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example, the topics associated with each of the highest-ranking
pages can be combined into the sub-group description.
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FORMATION AND DESCRIPTION OF USER SUBGROUPS

TECHNICAL FIELD
[0001] The present invention generally relates to the field of computer data
storage and retrieval, and more specifically, to identifying and describing user

sub-groups.

BACKGROUND

[0002] Organizations often wish to understand in more detail the composi-
tion of a set of people of interest. For example, advertisers may wish to better
understand the nature of a group of people to whom they might advertise, in-
cluding the identities of various sub-groups within the larger group and charac-
teristics of those sub-groups, since this would aid in the creation of subgroup-
specific advertisements. Unfortunately, in many cases it is difficult to identify
useful sub-groups. Further, even in cases where useful sub-groups can be iden-
tified, there is no standardized way to describe the sub-groups in a way that
meaningfully conveys information about the composition and interests of the

sub-groups.

SUMMARY

[0003] Embodiments of the invention form sub-groups from a given user
group of a social networking system and form descriptions of the sub-groups.
The descriptions provide an intuitive understanding of sub-group composition,
such as likings of the sub-groups, and are expressed in terms of the preferences
or likings of the sub-groups.

[0004] In one embodiment, a given user group of a social networking sys-
tem is clustered into a plurality of sub-groups, and representative characteris-
tics such as the characteristics of a composite or actual member of the sub-
group are determined for each sub-group. To form sub-group descriptions, a
set of objects, such as pages of the social networking system, is ranked with
respect to the representative characteristics of the sub-group. The highest-
ranking objects for a sub-group are then used to form the description of that
sub-group. For example, the topics associated with each of the highest-ranking

pages can be combined into the sub-group description.

1



WO 2014/100005 PCT/US2013/075809

[0005] Clustering algorithms typically represent each object to be clustered
(e.g., a user) by representing the object as a feature vector that characterizes
the object and comparing the feature vectors of different objects. Specifically,
a distance function is applied to the feature vectors of pairs of the objects, with
objects for which the distance function produces a low value (i.e., “nearby” ob-
jects) being clustered into the same group. In one embodiment, one set of fea-
ture vectors associated with the users is converted to another set of feature vec-
tors with a lesser degree of sparsity, thus improving the ability of the clustering
algorithm to meaningfully cluster the users. For example, in one embodiment a
set of object affinities of the user is used to infer a smaller set of interests of
the user. The user interests then serve as a feature vector to which a distance
function is applied to cluster the users into sub-groups.

[0006] In one embodiment, to rank objects with respect to a sub-group, a
representative user is identified for the sub-group. In one embodiment, the rep-
resentative user is a synthetic composite of attributes of the users in the sub-
group. In one such embodiment, the attributes of each user in the sub-group
are weighted according to a distance of the corresponding user from a centroid
of the sub-group, and the weighted attributes are averaged across all the users
in the sub-group to obtain a centroid of the sub-group.

[0007] In one embodiment, the objects (e.g., pages of the social networking
system) are ranked with respect to a sub-group by applying conditional proba-
bilities to determine the probability that the representative user (e.g., a theoret-
ical composite user) will have an affinity for the objects. In one such embodi-
ment, conditional probabilities are computed in terms of an intermediate varia-
ble, such as a user interest. For example, the system may compute, for each
possible interest, the conditional probability that a user with given attributes
will have that interest, and also computes the conditional probability that a user
having that interest will have an affinity for a particular object. These condi-
tional probabilities are then applied to determine the probability that a given
user will have an affinity for a particular object.

[0008] Embodiments according to the invention are in particular disclosed
in the attached claims directed to a method, a storage medium and a system,
wherein any feature mentioned in one claim category, ¢.g. method, can be

claimed in another claim category, ¢.g. system, as well.
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[0009] In an embodiment according to the invention, a computer-
implemented method comprises:

for each user of a training set of users of a social networking sys-
tem:

generating an interest vector from a page affinity vector of the user,
wherein:

the page affinity vector of the user indicates, for each page of a plu-
rality of pages of the social networking system, whether the user has expressed
an affinity for the page,

the interest vector indicates, for each concept of a plurality of con-
cepts, whether the user is likely to have an interest in the concept, and

the interest vector has fewer elements than the page affinity vector;

clustering the group of users into a plurality of sub-groups by ap-
plying a distance function to the interest vectors of the users and clustering
those for which the distance function produces similar values;

for a first sub-group of the plurality of subgroups:

identifying a centroid of the first sub-group;

identifying user characteristics corresponding to the centroid;
ranking each page of a plurality of pages or objects on the social networking
system with respect to the sub-group based on the identified user characteris-
tics, each page having an associated topic phrase;

identifying a plurality of the highest-ranking pages or objects;

forming a textual description of the sub-group comprising the topic
phrases or topics associated with the identified plurality of highest-ranking
pages or objects.
[0010] Identifying the centroid of the first subgroup can comprise averag-
ing the interest vectors of the users in the first sub-group.
[0011] Identifying the user characteristics corresponding to the user cen-
troid can comprise:

for each user in the first sub-group:

determining a distance of the user’s interest vector from the cen-
troid using the distance function;

weighting user characteristics of the user based on the determined

distance;
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setting the user characteristics corresponding to the user centroid to
a weighted average of the weighted user characteristics of the users in the first
sub-group.
[0012] Ranking each page or object of the plurality of pages or objects
with respect to the first sub-group can comprise:

for each concept represented by the interest vector:

computing a conditional probability that a user having the concept
in the user's interest vector will have an affinity for a given page or object.
[0013] The computer-implemented method further can comprise ranking
cach page or object of the plurality of pages or objects using the computed
conditional probabilities.
[0014] The computer-implemented method further can comprise:

clustering a group of users of a social networking system into a plu-
rality of sub-groups;

for a first sub-group of the plurality of sub-groups:

identifying a centroid of the first sub-group;

identifying user characteristics corresponding to the centroid;

ranking each page or object of a plurality of pages or objects on the
social networking system with respect to the first sub-group based on the iden-
tified user characteristics, each page having an associated topic;

forming a description of the first sub-group based on the topics as-
sociated with a plurality of the highest-ranking pages or objects.
[0015] The computer-implemented method further can comprise:

for cach user of the group of users of the social networking system:

generating an interest vector from a page affinity vector of the user,
wherein:

the page affinity vector of the user indicates, for each page of a plu-
rality of pages of the social networking system, whether the user has expressed
an affinity for the page,

the interest vector indicates, for each concept of a plurality of con-
cepts, whether the user is likely to have an interest in the concept, and

the interest vector has fewer elements than the page affinity vector.
[0016] Clustering the group of users into the plurality of sub-groups can

comprise applying a distance function to pairs of the generated interest vectors.
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[0017] Identifying characteristics corresponding to the sub-group can com-
prise:

identifying a centroid of the first sub-group; and

identifying user characteristics corresponding to the centroid by
weighting characteristics of the users in the sub-group according to their dis-
tances from the centroid.
[0018] The computer-implemented method further can comprise:

for each user of a training set of users of a social networking sys-
tem:

generating, from a first vector of information about a user, a second
vector of information about the user, the second vector having lower dimen-
sionality than the first vector;

clustering the group of users into a plurality of sub-groups by ap-
plying a distance function to the second vectors of the users;

for a first sub-group of the plurality of sub-groups:

identifying user characteristics corresponding to the first sub-group;

ranking each page or object of a plurality of pages or objects with
respect to the first sub-group based on the identified characteristics;

forming a textual description of the sub-group based on highest-
ranking ones of the ranked pages or objects using topics corresponding to the
first vectors.
[0019] In an embodiment according to the invention, which can be claimed
as well, a computer-implemented method comprises:

for each user of a training set of users of a social networking sys-
tem:

generating an interest vector from a page affinity vector of the user,
wherein:

the page affinity vector of the user indicates, for each page of a plu-
rality of pages of the social networking system, whether the user has expressed
an affinity for the page,

the interest vector indicates, for each concept of a plurality of con-
cepts, whether the user is likely to have an interest in the concept, and

the interest vector has fewer elements than the page affinity vector;

clustering the group of users into a plurality of sub-groups by ap-
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plying a distance function to the interest vectors of the users;

for a first sub-group of the plurality of subgroups:

identifying a centroid of the first sub-group;

identifying user characteristics corresponding to the centroid;

ranking each page of a plurality of pages on the social networking
system with respect to the sub-group based on the identified user characteris-
tics, each page having an associated topic phrase;

identifying a plurality of the highest-ranking objects;

forming a textual description of the sub-group comprising the topic
phrases associated with the identified plurality of highest-ranking objects.
[0020] A computer-implemented method, which can be claimed as well,
further can comprise:

clustering a group of users of a social networking system into a plu-
rality of sub-groups;

for a first sub-group of the plurality of sub-groups:

identifying a centroid of the first sub-group;

identifying user characteristics corresponding to the centroid;

ranking each page of a plurality of pages on the social networking
system with respect to the first sub-group based on the identified user charac-
teristics, each page having an associated topic;

forming a description of the first sub-group based on the topics as-
sociated with a plurality of the highest-ranking objects.
[0021] A computer-implemented method, which can be claimed as well,
further can comprise:

for cach user of the group of users of the social networking system:

generating an interest vector from a page affinity vector of the user,
wherein:

the page affinity vector of the user indicates, for each page of a plu-
rality of pages of the social networking system, whether the user has expressed
an affinity for the page,

the interest vector indicates, for each concept of a plurality of con-
cepts, whether the user is likely to have an interest in the concept, and

the interest vector has fewer elements than the page affinity vector.

[0022] Ranking each page of the plurality of pages with respect to the first
6
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sub-group can comprise:

for each concept represented by the interest vector:

computing a conditional probability that a user having the concept
in the user's interest vector will have an affinity for a given page.
[0023] The computer-implemented method further can comprise ranking
cach page of the plurality of pages using the computed conditional probabili-
ties.
[0024] A computer-implemented method, which can be claimed as well,
further can comprise:

clustering a group of users of a social networking system into a plu-
rality of sub-groups;

for a first sub-group of the plurality of subgroups:

identifying characteristics corresponding to the first sub-group;

ranking each object of a plurality of objects with respect to the first
sub-group based on the identified characteristics, cach object having an associ-
ated topic;

forming a description of the first sub-group based on the topics as-
sociated with a plurality of the highest-ranking objects.
[0025] The objects can be pages of the social networking system.
[0026] Ranking each object of the plurality of object with respect to the
first sub-group can comprise:

for each concept represented by the interest vector:

computing a conditional probability that a user having the concept
in the user's interest vector will have an affinity for a given object.
[0027] The computer-implemented method further can comprise ranking
cach object of the plurality of objects using the computed conditional proba-
bilities.
[0028] A computer-implemented method, which can be claimed as well,
further can comprise:

for each user of a training set of users of a social networking sys-
tem:

generating, from a first vector of information about a user, a second
vector of information about the user, the second vector having lower dimen-

sionality than the first vector;
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clustering the group of users into a plurality of sub-groups by ap-

plying a distance function to the second vectors of the users;

for a first sub-group of the plurality of sub-groups:

identifying user characteristics corresponding to the first sub-group;

ranking each object of a plurality of objects with respect to the first

sub-group based on the identified characteristics;

forming a textual description of the sub-group based on highest-

ranking ones of the ranked objects using topics corresponding to the first vec-

tors.

[0029] In a further embodiment of the invention, one or more computer-

readable non-transitory storage media embody software that is operable when

executed to perform a method according to the invention or any of the above

mentioned embodiments.

[0030] In a further embodiment of the invention, a system comprises: one

or more processors; and a memory coupled to the processors comprising in-

structions executable by the processors, the processors operable when execut-

ing the instructions to perform a method according to the invention or any of

the above mentioned embodiments.

BRIEF DESCRIPTION OF DRAWINGS

[0031] FIG. 1 1is a high-level block diagram of a computing environment,
according to one embodiment.

FIG. 2 is a block diagram illustrating the sub-group module of
FIG. 1, according to one embodiment.

FIG. 3 illustrates a simplified conceptual example of the mapping
from a greater number of topics to a lesser number of in-
terests, according to one embodiment.

FIG. 4 1is a flowchart illustrating the operations performed by the
sub-group module when forming sub-groups from an initial
target group of users and in forming descriptions of those
sub-groups, according to one embodiment.

[0032] The figures depict embodiments of the present invention for pur-
poses of illustration only. One skilled in the art will readily recognize from the
following description that alternative embodiments of the structures and meth-

ods illustrated herein may be employed without departing from the principles
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of the invention described herein.

DETAILED DESCRIPTION

SYSTEM ARCHITECTURE

[0033] FIG. 1 is a high-level block diagram of a computing environment
according to one embodiment. FIG. 1 illustrates a social networking system
100, a client device 180, and a third party website 190 connected by a network
170. A user of the client device 180 interacts with the social networking sys-
tem 100 via an application such as a web browser, performing operations such
as browsing content, posting messages, performing queries for people or other
content of interest, and the like. The user can also use the client device 180 to
interact with the third party website 190. Additionally, the third party website
190 can also interact with the social networking system 100 to obtain or to dis-
play data of the social networking system, either directly or indirectly.

[0034] The social networking system 100 comprises an object store 110
that stores information on various objects tracked by the social networking sys-
tem 100. These objects may represent a variety of things with which a user
may interact in the social networking system 100, including, without limitation,
other users 111 of the social networking system (represented, e.g., as a profile
object for the user), applications 112 (e.g., a game playable within the social
networking system), events 113 (e.g., a concert that users may attend), groups
114 to which users may belong (e.g., a group devoted to alternative energy re-
search), pages 115 (e.g., pages constituting a particular person or organiza-
tion’s presence on the system, such as pages about particular politicians, car
models, or TV shows), items of media 116 (e.g., pictures, videos, audio, text,
or any other type of media content), locations 117 associated with a user (e.g.,
“San Jose, California, USA”), and concepts 118 or other terms (e.g., an object
corresponding to the concept “alternative energy”). The objects may have ad-
ditional metadata associated with them. For example, in one embodiment some
or all of the pages 115 have an associated topic (e.g., one of the concepts 118,
such as a particular car model, television show, sport, or the like). The object
store 110 may further store objects representing other data routinely produced

by users of the social networking system 100, such as inbox messages, status
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updates, comments, notes, and postings. An object in the object store 110 may
represent an entity existing within the social networking system (e.g., an appli-
cation 112 available on the social networking system), a virtual entity that ex-
ists outside the domain of the social networking system (e.g., a website), or a
real-world entity (e.g., a person, a product, or a show).

[0035] The object store 110 may store all of the objects existing within the
social networking system 100, such as the code of an application 112, or the
image data associated with an image media item 116. Alternatively, for virtual
entities existing outside of the social networking system 100, the object store
110 may contain some form of pointer or reference to the entities, such as the
uniform resource locator (URL) of an external media item 116. Additionally,
the object store 110 may also store metadata associated with the objects, such
as a name describing the object (e.g. “Al Gore” for a person or page 115, or
“Green Energy Group” for a group 114), an image representing the object (e.g.,
a user profile picture), or one or more tags assigned to the object by users (e.g.
the textual strings “game”, “crime”, and “strategy” for a strategy game applica-
tion). Different types of objects may have different types of metadata, such as
a set of associated users 111 for a group 114, a media type (e.g., “video”) for a
media item object 116, and a unique user ID and name tokens (e.g., separate
first and last names “Al” and “Gore”) for a user object 111.

[0036] In one embodiment the social networking system 100 further com-
prises a graph information store 120 that represents the objects of the object
store 110 as nodes that are linked together in a “social graph.” The graph in-
formation store 120 thus comprises information about the relationships between
or among the objects, represented as the edges connecting the various object
nodes. Various examples of edges in the social graph include: an edge between
two user objects 111 representing that the users have a relationship in the so-
cial networking system (e.g., are friends, or have communicated, viewed the
other’s profile, or interacted in some way), an edge between a user object 111
and an application object 112 representing that the user has used the applica-
tion, and an edge between a user object 111 and a group object 114 represent-
ing that the user belongs to the group, and an edge between a user object 111
and a page object 115 representing that the user has viewed the page or ex-

pressly specified an affinity for the page (e.g., “Liked” the page).
10
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[0037] For example, if one user 111 establishes a relationship with another
user in the social networking system, the two users are each represented as a
node, and the edge between them represents the established relationship; the
two users are then said to be connected in the social network system. Continu-
ing this example, one of these users may send a message to the other user with-
in the social networking system. This act of sending the message is another
edge between those two nodes, which can be stored and/or tracked by the social
networking system. The message itself may be treated as a node. In another
example, one user may tag another user in an image that is maintained by the
social networking system. This tagging action may create edges between the
users as well as an edge between ecach of the users and the image, which is also
anode. In yet another example, if a user confirms attending an event, the user
and the event are nodes, where the indication of whether or not the user will
attend the event is the edge. Using a social graph, therefore, a social network-
ing system may keep track of many different types of objects and edges (the
interactions and connections among those objects), thereby maintaining an ex-
tremely rich store of socially relevant information.

[0038] In one embodiment, edges in the graph information store 120 have
associated metadata, such as a label describing the type of relationship (e.g.,
“friend” as the label between two user objects), and/or a value quantifying the
strength of the relationship. Further, a relationship degree, or “distance,” be-
tween any two objects can be ascertained by determining the number of edges
on the shortest path between the objects. For example, two user objects that
have an edge between them (e.g., denoting a friendship relationship) have a re-
lationship degree (or “distance”) of one and are considered first-order connec-
tions. Similarly, if a user object A is a first-order connection of user object B
but not of user object C, and B is a first-order connection of C, then objects A
and C have a relationship degree of two, indicating that C is a second-order
connection of A (and vice-versa).

[0039] The social networking system 100 further comprises a set of topics
122 determined to be representative of objects (e.g., pages 115) as a whole, and
a smaller set of interests 123 representing various interests that a user 111
could have. For example, the topics 122 might comprise a number of topics re-

lated to automobiles, such as automobile brands such as FORD or TOYOTA, or
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particular automobile models such as FORD MUSTANG, TOYOTA PRIUS, OR
TOYOTA CAMRY, whereas the interests 123 might include only the single in-
terest “automobile.” In one embodiment, for example, the topics 122 comprise
6,000 discrete topics whereas the interests 123 comprise only 600 discrete in-
terests. Both the topics 122 and the interests 123 may consist partially or en-
tirely of ones of the concepts 118.

[0040] The topics 122 and interests 123 may be determined in a number of
manners in different embodiments. For example, they may be explicitly speci-
fied by employees of the social networking system 100 based on observation
and experience. Alternatively, they may be automatically identified, either at a
single initial time, or on a recurring basis. For example, the topics 122 may be
automatically identified by identifying a topic for each page 115 accessed by
users 111, identifying the 6,000 most frequent topics of the aggregate page ac-
cesses, and selecting the most frequently accessed page for each of those top-
ics.

[0041] In one embodiment, the social networking system 100 further com-
prises a set of representative objects 126, each representative object corre-
sponding to one of the topics 122. In one embodiment, the objects are pages
115. For example, for a page topic 122 “TOYOTA PRIUS,” the corresponding
representative page object 126 could be the official page of TOYOTA devoted
to the PRIUS.

[0042] In one embodiment, the social networking system 100 further com-
prises a vector of user affinities 124 for each user 111. The user affinities vec-
tor 124 represents expressly-specified affinities of the users for particular ob-
jects, such as ones of the representative pages 126. One example of an express-
ly-specified user affinity is a “Like” for a page. For instance, a given user
might have expressed an affinity for a representative page 126 devoted to a par-
ticular model of car, for a representative page devoted to a particular television
show, and for several representative pages devoted to various sports teams in
which the user is interested. A typical user would not have expressed an affini-
ty for the vast majority of the representative pages 126, and hence the set of
user page affinities for that user would be highly sparse.

[0043] For purposes of example, the below often refers to a user affinities

vector 124 for pages 111, specifically, and refers to the representative objects
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126 as representative pages. It is appreciated however, that in other embodi-
ments the representative objects could be other types of objects in the object
store 110, such as groups 114 or applications 112, for example, and that users
could express affinities for such objects rather than for (or in addition to) pages
111.

[0044] The social networking system 100 further comprises a sub-group
module 125 that performs actions with respect to sub-groups of the users 111,
such as forming sub-groups and forming descriptions of existing sub-groups.
The sub-group module 125 is now described in more detail, below.

[0045] FIG. 2 is a block diagram illustrating the sub-group module 125 of
FIG. 1. The sub-group module 125 comprises a sub-group formation module
240 that forms a plurality of sub-groups from an initial given group of users
111, a cluster description module 250 that forms descriptions of the sub-
groups, and a training module 230 that performs initial data processing to pro-
duce information used by the sub-group formation module and the cluster de-
scription module. These modules are now described in greater detail.

[0046] The training module 230 performs initial data processing to produce
information used by the subgroup formation module 240 in the cluster descrip-
tion module 250 to form and describe user sub-groups.

[0047] Specifically, the training module 230 comprises an interest infer-
ence module 231 that applies machine learning to map the user affinities vector
124 for a given user to a set of interests 123. Mapping the user affinities vec-
tor 124, which is expressed for the various topics 122, to the smaller set of in-
terests 123 reduces the dimensionality of a vector used to describe user affini-
ties or interests, which enhances the ability of the sub-group formation module
242 to form meaningful sub-groups. In one embodiment, the interest inference
module 231 employs Collapsed Gibbs sampling for Latent Dirichlet Allocation
(LDA).

[0048] FIG. 3 illustrates a simplified conceptual example of the mapping
from a greater number of topics to a lesser number of interests, according to
one embodiment. Specifically, the affinities vector 124 for a particular user u
is shown expressed in terms of the topics 122, with the user having expressed
affinities for the 513th, 1096th, 3566th, and 5124th topics out of a set of 6,000

possible topics. A mapping operation 305 converts the expressed affinities
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from the topic space to the (smaller) interest space, determining that the affini-
ties for the expressed topics are equivalent to the 496th and 556th interests out
of a set of 600 interests.

[0049] Referring again to FIG. 2, the training module 230 further compris-
¢s a probability computation module 232 that computes probabilities of affini-
ties in terms of interests. For example, in one embodiment the probability
computation module 232 computes P(O; | I;)—the probability that a user 111
with interest j would have an affinity for object i (¢.g., would like the ith repre-
sentative page 126)—and also computes P(I; | U)—the probability that a partic-
ular user having the user characteristics U would have interest j. Since Zj [
P(O; | Ij) * P(I; | U) ] = P(O; | U), the ability to calculate both P(O; | I;) and P(J;
| U) provides the ability to calculate P(O; | U), as well. Thus, knowledge of us-
er interests is used to estimate user affinities for objects corresponding to given
topics.

[0050] Specifically, in this embodiment the probability computation mod-
ule 232 computes P(O; | I;) as follows. The interest inference module 231 is
used, for every user of some training subset of the users 111, to map the affini-
ties vector 124 of the user to a set of interests 123. For cach interest in the set
of interests 123, the probability computation module 232 generates a topic af-
finity histogram based on the affinities vector 124 for the users of the training
subset having that interest within their mapped interests. Specifically, the
probability computation module 232 identifies the users of the training subset
having the interest within their mapped interests, and generates the topic affini-
ty histogram by summing the topic affinity counts from the affinities vector
124 for those users. For example, for a training subset of 10,000 users, 552 of
the users might have the 17th interest within their mapped interests. If, of
those 552 users, 46 had expressed an affinity for the 12th topic, then the histo-
gram corresponding to the 17th interest would contain the value 46 in the 12th
entry. The probability computation module 232 further generates, for each in-
terest in the set of interests 123, a probability distribution corresponding to the
histogram for that interest. Continuing the previous example, if there were a
total of 2,612 expressions of interest for one of the topics 122 by the users of
the training subset that have the 17th interest within their mapped interests,

then the probability P(O; | I;) of an arbitrary user having an affinity for object
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O; corresponding to topic 7, given that the user has interest j, is (46 / 2,612), or
approximately 1.76%.

[0051] In one embodiment, the probability computation module 232 com-
putes P(I; | U) using machine learning, where U represents user characteristics
data describing the user, such as the interests 123 corresponding to the user’s
affinity vector 124, or user profile data of that user. In one embodiment, the
probability computation module 232 employs Gibbs sampling.

[0052] In one embodiment, the probability computation module 232 com-
putes one function P(I; | U) for each interest j. Thus, to determine the probabil-
ity of a user with user characteristics U having the jth interest, a system would
first choose the jth function corresponding to interest j, and would then evalu-
ate that function using characteristics U as the argument. Similarly, in one em-
bodiment the probability computation module 232 computes one function P(O; |
I;) for each object i. Thus, to determine the probability that a user having the
jth interest would have an affinity for ith object, a system would first choose
the ith function corresponding to object i, and would then evaluate that func-
tion using index j as the argument.

[0053] The sub-group formation module 240 forms sub-groups out of a
given group of users 111. Specifically, the sub-group formation module 240
comprises a clustering module 241 that forms the clusters that define the vari-
ous sub-groups. In one embodiment, the sub-group formation module 240 gen-
erates, for every user in the given original user group, an interest vector corre-
sponding to the user’s affinity vector 124 using the interest inference module
231. The interest vectors then represent the users of the given original user
group for purposes of clustering. A clustering algorithm, such as k-means clus-
tering, is then applied to the interest of vectors. The clustering algorithm uses
a distance function to determine how similar any two given interest vectors are;
the greater the degree of similarity (equivalently, the lesser the distance) be-
tween a given pair of interest vectors, the greater the likelihood that they will
be grouped into the same sub-group cluster. In one embodiment, the distance
function used to compute the similarity of two interest vectors is the vector dot
product—that is, the sum of pairwise products—with greater values indicating
greater degrees of similarity. (Note that since the interest vector is less sparse

than the affinity vector 124, clustering based on the interest of vector produces
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higher-quality results than clustering based on the affinity vector 124.)

[0054] The sub-group formation module 240 further comprises a sub-group
characteristics module 242 that determines, for each sub-group generated by
the clustering module 241, characteristics that represent the sub-group as a
whole. In one embodiment, the sub-group characteristics module 242 repre-
sents the sub-group using the sub-group centroid vector, rather than selecting
any one representative user within the sub-group, the centroid vector acting as
a synthetic composite user. In such an embodiment, the sub-group characteris-
tics module 242 first computes the centroid vector. Centroid vector computa-
tion may be accomplished by averaging the interest vectors within a sub-group,
i.e., for each of the interests in the interest vectors, summing the corresponding
values for that interest in the different interest vectors, and dividing by the
number of interest vectors in the sub-group. The sub-group characteristics
module 242 further determines characteristics that represent the centroid vec-
tor. In one embodiment, the centroid vector itself—that is, the averaged inter-
est vector—is itself used as the characteristics. In another embodiment, a
weighted average of whatever user characteristics U—such as the user’s inter-
est vector, or the user’s profile data—is used to describe a given user, is used
to describe the composite user represented by the centroid vector. For exam-
ple, for each interest vector in the sub-group, the degree of similarity (equiva-
lently, distance) produced by the distance function when applied to the interest
vector and the centroid vector is treated as a weight and applied to the user
characteristics U corresponding to the interest vector. The weighted user char-
acteristics are then averaged, which emphasizes the characteristics of the users
that are most similar to the composite user represented by the centroid vector.
[0055] The sub-group formation module 240 further comprises a ranking
module 243 that ranks representative objects 126 with respect to the sub-group
characteristics generated by the sub-group characteristics module 242. (The
objects that are ranked are those objects with respect to which the conditional
probabilities were generated, such as the pages 115.) This ranking can then be
used to determine the objects for which users in the sub-group would most like-
ly have an affinity. Specifically, the ranking module applies the conditional
probabilities generated by the probability computation module 232 in order to
rank the objects. As previously described, since Z; [ P(O; | I;) * P(I; | U) ] =
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P(O; | U), the ability to calculate both P(O; | I;) and P(I; | U) provides the abil-
ity to calculate P(O; | U), as well. Thus, given the conditional probabilities
P(O; | I;) and P(l; | U), which involve the intermediate variable I; corresponding
to user interest, the value P(O; | U) can be calculated by multiplying P(O; | I;)
and P(I; | U). The various objects O; are then ranked based on value P(O; | U).
[0056] The cluster description module 250 produces a description for each
of the sub-groups formed by the sub-group formation module 240, using the ob-
ject rankings produced by the ranking module 243. Specifically, the cluster de-
scription module 250 identifies some number of the highest-ranked representa-
tive objects 126 in each sub-group—such as a predetermined number, or a pre-
determined percentage of the number of users in the sub-group. The cluster
description module 250 then obtains a description of each of the highest-
ranking objects, e¢.g. by identifying the topic 122 corresponding to the repre-
sentative objects. The cluster description module 250 then produces a descrip-
tion for the sub-group according to the descriptions of each of the highest-
ranking representative objects. For example, in one embodiment, the cluster
description module 250 concatenates the textual descriptions of each of the top-
ics 122 to produce the sub-group description. For instance, if the highest-
ranking representative objects 126 for a particular sub-group had corresponding
topics 122 “TOYOTA PRIUS,” “HYBRID CARS,” “RENEWABLE ENERGY,”
and “PBS,” the cluster description module 250 could concatenate or otherwise
combine these phrases to form a description of the sub-group.

[0057] The description formed by the cluster description module 250 is of
particular use to a human user, to whom such phrases often convey an intuitive
sense of the nature of the users in the sub-group. This permits, for example,
providing customized information to the users of the sub-group. For instance, a
car manufacturer might have submitted an initial target user group to the sub-
group module. Upon seeing the description “TOYOTA PRIUS,” “RENEWA-
BLE ENERGY,” and “PBS,” for one sub-group of its initial target group, the
car manufacturer might conclude that the sub-group contained people interested
in environmental causes, and accordingly could produce an advertisement em-
phasizing its hybrid car models and their environmental benefits. Such custom-
ized advertisements are likely to produce better results, such as higher click-

through rates or conversions, than a general ad provided to the entire initial
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target group.

[0058] FIG. 4 is a flowchart illustrating the operations performed by the
sub-group module 125 when forming sub-groups from an initial target group of
users 111 and in forming descriptions of those sub-groups, according to one
embodiment.

[0059] The sub-group module 125 first clusters 410 the initial target group
of users into subgroups, as discussed above with respect to the clustering mod-
ule 241. The sub-group module 125 further identifies 420 the centroid of each
subgroup and identifies 430 the sub-group characteristics, forming the centroid
vector and determining its corresponding composite user characteristics, as dis-
cussed above with respect to the sub-group characteristics module 242. The
sub-group module 125 further ranks 440 representative objects 126, identifying
a highest-ranking set of objects, as discussed above with respect to the ranking
module 243. The subgroup module further forms 450 descriptions of each of
the sub-groups using the highest-ranking objects, e.g., concatenating or other-
wise combining the topics 122 associated with the highest-ranking objects, as
discussed above with respect to the cluster description module 250.

[0060] The foregoing description of the embodiments of the invention has
been presented for the purpose of illustration; it is not intended to be exhaus-
tive or to limit the invention to the precise forms disclosed. Persons skilled in
the relevant art can appreciate that many modifications and variations are pos-
sible in light of the above disclosure.

[0061] Some portions of this description describe the embodiments of the
invention in terms of algorithms and symbolic representations of operations on
information. These algorithmic descriptions and representations are commonly
used by those skilled in the data processing arts to convey the substance of
their work effectively to others skilled in the art. These operations, while de-
scribed functionally, computationally, or logically, are understood to be im-
plemented by computer programs or equivalent electrical circuits, microcode,
or the like. Furthermore, it has also proven convenient at times, to refer to the-
se arrangements of operations as modules, without loss of generality. The de-
scribed operations and their associated modules may be embodied in software,
firmware, hardware, or any combinations thereof.

[0062] Any of the steps, operations, or processes described herein may be
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performed or implemented with one or more hardware or software modules,
alone or in combination with other devices. In one embodiment, a software
module is implemented with a computer program product comprising a comput-
er-readable medium containing computer program code, which can be executed
by a computer processor for performing any or all of the steps, operations, or
processes described.

[0063] Embodiments of the invention may also relate to an apparatus for
performing the operations herein. This apparatus may be specially constructed
for the required purposes, and/or it may comprise a general-purpose computing
device selectively activated or reconfigured by a computer program stored in
the computer. Such a computer program may be stored in a non-transitory,
tangible computer readable storage medium, or any type of media suitable for
storing electronic instructions, which may be coupled to a computer system
bus. Furthermore, any computing systems referred to in the specification may
include a single processor or may be architectures employing multiple proces-
sor designs for increased computing capability.

[0064] Embodiments of the invention may also relate to a product that is
produced by a computing process described herein. Such a product may com-
prise information resulting from a computing process, where the information is
stored on a non-transitory, tangible computer readable storage medium and may
include any embodiment of a computer program product or other data combina-
tion described herein.

[0065] Finally, the language used in the specification has been principally
selected for readability and instructional purposes, and it may not have been
selected to delineate or circumscribe the inventive subject matter. It is there-
fore intended that the scope of the invention be limited not by this detailed de-
scription, but rather by any claims that issue on an application based hercon.
Accordingly, the disclosure of the embodiments of the invention is intended to
be illustrative, but not limiting, of the scope of the invention, which is set forth

in the following claims.
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What is claimed is:

1. A computer-implemented method comprising:
for each user of a training set of users of a social networking system:
generating an interest vector from a page affinity vector of the user, where-
n:
the page affinity vector of the user indicates, for each page of a plu-
rality of pages of the social networking system, whether the
user has expressed an affinity for the page,
the interest vector indicates, for each concept of a plurality of con-
cepts, whether the user is likely to have an interest in the
concept, and
the interest vector has fewer elements than the page affinity vector;
clustering the group of users into a plurality of sub-groups by applying a distance
function to the interest vectors of the users;
for a first sub-group of the plurality of subgroups:
identifying a centroid of the first sub-group;
identifying user characteristics corresponding to the centroid;
ranking each page of a plurality of pages on the social networking system
with respect to the sub-group based on the identified user character-
istics, each page having an associated topic phrase;
identifying a plurality of the highest-ranking objects;
forming a textual description of the sub-group comprising the topic phrases

associated with the identified plurality of highest-ranking objects.
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2. The computer-implemented method of claim 1, wherein identifying the cen-
troid of the first subgroup comprises averaging the interest vectors of the users in the first

sub-group.

3. The computer-implemented method of claim 2, wherein identifying the user
characteristics corresponding to the user centroid comprises:
for each user in the first sub-group:
determining a distance of the user’s interest vector from the centroid using
the distance function,;
weighting user characteristics of the user based on the determined distance;
setting the user characteristics corresponding to the user centroid to a weighted av-

erage of the weighted user characteristics of the users in the first sub-group.

4. The computer-implemented method of claim 1, wherein ranking each page
of the plurality of pages with respect to the first sub-group comprises:
for each concept represented by the interest vector:
computing a conditional probability that a user having the concept in the us-

er's interest vector will have an affinity for a given page.

5. The computer-implemented method of claim 4, further comprising ranking

cach page of the plurality of pages using the computed conditional probabilities.

6. A computer-implemented method comprising:

clustering a group of users of a social networking system into a plurality of sub-
groups;

for a first sub-group of the plurality of sub-groups:
identifying a centroid of the first sub-group;
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identifying user characteristics corresponding to the centroid;

ranking each page of a plurality of pages on the social networking system
with respect to the first sub-group based on the identified user char-
acteristics, each page having an associated topic;

forming a description of the first sub-group based on the topics associated

with a plurality of the highest-ranking objects.

7. The computer-implemented method of claim 6, further comprising:
for each user of the group of users of the social networking system:
generating an interest vector from a page affinity vector of the user, where-
n:
the page affinity vector of the user indicates, for each page of a plu-
rality of pages of the social networking system, whether the
user has expressed an affinity for the page,
the interest vector indicates, for each concept of a plurality of con-
cepts, whether the user is likely to have an interest in the
concept, and

the interest vector has fewer elements than the page affinity vector.

8. The computer-implemented method of claim 7, wherein clustering the
group of users into the plurality of sub-groups comprises applying a distance function to

pairs of the generated interest vectors.

9. The computer-implemented method of claim 8, wherein identifying the user
characteristics corresponding to the user centroid comprises:

for each user in the first sub-group:
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determining a distance of the user’s interest vector from the centroid using
the distance function,;

weighting user characteristics of the user based on the determined distance;
and

setting the user characteristics corresponding to the user centroid to a
weighted average of the weighted user characteristics of the users in

the first sub-group.

10.  The computer-implemented method of claim 7, wherein identifying the cen-
troid of the first subgroup comprises averaging the interest vectors of the users in the first

sub-group.

11.  The computer-implemented method of claim 7, wherein ranking each page
of the plurality of pages with respect to the first sub-group comprises:
for each concept represented by the interest vector:
computing a conditional probability that a user having the concept in the us-

er's interest vector will have an affinity for a given page.

12.  The computer-implemented method of claim 11, further comprising ranking

cach page of the plurality of pages using the computed conditional probabilities.

13. A computer-implemented method comprising:

clustering a group of users of a social networking system into a plurality of sub-
groups;

for a first sub-group of the plurality of subgroups:

identifying characteristics corresponding to the first sub-group;
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ranking each object of a plurality of objects with respect to the first sub-
group based on the identified characteristics, each object having an
associated topic;

forming a description of the first sub-group based on the topics associated

with a plurality of the highest-ranking objects.

14.  The computer-implemented method of claim 13, wherein the objects are

pages of the social networking system.

15. The computer-implemented method of claim 13, wherein clustering the
group of users into the plurality of sub-groups comprises applying a distance function to

pairs of the generated interest vectors.

16.  The computer-implemented method of claim 13, wherein identifying char-
acteristics corresponding to the sub-group comprises:
identifying a centroid of the first sub-group; and
identifying user characteristics corresponding to the centroid by weighting charac-
teristics of the users in the sub-group according to their distances from the

centroid.

17.  The computer-implemented method of claim 16, wherein identifying the
centroid of the first subgroup comprises averaging the interest vectors of the users in the

first sub-group.

18.  The computer-implemented method of claim 13 wherein ranking each ob-
ject of the plurality of object with respect to the first sub-group comprises:

for each concept represented by the interest vector:
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computing a conditional probability that a user having the concept in the us-

er's interest vector will have an affinity for a given object.

19.  The computer-implemented method of claim 18, further comprising ranking

cach object of the plurality of objects using the computed conditional probabilities.

20. A computer-implemented method comprising:
for each user of a training set of users of a social networking system:
generating, from a first vector of information about a user, a second vector
of information about the user, the second vector having lower di-
mensionality than the first vector;
clustering the users into a plurality of sub-groups by applying a distance function to
the second vectors of the users;
for a first sub-group of the plurality of sub-groups:
identifying user characteristics corresponding to the first sub-group;
ranking each object of a plurality of objects with respect to the first sub-
group based on the identified characteristics;
forming a textual description of the sub-group based on highest-ranking
ones of the ranked objects using topics corresponding to the first

vectors.

21. A computer-implemented method comprising:
for each user of a training set of users of a social networking system:
generating an interest vector from a page affinity vector of the user, where-

in:
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the page affinity vector of the user indicates, for each page of a plu-
rality of pages of the social networking system, whether the
user has expressed an affinity for the page,
the interest vector indicates, for each concept of a plurality of con-
cepts, whether the user is likely to have an interest in the
concept, and
the interest vector has fewer elements than the page affinity vector;
clustering the group of users into a plurality of sub-groups by applying a
distance function to the interest vectors of the users and clustering
those for which the distance function produces similar values;
for a first sub-group of the plurality of subgroups:
identifying a centroid of the first sub-group;
identifying user characteristics corresponding to the centroid;
ranking each page of a plurality of pages or objects on the social networking
system with respect to the sub-group based on the identified user
characteristics, each page having an associated topic phrase;
identifying a plurality of the highest-ranking pages or objects;
forming a textual description of the sub-group comprising the topic phrases
or topics associated with the identified plurality of highest-ranking

pages or objects.

22.  The computer-implemented method of claim 21, wherein identifying the
centroid of the first subgroup comprises averaging the interest vectors of the users in the

first sub-group.
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23. The computer-implemented method of any of claims 1 to 2, wherein identi-
fying the user characteristics corresponding to the user centroid comprises:
for each user in the first sub-group:
determining a distance of the user’s interest vector from the centroid using
the distance function,;
weighting user characteristics of the user based on the determined distance;
setting the user characteristics corresponding to the user centroid to a
weighted average of the weighted user characteristics of the users in

the first sub-group.

24. The computer-implemented method of any of claims 1 to 3, wherein rank-
ing each page or object of the plurality of pages or objects with respect to the first sub-
group comprises:

for each concept represented by the interest vector:

computing a conditional probability that a user having the concept in the us-

er's interest vector will have an affinity for a given page or object.

25. The computer-implemented method of any of claims 1 to 4, further com-
prising ranking each page or object of the plurality of pages or objects using the computed

conditional probabilities.

26.  The computer-implemented method of any of claims 1 to 5, further com-
prising:
clustering a group of users of a social networking system into a plurality of sub-
groups;
for a first sub-group of the plurality of sub-groups:

identifying a centroid of the first sub-group;
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identifying user characteristics corresponding to the centroid;

ranking each page or object of a plurality of pages or objects on the social
networking system with respect to the first sub-group based on the
identified user characteristics, each page having an associated topic;

forming a description of the first sub-group based on the topics associated

with a plurality of the highest-ranking pages or objects.

27. The computer-implemented method of any of claims 1 to 6, further com-
prising:
for each user of the group of users of the social networking system:
generating an interest vector from a page affinity vector of the user, where-
n:
the page affinity vector of the user indicates, for each page of a plu-
rality of pages of the social networking system, whether the
user has expressed an affinity for the page,
the interest vector indicates, for each concept of a plurality of con-
cepts, whether the user is likely to have an interest in the
concept, and

the interest vector has fewer elements than the page affinity vector.

28. The computer-implemented method of any of claims 1 to 7, wherein cluster-
ing the group of users into the plurality of sub-groups comprises applying a distance func-

tion to pairs of the generated interest vectors.

29. The computer-implemented method of any of claims 1 to 8, wherein identi-
fying characteristics corresponding to the sub-group comprises:

identifying a centroid of the first sub-group; and
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identifying user characteristics corresponding to the centroid by weighting charac-
teristics of the users in the sub-group according to their distances from the

centroid.

30.  The computer-implemented method of any of claims 1 to 9, further com-
prising:
for each user of a training set of users of a social networking system:
generating, from a first vector of information about a user, a second vector
of information about the user, the second vector having lower di-
mensionality than the first vector;
clustering the group of users into a plurality of sub-groups by applying a distance
function to the second vectors of the users;
for a first sub-group of the plurality of sub-groups:
identifying user characteristics corresponding to the first sub-group;
ranking each page or object of a plurality of pages or objects with respect to
the first sub-group based on the identified characteristics;
forming a textual description of the sub-group based on highest-ranking
ones of the ranked pages or objects using topics corresponding to the
first vectors.
31. One or more computer-readable non-transitory storage media embodying
software that is operable when executed to perform a method according to

any of claims 1 to 10.
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32. A system comprising: one or more processors; and a memory coupled to the
processors comprising instructions executable by the processors, the processors operable
when executing the instructions to perform a method according to any of the claims 1 to

10.

30



WO 2014/100005 PCT/US2013/075809
1/4
Client Third P.arty
180 Website
190
SOCIAL NETWORKING SYSTEM 100
Object Store
Sub-group module 125
Users 111 Pages 115
Applications | | Media items
112 116 D
\_/ v
Events 113 LO(ﬁt? ns Interests Repre§entative
123 objects
Concepts 126
Groups 114 118 N
\_/ \_/
/—\ User affinities Topics
\_// 124 122
, N~ T N~
Graph Information
Store
120

FIG. 1




WO 2014/100005

2/4

PCT/US2013/075809

SUB-GROUP MODULE 125

Training module 230

Interest inference module
231

Probability computation
module
232

Sub-group formation module 240

Clustering module
241

Sub-group characteristics
module
242

Ranking module
243

Cluster description module
250

FIG. 2



WO 2014/100005 PCT/US2013/075809

3/4
User u
Affinity vector 124 Topics 122
| ° ® P P I
t513 t1096 3566 t5124

Mgpping 305

Interests 123

——e—e—]

1496 1556

FIG. 3



WO 2014/100005

N
o

4/4

Cluster users into subgroups
410

Y

Identify sub-group centroid
420

A 4

Identify sub-group characteristics
430

A

Rank objects with respect to sub-group
440

Form sub-group description
450

FIG. 4

PCT/US2013/075809



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2013/075809

A. CLASSIFICATION OF SUBJECT MATTER
GOO6F 17/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GOG6F 17/00; GO6F 17/30; G06Q 50/00; GO6Q 10/00; GO6F 13/00; GO6F 7/06

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: clustering group, centroid, user characteristics, description, page affinity, and similar
terms.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 6,405,159 B2 (BUSHEY, ROBERT R. et al.) 11 June 2002 1-32
See column 4, line 63 — column 6, line 31; claim 1; and figure 1.

A US 2011-0252044 A1 (SHIN, HYOSEOP) 13 October 2011 1-32
See paragraphs [0092]-[0110]; claim 1; and figure 7.

A JP 2011-118642 A (NIPPON TELEGRAPH & TELEPHONE CORP.) 16 June 2011 1-32
See paragraphs [0057]-[0073]; claim 1; and figure 2.

A US 2010-0005105 Al (ZHANG, WEI et al.) 07 January 2010 1-32
See paragraphs [0037]-[0052] and figures 1B-4B.

A WO 2012-055067 A1 (HEWLETT-PACKARD DEVELOPMENT COMPANY, L.P.) 03 May 2012 1-32
See paragraphs [0034]-[0044]; claims 1-2; and figure 2.

|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
07 April 2014 (07.04.2014) 08 April 2014 (08.04.2014)
Name and mailing address of the [ISA/KR Authorized officer

International Application Division

+ Korean Intellectual Property Office NH :

g

189 Cheongsa-to, Seo-gu, Dagjeon Metropolitan City, 302-701, 0.4 Myong
Republic of Korea

Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-8528
Form PCT/ISA/210 (second sheet) (July 2009




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2013/075809
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 6405159 B2 11/06/2002 US 2001-0011211 Al 02/08/2001
US 2002-0133394 Al 19/09/2002
US 2005-0015744 Al 20/01/2005
US 6853966 B2 08/02/2005
US 2011-0252044 Al 13/10/2011 KR 10-1098871 Bl 26/12/2011
KR 10-2011-0114355 A 19/10/2011
JP 2011-118642 A 16/06/2011 JP 5296660 B2 25/09/2013
US 2010-0005105 Al 07/01/2010 JP 2010-015565 A 21/01/2010
JP 5443854 B2 19/03/2014
KR 10-2010-0004062 A 12/01/2010
US 8386486 B2 26/02/2013
WO 2012-055067 Al 03/05/2012 EP 2633432 Al 04/09/2013
US 2013-0283148 Al 24/10/2013

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - wo-search-report
	Page 38 - wo-search-report

