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RENDERING PRIVACY AWARE ADVERTISEMENTS IN MIXED REALITY SPACE

TECHNICAL FIELD

{6001} The present application generally relates to rendering advertisements, and more
particularly, to rendering privacy-aware advertisements in a Mixed Reality (MR) space.
BACKGROUND

{6002] Mixed Reality is becoming very common in gaming, education, and the Internet
of things (IoT). Mixed Reality, also referred to as hybrid reality, is a combination of real

and virtual worlds to produce new environments and visualizations where physical and digital
objects co-exist and interact in real time. Mixed reality takes place not only in the physical
world or the virtual world, but is a mix of reality and virtual reality, encompassing

both augmented reality and augmented virtuality.

10003] Marketing companies and researchers have recently started to look around and
tovest in advertising platforms in MR spaces to reach those MR audience mersbers. The MR
spaces are shared across several people or inhabitants, and for example, potentially within a
smart home. Thus, privacy in the MR spaces is a critical issue that needs to be resolved by an
advertisement rendering engine.

{6004} It is desired to introduce an approach of addressing privacy issues related to
rendering advertisements in the MR spaces.

SUMMARY

j0005] Embodiments provide a computer-imaplemented method for rendering
advertisements o a Mixed Reality (MR space in a data processing system comprising a
processor and a memory comprising instructions which are executed by the processor, the
method comprising: detecting, by the processor, moverments of each user in a plurality of
users refative to other users in the plurality of users, wherein the plurality of users share the

MR space; providing, by the processor, one or more advertisements having a private content
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for one or more target users selected from the plurality of users based on the detected
movements; identifying, by the processor, a particular position and a particular time period
for the one or more target user, wherein the particular position is only viewable by the one or
more target users during the particular tiroe period; and rendering, by the processor, the one
or more advertisements having the private content to the one or more target users at the
particular position during the particular time period.

{3006} Embodiments provide a computer-implemented method, wherein the step of
providing one or rore advertisernents having a private content further comprising: profiling,
by the processor, a plurality of users sharing the MR space; building, by the processor, a
social network graph between the plurality of users, indicating a relationship between the
plurality of users based on profiles of the plurality of users; butlding, by the processor, a user
embedding matrix based on the social network graph; recommending, by the processor, a
plurality of first advertisements for one or more target users, wherein the one or more target
users are selected from the plurality of users; building, by the processor, an advertisement
embedding matrix based on the plurality of first advertisements; building, by the processor, a
joint embedding matrix across the plurality of users and the plurality of first advertisements;
and selecting, by the processor, one or more advertisements from the plurality of first
advertisements based on the joint embedding matrix.

{6007} Embodiments provide a computer-implemented method, further comprising:
detecting, by the processor, movements of each target user by a motion detector.

{0008} Embodiments provide a computer-implemented method, further comprising:
detecting, by the processor, eye-gaze movements of each user.

[8009] Embodiments provide a computer-iroplemented method, wherein the joint
embedding matrix s built based on a Siamese network, wherein the Siamese network

includes the user embedding matrix, the advertisement embedding matrix, a first long short-
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term memory {(LSTM) network for the user embedding matrix, and a second LSTM network
for the advertisement embedding matrix.

{6010} Embodiments provide a computer-implemented method, wherein the one or more
advertisements are close to the one or more target user, but far away from the remaining users
in the joint embedding matrix.

{6011} Embodiments provide a computer-implemented method, further comprising:
caching, by the processor, the one or more advertisements to one or more hub points close to
the particular position.

[0012] Embodiments provide a computer program product for rendering advertisements
in a Mixed Reality (MR} space, the computer program product comprising a computer
readable storage medium having program instructions embodied therewith, the program
instructions executable by a processor to cause the processor to: detect movements of each
user in a plurality of users relative to other users in the plurality of users, wherein the
plurality of users share the MR space; provide one or more advertisements having a private
content for one or more target users selected from the plurality of users based on the detected
movements, identify one or more positions and a particular time period for the ong or more
target users, wherein the one or more positions are only viewable by the one or more target
users during a particular time period; and cache the one or more advertisements having the
private content to one or more hub points close to the one or more positions.

j6013] Embodiments provide a computer program product for rendering advertisements
in a Mixed Reality (MR space, wherein the step of providing one or more advertisements
having a private content further causes the processor to profile a plurality of users sharing the
MR space; build a social network graph between the plurality of users, indicating a
relationship between the plurality of users based on profiles of the plurality of users; build a

user embedding matrix based on the social network graph; recommend a plurality of first
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advertisements for one or more target users, wherein the one or more target users are selected
from the plurality of users; build an advertisement embedding matrix based on the plurality of
first advertisements; build a joint embedding matrix across the plurality of users and the
plurality of first advertisements; build a temporal eye-gaze map relative to a plurality of
positions in the MR space; and select one or more advertisements from the plurality of first
advertisements based on the joint embedding matrix.

0014} Embodiments provide a computer program product for rendering advertisements
in a Mixed Reality (MR) space, wherein the processor is further caused to detect movements
of each target user by a motion detector.

{0015} Embodiments provide a computer program product for rendering advertisements
in a Mixed Reality (MR) space, wherein the processor is further caused to detect eye-gaze
movements of each user.

0016} Embodiments provide a computer program product for rendering advertisements
in a Mixed Reality {MR) space, wherein the joint embedding matrix is built based on a
Siamese network, wherein the Stamese network includes the user embedding matnx, the
advertisement embedding matrix, a first long short-term memory (LSTM) network for the
user embedding matrix, and a second LSTM network for the advertisement embedding
matrix.

{6017} Embodiments provide a computer program product for rendering advertisements
in a Mixed Reality (MR) space, wherein the one or more advertisements are close to the one
or more target user, but far away from the remaining users in the joint embedding matrix.
{6018} Embodiments provide a computer program product for rendering advertisements
in a Mixed Reality {MR) space, wherein the processor is further caused to render the one or

more advertisements to the one or more target users from the one or more hub points.
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{6019] In another illustrative embodiment, a system is provided. The system may
comprise a full guestion generation processor configured to perform various ones of, and
combinations of, the operations outlined above with regard to the method illustrative
embodiment.

0020} Additional features and advantages of this disclosure will be made apparent from
the following detailed description of illustrative embodiments that proceeds with reference to
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

j0021] The foregoing and other aspects of the present invention are best understood from
the following detailed description when read in connection with the accompanying drawings.
For the purpose of illustrating the invention, there is shown in the drawings embodiments that
are presently preferred, it being understood, however, that the invention is not limited to the
specific instrumentalities disclosed. Included in the drawings are the following Figures:
{6022} FIG. 1 depicts a schematic diagram of one illustrative embodiment of a cognitive
systern 100 implementing an exemplary advertisement rendering system 101

{0023} FI(G. 2 depicts a schematic diagram of one illustrative embodiment of the
advertisement rendering system 101, according to embodiments described herein;

j0024] FIG. 3 illustrates a flowchart depicting a method 300 of rendering advertisements,
according to embodiments described herein;

j0025] FIG. 4 itlustrates an exemplary Siamese network for joint embedding, according
to embodiments described herein;

{6026} FIG. § illustrates a flowchart depicting another method 500 of rendering
advertisements, according to embodiments described herein;

j0027} 1. 6 illustrates a flowchart depicting a method 600 of caching advertisements,

according to embodiments described herein; and



WO 2021/249261 PCT/CN2021/097945

{6028] FIG. 7 is a block ditagram of an example data processing system 700 in which
aspects of the illustrative embodiments are implemented.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

{0029} The present invention may be a system, a method, and/or a computer program
product implemented on a cognitive system. The computer program product may include a
computer readable storage medium (or media} having computer readable program
instructions thereon for causing a processor to carry out aspects of the present invention.
{8030} A Mixed Reality (MR) space of a particular user may be shared with other users
{e.g., a husband’s MR space is shared with his wife and children) within a smart home, where
each user wears an MR headset. This disclosure provides an advertisement rendering system,
method, and computer product, which can render advertisements to a target user, while
preventing other users from viewing the advertisements, so as to protect the privacy of the
target user. Further, this disclosure provides an advertisement rendering system, method, and
computer product, which can identify one or more positions of the target users, so as to cache
advertisements in one or more hub poinis near the identified positions for high-quality
content delivery.

{6031} In an embodiment, advertisements can be rendered to a first user relative to a
second user. For example, advertisements can be rendered to a first user at a particular
position (spatial information) where the secoud user would not appear during a particular
time period (temporal information}, and thus the second user cannot see the advertisements.
In this way, the privacy of the first user is protected.

{6032} In an embodiment, a joint embedding matrix for advertisements and users is
generated to indicate a relationship between the advertisements and the users. In the joint
embedding matrix, if a point representative of a first advertisement and a point representative

of a first user 1s close to each other, then it indicates that the first user is interested in the first
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advertisement. By contrast, if a point representative of a second advertisement and a point
representative of a second user is far away from each other, then it indicates that the second
user is not interested in the second advertisement. The distance between a point
representative of a particular advertiserment and a point representative of a particular user
indicates an interest fevel of the particular user towards the particular advertisement.

{6033} If the first user {e.g., husband} is interested in the first advertisement {e.g., a gift
advertisement), while the second user {e.g., wife) is not interested in the first advertisement;
then the first advertisement can be rendered to the first user, while the second user cannot see
the first advertisement, so as to protect the privacy of the first user. Thus, the first
advertisement can be rendered to a particular position during a particular time period when
only the first user is at the particular position. The advertisement rendering system detects
the dynamic movements of each user in the smast home, e.g., the advertisement rendering
system detects the dynamic movements of the first user relative to the second user. In an
embodiment, the dynamic movemenis can be detected by a motion detector that is an IoT
device, e.g., a camera, a proximity sensor, a motion sensor, etc., installed in the smart home.
When the advertisement rendering system detects that the first user is located at a position
where the second user is absent during a particular time period, then the advertisement
rendering system renders the first advertisement to the first user.

{0034} In an embodiment, to render high-quality contents for immersive experience,
caching of contents in focal hub points in a smart home may enable seamless delivery of the
contents. To protect the privacy of the first user, the MR advertisements can be cached in
various hub points where the first user often appears while the second user or other users
generally are absent during a particular time period. The local hub points can quickly render
high definition cached privacy-aware MR advertisements to the first user who is possibly

interested in the advertisements.
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{0035] As an overview, a cognitive system is a specialized computer system, or set of
computer systems, configured with hardware and/or software logic (in combination with
hardware logic upon which the software executes) to emulate human cognitive functions.
These cognitive systems apply human-like characteristics to conveying and manipulating
ideas which, when combined with the inherent strengths of digital computing, can solve
problems with high accuracy and resilience on a large scale. IBM Watson’™ is an example of
one such cognitive system which can process human-readable language and idenufy
inferences between text passages with human-like accuracy at speeds far faster than human
beings and on a much larger scale. In general, such cognitive systems can perform the
following functions:

e Navigate the complexities of human language and understanding

¢ Ingest and process vast amounts of structured and unstructured data

» (enerate and evaluate hypotheses

e Weigh and evaluate responses that are based only on relevant evidence

e Provide situation-specific advice, insights, and guidance

2

Improve knowledge and learn with each iteration and interaction through
machine leaming processes
¢ FEnable decision making at the point of impact (contextual guidance)
e Scale in proportion to the task
¢ Extend and magnify human expertise and cognition
s Identify resonating, human-like attributes and traits from natural language
¢ Deduce various language-specific or agnostic attributes from natural

language

]

High degree of relevant recollection from data points (images, text, voice)

(memorization and recall)
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e Predict and sense with situation awareness that mimics human cognition
based on experiences

#  Answer questions based on natural language and specific evidence
{0036} In one aspect, the cognitive system can be augmented with an advertisement
rendering system. FIG. 1 depicts a schematic diagram of one illustrative embodiment of a
cognitive system 100 implementing an exemplary advertisement rendering system 101 The
cognitive system 100 is implemented on a computing device comprising one or more
processors and one or more memories, and potentially any other computing device elements
generally known in the art including buses, storage devices, communication interfaces, and
the like. The cognitive system 100 is configured to implement an advertisement rendering
system 101 that can automatically render privacy-aware advertisements to one or more target
users. The advertisement rendering system 101 can get information of the motion detector
102, the user profiles 104, and the eye-gaze movements 106, and render advertisements 110
to one or more MR headsets 108 of one or more target users. The motion detector 102 1s
configured to detect movements of one or more target users refative to other users. The user
profiles 104 can be obtained from social media (e.g., Facebook, Twitter, Instagram, etc.},
and/or resume of each user, etc. The eye-gaze movements 106 of each user can be obtained
from an MR sofiware development kit (SDK) associated with the MR headset 108 that each
user wears,
{6037} F1G. 2 depicts a schematic diagram of one illustrative embodiment of the
advertisement rendering systern 101, according to embodiments described herein. As shown
in FIG. 2, in an embodiment, the advertisement rendering system 101 includes social network
graph builder 202, user embedding matrix builder 204, advertisement engine 206,

advertisement embedding matrix butlder 208, joint embedding matrix builder 210, position &
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time identifier 212, and advertisement selector 214, In another embodiment, the
advertisement rendering system 101 further includes caching unit 216.

{6038} The social network graph builder 202 ingests the user profiles 104, and builds a
social network graph between users, indicating a relationship between the users in the same
smart home. The user embedding matrix builder 204 is configured to build a user embedding
matrix based on the social network graph. The advertisement engine 2006 is configured to
recommend Top-K (e.g., top 20) advertisements that a target user may be interested in. The
advertisements are recommended based on, e.g., what a target user is viewing, what a target
user is browsing, or/and the user profile of the target user. The advertisement embedding
matrix builder 208 is configured to build an advertisement embedding matrix based on the
recommended advertisements. The joint embedding matrix butlder 210 is configured to build
a joint embedding matrix across users and advertisements, so as to determine a relationship
between users and advertisements. The position & time identifier 212 ingests information of
the motion detector 102 and eve-gaze movements 106, to identify a position and a time
period for advertisement delivery to the target user 220, while other users are not viewing that
position during the time period. The advertisement selector 214 s configured 1o select
advertisements from the recommended Top-K {e.g., top 20} advertisements. The selected
advertisements are close to the target user 220, but far away from other users, as depicted in
the joiut embedding matrix. In this way, the selected advertisements rendered to the target
user 220 are contents of interest. The caching unit 216 is configured to cache the selected
advertisements in one or more hub points 218 near the identified position.

{6039} FIG. 3 illustrates a flowchart depicting a method 300 of rendering advertisements,
according to embodiments described herein. At step 302, the advertisement rendering system
profiles users in a smart home and builds a social network graph between users, indicating a

relationship between the users in the same smart home. The advertisement rendering system

10
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can get a profile of each user automatically from social media, such as Facebook, Twitter,
Instagram, etc. Each user can alsc manually configure profile information. Thus, a
relationship between the users can be identified from the user profiles. For example, the
husband-wife relationship, mother-child relationship, friends’ relationship, etc., can be
identified based on user profiles.

{6040} At step 304, the advertisement rendering system builds a user embedding matrix
based on the social network graph. The advertisement rendering system captures user
profiles to generate the user embedding roatrix. In the user embedding matrix, two users
having a very similar user profile have near-by embedding (i.¢, less cosine similarity score).
0041} At step 306, the advertisement rendering engine recommends Top-K (e.g., top 20}
advertisements in which a target user may be interested using conventional approaches (e.g.,
based on eve-gaze movement, browsing patterns, profiles of a user, etc.}. For example, eye-
gaze movements can be detected to identify the content that the target user views, and the
advertisement engine recommends the top 20 advertisements related to the content. For
another example, browsing patterns can be used to identify the content the target user
browses, and the advertisement engine recommends the top 30 advertisements related to the
content. For another example, profiles of a user {e.g., mother of three children) can be used
to recommend the top 40 advertisements related to the content (e.g., child care, cooking
utensils, diapers, etc.), in which the target user may be interested.

j6042] At step 308, the advertisement rendering system builds an advertisement
embedding matrix based on the recommended advertisements {e.g., top 20 advertisements).
In the advertisement embedding matrix, two advertisements having sirilar contents have
near-by embedding.

j0043] At step 310, a conventional Siamese network {also referred to as “twin neural

network”) can be used to generate a joint embedding matrix across users and advertisements,

11
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so as to determine a relationship between users and advertisements (i.e., an interested level of
a user relative to an advertisement). FIG. 4 illustrates an exemplary Siamese network for
joint embedding, according to embodiments described herein. As shown in FIG. 4, a
plurality of user profiles 402 are used to generate the user embedding matrix 404, which is
then input into a first long short-term memory (LSTM) network 406 for deep learning. A
plurality of advertisements 408 s used to generate the advertisement embedding matrix 410,
which is then input into a second long short-term memory (LSTM) network 412 for deep
fearning. Manhattan distance is calculated between each user embedding point and each
advertisement embedding point to form a joint embedding matrix 414. In the joint
embedding matrix 414, if a user is interested in an advertisement, a joint embedding between
the advertisement and the user lies as near-by points; otherwise, if a user is not interested in
an advertisement, a joint embedding between the advertisement and the user lies as far-away
points. The joint embedding matrix 414 is then inpuited into the prediction unit 416 to
determine whether a particular user is interested in a particular advertisement. For example,
the output value of the prediction unit 416 is within a range [0, 1], wherein “07 indicates a
user is not interested in an advertisement, while “17 indicates a user is very interested in an
advertisement. If the output value is over a predefined threshold, e.g., “0.7,” then the user is
interested in the advertisement. In another embodiment, the LSTM network can be replaced
by another artificial neural network, such as convolutional neural network {CNN), recursive
neural network (RNN}, sequence-to-sequence model, shallow neural network, or multifaver
perceptron (MLP), etc.

{0044} At step 312, the advertisement rendering system detects movements of a target
user {e.g., the husband) through a smart [oT device, e.g., motion detector, and identifies a
position of the target user for rendering advertisements during a particular time period. The

movements of each user are continuously detected by the motion detector.

12
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{0045] At step 314, the advertisement rendering system identifies users who can also
view that position during the particular time period. The users can be identified based on
eye-gaze movements. Eye-gaze details are available in an MR software development kit
{SDK}.

{00446} At step 316, the advertisement rendering system selects advertisements from the
recommended Top-K advertisements. The selected advertisements are close to the identified
users in the joint embedding matrix {e g., the output value of the prediction unit 416 for each
advertisement is over 0.7), and renders the selected advertisements to the identified users at
the identified position. Thus, the advertisements rendered at the identified position are
viewable to all the identified users who can view that position, while being not viewable for
the remaining users.

{6047} FIG. 5 illustrates a flowchart depicting another method 500 of rendering
advertisements, according to embodiments described herein. Steps 502-510 are the same as
the step 302-step 310.

j0048] At step 512, the advertisermnent rendering syster detects movements of a target
user {e.g., the husband) by a motion detector, and identifies a position of the target user for
rendering advertisements during a particular time period, while other users are not viewing
that position during the particular time period (e.g., eye-gaze movements of the other users
are not identified).

HHIE At step 514, the advertisement rendering system selects advertisements that are
close to the target user, but far away from other users based on the joint embedding matrix,
and renders the selected advertisements to the target user at the identified position. Thus, the
advertisements rendered at the identified position are only viewable by the target user, so that

the privacy of the target user can be protected.

13
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{0050] FiG. 6 illustrates a flowchart depicting a method 600 of caching advertisements,
according to embodiments described herein. Steps 602-610 are the same as the step 302-step
310

{6051} At step 612, the advertisement rendering system detects movements of each user
in a smart home by a smart IoT device, e.g., motion detector, and builds a temporal eye-gaze
map for various positions in the smart home. The eve-gaze map captures each user viewing
various positions relative to other users during various time periods.

{6052} At step 614, the advertisement rendering system selects a plurality of positions
based on the temporal eye-gaze map, wherein the plurality of positions are only viewable by
the target user during a particular time period, while other users are not viewing the plurality
of positions during the particular time period.

{6053) At step 616, the advertisement rendering system selects advertisements that are
close to the target user, but far away from other users based on the joint embedding matrix,
and caches the selected advertisements in a plurality of hub points close to the plurality of
positions.

{0054} In a specific example, if the husband is browsing a plethora of wedding gifts to
surprise his wife, then rendering all these gift advertisements to the husband when his wite is
near would spoil the surprise. Thus, all these gift advertisements are preferably delivered to
the husband at a position where his wife does not appear during the delivery time period. The
advertisement rendering system profiles the husband and the wife, and builds a user
embedding matrix. The advertisement rendering system identifies the top 20 gift
advertisements and builds an advertisement embedding matrix. A joint embedding matrix
across users and advertisernents is built based on the user embedding matrix and the
advertisement embedding matrix. The advertisement rendering system identifies a position

of the husband for rendering advertisements for 10 minutes, while the wife is not viewing that
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position within the 10 minutes or ts physically far away from that position within the 10
minutes. The advertisement rendering system selects advertisements that are close to
husband, but far away from the wife as depicted in the joint embedding matrix, and renders
the selected advertisements {o the husband at the identified position for 10 minutes.

0055] In another specific example, the advertisement rendering system detects
movements of the husband and the wife, and builds a temporal eye-gaze map for various
positions in the smart home. The advertisement rendering system selects one or more
positions based on the temporal eve-gaze map, wherein the one or more positions are only
viewable by the husband for 15 minuies, while the wife is not viewing the one or more
positions within the 15 minutes or is physically far away from the one or more positions
within the 15 minutes. The advertisement rendering system selects advertisements that are
close to husband, but far away from the wife as depicted in the joint embedding matrix, and
caches the selected advertisements for the husband in one or more hub points close to the one
or more positions. Caching the surprise gift advertisements in one or more hub points where
the chances of the husband being alone would be beneficial and enhance the privacy of the
husband.

{6056] FiG. 7 is a block diagram of an example data processing system 700 in which
aspects of the tllustrative embodiments are implemented. Data processing systermn 700 is an
example of a computer, such as a server or a client, in which computer usable code or
instructions implementing the process for illustrative embodiments of the present invention
are located. In one embodiment, FIG. 7 represents a server computing device, such as a
server, which implements the advertisement rendering system 101 and cognitive system 100
described herein.

{0057} In the depicted example, the data processing system 700 can empioy a hub

architecture including a north bridge and memory controller hub (NB/MCH) 701 and south
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bridge and input/output (O} controller hub (SB/ACH) 702 Processing unit 703, main
memory 704, and graphics processor 705 can be connected to the NB/MCH 701. Graphics
processor 705 can be connected to the NB/MCH 701 through an accelerated graphics port
{AGP) (not shown in Fig. 7).

0058} In the depicted example, the network adapter 706 connects to the SB/ACH 702
The audic adapter 707, kevboard and mouse adapter 708, modem 709, read-only memory
(ROM) 710, hard disk drive (HDD) 711, optical drive (CD or DVD) 712, universal serial bus
(USB) ports and other communication ports 713, and the PCY/PCle devices 714 can connect
to the SB/ACH 702 through bus system 716, PCYPCle devices 714 may include Ethernet
adapters, add-in cards, and PC cards for notebook computers. ROM 710 may be, for example,
a flash basic input/cutput system (BIOS). The HDD 711 and optical drive 712 can use an
integrated drive electronics (IDE) or serial advanced technology attachment (SATA) interface.
The super /O (810) device 715 can be connected to the SB/ICH.

[0059] An operating system can run on processing unit 703, The operating system can
coordinate and provide control of various components within the data processing system 700,
As a client, the operating system can be a commercially available operating system. An
object-oriented programming system, such as the Java'™ programming system, may run in
conjunction with the operating system and provide calls to the operating system from the
object-oriented programs or applications executing on the data processing system 700, As a
server, the data processing system 700 can be an IBM® eServer™ System p® running the
Advanced Interactive Executive operating system or the Linux operating system. The data
processing system 700 can be a symmetric multiprocessor (SMP) system that can include a
plurality of processors in the processing unit 703, Alternatively, a single processor system

may be employed.
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{6069] Instructions for the operating system, the object-oriented programming system,
and applications or programs are located on storage devices, such as the HDD 711, and are
foaded into the main memory 704 for execution by the processing unit 703. The processes
for embodiments of the full question generation system caun be performued by the processing
unit 703 using computer usable program code, which can be located in a memory such as, for
example, main memory 704, ROM 710, or in one or more peripheral devices.

0061} A bus system 716 can be comprised of one or more busses. The bus system 716
can be implemented using avy type of communication fabric or architecture that can provide
for a transfer of data between different components or devices attached to the fabric or
architecture. A communication unit such as the modem 709 or network adapter 706 can
include one or more devices that can be used to transmit and receive data.

{06062} Those of ordinary skill in the art will appreciate that the hardware depicted in
FiG. 7 may vary depending on the implementation. For example, the data processing system
700 includes several components that would not be directly included in some embodiments of
the advertisement rendering system 101, However, it should be understood that the
advertisement rendering system 101 may include one or more of the components and
configurations of the data processing system 700 for performing processing methods and
steps in accordance with the disclosed embodiments.

{6063} Moreover, other internal bardware or peripheral devices, such as flash memory,
equivalent non-volatile memory, or optical disk drives, may be used in addition to or in place
of the hardware depicted. Moreover, the data processing system 700 can take the form of any
of a number of different data processing systems, including but not limited to, client
computing devices, server computing devices, tablet computers, laptop computers, telephone

or other communication devices, personal digital assistants, and the iike. Essentially, the data
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processing system 700 can be any known or {ater developed data processing system without
architectural limitation.

[6064] The computer readable storage medium can be a tangible device that can retain
and store instructions for use by an instruction execution device. The computer readable
storage medium may be, for example, but is not limited to, an electronic storage device, a
magnetic storage device, an optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination of the foregoing. A non-
exhaustive list of more specific examples of the computer readable storage medium includes
the following: a portable computer diskette, a head disk, a random access memory (RAM), a
read-only memory (ROM), an erasable programmable read-only memory (EPROM or Flash
memory), a static random access memory (SRAM), a portable compact disc read-only
memory (CD-ROM), a digital versatile disk (DVD), a memory stick, a floppy disk, a
mechanically encoded device such as punch-cards or raised structures in a groove having
instructions recorded thereon, and any suitable combination of the foregoing. A computer
readable storage medium, as used herein, 1s not to be construed as being transitory signals per
se, such as radic waves or other freely propagating electromagnetic waves, electromagnetic
waves propagating through a waveguide or other transmission media (e.g., light pulses
passing through a fiber-optic cable), or electrical signals transmitted through a wire.

{6065} Computer readable program instructions described herein can be downloaded to
respective computing/processing devices from a computer readable storage medium or to an
external computer or external storage device via a network, for example, the Internet, a local
area network (LAN), a wide area network (WAN) and/or a wireless network. The network
may comprise copper transmission cables, optical transmission fibers, wireless transmission,
routers, firewalis, switches, gateway computers, and/or edge servers. A network adapter card

or network interface in each computing/processing device receives computer readable
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progrant instructions from the network and forwards the computer readable program
instructions for storage in a computer readable storage medium within the respective
computing/processing device.

{0066} Computer readable program instructions for carrying out operations of the
present invention may be assembler instructions, instruction-set-architecture (ISA)
instructions, machine instructions, machine dependent instructions, microcode, firmware
instructions, state-setting data, or either source code or object code written in any
combination of one or more programming languages, wncluding an object-oriented
programming language such as Java, Smalltalk, C++ or the like, and conventional procedural
programming languages, such as the “C” programming language or similar programming
fanguages. The computer readable program instructions may execute entirely on the user’s
computer, partly on the user’s computer, as a stand-alone software package, partly on the
user's computer and partly on a remote computer, or entirely on the remote computer or
server. In the latter scenario, the remote computer may be connected to the user’s computer
through any type of network, including LAN or WAN, or the connection may be made to an
external computer (for example, through the Internet using an lnternet Service Provider). In
some embodiments, electronic circuitry including, for example, programmable logic circuitry,
field-programmable gate arrays (FPGA), or prograramable logic arrays (PLA) may execute
the computer readable program instructions by utilizing state information of the computer
readable program tnstructions to personalize the electronic circuitry, in order to perform
aspects of the present invention.

{6067} Aspects of the present invention are described herein with reference to flowchart
iltustrations and/or block diagrams of methods, apparatus {systems}, and computer program
products according to embodiments of the invention. It will be understood that each block of

the flowchart illustrations and/or block diagrams, and combinations of blocks in the flowchart
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ilfustrations and/or block diagrams, can be implemented by computer readable program
instructions.

[6068] These computer readable program instructions may be provided to a processor of
a general purpose computer, special purpose computer, or other programmable data
processing apparatus to produce a machine, such that the instructions, which execute via the
processor of the computer or other programmable data processing apparatus, create means for
implementing the functions/acts specified in the flowchart and/or block diagram block or
blocks. These computer readable program instructions may also be stored in a computer
readable storage medium that can direct a computer, a programmable data processing
apparatus, and/or other devices to function in a particular manner, such that the computer
readable storage medium having instructions stored therein comprises an article of
manufacture including instructions which implement aspects of the function/act specified in
the flowchart and/or block diagram block or blocks.

{6069} The computer readable program instructions may also be loaded onto a computer,
other programmable data processing apparatus, or another device to cause a series of
operations steps to be performed on the computer, other programmable apparatus, or other
device to produce a computer implemented process, such that the instructions which execute
on the computer, other programmable apparatus, or other device implement the functions/acts
specitied in the flowchart and/or block diagram block or blocks.

{6070} The flowchart and block diagrams in the Figures illustrate the architecture,
functionality, and operation of possible implementations of systems, methods, and computer
program products according to various embodiments of the present invention. In this regard,
each block in the flowchart or block diagrams may represent a module, segment, or portion of
tnstructions, which comprises one or more executable instructions for implementing the

specified logical functions. In some alternative implementations, the functions noted in the
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block may occur out of the order noted in the Figures. For example, two blocks shown in
succession may, in fact, be executed substantially concurrently, or the blocks may sometimes
be executed in the reverse order, depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or Howchart illustration, and combinations of
blocks in the block diagrams and/or flowchart iftustration, can be implemented by special
purpose hardware-based systems that perform the specified functions or acts or carry out
combinations of special purpose hardware and computer instructions.

2 e,

{6071} The present description and claims may make use of the terms “a,” “at least one
of,” and “one or more of,” with regard to particular features and elements of the illustrative
embodiments. It should be appreciated that these terms and phrases are intended to state that
there is at least one of the particular feature or element present in the particular llustrative
embodiment, but that more than one can also be present. That is, these terms/phrases are not
intended to limit the description or claims to a single feature/element being present or require
that a plurality of such features/elements be present. To the contrary, these terms/phrases
only require at least a single feature/element with the possibility of a plurality of such
features/elements being within the scope of the description and claims.

{6072] In addition, it should be appreciated that the following description uses a plurality
of various examples for various elements of the illustrative embodiments to further illustrate
example implementations of the llustrative embodiments and to aid in the understanding of
the mechanisms of the illustrative embodiments. These examples are intended to be non-
limiting and are not exhaustive of the various possibilities for implementing the mechanisms
of the illustrative embodiments. It will be apparent to those of ordinary skill in the art in
view of the present description that there are many other alternative implernentations for
these various elements that may be utilized in addition to, or in rendering of, the example

provided herein without departing from the spirit and scope of the present invention.
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{0073] The system and processes of the Figures are not exclusive. Other systems,
processes and menus may be derived in accordance with the principles of embodiments
described herein to accomplish the same objectives. It is to be understood that the
embodiments and variations shown and described herein are for illustration purposes only.
Modifications to the current design may be implemented by those skiiled in the art, without
departing from the scope of the embodiments. As described herein, the various systems,
subsystems, agents, managers, and processes can be implemented using hardware
components, software components, and/or combinations thereof. No clairo element berein is
to be construed under the provisions of 35 U.S.C. 112 {f), unless the element is expressly
recited using the phrase “means for”

10074} Although the invention has been described with reference to exemplary
embodiments, it is not limited thereto. Those skilled in the art will appreciate that numerous
changes and modifications may be made to the preferred embodiments of the invention and
that such changes and modifications may be made without departing from the true spirit of
the invention. It is therefore intended that the appended claims be construed to cover all such

equivalent variations as fall within the true spirit and scope of the invention.
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CLAIMS

What is claimed is:
1. A computer-implemented method for rendering advertisements in a Mixed Reality
{MR) space in a data processing system comprising a processor and a memory comprising
instructions which are executed by the processor, the method comprising:

detecting, by the processor, movements of each user in a plurality of users relative to
other users in the plurality of users, wherein the plurality of users share the MR space;

providing, by the processor, one or more advertisements haviong a private coutent for
one or more target users selected from the plurality of users based on the detected movements;

identifying, by the processor, a particular position and a particular time period for the
one or more target user, wherein the particular position s only viewable by the one or more
target users during the particular time period; and

rendering, by the processor, the one or more advertisements having the private content

to the one or more target users at the particular position during the particular time period.

2. The method of claim 1, wherein the step of providing one or more advertisements
having a private content further comprising:

profiling, by the processor, a plurality of users sharing the MR space;

building, by the processor, a social network graph between the plurality of users,
indicating a relationship between the plurality of users based on profiles of the plurality of
users;

building, by the processor, a user embedding matrix based on the social network
graph;

recommending, by the processor, a plurality of first advertisements for one or more

target users, wherein the one or more target users are selected from the plurality of users;
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building, by the processor, an advertisement embedding matrix based on the plurality
of first advertisements;

building, by the processor, a joint embedding matrix across the plurality of users and
the plurality of first advertisements; and

selecting, by the processor, one or more advertisements from the plurality of first

advertisements based on the joint embedding matrix.

3. The method of claim 2, further comprising:

detecting, by the processor, movements of each target user by a motion detector.
4. The method of claim 2, further comprising:

detecting, by the processor, eye-gaze movemenis of each user.
5. The method of claim 2, wherein the joint embedding matrix is built based on a

Siamese network, wherein the Stamese network includes the user embedding matrix, the
advertisement embedding matrix, a first long short-term memory (L8TM)} network for the
user embedding matrix, and a second LSTM network for the advertisement embedding

matrix.

6. The method of claim 2, wherein the one or more advertisements are close to the one

or more target user, but far away from the remaining users in the joint embedding matrix.
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7. The method of claim 1, further comprising:
caching, by the processor, the one or more advertisements to one or more hub points

close to the particular position.

8. A computer program product for rendering advertisements in a Mixed Reality (MR)
space, the computer program product comprising a computer readable storage medium
having program instructions embodied therewith, the program instructions executable by a
processor to cause the processor 1o

detect movements of each user in a plurality of users relative o other users in the
plurality of users, wherein the plurality of users share the MR space;

provide one or more advertisements having a private content for one or more target
users selected from the plurality of users based on the detected movements;

identify one or more positions and a particular time period for the one or more target
users, wherein the one or more positions are only viewable by the one or more target users
during a particular time period; and

cache the one or more advertisements having the private content to one or more hub

poimnts close to the one or more positions.

9. The computer program product as recited in claim 8, wherein the step of providing
one or more advertisentents having a private content further causes the processor to

profile a plurality of users sharing the MR space;

build a social network graph between the plurality of users, indicating a relationship
between the plurality of users based on profiles of the plurality of users;

build a user embedding matrix based on the social network graph;
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recommend a plurality of first advertisements for one or more target users, wherein
the one or more target users are selected from the plurality of users;

build an advertisement embedding matrix based on the plurality of first
advertisements;

build a joint embedding matrix across the plurality of users and the plurality of first
advertisements;

build a temporal eye-gaze map relative to a plurality of positions in the MR space;
and

select one or more advertisements from the plurality of first advertisements based on

the joint embedding matrix.

10.  The computer program product as recited in claim 9, wherein the processor is further

caused to detect movements of each target user by a motion detector.

11 The computer program product as recited in claim 9, wherein the processor is further

caused to detect eye-gaze movements of each user.

12, The computer program product as recited in claim 9, wherein the joint embedding
matrix is built based on a Siamese network, wherein the Siamese network includes the user
embedding matrix, the advertisement embedding matrix, a first long short-term

memory (LSTM) network for the user embedding matrix, and a second LSTM network for

the advertisement embedding matrix.
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13. The computer program product as recited in claim 9, wherein the one or more
advertisements are close to the one or more target user, but far away from the remaining users

in the joint embedding matrix.

14.  The computer program product as recited in claim 9, wherein the processor is further
caused to render the one or more advertisements to the one or more target users from the one

or more hub points.

15. A system for rendering advertisements in a Mixed Reality (MR) space, comprising;
a processor configured to:

detect movements of each user in a plurality of users relative to other users in the
plurality of users, wherein the plurality of users share the MR space;

provide one or more advertisements having a private content for one or more target
users selected from the plurality of users based on the detected movements;

identify one or more positions and a particular time period for the one or more target
users, wherein the one or more positions are only viewable by the one or more target users
during a particular time period,

cache the one or more advertisements having the private content to one or more hub
points close to the one or more positions; and

render the one or more advertisements to the one or more target users from the one or

more hub points.

16. The system as recited in claim 15, wherein the step of providing one or more
advertisements having a private content further causes the processor to

profile a plurality of users sharing the MR space;
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build a social network graph between the plurality of users, indicating a relationship
between the plurality of users based on profiles of the plurality of users;

build a user embedding matrix based on the social network graph;

recommend a plurality of first advertisements for one or more target users, wherein
the one or more target users are selected from the plurality of users;

build an advertisement embedding matrix based on the plurality of first
advertisements;

build a joint embedding matrix across the plurality of users and the plurality of first
advertisements,

build a temporal eye-paze map relative to a plurality of positions in the MR space;
and

select one or more advertisements from the plurality of first advertisements based on

the joint embedding matrix.

17. The system as recited in claim 16, wherein the processor 1s further configured to

detect movements of each target user by a motion detector.

18. The system as recited in claim 16, wherein the processor is further configured to

detect eye-gaze movements of each user.

19. The system as recited in claim 16, wherein the joint embedding matrix is built based
on a Siamese network, wherein the Stamese network includes the user embedding matrix, the
advertisement embedding matrix, a first long short-term wemory (L.STM) network for the
user embedding matrix, and a second LSTM network for the advertisement embedding

matrix.
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20. The system as recited in claim 16, wherein the one or more advertisements are close
to the one or more target user, but far away from the remaining users in the joint embedding

matrix.
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