feature information 1

Pi[p11 P12 P13... Pyj.- Piml

Cl[Cll C12 C13...Clj...Clm]

feature information 2

P2[pa1 22 P23... P2 P2ml

C2[021 €22 €23...Cyj... sz]

feature information 3

P3[ps1 P32 P33... P3j- - Paml

C3[C31 C32 €33...C3j... C3m]

feature information »n

Pn[pnl Pn2 Pn3... Pnj. .. pnm] Cn[cnl Cn2 Cn3... Cnj. .. Cnm]

[0096] Herein, i represents an identifier of feature information and j represents
an identifier of a position point; p;; represents a position coordinate of a position
point and ¢;; represents a color value of a position point. Each color value may be
specifically represented in the RGB color format or the CMYK color format, which is

not limited herein.

[0097] Step S402: the CPU combines the respective pieces of feature information to

obtain one piece of overall feature information.

[0098] Continuing with the above-mentioned example: the respective pieces of
feature information are directly combined; that is, position arrays in the n pieces of
feature information are combined to obtain an overall position array; and color arrays
in the n pieces of feature information are combined to obtain an overall color array;

one piece of overall feature information is then obtained.
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[0099] The combined overall position array is: [pu piz pis... py...pim p21 p22 p2s...p2... pam
p3l p32 p33...p3j...p3m ...... pil piZ pi3...pij...pim ...... pnl pn2 pn3pnjpnm]
[0100] The combined overall color array is: [c11 12 C13...Cyj...Cim €21 €22 C23....C2j.... C2m C31

€32 C33...C3...C3m ...... Ci1 Ci2 Ci3...Cij...Cim ...... Cnl Cn2 Cn3...an...Cnm].
[0101] Step S403: the CPU sends the overall feature information to the GPU.

[0102] Step S404: the GPU performs a visualization operation based on the overall

feature information.

[0103] In the case where the attribute information only includes the feature
information, the CPU only needs to send the overall feature information (the overall
position array and the overall color array) to the GPU. The GPU receives the overall
feature information sent from the central processing unit; performs a rendering
operation based on the overall feature information and obtains rendering data; and
performs a visualization operation by using the rendering data and obtains a

visualization result corresponding to the overall feature information.

[0104] In the case where the attribute information includes feature information and
geometric information, the CPU needs to send the overall feature information (the
overall position array and the overall color array) and the respective pieces of
geometric information to the GPU. The GPU receives the overall feature information
and the respective pieces of geometric information sent from the central processing
unit; performs a rendering operation based on the overall feature information and
obtains rendering data; and performs a visualization operation by using the

rendering data and obtains a visualization result.

[0105] For i pieces of feature information, the CPU needs to communicate with the
GPU for i times in current systems. In the disclosed embodiments, the n pieces of
feature information may be combined into one piece of overall feature information;

and thus the CPU only needs to communicate with the GPU once. Therefore, the
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number of times of communication between the CPU and the GPU may be greatly

reduced.

[0106] Since the GPU associates one piece of feature information to one display line,
the visualization result obtained by the GPU after performing drawing according to
the overall feature information in the disclosed embodiments is that: respective
position points are drawn on one display line (please refer to FIG. 5A in which the
display line therein is only a schematic illustration and does not represent a real
display line); that is, display lines corresponding to the respective pieces of associated

data are connected together.

[0107] It can be understood that normally a display condition of the GPU should be
shown as in FIG. 1A or FIG. 1B; that is, the display lines corresponding to the
respective pieces of associated data are separated. Therefore, in the visualization
result obtained according to the first implementation, the display lines corresponding
to the respective pieces of associated data cannot be explicitly distinguished in some
sitatuations, leading to a poor user experience. Therefore, a second implementation is

provided below.

[0108] The second implementation: the CPU communicates with the GPU once in a

data frame and respective feature arrays have connection arrays among them.

[0109] FIG. 4B is a flow diagram illustrating a method for processing data according

to some embodiments of the disclosure.

[0110] Step S411: the CPU acquires multiple pieces of associated data in a data
frame, and identifies attribute information corresponding to the associated data, each
piece of attribute information at least comprising feature information. The specific
process is similar to step 5401 and the associated disclosure is incorporated by

reference herein in its entirety.

[0111] Step S412: connection information is added in each adjacent pair of pieces of

feature information.
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[0112] In general, display lines corresponding to the respective pieces of associated
data may be explicitly distinguished by adding the connection information into each

adjacent pair of pieces of feature information.

[0113] Specifically, for two adjacent pieces of feature information, end point
coordinates of the feature information in a beginning position are acquired and start
point coordinates of the feature information in a latter position are acquired.
Alternatively, start point coordinates of the feature information in a beginning
position are acquired and end point coordinates of the feature information in a latter
position are acquired. It can be understood that both methods may be used, provided
that the methods used for each adjacent pair of pieces of feature information are
consistent during use. Then, connection line data is built based on the start point
coordinates and the end point coordinates and the feature information corresponding

to the connection line data is identified.

[0114] For example, associated data 1 (i.e., feature information 1) has
corresponding start point coordinates 1 (x11, y11, z11) and end point coordinates 1 (xz,
y12, z12); and associated data 2 (i.e., feature information 2) has corresponding start
point coordinates 2 (x21, yz1, z21) and end point coordinates 2 (xzz, y22, z22). The CPU
may then use the end point coordinates 1 (x12, y12, z12) and the start point coordinates
2 (x21, y21, z21) to determine the connection line data. Then, the feature information

corresponding to the connection line data is further identified.

[0115] Normally, the start point coordinates and the end point coordinates may be
used to build a straight line and a linear equation is used as the connection line data.
The linear equation is selected because the linear equation is the most straightforward
connection line between two points. It goes without saying that other types of
connection line data may be built by adopting the start point coordinates and the end
point coordinates (since the principles of building the connection line and of the
display line are consistent, reference can be made to the process of building the

display line in step 5302).
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[0116] The CPU, upon identifying the connection line data, uses a position function
to acquire m position points in the connection line data; or randomly selects m
position points from the connection line data to build a position array. The number of
position points will then be consistent with the number of position points in the
position array. Then a color array is built, which apparently also includes m color
values. The position array and the color array that correspond to the connection line

data are identified as connection information.

[0117] The color array in the connection information will be focused below. The
purpose of a connection array corresponding to the connection line data is that: the
connection information is added into two adjacent pieces of feature information such
that respective display lines may be separated visually (actually still connected) in a
drawing result obtained after drawing done by the GPU. A user may then be able to
visually distinguish respective display lines corresponding to respective pieces of

associated data.

[0118] It can be understood that, FIG. 1A and FIG. 1B are optimum visualization
results. That is, the visualization results only display respective display lines and do
not display other line segments. In order to achieve the effects of FIG. 1A and FIG. 1B,
in the disclosed embodiments, a transparency of respective color values in the color

array of the feature information may be set to 100%.

[0119] In this manner, the connection line is transparent in the visualization result
obtained after drawing done by the GPU. The user cannot see the connection line and
can only see the display line corresponding to the associated data, thereby achieving
the optimum visualization result (see FIG. 5B in which a transparent connection line

is represented by a dashed line).

[0120] Certainly, the optimum visualization effect may be achieved by setting the
color array of the connection array to a transparent color. On the basis of reducing the

visualization effect, as long as the color array of the connection information is
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guaranteed to be inconsistent with the color array of the feature information will

suffice.

[0121] When the color arrays of the connection information and the feature
information are inconsistent, the user may distinguish the display line and
connection line in the visualization result of the GPU. Specific implementations may
come in different forms. For example, a yellow color may be used for displaying the
color array of the feature information while other colors such as a blue color, a green

color, and a red color and the like are used for displaying the connection information.

[0122] Alternatively, respective color values in the color value of the feature
information are inconsistent (respective color values in the color array are not the
same so as to display the directionality of the display line from a start point to an end
point); and then respective color values may be set to be consistent in the color array

in the connection features.

[0123] Of course, other implementations may be adopted to make the color array of
the connection information and the color array of the feature information

inconsistent, which are not listed in detail herein.

[0124] After performing the above-mentioned process on respective adjacent pieces
of feature information, respective pieces of connection information may be obtained.
Specifically, connection information 1 is added between feature information 1 and
feature information 2, connection information 2 is added between feature information
2 and feature information 3; ...... connection information i is added between feature
information i and feature information i +1; ...... and connection information n — 1

is added between feature information n — 1 and feature information n.

[0125] Step S413: the respective pieces of feature information and the respective
pieces of connection information are combined to obtain one piece of overall feature

information.
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[0126] Assuming that the position array of the connection information is
represented by the letter w and the color array of the connection information is
represented by the letter y, the overall feature information obtained in this step is as

follow:

[0127] The combined overall position array is: [pi1 pi2 pis... pij... pim Wil

Wi12... Wij...Wim p21 p22 p23...p2j...p2m W21 W22...W32j...W2m p31 p32 p33...p3j...p3m ...... pil piZ

pis...Pij... Pim Wil Wi2... Wij... Wim...... Pnl P2 Pr3...Pnj... Pam].

[0128] The combined overall color array is: [ci1 ¢12 C13...CYj...Clm Y11 V12... V... Vim C21

C22 C23...C2j...C2m V21 V22...V?2j...V2m C31 C32 C33...C3j...C3m ...... Ci1 Ci2 Ci3...Cij...Cim yil

i2...Vij...Vim ...... Cnl Cn2 Cn3...an...Cnm].

[0129] In order to enable readers to better understand the distinctions between the
overall feature information in the second implementation and the overall feature
information of the first implementation, underlines are adopted to mark the
differences between the described overall feature information. The underlines do not

exist in actual implementation.

[0130] Step S414: the CPU at least sends the overall feature information to the GPU;
and the GPU performs a visualization operation at least based on the overall feature

information. Details are described in step 5404, and are not repeatedly herein.

[0131] In the case where the attribute information only includes the feature
information, the CPU only needs to send the overall feature information (the overall
position array and the overall color array) to the GPU; and the GPU then performs
drawing according to the drawing standard. In the case where the attribute
information includes the feature information and the geometric information, the CPU
needs to send the overall feature information (the overall position array and the
overall color array) and the respective pieces of geometric information to the GPU,

and the GPU then performs drawing according to the drawing standard.
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[0132] In the second implementation, not only the number of times of
communication between the CPU and the GPU may be greatly reduced, the user

experience during viewing of the visualization result may also be improved.

[0133] In the first and the second implementations, communication is performed
only once between the CPU and the GPU in a data frame; and thus the number of
times of communication between the CPU and the GPU may be greatly reduced in

the first and the second implementations.

[0134] Additionally, the disclosed embodiments further provide the following two
implementations in which the CPU communicates with the GPU for a small number
of times. Although the number of times of communication between the CPU and the
GPU is still large when compared with the situation where only one communication
is performed, the greatly reduced number of communication between the CPU and
the GPU still has its advantages when compared with the large number of times of

communication in current systems.

[0135] In a third implementation, the CPU communicates with the GPU for multiple
times in a data frame; and the number of times of the communication is far smaller

than the number of pieces of feature information.

[0136] Upon acquiring multiple pieces of associated data in a data frame, the
multiple pieces of associated data are divided into multiple associated data sets,
wherein at least one associated data set comprises two or more pieces of associated

data in the multiple pieces of associated data.

[0137] In the case where the number of pieces of feature information in the CPU is
not defined, the CPU acquires any number of pieces of associated data for a data
frame and directly divides the any number of pieces of associated data into the

multiple associated data sets.

[0138] Due to the display performance of the GPU, a display line corresponding to

the feature information cannot be rendered without limitation. Therefore, a preset
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number of pieces of feature information that may be built may be set in the CPU. In
this execution process of the disclosed embodiments, since the GPU may build a
partial number of pieces of feature information, a remaining number is used to
represent the number of pieces of feature information that may be additionally built

by the CPU. The remaining number = the preset number — the partial number.

[0139] Thus, the CPU may determine whether the number of the multiple pieces of
associated data is larger than the remaining number after receiving multiple pieces of
associated data in a data frame. If not, the multiple pieces of associated data are
divided into the multiple associated data sets. If so, screening several pieces of
associated data from the multiple pieces of associated data, and if the number of the
several pieces of associated data is not larger than the remaining number, dividing

the several pieces of associated data into multiple associated data sets.

[0140] Using the situation where the number of pieces of feature information in the
CPU is not defined as an example. It is assumed that the CPU obtains n pieces of
feature information in a data frame. The CPU divides the n pieces of feature
information into multiple associated data sets; each associated data set comprises at
least one piece of feature information; and the number of the associated data sets is

far smaller than the number of pieces of feature information.

[0141] Then, each associated data set is processed according to the first
implementation to achieve the goal that one associated data set corresponds to one

piece of overall feature information and the specific process will not be repeated.

[0142] In a fourth implementation, the CPU communicates with the GPU multiple
times and the number of times of the communication is far smaller than the number
of pieces of feature information. A connection array exists between respective pieces

of feature arrays.

[0143] Upon acquiring multiple pieces of associated data in a data frame, the

multiple pieces of associated data are divided into multiple associated data sets,
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wherein at least one associated data set comprises two or more pieces of associated
data in the multiple pieces of associated data. Reference of the specific process can be
made by referring to the third implementation and details are not repeated herein but

are incorporated by reference in their entirety.

[0144] Using the situation where the number of pieces of feature information in the
CPU is not defined as an example. It is assumed that the CPU obtains n pieces of
feature information in a data frame. The CPU divides the n pieces of feature
information into multiple associated data sets; each associated data set comprises at
least one piece of feature information; and the number of the associated data sets is

far smaller than the number of pieces of feature information.

[0145] Then, each associated data set is processed according to the first
implementation to achieve the goal that one associated data set corresponds to one
piece of overall feature information; and moreover, connection information exists
between each adjacent pair of pieces of feature information in the associated data sets;

the specific process will not be repeated.

[0146] In the third and fourth implementations, the CPU may send n pieces of
feature information to the GPU for multiple times; and the number of times of
communication between the CPU and the GPU is the same as the number of
associated data sets. Since the number of the associated data sets is far smaller than
the number of pieces of feature information, the number of times of communication
between the CPU and the GPU may also be greatly reduced in the third and fourth

implementations.

[0147] In the four implementations introduced above, the CPU sends the overall
feature information to the GPU; and then performs a rendering operation based on
the overall feature information to obtain rendering data; and performs a visualization
operation by using the rendering data and obtains a visualization result

corresponding to the overall feature information.
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[0148] Specifically, the GPU may utilize drawing software to visualize the position
array and the color array in the overall feature information on the map. In current
systems, the GPU normally adopts a canvas-based drawing standard to visualize the

feature information and the current rendering efficiency of the GPU is not high.

[0149] In order to improve the rendering efficiency, the disclosed embodiments
utilize the WebGL drawing standard to visualize the feature information. The
WebGL drawing standard is a 3D drawing standard of a web client; such drawing
technology standard allows a combination of JavaScript with OpenGL ES 2.0; and
WebGL may provide hardware-accelerated 3D rendering for HTML5 Canvas by
adding JavaScript binding of OpenGL ES 2.0, thereby improving the rendering
efficiency of the GPU.

[0150] Below the attribute information including the feature information is used as
an example to illustrate the rendering process in detail. It can be known from the
execution process of the CPU and the GPU in a data frame that in the first and second
implementations, the overall feature information needs to be rendered once after the

GPU receives the overall feature information in a data frame.

[0151] In the third and fourth implementations, since the GPU may receive multiple
pieces of overall feature information in a data frame, the multiple pieces of overall
feature information need to be rendered multiple times. That is to say, the GPU
performs the rendering process at least once in a data frame; that is, the GPU needs to

perform the rendering process in each data frame.

[0152] Therefore, in order to improve the rendering efficiency of the GPU, the
disclosed embodiments provide the following technical feature. The GPU performs

pre-rendering based on preset overall feature information to obtain rendering data.

[0153] The rendering data mainly includes the overall feature information and the
intermediate data of the rendering process. As such, in an actual execution process,

the GPU, upon receiving the overall feature information sent from the CPU, does not
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need to perform rendering based on the overall feature information; and can obtain
updated rendering data by only updating the overall feature information in the

rendering data; and then displays on the map based on the updated rendering data.
Since the GPU does not need to perform the rendering process based on the overall

feature information, the rendering efficiency of the GPU may be greatly improved.

[0154] Prior to performing the pre-rendering process, the specific implementation
(the first implementation, the second implementation, the third implementation or
the fourth implementation) of the CPU in the disclosed embodiments will be

determined by a person skilled in the art.

[0155] If it is determined that the first implementation or the second implementation
(the CPU communicates with the GPU once) is adopted, a first pre-rendering process
is correspondingly adopted in the data processing device; and if it is determined that
the third implementation or the fourth implementation (the CPU communicates with
the GPU for multiple times) is adopted, a second pre-rendering process is

correspondingly adopted in the data processing device.

[0156] The first pre-rendering process and the second pre-rendering process are

introduced in detail below.

[0157] The GPU in the data processing device is used for receiving the overall
feature information sent from the CPU and rendering a display line corresponding to
the overall feature information. Due to hardware limitations of the GPU, the GPU

may render at most a given number of display lines in one data frame.

[0158] Therefore, it is assumed that the number of pieces of display line data that the
CPU may build at most is the preset number; or the number of pieces of feature
information that may be built at most is the preset number and the preset number is
smaller than the given number. In this way, the number of display lines rendered by

the GPU does not exceed the given number.
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[0159] It can be found from the process shown in FIG. 3 that in the data processing
device, one piece of associated data corresponds to one piece of display line data; one
piece of display line data corresponds to one piece of feature information (the
position array and the color array); and one piece of feature information corresponds
to one display line. Therefore, in the case where only a preset number of pieces of
display line data can be built at most, the CPU may also correspondingly build at

most a preset number of pieces of feature information.

[0160] FIG. 6is a flow diagram illustrating a method for processing data according

to some embodiments of the disclosure.

[0161] Step S601: the CPU builds overall feature information including a preset

number of pieces of feature information and saves the overall feature information.

[0162] The CPU builds the preset number of pieces of feature information. Specially,
the CPU may receive a preset number of pieces of associated data, and acquires a
preset number of pieces of feature information according to the processes of steps

S301 to S303.

[0163] Since in the first and second implementations, the CPU communicates with
the GPU once in a data frame, the CPU combines the preset number of pieces of

feature information and obtains the overall feature information.

[0164] The CPU may identify the overall feature information corresponding to the
preset number of pieces of feature information according to the first implementation
that FIG. 4A corresponds to or the second implementation that FIG. 4B corresponds
to. Assuming that the preset number is 10, the CPU combines 10 pieces of feature

information and obtains the overall feature information.

[0165] Step S602: the CPU adds attribute information for the overall feature

information.
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[0166] In order to facilitate subsequent use of the overall feature information, the
attribute information needs to be added for the overall feature information.

Specifically, please refer to the following processes.

[0167] (1) a feature identifier is set for each piece of feature information and position

point identifiers are set for all position points in the overall feature information.

[0168] The CPU sets different feature identifiers for each piece of feature
information to distinguish the respective pieces of feature information. Assuming
that the preset number of pieces of feature information is 10, then feature information
1 corresponds to feature identifier 1; feature information 2 corresponds to feature

identifier 2; ...... and feature information 10 corresponds to feature identifier 10.

[0169] The overall feature information includes a plurality of position points and the
CPU imparts a position point identifier for each position point. Assuming that each
piece of feature information has eight position points, then the position array of each
piece of feature information has eight position coordinates and the color array has
eight color coordinates. Then, an overall position array of the overall feature
information has position coordinates of 80 position points and an overall color array

also has color values of 80 position points.

[0170] In the case where Arabic numerals are used to impart different identifiers for
all position points, respective position point identifiers in the overall position array
maybel,2, 3, ... 80 sequentially; and respective position points in the overall color
array may alsobe 1,2, 3, ...... 80 sequentially. Ordered letters may also be adopted to
impart different identifiers for respective position points. Certainly, identification

may also be performed using other methods, which is not limited herein.

[0171] (2) a position point identifier set corresponding to each piece of feature
information is determined and a correspondence relationship between the feature
identifier of each piece of feature information and the position point identifier set

corresponding thereto is built.
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[0172] Continuing with the above-mentioned examples and taking feature
information 1 as an example, feature information 1 corresponds to position point
identifier 1 through position point identifier 8, then position point identifier 1 to
position point identifier § constitute position point identifier set 1 of feature
information 1. Then, a correspondence relationship between feature identifier 1 of

feature information 1 and position point identifier set 1 is built.

[0173] (3) a state identifier is set for the feature identifier corresponding to each

piece of feature information.

[0174] The state identifier is added for the feature identifier corresponding to each
piece of feature information, wherein the state identifier is used for indicating a use
state of the feature information. If one piece of feature information is in use, the state
identifier indicates that the feature information is in a wake-up state; and if one piece
of feature information is not in use, the state identifier indicates that the feature

information is in a sleep state.

[0175] The above-mentioned correspondence relationships are expressed in Table 1.

position point position point set feature identifier state identifier
identifier

position point position point identifier 1 to feature identifier 1 state identifier 1
identifier 1 to position point identifier 8

position point

‘dentifier 80 position point identifier 9 to feature identifier 2 state identifier 2

position point identifier 16

position point identifier 72 to | feature identifier 10 state identifier 10
position point identifier 80
TABLE 1

[0176] (4) a wake-up feature identifier set and a sleep feature identifier set are built.

[0177] The feature information corresponding to each feature identifier in sleep
feature identifier set is in an unused sleep state; and the feature information
corresponding to each feature identifier in the wake-up feature identifier set is in an

in-use wake-up state.
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[0178] For a preset number of pieces of feature information, if one piece of feature
information is in a wake-up state, the feature identifier of this feature information is
added to the wake-up feature identifier set. If one piece of feature information is in a
sleep state, the feature identifier of this feature information is added to the sleep
feature identifier set. The sum of the number of pieces of feature information in the
wake-up feature identifier set and the sleep feature identifier set equals to the preset

number.
[0179] Step S603: the overall feature information is sent to the GPU.

[0180] Step S604: the GPU performs pre-rendering based on the overall feature

information and obtains and saves rendering data.

[0181] The GPU performs pre-rendering based on the overall feature information
and obtains rendered rendering data and then saves the rendering data. The
rendering data includes two parts: one part is the overall feature information and the

other part is the intermediate data in the rendering process.

[0182] During the above-mentioned pre-rendering process, the CPU may save the
overall feature information and the attribute information corresponding to the
overall feature information. The GPU may save the rendering data obtained after

pre-rendering.

[0183] In the case of the above-mentioned first pre-rendering, the specific execution

process of the data processing device is introduced below.

[0184] FIG. 7 is a flow diagram illustrating a method for processing data according

to some embodiments of the disclosure.

[0185] Step S701: the CPU updates pre-built overall feature information in a data

frame.

[0186] After the pre-rendering process shown in FIG. 6, the overall feature
information obtained by combining the preset number of pieces of feature

information is already stored in the CPU. Since specific data values of respective
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position points in the current overall feature information are data values in the
previous data frame, in this data frame, data values of respective position points in
the overall feature information needs to be updated such that the overall feature

information is applicable to the data frame.

[0187] Updating the overall feature information includes two aspects: the first
aspect is that the feature information corresponding to the feature identifiers in the
sleep state in the overall feature information is updated; and the second aspect is that
the feature information corresponding to the feature identifiers in the wake-up state
in the overall feature information is updated. Below the two aspects are introduced

respectively.

[0188] The first aspect: the feature information corresponding to the feature
identifiers in the sleep state in the overall feature information is updated. The main
purpose of this aspect is to update associated data obtained in this data frame into the

overall feature information.

[0189] Multiple pieces of associated data are obtained in a data frame; feature
information corresponding to the associated data is identified; and specific data
values of respective pieces of feature information are updated to specific data values

in the overall feature information.

[0190] Taking the target feature information in respective pieces of feature
information as an example, the process of updating the feature information into the

overall feature information is introduced below.

[0191] FIG. 8is a flow diagram illustrating a method for processing data according

to some embodiments of the disclosure.

[0192] Step S801: it is determined whether the sleep feature identifier set is a null

set; and if yes, the process proceeds to step S802; otherwise the process proceeds to

step 5803.
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[0193] Because all the feature identifiers in the wake-up feature identifier set are
being used, upon receiving new associated data, specific values of target feature
information are updated to specific data values of feature information corresponding

to sleep feature identifiers.

[0194] First, the CPU determines whether the sleep feature identifier set is a null set;
and if the sleep feature identifier set is a null set, it indicates that the preset number of
pieces of feature information are in the wake-up state and are being used. If the sleep
feature identifier set is not a null set, it indicates that the preset number of pieces of
feature information have the feature information that is in the sleep state and the

feature information is not used.

[0195] Step S802: the process waits for a period of time and then proceeds to step
S801.

[0196] The CPU determines that the sleep feature identifier set is a null set; and it
indicates that the preset number of pieces of feature information in the CPU are
currently all in the wake-up state, and there is no available feature information.

Therefore, step S801 may be performed after waiting for a period of time.

[0197] Step S803: a feature identifier is selected from the sleep feature identifier set;
feature information corresponding to this feature identifier is identified and a state

identifier of this feature information is changed to a wake-up state.

[0198] The CPU determines whether the sleep feature identifier set is a null set; and
if not, it indicates that there is available feature information. Therefore, an available
feature identifier is selected from the sleep feature identifier set; then a state identifier
corresponding to this feature information is changed to a wake-up state; this feature

identifier is then added to the wake-up feature identifier set.

[0199] Step S804: update the overall feature information with target feature

information.
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[0200] Because in the attribute information of the overall feature information, a
correspondence relationship exists between each feature identifier and a position
point identifier set corresponding thereto, a position point identifier set
corresponding to the feature identifier selected in step S803 can be identified from the
overall feature information, thereby making it possible to identify the feature
information from the overall feature information according to the position point
identifier set. The specific data values of the target feature information are updated to
the specific data values of feature information corresponding to the feature

identifiers.

[0201] For example, a position point identifier set corresponding to feature identifier
1 is position point identifier 1 to position point identifier §; and 8 position points
corresponding to position point identifier 1 to position point identifier 8 are identified
from the overall feature information. A position array and a color array that
correspond to 8 position points are feature information corresponding to feature
identifier 1; and then specific data values of the position array of the target feature
information are updated to corresponding data values of 8 position points that

correspond to position point identifier 1 to position point identifier 8.

[0202] The CPU may continuously perform the process shown in FIG. 8 in a data
frame until all pieces of feature information corresponding to the data frame are
updated into the overall feature information; or until the sleep feature identifier set is

a null set.

[0203] The second situation: the feature information that is already in a wake-up

state is updated to update the overall feature information.

[0204] Each piece of feature information has a position array and a color array; in
order to optimize the visualization result of the GPU, the feature information may be
displayed in a dynamic manner in this embodiment so as to display the directionality

from a start point to an end point by using a dynamic effect.
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[0205] Assuming that one piece of feature information has m position points. In
order to display the dynamic effect of the feature information, the feature information
needs to be updated once in all m data frames. As such, a dynamic effect of a display
line may be simulated through a variation in the shade of the color; for example, the
process of a shooting-star falling is simulated between a start point and an end point

to show the directionality from the start point to the end point.

[0206] Therefore, in each data frame in this embodiment, in addition to updating the
identified feature information into the overall feature information in the
above-mentioned first situation, the feature information that is already in the

wake-up state may also be updated in this embodiment.

[0207] Specifically, a position mapping function f(index, data) is used to update a
position array corresponding to each piece of feature information in the wake-up
feature identifier; and a color mapping function g(index, data) is used to update a
color array corresponding to each piece of feature information in the wake-up feature

identifier.

[0208] The third situation: the feature information is set to an unavailable state for a

display line that completes displaying.

[0209] In one piece of feature information that is already in the wake-up state, an
identifier state of this feature information is changed to a sleep state after the
completion of the dynamic display. Assuming that one piece of feature information
has m position points. After m data frames, the display of this feature information
is completed, and this feature information may be recycled; that is, the feature

information is in the sleep state.

[0210] If one piece of feature information is in the sleep state, it indicates that the
display of this feature information is already completed. The feature information
does not need to be displayed again in the visualization result of the GPU. Therefore,

in order to make the feature information in the sleep state invisible to a user in the
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visualization result, an invisible operation may be performed on the feature
information that is just in the sleep state; this feature information will then be in an

invisible state.

[0211] Specifically, the transparency in the color array of this feature information is
set to 100% such that the GPU may display the feature information that is in the sleep
state by means of a transparent line segment. Alternatively, respective position point
coordinates are set to one coordinate such that this feature information will
correspond to one position point in the visualization result; and this position point is

invisible to the user over the overall line segment.

[0212] Since a recycling mechanism is established in the present application,
respective pieces of feature information in the overall feature information may be
repeatedly used. The CPU will not need to re-build the overall feature information
and the GPU will not need to repeatedly perform rendering, so that the display

efficiency of the associated data can be improved.

[0213] Returning to Fig. 7, in step 5702, the updated overall feature information is
sent to the GPU.

[0214] The CPU, after updating the overall feature information once in a data frame
according to the above-mentioned three situations, sends the updated feature

information again to the GPU.

[0215] Step S703: the GPU uses the overall feature information to update overall
feature information in the rendering data and performs a visualization operation

based on the rendering data.

[0216] That is to say that, the overall feature information sent from the central
processing unit is received; the overall feature information in pre-built rendering data
is updated based on the overall feature information; and a visualization operation is
performed by using the updated rendering data; and a visualization result

corresponding to the overall feature information is obtained.
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[0217] The rendering data obtained after performing rendering based on the overall
feature information is already stored in the GPU; and in order to enable the
visualization result to be applicable to the overall feature information at this time, the
GPU may update specific values in the overall feature information sent from the CPU
to specific values in the existing overall feature information. As such, the GPU may

perform display based on the updated overall feature information.

[0218] Thus, the GPU does not need to perform the rendering process again, and

thereby a great amount of GPU resources can be saved.

[0219] FIG. 9is a flow diagram illustrating a method for processing data according

to some embodiments of the disclosure.

[0220] Step S901: the CPU divides a preset number of pieces of feature information

into multiple associated data sets.

[0221] Regarding the process of the CPU acquiring the preset number of pieces of
feature information, reference can be made to step S601. Details are not repeated

herein but are incorporated by reference in their entirety.

[0222] Since in the third implementation and the fourth implementation, the CPU
communicates with the GPU for multiple times in a data frame, the CPU divides the
preset number of pieces of feature information into multiple associated data sets; and
the specific number of pieces of feature information in each associated data set may

be preset by a person skilled in the art.

[0223] Step S902: for each associated data set, the CPU builds all pieces of feature
information in this associated data set as one piece of overall feature information to
thereby obtain multiple pieces of overall feature information and save the multiple

pieces of overall feature information.

[0224] For each group of feature information, the CPU may identify the overall

feature information corresponding to all pieces of feature information in this group
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according to the first implementation that FIG. 4A corresponds to or the second

implementation that FIG. 4B corresponds to.

[0225] Step S903: the CPU adds attribute information for each piece of overall

feature information.

[0226] (1) a feature identifier is set for each piece of feature information and position

point identifiers are set for all position points in the overall feature information.

[0227] (2) a position point identifier set corresponding to each piece of feature
information is determined; and a correspondence relationship between each piece of
feature information and the position point identifier set corresponding thereto is

built.

[0228] (3) an overall identifier is added for each piece of overall feature information
and a correspondence relationship between the overall identifier and the feature

identifier set corresponding thereto is built.

[0229] Since multiple pieces of feature information exist in this embodiment, in
order to distinguish one piece of feature information from another, an identifier may
be added for each piece of overall feature information. Because each piece of overall
feature information includes a portion of feature information, in order to clearly
determine which respective pieces of feature information belong to which overall
feature information, the feature identifier set corresponding to each overall identifier
is built and a correspondence relationship between the overall identifier and the

feature identifier set is built.

[0230] For example, assuming that 10 pieces of feature information (feature
information 1, feature information 2, ....... feature information 10) exist, and the
number of pieces of overall feature information is 3. For example, feature information
1 to feature information 3 correspond to overall feature information 1, feature

information 4 to feature information 7 correspond to overall feature information 2,
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and feature information § to feature information 10 correspond to overall feature

information 3.

[0231] Then, a feature identifier set corresponding to identifier 1 that corresponds to
the overall feature information comprises feature identifier 1 of feature information 1,
feature identifier 2 of feature information 2, and feature identifier 3 of feature

information 3.

[0232] (4) a state identifier is set for the feature identifier corresponding to each

piece of feature information.

[0233] Schematic views of adding attribute information for the overall feature

information can be seen in Table 2 and Table 3.

overall identifier

position point identifier

feature identifier set

overall identifier 1

position point identifier 1 to
position point identifier 24

feature 1dentifier 1 to
feature identifier 3

overall identifier 2

position point identifier 25 to
position point identifier 56

feature 1dentifier 4 to
feature identifier 7

overall identifier 3

position point identifier 57 to
position point identifier 80

feature 1dentifier 9 to
feature 1dentifier 10

TABLE 2

position point set

feature identifier

state identifier

position point identifier 1 to
position point identifier 8

feature identifier 1

state 1dentifier 1

position point identifier 9 to
position point identifier 16

feature identifier 2

state identifier 2

position point identifier 72 to
position point identifier 80

feature 1dentifier 10

state 1dentifier 10

TABLE 3

[0234] (5) a wake-up feature identifier set and a sleep feature identifier set are built.

[0235] The processing procedures of (1), (2), (4), and (5) are consistent with the

processing procedures in the first pre-rendering and are thus not repeated herein.
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[0236] Step S904: each piece of overall feature information and an overall identifier

of each overall feature are sent to the GPU one by one.

[0237] Step S905: the GPU performs pre-rendering based on each piece of overall
feature information; obtains rendering data; and accordingly stores the rendering

data with its corresponding overall identifier.

[0238] During the above-mentioned pre-rendering process, the CPU may save the
overall feature information and the attribute information corresponding to the
overall feature information. The GPU may save the rendering data obtained after

pre-rendering and the corresponding overall identifier.

[0239] In the case of the above-mentioned second pre-rendering, the specific

execution process of the data processing device is introduced.

[0240] FIG. 10 is a flow diagram illustrating a method for processing data according

to some embodiments of the disclosure.

[0241] Step S1001: the CPU updates multiple pieces of pre-built overall feature

information in a data frame.

[0242] After the pre-rendering process shown in FIG. 9, the overall feature
information obtained by combining the preset number of pieces of feature
information is already stored in the CPU, and is represented by preset overall feature

information herein.

[0243] Updating the overall feature information includes three situations which are

respectively introduced below.

[0244] The first situation: multiple pieces of associated data are received in a data
frame; feature information corresponding to the associated data is identified and
multiple pieces of pre-built overall feature information are updated based on

respective pieces of feature information.
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[0245] Taking the target feature information in respective pieces of feature
information as an example, the process of updating the target feature information

into the overall feature information is introduced below.

[0246] FIG. 11 is a flow diagram illustrating a method for processing data according

to some embodiments of the disclosure.

[0247] Step S1101: it is determined whether the sleep feature identifier set is a null
set; and if yes, the process proceeds to step S1102; otherwise the process proceeds to

step S51103.

[0248] Step S1102: the process waits for a period of time and then proceeds to step
S1101.

[0249] Step S1103: a feature identifier is selected from the sleep feature identifier set;

and a state identifier of this feature information is changed to a wake-up state.

[0250] Step S1104: an overall identifier corresponding to this feature identifier is
identified and overall feature information corresponding to the overall identifier is
identified. Feature information corresponding to the feature identifier is identified

from the overall feature information corresponding to the overall identifier.

[0251] Since multiple pieces of overall feature information exist in the second
pre-rendering process, the overall identifier corresponding to this feature identifier is
tirstly identified; and the overall feature information corresponding to the overall
identifier is identified. Then, a feature identifier set corresponding to the feature
identifier is identified from the overall feature information; and the feature
information corresponding to the feature identifier set is identified from the overall

feature information.

[0252] Step S1105: pdate the overall feature information with target feature

information.
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[0253] The feature information corresponding to this feature identifier is identified
from the overall feature information; and the specific data values of the target feature

information are updated to the specific data values of this feature information.

[0254] The CPU may continuously perform the process shown in FIG. 11 in a data
frame until all pieces of feature information corresponding to the data frame are
updated into the overall feature information; or until the sleep feature identifier set is

a null set.

[0255] The second situation: the feature information that is already in a wake-up

state is updated to update the overall feature information.

[0256] The third situation: the feature information is set to an unavailable state for a

display line that completes displaying.

[0257] The specific execution processes of the second situation and the third
situation are already described in detail in the process shown in FIG. 7. Details are not

repeated herein.

[0258] Next, please refer to FIG. 10 and proceeds to step $1002: the updated overall

feature information and the overall identifier are sent to the GPU.

[0259] The CPU, after updating the overall feature information once in a data frame
according to the above-mentioned three situations, sends the updated overall feature
information and the overall identifier corresponding to the overall feature

information again to the GPU.

[0260] Step S1003: the GPU performs a visualization operation based on the
updated feature information. That is to say, the GPU receives the overall feature
information and an overall identifier sent from the central processing unit; identify
rendering data corresponding to the overall identifier in multiple pre-built pieces of
rendering data; update overall feature information in the pre-built rendering data

based on the overall feature information; and perform a visualization operation by
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using the updated rendering data and obtain a visualization result corresponding to

the overall feature information.

[0261] Functions of the methods of the embodiments, when achieved in the form of
software function units and sold or used as an independent product, can be stored in
a computing device-accessible storage medium. Based on such understanding, part
of the embodiments of the present application that make a contribution to current
systems or part of the technical solutions may be embodied in the form of a computer
software product that is stored in a storage medium, including several instructions to
enable a computing device (which may be a personal computer, a server, a mobile
computing device or a network facility, etc.) to execute all or some steps of the
methods of respective embodiments of the present application. The foregoing storage
medium can be various media capable of storing program codes, including a USB
flash disk, a mobile hard disk, a read-only memory (ROM), a random access memory

(RAM), a disk or a compact disk.

[0262] Each embodiment in the disclosure is described in a progressive manner,
with each embodiment focusing on parts different from other embodiments, and
reference can be made to each other for identical and similar parts among various

embodiments.

[0263] Those skilled in the art may implement or use disclosed embodiments
through the above-mentioned descriptions. Various modifications to these
embodiments will be apparent to those skilled in the art, and general principles
defined in the disclosure may be practiced in other embodiments without departing
from the spirit or scope of the disclosure. Therefore, the disclosure will not be limited
to these illustrated embodiments, but shall accord with the widest scope consistent

with the principles and novel characteristics disclosed above.
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CLAIMS
What is claimed is:
1. A method comprising;:
receiving a data frame at a central processing unit (CPU), the data frame
including a plurality of pieces of associated data;

identifying, by the CPU, feature information corresponding to the plurality of

pieces of associated data;

generating, by the CPU, overall feature information by combining at least a

portion of the feature information; and
sending, by the CPU, the overall feature information to a graphics processing

unit (GPU) for visually rendering the overall feature information.

2. The method of claim 1 wherein feature information comprises a position array
and a color array, and wherein combining at least a portion of the feature information

comprises:
combining, by the CPU, position arrays of respective pieces of feature
information to obtain an overall position array;

combining, by the CPU, color arrays of respective pieces of feature information to

obtain an overall color array; and

identifying, by the CPU, the overall position array and the overall color array as

the overall feature information.

3. The method of claim 1 wherein the pieces of associated data are sequentially

ordered and wherein the method further comprises:

— 45—



WO 2018/048711 PCT/US2017/049581

identifying, by the CPU, adjacent pieces of associated data in the plurality of
pieces of associated data based on a start point coordinate of a first piece of associated

data and an end point coordinate of a second piece of associated data;

generating, by the CPU using a position function, a position array comprising a
plurality of position points connecting the first piece of associated data to the second

piece of associated;

generating, by the CPU, a color array comprising a plurality of color values

corresponding to each of the plurality of position points in the position array;

generating, by the CPU, connection information based on the position array and

the color array; and

inserting, by the CPU, the connection information between feature information
associated with the first piece of associated data and feature information associated with

the second piece of associated data.

4. The method of claim 1 wherein prior to generating overall feature information by
combining at least a portion of the feature information the method comprises
dividing the plurality of pieces of associated data into a plurality of sets, wherein at
least one set comprises two or more pieces of associated data in the plurality of pieces

of associated data.

5. The method of claim 4 wherein generating overall feature information by
combining at least a portion of the feature information comprises generating
corresponding overall feature information for each of the sets, and wherein sending
the overall feature information to the GPU comprises individually sending the

corresponding overall feature information corresponding to each set.
6. The method of claim 1 further comprising;:

performing, by the GPU, a rendering operation based on the overall feature

information and obtaining rendering data;
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performing, by the GPU, a visualization operation using the rendering data; and

obtaining, by the GPU, a visualization result.
7. The method of claim 1 further comprising;:

setting, by the CPU, a feature identifier for each piece of feature information;

assigning, by the CPU, a position point identifier set to each feature identifier,
wherein a position point identifier set includes a plurality of position points associated

with corresponding feature information;

assigning, by the CPU, a state identifier to each feature identifier, a state identifier

indicating a use state of corresponding feature information; and

building, by the CPU, a wake-up feature identifier set and a sleep feature

identifier set based on the state identifiers associated with each of the feature identifiers.

8. The method of claim 7 wherein the state identifier set indicates whether the

feature information is in wake-up state or in a sleep state.

9. The method of claim 7 further comprising updating, by the CPU, a subset of the
pieces of feature information based on the state identifiers associated with the feature

identifiers.

10. The method of claim 9 wherein updating a subset of the pieces of feature
information based on the state identifiers associated with the feature identifiers

comprises:

waiting, by the CPU, a predetermined period of time upon determining that the

sleep feature identifier set is a null set;

selecting, by the CPU, a feature identifier from the sleep feature identifier set

upon determining that the sleep feature identifier set is not null;
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updating, by the CPU, a state identifier associated with the selected feature

identifier to a wake-up state;

updating, by the CPU, the overall feature information with new feature

information associated with the selected feature identifier; and

sending, by the CPU, the updated feature information to the GPU.
11. An system comprising:

a graphics processing unit (GPU); and
a central processing unit (CPU) configured to:

receive a data frame, the data frame including a plurality of pieces of

associated data;

identify feature information corresponding to the plurality of pieces of

associated data;

generate overall feature information by combining at least a portion of the

feature information; and

send the overall feature information to the GPU for visually rendering the

overall feature information.

12. The system of claim 11 wherein feature information comprises a position array
and a color array, and wherein combining at least a portion of the feature information

comprises:

combining position arrays of respective pieces of feature information to obtain an

overall position array;

combining color arrays of respective pieces of feature information to obtain an

overall color array; and
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identifying the overall position array and the overall color array as the overall

feature information.

13. The system of claim 11 wherein the pieces of associated data are sequentially

ordered and wherein the CPU is further configured to:

identify adjacent pieces of associated data in the plurality of pieces of associated
data based on a start point coordinate of a first piece of associated data and an end point

coordinate of a second piece of associated data;

generate, using a position function, a position array comprising a plurality of
position points connecting the first piece of associated data to the second piece of

associated;

generate a color array comprising a plurality of color values corresponding to

each of the plurality of position points in the position array;

generate connection information based on the position array and the color array;

insert the connection information between feature information associated with
the first piece of associated data and feature information associated with the second

piece of associated data.

14. The system of claim 11 wherein prior to generating overall feature information
by combining at least a portion of the feature information the CPU is further
configured to divide the plurality of pieces of associated data into a plurality of sets,
wherein at least one set comprises two or more pieces of associated data in the

plurality of pieces of associated data.

15. The system of claim 14 wherein generating overall feature information by
combining at least a portion of the feature information comprises generating

corresponding overall feature information for each of the sets, and wherein sending
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the overall feature information to the GPU comprises individually sending the

corresponding overall feature information corresponding to each set.
16. The system of claim 11 wherein the GPU is further configured to:

perform a rendering operation based on the overall feature information and
obtaining rendering data;

perform a visualization operation using the rendering data; and

obtain a visualization result.

17. The system of claim 11 wherein the CPU is further configured to:

set a feature identifier for each piece of feature information;

assign a position point identifier set to each feature identifier, wherein a position
point identifier set includes a plurality of position points associated with corresponding

feature information;

assign a state identifier to each feature identifier, a state identifier indicating a use

state of corresponding feature information; and

build a wake-up feature identifier set and a sleep feature identifier set based on

the state identifiers associated with each of the feature identifiers.

18. The system of claim 17 wherein the state identifier set indicates whether the

feature information is in wake-up state or in a sleep state.

19. The system of claim 17 wherein the CPU is further configured to update a subset
of the pieces of feature information based on the state identifiers associated with the

feature identifiers.

20. A method comprising;:
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receiving a first piece of associated data and a second piece of associated data;

inserting a third piece of associated data based at least in part on the first piece of

associated data and the second piece of associated data; and

rendering the first piece of associated data, the second piece of associated data,
and the third piece of associated data as a single line, wherein the third piece of

associated data is rendered substantially transparent.
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