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SOCIAL MEDIA IMPACT ASSESSMENT

BACKGROUND

[0001] Social media allows users to connect with like-minded people or to connect with
people providing information and opinions of interest to the user. For example,
TWITTER is a social media platform that allows users to send short messages, called
“tweets,” to other users. Users tweet about many topics, some personal and some related
to business, products or politics, for example. The tweets from any sender are
electronically distributed to select other users based on preferences of those other users,
who may be said to “follow” the sender.

[0002] Sometimes, followers of a user pass on information from that user to other users.
The information may be passed on as a retransmission of a message from that user.
Retransmission is sometimes said to be a “retweet.” Though, the information may be
passed on in a new message, which may be correlated with the original message because it
may mention the user who originated the message.

[0003] It has been recognized that some users of social media are of more interest to
others, and may have more followers than others have. Accordingly, the “follower count”
of a user, representing the number of followers that user has, is a metric that is sometimes
tracked. The follower count has also been called “influence” of a user. To support
identifying users with large “follower count,” a social network platform may maintain logs
of messages sent by users. These logs, sometimes called “tweet logs,” may be made
available for others to analyze and possibly identify users with high follower count.
Though, analyzing this information has been problematic because of the large number of
tweets and, therefore, the large amount of the data set to be analyzed.

[0004] This follower count is important for those seeking to distribute messages — which
may be commercial messages — through social media. Accordingly, advertisers may focus
their messages on users of social media with large follower counts in the hope that the user
will initiate a favorable message that will ultimately reach a large number of that user’s
followers.

[0005] Using this information, trends have been derived from social media tweets. For
example, by identifying users with high follower counts, and determining the topics of
their tweets, information about topics of interest to users of the social media platform have

been identified.



10

15

20

25

30

WO 2014/107441 PCT/US2013/078395

[0006] It is also known to compute for users of social media a metric indicative of the
“authority” of the user. The authority of a user has been computed based on traffic
statistics relating to messages sent through the social media platform.

SUMMARY
[0007] An accurate and readily computed authority score for a user of social media may
be computed. The authority score may be topic-based, providing an accurate
representation of the authority of a user. Moreover, the authority score may be computed
according to a method that entails deriving metrics related to users directly from a tweet
log. As aresult, the computation is amenable to implementation in multiple independent
processes, possibly concurrently executing on multiple processors. The computation may
be implemented using MapReduce primitives.
[0008] Accordingly, in one aspect, the invention may relate to a method of determining
authority of a user of a social network. The method may be implemented with a plurality
of processors and may comprise processing a tweet log to compute, for each of a plurality
of users, at least one topical metric. The topical metrics may be processed to compute, for
at least a portion of the plurality of users, a topical authority score indicative of the
authority of the user. The topical authority scores may be computed in terms of
MapReduce primitives.
[0009] In another aspect, the invention may relate to a system for determining authority
of a user of a social media platform. The system may comprise a plurality of processors
configured to access at least a portion of a tweet log. The processors may determine a
plurality of counts of tweets in the log, each of the counts indicating a number of tweets in
the log meeting criteria relating to a user of a plurality of users. From the plurality of
counts for each of the plurality of users topic-based metrics related to a topic may be
computed. For at least one user of the plurality of users, a topic-based authority score may
be computed based on the topic-based metrics for the user and statistics of the topic based
metrics computed for the plurality of users.
[0010] In yet another aspect, the invention may relate to at least one tangible, computer-
readable medium encoded with computer-executable instructions that, when executed by
at least one processor, perform a method of computing a topic-based authority score for at
least one user of a social media platform. The method may comprise accessing at least a
portion of a tweet log and determining a plurality of counts of tweets in the log. Each of
the counts may indicate a number of tweets in the log meeting a plurality of criteria

relating to a user of a plurality of users. Topic-based metrics related to a topic may be
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computed from the plurality of counts for each of the plurality of users. For at least one
user of the plurality of users, a topic-based authority score may be computed based on the
topic-based metrics for the user and statistics of the topic-based metrics computed for the
plurality of users.

[0011] The foregoing is a non-limiting summary of the invention, which is defined by
the attached claims.

BRIEF DESCRIPTION OF DRAWINGS

[0012] The accompanying drawings are not intended to be drawn to scale. In the
drawings, each identical or nearly identical component that is illustrated in various figures
is represented by a like numeral. For purposes of clarity, not every component may be
labeled in every drawing. In the drawings:

[0013] FIG. 1A is a conceptual sketch of a social media platform in operation in a first
scenario,

[0014] FIG. 1B is a conceptual sketch of a social media platform in operation in a
second scenario;

[0015] FIG. 2 is a functional block diagram of an exemplary embodiment of a method of
computing an impact score for one or more users of a social media platform;

[0016] FIG. 3 is a conceptual sketch of a tweet log according to some illustrative
embodiments;

[0017] FIG. 4 is a flowchart of an exemplary method of computing an authority score
for one or more users of a social media platform;

[0018] FIG. 5A is an exemplary graphical user interface through which impact scores
for each of the plurality of users of the social media platform may be displayed;

[0019] FIG. 5B is an exemplary graphical user interface through which time varying
impact scores for a user of a social media platform may be displayed; and

[0020] FIG. 6 is a block diagram of an exemplary computer system that may be used in
performing some or all of the computations described herein.

DETAILED DESCRIPTION

[0021] The inventors have recognized and appreciated shortcomings of existing
approaches to identifying influential users of social medial platforms, and have developed
alternative metrics that may more accurately identify influential users. For example,
follower count and a “page rank” computation based on number of subsequent references
to a tweet have been used to assess influence. Though useful in some scenarios, the

inventors have recognized that these approaches are subject to producing misleading
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results in other scenarios. Follower count, for example, may produce a skewed result
when a celebrity user with many followers is evaluated. Similarly, a metric based on page
rank may produce inaccurate results in scenarios in which tweets are being sent about a
current event for which there has not been sufficient time for there to be a meaningful
number of subsequent references to messages about the event.

[0022] Moreover, the inventors have recognized and appreciated that influence may
reflect one or more factors, including authority of a user making tweets and the power of
that user’s tweets. The power may relate to the number of followers of the user and/or the
number of other users to which messages from the user are retweeted. An indication of a
user’s authority and/or power may be more accurate if based on a specific topic.

[0023] Further, the inventors have recognized and appreciated techniques for allowing
influence metrics to be computed simply while nonetheless yielding accurate results. Such
techniques may be amenable to computation using MapReduce techniques so that
computations on a large data set, such as a twitter log, may be simply broken up for
processing on many different computing devices. Accordingly, the computations may be
based on counting events, or other simple functions, that may be performed by processing
entries of a twitter log separately for each of a number of users about which data may have
been collected. In this way, portions of a twitter log may be processed quickly in parallel
on multiple different computing devices, and the results of that processing may then be
brought together as to compute an overall metric. Moreover, processing per user may
alternatively or additionally be easily allocated to different computing devices for parallel
computation.

[0024] The analysis techniques as described herein may be applied for any suitable type
of social media. An exemplary system for analyzing social media data as described herein
uses terminology applicable to TWITTER, a widely used social media platform. Such
terminology may be readily recognizable to those of skill in the art because the TWITTER
platform is well known. However, it should be appreciated that the systems, methods and
apparatus for analyzing social media data are applicable to other social media platform and
use of terminology suggestive of the TWITTER platform does not limit applicability of
the invention to the TWITTER platform.

[0025] For example, as used herein, a “tweet” may encompass any message distributed
through a social media platform. In other social media platform, a short message might be
called a post or might be described as “writing on a wall,” or given some other name.

Nonetheless, all of these forms of communication may be regarded as “tweets.” Likewise,
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a “tweet log” may encompass any collection of information about messages, whether sent
using the TWITTER platform or other social media platform. Further, regardless of the
format in which the original message is presented, any action re-affirming or de-affirming
that message for others in a social network may be regarded as a “retweet.” In a platform
such as FACEBOOK, for example, an action called “like” or “dislike” can correspond to a
retweet. In other platforms, the corresponding retweet function may be called “forward”
or “recommend.”

[0026] Accordingly, the concepts described herein may apply to any social media
platform regardless of how denominated. The specific terminology used to describe the
mechanisms by which messages are communicated, or re-communicated, is not a
limitation on the invention. For example, social media platforms as described herein are
sometimes called “microblogs,” Users of these systems are sometimes called “prosumers”
reflecting a common use of a social media platform in which a consumer of content may
also produce content. The techniques as described herein are applicable to any platform
supporting such microblogs.

[0027] FIG. 1A provides an example and a social media platform 100. In this example,
users 110 A, 110 B, 110 C and 110 D are illustrated. Each of the users as a computing
device 112 A, 112 B, 112 C or 112 deep, respectively, connected to a network 120. The
computing devices may have any suitable form. For example, a user may access a social
media platform through a desktop computer, a tablet, a smart phone or other portable
computing device. Regardless of the type of computing device, each of the computing
devices may have installed on it an application or otherwise be configured for accessing
the social media platform. However, the specific mechanism by which a user accesses the
social media platform is not critical to the invention, and access to the social media
platform may be performed using techniques as are known in the art.

[0028] Network 120 may be any suitable network. In the examples provided herein,
users of the social media platform are connected through a wide area public network, such
as the Internet.

[0029] Social media platform may contain servers or other device is also connected to
network 124 routing messages among users of social media platform 100. In this example,
server 150 is shown connected to network 120 for this purpose. Server 150, or other
suitable components in the social media platform, may, for each message sent by a user to
determine which other users are to receive that message. Server 150 may then route the

message appropriately.
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[0030] For example, user 110 A may issue a message 170. The content of message 170
may be selected by user 110 A and message 170 may indicate that it was initiated by user
110 A.

[0031] Social media platform 100 may be configured to route message 170 to a subset of
the users of the social media platform. The users to whom message 170 is routed may
depend on relationships between users were previously defined by those users as part of
interacting with the social media platform. Various approaches may be used by a social
media platform to determine which users receive message which messages. In some social
media platforms, for example, the platform supports interaction between users that allow
the users to form networks. In such a scenario, a message, when sent by one user, may be
made available to other users in the same network.

[0032] In some social media platforms, the networks may be mutual such that any
message sent by a user is routed to all other users in the same social network. In other
social media platforms, messaging need not be mutual. In TWITTER, for example, a user
may have "followers." When a user sends a message, the message may be selectively
made available to the followers of the sending user. Those followers may be said to be
"friends" of the sending user or may be said to "follow" the sending user. Though it is
possible, it is not a requirement that sending users also follow all of their followers.

[0033] In the example of FIG. 1A, user 110 A is followed by users 110 D and 110 C.
Accordingly, each of users 110C and 110 D receives message 170. In this example, user
110 B does not follow user 110 A, and user 110 B is not shown directly receiving message
170. However, in the scenario illustrated in FIG. 1B, user 110B follows user 110D, and
user 110D re-transmits, or “retweets” message 170 as 172. Because user 110B follows
user 110D, user 110B receives message 170 as a retweet message 172.

[0034] In some embodiments, a retweet message is distinguished from other types of
messages based on other messages. For example, user 110C may author a message 174.
Message 174 may mention user 110A and possibly refer to or be influenced by content in
message 170 or other messages sent by user 110A. However, because message 174 is not
a retransmission, but a newly authored message, in some embodiments, it will be
classified as a “mention” of user 110A. In those embodiments, message 174 might not be
classified as a retweet because it is not a direct copy of message 170.

[0035] Though not expressly illustrated in figures 1 and 2, other types of messages may
alternatively or additionally exist in a social media platform. For example, "conversational

tweets" may exist. In a conversational tweet, a user may reply to a tweet. Such a reply
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may be sent as a matter of courtesy or as a reflex and may indicate a different level of
interest in the content of the original message than a retweet or a mention. Accordingly,
conversational tweets, and other types of tweets, may be treated differently in the analysis
of authority or impact of a user.

[0036] Server 150, or other computing device in the social media platform, may track
messages in social media platforms where users have consented to such use of their
tweets. In the embodiments illustrated in FIG.s 1A and 1B, server 150 maintains a
database 152 in which a record of messages may be maintained. This record, or a
processed version of such a record, may be called a “tweet log.” The tweet log may be
analyzed for one or more purposes for which users have provided consent.

[0037] The analysis may be automated and may be performed by server 150 or other
suitable computing device. Though, it should be appreciated that analysis of the tweet log
need not be performed on a computing device that manages transmission of messages in
social media platform 100. In some embodiments, the tweet log may be made available to
entities other than the operator of social media platform 100 for analysis.

[0038] The analysis may be performed in any suitable way. In some embodiments, the
analysis may classify users based on their authority and/or influence with respect to one or
more topics. Such classifications may be based on one or more scores that are computed
according to algorithms that are designed to have values reflective of the degree to which a
user exhibits a desired user characteristic. The degree to which a user exhibits
characteristics, such as authority or influence, may be inferred from behavior of users of
the social network and the algorithms may be based on metrics indicative of actions of
users within the social network.

[0039] The results of the analysis may be information that is used in any suitable way. In
some embodiments, the analysis may be used to project future attitudes about a topic. For
example, by identifying influential users, and observing changes in sentiment, tone or
content of their messages on a topic, it may be possible to predict future opinions of larger
numbers of users. If the topic of the message is a product, such a capability to predict
future opinions may be useful for marketing. If the topic of the message is a political
subject, such a capability may be useful for developing a political campaign. Though, it
should be appreciated that marketing and politics are only examples, and any suitable use
of the analysis may be made.

[0040] As another example, the results of the analysis may result in selection of users to

be contacted. For example, an authoritative user with respect to a topic may be contacted
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and invited to write a blog post on the topic. Alternatively or additionally, an influential
user with respect to a topic may be contacted and offered a position as a spokesperson for
a product or requested to make an endorsement of a product related to the topic. Such a
request may be made directly, such as by offering the selected user a job as a spokesperson
for the product, or indirectly, such as by offering the influential user free or discounted
access to the product.

[0041] Regardless of how the analysis is performed and the results of that analysis used,
the analysis alternatively or additionally may be performed manually. Accordingly, FIG.s
1A and 1B illustrate analyst 156 accessing database 152 via computing device 154.
Computing device 154, instead of or in addition to computing scores for user
characteristics such as authority and influence, may provide a display on which a user
interface may be presented. The user interface may provide information about one or
more users. Examples of user interface that may be displayed are shown below in FIG.s
5A and 5B, discussed below.

[0042] It should be appreciated that social media platform 100 is greatly simplified in
FIG.s 1A and 1B for purposes of illustration. The techniques described herein may be
applicable to social media platforms of much greater complexity. For example, though
only four users are illustrated, a social media platform may support thousands, tens of
thousands, millions or more of users. Accordingly, systems as described herein may be
scaled to any number of users. As a specific example, though analysis of a tweet log is
illustrated as being performed on a single computing device, server 150 in this example,
the analysis algorithms as described herein may be distributed across multiple computing
devices. Likewise, though database 152 is illustrated in a single location, it should be
appreciated that a distributed database, with multiple nodes in multiple locations may be
used.

[0043] Computations on such large datasets may be performed in any suitable way.
However, owing to the large population of users of some social media platform, some
embodiments may employ a software framework known as “map-reduce.” Generally, use
of a map-reduce framework involves partitioning an input dataset into multiple shards,
using a separate “map” process to apply a user-defined algorithm to each shard, and then
using one or more “reduce” processes to consolidate the results generated by all of the
map processes across all of the shards of the dataset. Generally, a map-reduce framework
enables certain steps of a procedure (e.g., those performed by map processes) to be

performed in parallel, thus allowing the procedure to be performed on significantly larger
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datasets than those which computers deployed differently can handle, and increasing the
likelihood of recovering from partial failure during execution. In some embodiments, a
dataset reflecting relationships between users of a social media platform may be
partitioned into discrete shards, one or more power iteration algorithms may be applied by
a map process to each shard, and one or more reduce processes may consolidate the results
generated to determine the user(s) who are influential within the overall community of
users.

[0044] Regardless of the specific educational techniques employed, values indicative of
the impact of one or more users may be computed. FIG. 2 illustrates an example of
analysis that may be performed to determine impact, and other scores, for one or more
users of a social media platform.

[0045] Impact Composition

[0046] FIG. 2 illustrates an approach to determining a score indicative of the impact of
one or more users of a social media platform. FIG. 2 is a functional block diagram of
processing to implement analysis techniques on a log of messages, such as may be
obtained from database 152 (FIG. 1B).

[0047] The processing depicted in FIG. 2 may be performed in any suitable computing
device or devices. In some embodiments, processing to perform the analysis of FIG. 2 may
be performed in multiple computing devices. Those devices may be programmed using
map reduce primitives such that portions of the analysis are performed in parallel in
multiple computing devices.

[0048] In the example of FIG. 2, processing begins on a log 210. Log 210 may be a
computerized store of information about messages communicated in a social media
platform. As an example, these messages may be tweets communicated through the
TWITTER social media platform. However, these messages may be posts in the
FACEBOOK social media platform or any other suitable type or combination of types of
messages.

[0049] In this example, log 210 may be processed to generate one or more processed
logs for further analysis. In this example, log 210 is initially processed in feature
extraction process 212. In feature extraction process 212, a log file containing messages
sent over a relevant time interval is accessed. The relevant time interval may depend that
the nature of the analysis to be performed and/or the amount of data in a log file. For
example, in some embodiments log files may be generate to cover periodic intervals, such

as hours or days. For analysis over these time periods, the entire log file may be processed.
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In other embodiments, analysis may be performed to support identification of trends. In
those embodiments, analysis may be repeatedly performed on message data relating to a
shorter interval that is contained in the log file. For example, a log file may contain a
record of messages cents during an entire day, but the data may be analyzed as 24 separate
chunks, each representing messages sent during one hour. Quickly, the amount of data
analyzed from log 210 is not critical to the invention.

[0050] Any suitable processing may be performed as part of process 212. In some
embodiments, feature extraction may be performed to suppress duplicate records of a
message. Other processing may extract information from the messages. In some
embodiments, the extracted information, rather than the original content of the messages
may be maintained.

[0051] The extracted information, for example, may indicate a topic of the message.
Topic may be extracted in any suitable way, such as by identifying in a message one or
more words or other symbols relating to a topic of interest. In some embodiments, topics
of interest may be predefined by a user of an analysis system performing the processing of
FIG. 2. In such a scenario, symbols associated with topics of interest may also be
predefined. In other scenarios, however, clustering analysis or other approaches may be
used to identify topics reflected in the messages in log 210.

[0052] In some embodiments, messages with no identified topic may be discarded as
part of a feature extraction process 212. Other criteria may alternatively or additionally be
used to exclude messages from further processing.

[0053] For messages that are not excluded, an indication of a sentiment of each message
may be extracted. Sentiment may be determined by parsing the content of each message
into individual terms or other symbols and counting the number of symbols reflecting a
positive or negative sentiment. In some embodiments, the terms expressing a sentiment
may be universally applicable and known in advance. Terms such as "like" and "want" or
"dislike" and "terrible" may be known to indicate a positive or negative sentiment,
respectively, and may be preprogrammed into the system implementing the processing of
FIG. 2.

[0054] Regardless of the specific symbols considered to reflect a sentiment, in some
embodiments, the number of symbols reflecting a negative sentiment may be subtracted
from the number of symbols representing a positive sentiment. The resulting number may

be expressed as a frequency and may be used as an indicator of the sentiment of a
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message. Such a number may indicate a positive, negative or neutral sentiment about a
topic of a message.

[0055] In the examples used herein, the messages are relatively short. Processing may be
simplified by assuming that each message relates to a single topic. Accordingly, the
identified terms indicating sentiment may all be assumed to relate to the topic. Though, it
should be appreciated that in some embodiments, such as when longer messages are
processed, additional processing may be performed to identify symbols indicating
sentiment related to the topic.

[0056] FIG. 3 illustrates a processed tweet log 300 that may be derived using feature
extraction. Should be appreciated that FIG. 3 is a conceptual sketch of information that
may be retained following feature extraction process 212. Though, any suitable
information may be extracted and retained for further processing. Likewise, the retained
information may be stored in computer readable storage media in any suitable fashion.
[0057] In the example of FIG. 3, each unique message retained for further processing is
reflected as a row in a database in tweet log 300. In this example, rows 310A, 310B, 310C
and 310D are illustrated. However, it should be appreciated that only four rows are
illustrated for simplicity and in a real system many more than four messages may be
retained after feature extraction process 212.

[0058] In this example, five types of extracted information about each message are
retained. Each type of information is stored in a separate field in tweet log 300. Taking
row 310A as illustrated of rows 310A, 310B, 310C and 310D..., fields 322, 324, 326, 328
330 are illustrated.

[0059] In this example, field 322 contains an identifier of a user that sent the message
about which data is retained in the row. Field 324 contains an indication of the type of the
message. For example, the message may be categorized, using terminology popularized by
the TWITTER social media platform, as an original tweet, a retweet, a mention or a
conversational tweet, for example.

[0060] Field 326 may contain an identification of a topic detected for the message. The
topic may be identified using keywords or other suitable techniques, as described above.
Field 328 may contain indication of the sentiment of the message. The sentiment also may
be derived as described above or using any other suitable technique. In this example, the
sentiment may be positive, negative or zero, representing a positive, negative or neutral

sentiment.
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[0061] Other information used in the analysis as described herein may alternatively or
additionally be stored in log 300. In this example, a field 330 stores information about
other users mentioned in the message. Though, it should be appreciated that such
information may be obtained in any suitable way.

[0062] In the embodiment illustrated in FIG. 2, log 300 may be output as transaction
data 222. Such data may be used in authority identification process 224. Other data may
alternatively or additionally be generated by feature extraction processing 212.

[0063] In the example of FIG. 2, power iteration processing 222 uses retweet graph data
220.

[0064] Retweet graph data 220 may indicate propagation of messages through a network
of users of a social media platform. In the example of figures 1A and 1B, for example,
message 170 is sent from user 110 A to users 110 D at 110 C. Message 170 is retweeted as
message 172 sent to user 110 B. This retweet may be reflected in retweet graph data 220,
linking message 170 sent by user 110 A with retweet 172 received by user 110 B. If
retweeted message 172 is a further retweeted, that additional retweet also may be linked
back to original message 170 and original sender user 110 A.

[0065] Other messages sent and forwarded by other users likewise may be reflected in
retweet graph data 220. Retweet graph data 220 may be generated by feature extraction
processing 212 or in any other suitable way. These messages may be identified by
processing messages in log 210 from oldest to newest, distinguishing between original
messages and retweets. Though, retweet graph data 220 may be generated, in any suitable
way, including for example, using processing as is known in the art.

[0066] In some embodiments, the messages reflected in retweet graph data 220 may be
limited to one or more topics of interest as a result of future extraction processing 212.
Though, in other embodiments, the retweet graph may be based on messages sent over a
time period or selected based on any other suitable criteria.

[0067] Regardless of the amount and nature of data generated by feature extraction
processing 212, that data may be used to compute one or more scores which may,
separately or in combination, indicate an impact of one or more users. In the example
illustrated in FIG. 2, information from log 210 is used to compute two scores for some or
all of the users of the social media platform. In this example, an authority score is
computed through authority identification processing 224. A power score is computed
through power iteration processing 222. These two scores may then be used as part of

impact composition processing 230 to generate an overall impact score 240. Either or
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both of the authority score and the power score may be topic based, meaning that different
scores may be provided for the same user based on their power or authority with respect to
different topics. As aresult, the impact score 240 may be topic based as well. The
inventors have recognized and appreciated that a topic-based impact score may more
accurately reflect the impact of a user of a social media platform and may therefore
provide a more accurate mechanism for selecting impactful users of the social media
platform for market research, marketing or other purposes.

[0068] In this example, the power score for a user is an indication of the number of other
users historically reached by a message sent by that user. The more times a message sent
by a user is retweeted, the greater the power score for that user may be. The authority
score for a user may reflect the extent to which a user is regarded as an authority.
Authority of the user may be inferred from one or more actions of other users of the social
media platform, including the number of times that a user’s messages are retweeted or the
user is mentioned in messages by those other users. Any suitable approach may be used
for computing these scores, examples of which are provided below.

[0069] Authority Score

[0070] In computing an authority score, a plurality of metrics may be computed. These
metrics may include a topical signal, a retweet impact, a mention impact and a network
score metric. In some embodiments, each of these metrics may be computed from a tweet
log, such as log 210 (FIG. 2), either in unprocessed form or in a processed form such as is
represented by transaction data 222. In the embodiment illustrated, each of these metrics
may be computed from counts of items in the log.

[0071] The counts may include, for example, one or more of the following: number of
tweets by the user relating to the topic; number of retweets by the user relating to the
topic; total number of tweets and retweets by the user; number of mentions of the user in
retweets of other users relating to the topic; number of other users mentioning the user in
retweets relating to the topic; number of mentions of other users by the user in tweets
relating to the topic; number of other users mentioned by the user in tweets relating to the
topic; number of mentions of the user in tweets by other users relating to the topic; number
of other users that mentioned the user in tweets relating to the topic; number of followers
of the users; and/or number of other users following the user. Such counts may be simply
computed. Moreover, such counts may be computed independently of one another, such

that each count may be computed in a separate process. As a result, processing to
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determine the counts may be performed in two or more parallel processors, with each
processor computing one or more of the counts.

[0072] These counts may then be used to compute metrics, which in turn may be used to
compute an authority score. Examples of processing to compute each of the metrics is
provided below.

[0073] The "topical signal” for a particular topic of interest may be defined as: TS =
OT1/(NT — RT1), where:

[0074] OT1: number of tweets the author sent with respect to the topic

[0075] RT1:number of retweets the author retweeted with respect to the topic

[0076] NT: total number of tweets and retweets the author sent, which is OT1 + RT1 if
all tweets the author sent are w.r.t this topic, otherwise, NT = max(0OT1 + RT1, MISC —
MXSC + 1), where MISC and MXSC are minimal status count and maximal status count,
respectively, which tell the total number of tweets the user sent for all topics.

[0077] It should be noted that the "topical signal" may have different values for different
topics such that the analysis described herein may be performed once for each topic of
interest. It also should be noted that the “topical signal” may have different definitions
for different phases of the analysis. For example, in computing the Power Score, as
described below, the Topical Signal may be defines as TS = (OT1 + CT1 + RT1)/NT,
where CT1 is the number of conversational tweets. Without being bound by any particular
theory, CT1 is not used in this embodiment of computing an authority score because the
inventors theorize that conversational have negligible connection to the the authority score
computation, but are used for filtering out the non-authority users. In addition, the
definition of topical signal used to compute the authority score puts greater emphasis on
original tweets. It is easy to see that TS = 0 if OT1 = 0, no matter how many retweets the
user sent. Other metrics may alternatively or additionally have different definitions for
different phases of the computation. The network score (NS) defined may also be
different. As defined for computing an authority score, NS can be computed directly from
the tweet log with no dependency on follower graph or any other data source.

[0078] Though, it should be appreciated that some or all of the definitions for authority
score may alternatively or additionally be applied for other phases of the computation. For
example, the definition of RT1 and RT3 as set forth above may be applied in connection
with computing the Power Score below. Such an approach, for example may lead to a

more concrete computation of Retweet Impact using a more implementable concept,
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without counting dependent on retweet sequence or timestamp. However, the specific
definition is not critical to the invention.

[0079] The Retweet Impact may be computed according to a formula: RI = RT2 -
log(RT3) where

RT?2: number of mentions of the author from others’ retweets with respect to topic

RT3: number of other users mentioning the author in retweets with respect to topic

[0080] Mention Impact may be computed according to a formula: MI = M3 -

log(M4) — M1 -log(M2) where

M1: number of mentions of others by the author with respect to topic

M?2: number of others mentioned by the author with respect to topic

M3: number of mentions of author by others with respect to topic

M4: number of others mentioning the author with respect to topic

[0081] Network Score may be computed according to a formula: NS = log(G1 + 1) —
log(G2 + 1) where

G1: number of topical active retweet users retweeted after the author with respect to topic.
G2: number of topical active retweet users retweeted before the author with respect to
topic.

[0082] These metrics, when computed for a user, be may be regarded as "features" of
the user. In some embodiments, an authority score may be computed for the user based on
a comparison of the features of the user to the other users within a population, such as the
population of users within a social network or the general population of users of a social
media platform. In some embodiments, that comparison may be based on the rank of that
user within the population of users under consideration.

[0083] For simplicity of computation, the rank may be approximated based on a model
of a cumulative distribution function for users of the group. The value of the cumulative
distribution function corresponding to the value of the features for a user may indicate the
rank of the user. In an embodiment in which multiple features are used to characterize
cach user, the cumulative distribution function may be a multivariate function of the
multiple features. Though, a further simplification may be to represent the multivariate
cumulative distribution function as a combination of single variable functions, each
corresponding to one feature. For example, the multivariate cumulative distribution

function may be modeled as the product of multiple single variable functions.
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[0084] As a specific example, for a user with the above features with respect to a topic,
the topical authority score may be computed based on the rank of that user's features
within a distribution of feature values within the relevant population. For example, the
topical authority score may be the value of the following normal or Gaussian cumulative
distribution function (CDF):
[0085]
X Wy
AS

f N(x; Ky af)dx
f=TS,RLMI,NS | Zco
[0086] Where:
[0087] N (x; Hy, af): normal or Gaussian probability density function, computed based
on statistics of the population for the relevant feature value.
[0088] TS, RI, MI and NS are Topical Signal, Retweet Impact, Mention Impact, and
Network Score, respectively, which are defined above.
[0089] uf: the mean value of feature f for all users with respect to the topic
[0090] of: the standard deviation (SD) value of feature f for all users with respect to the
topic
[0091] wy: the weight assigned to the feature f, which is a constant for all topic and all
users
[0092] In some embodiments a topical authority score may be computed on multiple
processors, and such computation may be allocated among the processors using a
MapReduce (M-R) algorithm. In some embodiments, the M-R algorithm may contain
two M-R processes. But it is worth to mention that there may be front end pre-processes
before these processes, which translate each Twitter raw log record into a Tweet Full Data
object, and remove redundant log records. Doing this, the input data set ingested by every
middleware component (such as individual algorithm) may be golden with no duplicates.
The following subsections present pseudo-code to describe Feature Extraction and
Authority Computation MapReduce primitives. There are two operators used in the code
« :assignment operator — assigning the right hand value (RH) to the left hand
(LH) variable
«+ : addition operator — adding object to a map container), as described below.
[0093] Additional computational steps, such as user value merging, user value to

authority metrics transformation, mean and standard deviation calculation, and
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accumulation function implementations are described separately below to keep the content
concise and focused.

Feature Extraction Pseudo-Code

1: class Topic User key

2: member topic

3: member uid - user id

1 class Topic User Value

2 member OT1 - original tweet count

3 member RT1 - retweet count

4: member misc - min status count

5 member mxsSC - max status count

6 member mul - map for users mentioned by thig user

7 member mu2 - map for users retweet followed by this
user

8: member mu3 - map for users retweet mentioned by this
user

9: member mu4 - map for users mentioning this user

10: member mu5 - map for users retweet following this user
11: member mué - map for users retweet mentioning this
user

Input: set of pairs (tweet key, tweed full data)

Output: set of pairs (topic user key, topic user value)

1: class Feature Extraction Mapper

2: create user key object k

3: create a user map object u (with entry<user id, user
values)

4: method map (tweet full data x)

5 create topic user value object v

6 u «+(x.userlId, v)

7: if x is retweet

8 Vv.RT1 « 1
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9: for each uid in the list of users retweeted
followed

10: v.mu2 <+ (uid, 1)

11: create a topic user value t

12: t.uid « uid

13: t.mub <+ (x.userId, 1)

14: u <+ (uid, t)

15: for each uid in the list of users retweeted
mentioned

16: v.mu3 <+ (uid, 1)

17: create a topic user value t

18: t.uid « uid

19: t.mub <+ (x.userId, 1)

20: u <+ (uid, t)

21: else

22: v.0Tl « 1

23: for each uid in the list of users mentioned
24 : v.mul <+ (uid, 1)

25: create a topic user value t

26: t.uid « uid

27: t.mu4 <+ (x.userId, 1)

28: u <+ (uid, t)

29: for each topic in the list of topics w.r.t this
tweet

30: k.topic « topic

31: for each entry e in the map u

32: k.uid « e.key

33: emit (k, e.value)

34: clear u

1: class Authority Metrics

2: member count - used for user count with regpect to the
topic
3: member ts - topical signal
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I @) W 0 B Y

MI
10:
NS

member ri - retweet impact
member mi - mention impact
member ns - network score

member ts2

standard deviation value with regpect to
feature

member ri2

standard deviation value with regpect to
feature

member mi2

standard deviation value with regpect to

feature

member ng?2 standard deviation value with regpect to

feature

Input: set of pairs (topic user key, list of topic user

values)

Output: set of pairs (topic user key, authority metrics)

1:
2:

class Feature Extraction Reducer

create authority metrics z accumulating metrics with

respect to a topic

3.
4.

create authority metrics m ag the emit wvalue

create user value y for merge instances with respect

to a user

5:
6:
Xs)
7:
8:
9:
10:
11:

create topic user key kz for z

method reduce(topic user key k, list of user values

if kz.topic = null
kz.topic « k.topic
kz.uid « empty string

else if kz.topic # k.topic

compute topic mean and SD using z, and store

regult to z

12:
13:
14 :

emit (kz, 2z)
kz.topic « k.topic

clear =z
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15: z.count < z.count + 1

16: for each x in xs

17: merge user value y with x and store resgult to vy
18: compute metrics using y and store the result to m
19: accumulate m with z and store the result to =z

20: emit(k, m)

21: clear vy

22 method cleaup()

23: average (z)

24 emit (kz, z)

Authoritv Computation Pseudo-Code

[0094] In this phase, we do not need to implement the mapper, but use a default mapper
class, which will ingest each key-value pair (i.e. topic user key-authority metrics in our
case) and emit it to the reducer. However, we do need a specific group key partitioner and
a specific group key comparator for topic user key such that all users with respect to one
specific topic will be sent to the same reducer instance as an inseparable group and
ordered by the second key — user ID. As such, it is ensured that each reducer instance will
be able to process a topic set of users one by one and the first one for each topic is really
the mean and standard deviation value object, since we set the secondary key value (uid of
topic user key) to empty on purpose in the previous M-R process. Standard functionality
for each MapReduce framework may be applied for these operations. Though, these

operations may be performed in any suitable way.

Input: set of pair (topical user key, authority metrics)

Output: set of pair (topic, (user id, authority score))

1: class Authority Computation Reducer
2: load weight vector w from configuration properties
2: method reduce (topic user key k, list of authority

metrics ms)

4. Ho< 0

5 o < @

6: for each m in ms
7 if uw = 0
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8: p <« the mean vector stored in m

9: o « the standard deviation vector stored in m
11: else

12: pvale « Gaugsian CDF(m; p; o,w)

13: emit (k.topic, (k.uid, pvalue))

[0095] The Gaussian CDF is a standard math function and may be computing using a
program obtained from any suitable source, including the Microsoft Infer NET library.
[0096] Turning to FIG. 4, a method 400 of implementing processing to compute
authority scores for each of a plurality of users is illustrated. Process 400 is shown to
contain multiple sub processes, each of which may be performed on a separate processor,
allowing authority scores to be computed in parallel. Though, it should be appreciated
that, in some embodiments, each of the sub processes illustrated in method 400 need not
be performed on a separate computing device. In some embodiments, a single computing
device or single processor may perform multiple ones of the sub processes illustrated for
method 400. Alternatively or additionally, in some embodiments a sub process may be
performed on multiple computing devices or processors.

[0097] In this example, processing begins with multiple sub processes 4101 ... 410n.
Each of the sub processes 4101 ... 410x may be performed for a different user of a social
media platform. It should be appreciated that processing may be performed for a subset of
the users of the social media platform such that a sub process need not be performed for all
users. Nonetheless, once a relevant subset of users is identified, processing may entail a
sub process for each of the users in the subset.

[0098] In the embodiment illustrated, similar processing is performed in each of the sub
processes 4101 ... 410N, Accordingly, processing in sub process 4101 may be
representative of processing in the other sub processes, and only sub process 4101 is
described for simplicity.

[0099] In sub process 4101, a loop over a log of messages is initiated at loop start 412.
This processing may be performed over a log that has been processed, such as transaction
data 222 (FIG. 2) or other suitable data store. In this example, the loop is performed for
cach entry in the log relating to the user. In this sub process, counts, which may be counts
as described above, are made. Accordingly, the log entries relating to the user may entail

entries describing messages sent by that user or received by the user. Alternatively or
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additionally, the counts may relate to retweets, such that the log entries relating to the user
may include retweets of the users messages or messages mentioning the user.

[00100] For each message from the log to be processed, an iteration of the loop is
performed. In each iteration, processing proceeds to block 414 where counts are updated
based on the message being processed in the loop iteration. The specific counts that are
updated may depend on the specific algorithm being executed. However, counts as
described above, or any other suitable counts, may be updated as a result of processing at
block 414.

[00101] After updating the counts based on a message, processing may proceed to
decision block 416, wherein the sub process may branch. Processing may loop back to
loop start 412 if more log entries remain to be processed. In this way, processing may
proceed until all entries relating to the user are processed. When no further log entries
remain to be processed, processing may proceed to sub process 420.

[00102] When all of the sub processes 4101 ... 410~ are completed, sub process 420 may
be executed. In sub process 420, the counts computed in each of the sub processes 410; ...
410~ may be combined to generate counts applicable across the subset of users.
Alternatively or additionally, statistics may be computed for the group. These statistics
may be based on the counts directly. Though, in some embodiments, the statistics may be
based on metrics computed from the counts. This processing may be as described above or
may be performed in any other suitable way.

[00103] Using the group statistics computed in sub process 420, method 400 may
continue on to sub processes 4101 ... 410m. In each of sub processes 4101 ... 410w,
authority scores may be computed for each user in a second subset. In some embodiments
the second subset of users for which authority scores is computed may be the same as the
subset of users for which counts are computed. However, in some embodiments, authority
scores may be computed for a different subset of the users than for which counts are
computed.

[00104] The authority scores computed in sub processes 4101 ... 410m may be computed
in any suitable way, including using techniques as described above.

[00105] Topical Power Score

[00106] A power score for a user may be obtained in any suitable way. Techniques for
identifying influential users may involve performing a process known as “power
iteration.” Those skilled in the computer programming arts may recognize that power

iteration is a known approach to identifying members of a population exhibiting particular
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characteristics. For example, power iteration techniques are employed by online search
engines to determine the order in which pages returned by a search query are to be
presented to a user. Such power iteration techniques may be applied to identify users of
one or more social networks who are influential within the user community.

[00107] In some embodiments, a power score contribution to each user from one or more
other users may be determined. This may be performed in any of numerous ways. In
embodiments that employ a map-reduce framework, one or more map processes may
calculate contributions to a particular user from one or more other users within a discrete
shard of the population.

[00108] In some embodiments, a user receives a power score contribution from other
members of the community who have retweeted any of the user’s messages. Which users
have retweeted other users’ messages may be determined form a retweet graph.

[00109] Accordingly, Power Iteration may be performed over the retweet graph, which is
formulated as

[00110]

R (ti)W(tj, ti)
) |Retweeted (t;)|

d
R(ti) = N-l‘ (1 - d)
ti=Retweet(t;

[00111] where:

[00112] t; — a user to be evaluated.

[00113] R(t;) — RetweetRank for the user.

[00114] N — cardinality (number of unique twitter users).

[00115] d — damping factor, which may be any suitable value and, in some embodiments
is set equal to 0.15.

[00116] Retweet(t;) — users that have retweeted after user t;.

[00117] Retweeted(tj) — users that user ¢; has retweeted after.

[00118] W(t]-, ti) —a weight for edge t; — ¢; in the retweet graph.

[00119] Topical knowledge score defined as a product of weighted Gaussian CDF, to
implement a ranking algorithm, as described above in connection with the authority score

computation.

knowledge score (KS) = 1_[ [f N(x; uf,af)dxl

f=TS,RI,MI,NS

[00120] Where
[00121] N (x U af) —normal distribution density function for feature f
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[00122] pf —mean of all topical authors with respect to feature f

[00123] of — standard deviation of all topical authors with respect to feature f

[00124] TS - Topical Signal = 0T1 + CT1 + RT1/|#tweets|

[00125] OT1: number of original tweets the author sends with respect to the topic
[00126] CT1: number of conversational tweets the author sends with respect to the topic
[00127] RT1:number of retweets the author sends with respect to the topic

[00128] |#tweets|: total number of tweets for all topics the author sends during the
period considered

[00129] RI - Retweet Impact = RT2 +log(RT3)

[00130] RT2:number of retweet mentions mentioning the author w.r.t the topic

[00131] RT3: number of users retweet mentioning the author w.r.t the topic

[00132] MI — Mention Impact = M3 - log(M4) — M1 - log(M2)

[00133] M1: number of mentions of others by the author with respect to the topic
[00134] M2: number of others mentioned by the author with respect to the topic

[00135] M3: number of mentions of the author by others with respect to the topic
[00136] M4: number of others mentioning the author with respect to the topic

[00137] NS — Network Score = log(G1 + 1) —log(G2 + 1)

[00138] G1:the user’s follower count

[00139] G2: the user’s friend count

[00140] We define the basic knowledge score (i.c. a smoothed factor) @ > 0 for each user
who has no tweets, retweets, or conversational tweets with respect to the topic as follows

[00141]

a = min 1_[ [ N(x; Hy, af)dxl

U, o

f=TS,RI,MI,NS

[00142] where U, is the set of users with respect to topic t.

[00143] Topical Sentiment counters may be number of positive tweets sent by the user
with respect to the topic, number of neutral tweets sent by the user with respect to the
topic, and number of negative tweets sent by the user with respect to the topic. Any or all
of the scores may be given a sign, whether positive or negative, to indicate a net positive
or net negative sentiment on a topic, if desired, or these counters may be used in any other
suitable way to provide additional information about the authority of the user with respect

to a topic. The counters may be used for example, in connection with the scores to
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identify users that are impactful in supporting, opposing, or providing un-biased
commentary on a topic.

[00144] Topical User Impact Score

[00145] In some embodiments, a topical user impact score may be computed from the
power score and the authority score. In some embodiments, the topical user impact score
may be proportional to the product of these scores and may be computed according to the
formula: TUIS = R(t;) X AS(t;) for a given a user t; with respect to a topic, where R(t;)
is the topical power score and AS(t;) is the topical authority score for user ¢t;. The topical
impact for a given user is positive if sum of the user’s sentiment count is positive,
otherwise, it will be negative if the sum is negative, or neutral if the sum is zero.

[00146] Though, in some embodiments, the topical user impact score may be computed
with a smoothing factor such that a zero value for one of the authority score and the power
score does not lead to a zero impact score if the other of the authority score and the power
score is non-zero. In some embodiments, the smoothing factor is such that the impact
score may be non-zero, even with a zero value for the authority score. As a specific
example, the smoothed impact score may be computed according to the formula:
Smoothed Topical Impact Score = Log(R(#) * AS5(¢:)). In other embodiments, the
smoothed impact score may be computed according to the formula: Smoothed Topical
Impact Score = R(t;) * Log(AS5(¢)).

[00147] Use of Topical Impact Score

[00148] Regardless of the specific formula used to compute the topical impact score
and/or the authority score, the computed scores may be used to select one or more of the
users based on their impact. Such a selection, for example, may be made to contact users
with high impact or with significant authority with respect to a topic. Such contact may be
performed for reasons as are known in the art, including to obtain information from an
authoritative user or to the obtained an endorsement or direct marketing to such a user.
Selection of a user may be made by an automated process. Contact of the user may also be
automated.

[00149] However, in some embodiments, an analyst, such as analyst 156 (FIG. 2A) may
have a reason to manually analyze impact of a user. Accordingly, a computing device,
such as computing device 154 or any other suitable device may present a graphical user
interface through which an analyst may interact with topical scores computed as described

herein.
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[00150] FIG. 5A illustrates an exemplary graphical user interface 510 for depicting
topical scores. Graphical user interface 510 may be rendered using computer programming
techniques as are known in the art. Rendering of the graphical user interface may include
rendering controls through which an analyst may input data or select operating parameters
of the computing device rendering graphical user interface 510.

[00151] In this example, graphical user interface 510 includes an input field 512, through
which an analyst may specify a topic about which analysis of users is to be performed. In
this example, input field 512 has been completed by the analyst with the phrase
"Microsoft," signifying that the analyst would like to identify users of a social media
platform based on the impact of messages they send relating to Microsoft. Such an
approach may be useful for example, to identify subjects to test out new products. Though,
it should be appreciated that the specific reason for performing an analysis is not a
limitation on the invention.

[00152] Graphical user interface 510 may include other controls for input areas through
which an analyst may define parameters of users to be identified by the analysis. In this
example, graphical user interface 510 also includes a filter area 514. Through filter arca
514, the analyst may identify parameters on the analysis. For example, the analyst may
specify a start date and end date. Values of these parameters may determine which
messages from a tweet log are used in computing scores indicative of impact. As another
example, the analyst may indicate which sentiments are to be included in the analysis. In
this example, filter area 514 include checkbox controls through which a user may indicate
whether positive, neutral and/or negative sentiment is to be included in the analysis. Based
on the selections made through these check boxes, the messages analyzed may be filtered
to include only messages with the specified sentiment with respect to the specified topic.
[00153] Regardless of the specific filter criteria input by the analyst, any messages
meeting the specified criteria may be processed to generate an impact graph as illustrated
in graphical user interface 510. Each user for which an impact score is computed may be
represented as a point on the impact graph. In this example, the impact graph has an axis
516 for a knowledge score and an axis 518 for a power score. Each user may be
represented at a location on the impact graph along the axis 516 determined by a
knowledge score, which in this example may be the same as or derived from the authority
score, as described above. Each user may be represented at a location on the impact graph

along the axis 518 determined by a power score, as described above.
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[00154] In this example, the user represented by point 520 has a knowledge score slightly
above 80 and a power score of approximately 90. Other users having different knowledge
and power scores are represented by other points on the graph.

[00155] Depicting users based on an impact graph formed for a selectable topic allows an
analyst to identify users with desirable characteristics. In some scenarios, users with
greater power may be preferred. In other scenarios users with greater knowledge may be
preferred. In yet other scenarios, users with both significant knowledge and power may be
preferred. Presenting users on an impact graph as illustrated allows an analyst to select
users with desired impact characteristics.

[00156] In the embodiment illustrated, the points representing users on the impact graph
may also serve as controls. When an analyst selects a point on the impact graph, a
computing device rendering graphical user interface 510 may provide information on the
user associated with that point.

[00157] In some embodiments, providing additional information on a selected user may
entail presenting an alternative graphical user interface. For example, graphical user
interface 550, as illustrated in FIG. 5B, may be presented. Graphical user interface 550
presents information about a single user. Though, graphical user interface 550 includes a
control area 556 through which an analyst may select different users. In the scenario
illustrated in FIG. 5B, a user represented by icon 558 has been selected. Icons for other
users are shown in control area 556, allowing an analyst to select other users. When
another user is selected, the information displayed in graphical user interface 550 may
change, such that information about the selected user is displayed in place of the
information about the user represented by icon 558.

[00158] Any suitable information may be depicted about the selected user. In this
example, information about the user's impact with respect to a topic is presented
graphically. In this case, the user's impact is depicted as a function of time. In this specific
example of FIG. 5B, that impact is illustrated with a graph with an axis 562 indicating
time intervals. Any suitable increments of time, such as minutes, hours or days, may be
reflected on axis 562.

[00159] Axis 560 reflects the magnitude of impact scores. In the scenario illustrated in
FIG. 5B, the graph includes a curve 564 representing a data set for knowledge scores. The
graph also includes a curve 566 of power scores. In this example, the knowledge scores
and power scores are computed with respect to the same topic and are computed for the

same increments of time.
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[00160] Scaling of the axes in graphical user interface 550 and graphical user interface
510 may be performed in any suitable way. In some embodiments, for example, when
knowledge and power scores are computed for each of multiple users, the maximum score
may be identified and arbitrarily scaled to equal 1,000 on axis 560. Other values of the
scores may be scaled proportionately. Though, it should be appreciated that the specific
scaling used to depict values is not critical to the invention.

[00161] Information, instead of or in addition to a time varying graph, may be presented
about a selected user. In the example of FIG. 5B, graphical user interface 550 includes a
display area 570 providing in textual format additional information about the selected user.
In this example, display area 570 includes information such as a name and location of the
user. Additionally, statistics about usage of the social media platform may be provided. In
this example, graphical user interface 550 indicates that the user about which information
is being presented as 4,523 followers and 286 friends. Additionally, information is also
shown displayed about the number of messages sent by the user. In this example, those
numbers include total number of messages used in computing scores for the user, the
number of messages cents in the current time interval for which data is being displayed
and the average number of messages per time interval.

[00162] The messages about which numbers are provided in this case may be messages
related to the selected topic. These numbers may also be used to compute power and/or
knowledge scores over some interval, which in this example may be the entire interval
depicted on axis 562. In this example, graphical user interface 550 depicts a power score
of 85 and a knowledge score of 45 in a display area 570. In conjunction with these scores,
an indication of sentiment may also be provided. In this example, sentiment is provided
using a thumbs up icon, indicating a positive sentiment about the topic, or a thumbs down
icon, indicating a negative sentiment.

[00163] As a further example of the type of information that may be included in a
graphical user interface providing information about a selected user, a control area 572
may be provided. An analyst interacting with a computer system through graphical user
interface 550 may use control area to select a different topic. Upon selection of a different
topic, a computing system rendering graphical user interface 550 may contain different
information for the user, based on topic-based scores appropriate for the newly selected
topic. Other data may similarly be selected for display based on the selected topic. This
information may be obtained in any suitable way, including re-computing the information

or accessing a store of the previously computed information.
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[00164] By interacting with user interfaces, such as graphical user interfaces 510 and 515,
and analyst may obtain information relevant to the impact of a user with respect to a topic.
This information may be used in any suitable way, including for market research and/or to
contact a user selected based on scores such contact may entail sending a commercial
message. Though, it should be recognized that similar analysis may be partially or totally
automated.

[00165] Regardless of the manner in which information about impacts of users of a social
media platform is to be used, the techniques described herein allow the information to be
computed in an accurate way and to be simply and quickly computed, possibly by using
multiple parallel processes.

[00166] Example of Computation of Authority Score

[00167] This section gives additional detail of custom function implementation used in a
MapReduce algorithm for computing authority metrics and an authority score. These
functions are described as pseudo-code, as listed below:

Accumulation of two authority metrics objects

1: method accumulate (authority metrics a, authority

metrics b)

2: a.ts « a.ts + b.ts
3 a.ri « a.ri + b.ri
4: a.mi « a.mi + b.mi
5 a.ns « a.ns + b.ns
6 a.ts2 « b.ts * b.ts
7: a.ri2 « b.ri * b.ri
a.mi2 « b.mi * b.mi
9: a.ns2 « b.ns * b.ns

Average function to compute mean and standard deviation vectors

method average (authority metrics a)
.ts = a.ts / a.count
.ri = a.ri / a.count

.mi = a.mi / a.count

@ 9 9 W

a
a
a
a

.ns =

1

2

3:
4

5 .ns / a.count
6

if a.count > 1

7: a.ts2 = \/(a. ts2 — a.count * a.ts * a.ts)/(a.count — 1)
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8: a.
9: a.
10: a.
11: else
12 a.
13: a.
14: a
15: a.

ri2

mi2

ns?2

ts2

ri2

.mi2

ns?2

PCT/US2013/078395

\/(a.riZ —a.count x a.ri * a.ri)/(a.count — 1)

\/(a. mi2 — a.count *x a.mi * a.mi)/(a.count — 1)

\/(a.nsz — a.count * a.ns * a.ns)/(a.count — 1)

va.ts2 —a.ts x a.ts

va.ri2 —a.ri * a.ri

va.mi2 — a.mi > a.mi

va.ns2 —a.ns * a.ns

Compute authority metrics using given topic user value object

1:

metrics m)

2:
3.

8:
9:

gize

m.

m.

m.

m.

ts

ri

.ri
.mi

.mi

ns

ns

—

—

method computeMetrics(topic user value v, authority

max (v.0Tl + v.RT1l, v.mxsc - v.migc + 1)
(v.0T1l + v.RT1) / size
gsumFrequency (mu6) *log (mué6.size())

m.rs - sumFrequency (mu3)*log(mu3l.size())
sumFrequency (mu4) *log (mu4 .size)

m.mi - sumFrequency (mul)*log(mul.size())
sumFrequency (m4) *1log (m4 .size())

m.ng - sumFrequencey (mu2)*log(mu2.size())

Merge two topic user value objects

1:

2

10:
11:
12:

method add(topic user value t, topic user value 0)

£.0T1l « t£.0T1 + o0.0T1

t.RT1 « t.RT1 + 0.RT1

if t.misc > o.misc

t.misc « o.misc

if t.mxsc < oO.mxsc

merge (t
merge (t
merge (t
merge (t

merge (t

£t.mxsc < o.mxsc

.mul, o.mul)
.mu2, o.mu2)
.mu3, o.mu3)
.mu4, o.muéd)
.mu5, o.mub)
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13: merge (t.mu6, ©.mub)

Merge two user id-frequency map

1l: method addAll (map<string, integers> t, map<string,

integers> 0)

2: for each key in o.keySet

3 if t contains key

4: put (key, t.get(key)+o.get (key)) to t
5 else

6 put (key, o.get(key)) to t

Add (key, value) to a map container, i.e. operator “<—+”, for user object value

1: method add((topic user id uid, topic user wvalue v), map
u)

2: if u contains key uid

3: merge (topic user value u.get (uid), v)

4: else

5: put (uid, v) to u

Add (key, value) to 2 map container, i.e. operator “<—+”, for integer value

1 method add((topic user id uid, integer v), map m)
2 if u contains key uid

3: put (uid, v + m.get(uid)) to m

4 else

5 put (uid, v) to m

[00168] The foregoing competitions and other functions may be implemented in any
suitable computing device or devices. FIG. 6 illustrates an example of a suitable
computing system environment 600 on which some or all of the computations and/or user
interactions described herein may be implemented. The computing system environment
600 is only one example of a suitable computing environment and is not intended to
suggest any limitation as to the scope of use or functionality of the invention. Neither
should the computing environment 600 be interpreted as having any dependency or
requirement relating to any one or combination of components illustrated in the exemplary
operating environment 600.

[00169] The invention is operational with numerous other general purpose or special
purpose computing system environments or configurations. Examples of well-known

computing systems, environments, and/or configurations that may be suitable for use with

31



10

15

20

25

30

WO 2014/107441 PCT/US2013/078395

the invention include, but are not limited to, personal computers, server computers, hand-
held or laptop devices, multiprocessor systems, microprocessor-based systems, set top
boxes, programmable consumer electronics, network PCs, minicomputers, mainframe
computers, distributed computing environments that include any of the above systems or
devices, and the like.

[00170] The computing environment may execute computer-executable instructions, such
as program modules. Generally, program modules include routines, programs, objects,
components, data structures, etc. that perform particular tasks or implement particular
abstract data types. The invention may also be practiced in distributed computing
environments where tasks are performed by remote processing devices that are linked
through a communications network. In a distributed computing environment, program
modules may be located in both local and remote computer storage media including
memory storage devices.

[00171] With reference to FIG. 6, an exemplary system for implementing the invention
includes a general purpose computing device in the form of a computer 610. Components
of computer 610 may include, but are not limited to, a processing unit 620, a system
memory 630, and a system bus 621 that couples various system components including the
system memory to the processing unit 620. The system bus 621 may be any of several
types of bus structures including a memory bus or memory controller, a peripheral bus,
and a local bus using any of a variety of bus architectures. By way of example, and not
limitation, such architectures include Industry Standard Architecture (ISA) bus, Micro
Channel Architecture (MCA) bus, Enhanced ISA (EISA) bus, Video Electronics Standards
Association (VESA) local bus, and Peripheral Component Interconnect (PCI) bus also
known as Mezzanine bus.

[00172] Computer 610 typically includes a variety of computer readable media.
Computer readable media can be any available media that can be accessed by computer
610 and includes both volatile and nonvolatile media, removable and non-removable
media. By way of example, and not limitation, computer readable media may comprise
computer storage media and communication media. Computer storage media includes both
volatile and nonvolatile, removable and non-removable media implemented in any method
or technology for storage of information such as computer readable instructions, data
structures, program modules or other data. Computer storage media includes, but is not
limited to, RAM, ROM, EEPROM, flash memory or other memory technology, CD-ROM,

digital versatile disks (DVD) or other optical disk storage, magnetic cassettes, magnetic
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tape, magnetic disk storage or other magnetic storage devices, or any other medium which
can be used to store the desired information and which can accessed by computer 610.
Communication media typically embodies computer readable instructions, data structures,
program modules or other data in a modulated data signal such as a carrier wave or other
transport mechanism and includes any information delivery media. The term “modulated
data signal” means a signal that has one or more of its characteristics set or changed in
such a manner as to encode information in the signal. By way of example, and not
limitation, communication media includes wired media such as a wired network or direct-
wired connection, and wireless media such as acoustic, RF, infrared and other wireless
media. Combinations of the any of the above should also be included within the scope of
computer readable media.

[00173] The system memory 630 includes computer storage media in the form of volatile
and/or nonvolatile memory such as read only memory (ROM) 631 and random access
memory (RAM) 632. A basic input/output system 633 (BIOS), containing the basic
routines that help to transfer information between elements within computer 610, such as
during start-up, is typically stored in ROM 631. RAM 632 typically contains data and/or
program modules that are immediately accessible to and/or presently being operated on by
processing unit 620. By way of example, and not limitation, FIG. 6 illustrates operating
system 634, application programs 635, other program modules 636, and program data 637.
[00174] The computer 610 may also include other removable/non-removable,
volatile/nonvolatile computer storage media. By way of example only, FIG. 6 illustrates a
hard disk drive 641 that reads from or writes to non-removable, nonvolatile magnetic
media, a magnetic disk drive 651 that reads from or writes to a removable, nonvolatile
magnetic disk 652, and an optical disk drive 655 that reads from or writes to a removable,
nonvolatile optical disk 656 such as a CD ROM or other optical media. Other
removable/non-removable, volatile/nonvolatile computer storage media that can be used in
the exemplary operating environment include, but are not limited to, magnetic tape
cassettes, flash memory cards, digital versatile disks, digital video tape, solid state RAM,
solid state ROM, and the like. The hard disk drive 641 is typically connected to the
system bus 621 through a non-removable memory interface such as interface 640, and
magnetic disk drive 651 and optical disk drive 655 are typically connected to the system
bus 621 by a removable memory interface, such as interface 650.

[00175] The drives and their associated computer storage media discussed above and

illustrated in FIG. 6, provide storage of computer readable instructions, data structures,
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program modules and other data for the computer 610. In FIG. 6, for example, hard disk
drive 641 is illustrated as storing operating system 644, application programs 645, other
program modules 646, and program data 647. Note that these components can either be
the same as or different from operating system 634, application programs 635, other
program modules 636, and program data 637. Operating system 644, application
programs 645, other program modules 646, and program data 647 are given different
numbers here to illustrate that, at a minimum, they are different copies. A user may enter
commands and information into the computer 610 through input devices such as a
keyboard 662 and pointing device 661, commonly referred to as a mouse, trackball or
touch pad. Other input devices (not shown) may include a microphone, joystick, game
pad, satellite dish, scanner, or the like. These and other input devices are often connected
to the processing unit 620 through a user input interface 660 that is coupled to the system
bus, but may be connected by other interface and bus structures, such as a parallel port,
game port or a universal serial bus (USB). A monitor 691 or other type of display device
is also connected to the system bus 621 via an interface, such as a video interface 690. In
addition to the monitor, computers may also include other peripheral output devices such
as speakers 697 and printer 696, which may be connected through a output peripheral
interface 695.

[00176] The computer 610 may operate in a networked environment using logical
connections to one or more remote computers, such as a remote computer 680. The remote
computer 680 may be a personal computer, a server, a router, a network PC, a peer device
or other common network node, and typically includes many or all of the elements
described above relative to the computer 610, although only a memory storage device 681
has been illustrated in FIG. 6. The logical connections depicted in FIG. 6 include a local
arca network (LAN) 671 and a wide area network (WAN) 673, but may also include other
networks. Such networking environments are commonplace in offices, enterprise-wide
computer networks, intranets and the Internet.

[00177] When used in a LAN networking environment, the computer 610 is connected to
the LAN 671 through a network interface or adapter 670. When used in a WAN
networking environment, the computer 610 typically includes a modem 672 or other
means for establishing communications over the WAN 673, such as the Internet. The
modem 672, which may be internal or external, may be connected to the system bus 621
via the user input interface 660, or other appropriate mechanism. In a networked

environment, program modules depicted relative to the computer 610, or portions thereof,
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may be stored in the remote memory storage device. By way of example, and not
limitation, FIG. 6 illustrates remote application programs 685 as residing on memory
device 681. It will be appreciated that the network connections shown are exemplary and
other means of establishing a communications link between the computers may be used.
[00178] Having thus described several aspects of at least one embodiment of this
invention, it is to be appreciated that various alterations, modifications, and improvements
will readily occur to those skilled in the art.

[00179] For example, examples are given of analyzing data from a single social media
platform. TWITTER is used as an example of such a social media platform. Though,
analyses as described herein may be performed on messages sent by any social media
platform. Moreover, in some embodiments, information may be collected from messages
transmitted using multiple social media platforms. These messages may be fused, for
example, by reducing them into a common format that identifies the sender of the
message, a topic and a sentiment about the topic. Though, the information may be fused
in any suitable way.

[00180] Moreover, though examples are provided in which communications within a
single social network are analyzed. However, the invention is not so limited. In some
social media platforms, for example, messages distributed within one social network may
conveyed to other social networks. As a specific example, a message may be re-
distributed by a recipient to members of a social network including the recipient and,
alternatively or additionally, may be directed to others outside of that social network.
Where such communications are logged, they may also be used in analysis. As a specific
example, a tweet might be forwarded using e-mail to a user who is not in a social network
with the recipient, but such forwarding may be considered along with a retweet within a
social network of the recipient for computing metrics as described herein.

[00181] Such alterations, modifications, and improvements are intended to be part of this
disclosure, and are intended to be within the spirit and scope of the invention. Further,
though advantages of the present invention are indicated, it should be appreciated that not
every embodiment of the invention will include every described advantage. Some
embodiments may not implement any features described as advantageous herein and in
some instances. Accordingly, the foregoing description and drawings are by way of
example only.

[00182] The above-described embodiments of the present invention can be implemented

in any of numerous ways. For example, the embodiments may be implemented using
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hardware, software or a combination thereof. When implemented in software, the
software code can be executed on any suitable processor or collection of processors,
whether provided in a single computer or distributed among multiple computers. Such
processors may be implemented as integrated circuits, with one or more processors in an
integrated circuit component. Though, a processor may be implemented using circuitry in
any suitable format.

[00183] Further, it should be appreciated that a computer may be embodied in any of a
number of forms, such as a rack-mounted computer, a desktop computer, a laptop
computer, or a tablet computer. Additionally, a computer may be embedded in a device
not generally regarded as a computer but with suitable processing capabilities, including a
Personal Digital Assistant (PDA), a smart phone or any other suitable portable or fixed
electronic device.

[00184] Also, a computer may have one or more input and output devices. These devices
can be used, among other things, to present a user interface. Examples of output devices
that can be used to provide a user interface include printers or display screens for visual
presentation of output and speakers or other sound generating devices for audible
presentation of output. Examples of input devices that can be used for a user interface
include keyboards, and pointing devices, such as mice, touch pads, and digitizing tablets.
As another example, a computer may receive input information through speech
recognition or in other audible format.

[00185] Such computers may be interconnected by one or more networks in any suitable
form, including as a local area network or a wide area network, such as an enterprise
network or the Internet. Such networks may be based on any suitable technology and may
operate according to any suitable protocol and may include wireless networks, wired
networks or fiber optic networks.

[00186] Also, the various methods or processes outlined herein may be coded as software
that is executable on one or more processors that employ any one of a variety of operating
systems or platforms. Additionally, such software may be written using any of a number
of suitable programming languages and/or programming or scripting tools, and also may
be compiled as executable machine language code or intermediate code that is executed on
a framework or virtual machine.

[00187] In this respect, the invention may be embodied as a computer readable storage
medium (or multiple computer readable media) (e.g., a computer memory, one or more

floppy discs, compact discs (CD), optical discs, digital video disks (DVD), magnetic tapes,
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flash memories, circuit configurations in Field Programmable Gate Arrays or other
semiconductor devices, or other tangible computer storage medium) encoded with one or
more programs that, when executed on one or more computers or other processors,
perform methods that implement the various embodiments of the invention discussed
above. As is apparent from the foregoing examples, a computer readable storage medium
may retain information for a sufficient time to provide computer-executable instructions in
a non-transitory form. Such a computer readable storage medium or media can be
transportable, such that the program or programs stored thereon can be loaded onto one or
more different computers or other processors to implement various aspects of the present
invention as discussed above. As used herein, the term "computer-readable storage
medium" encompasses only a computer-readable medium that can be considered to be a
manufacture (i.c., article of manufacture) or a machine. Alternatively or additionally, the
invention may be embodied as a computer readable medium other than a computer-
readable storage medium, such as a propagating signal.

[00188] The terms “program” or “software” are used herein in a generic sense to refer to
any type of computer code or set of computer-executable instructions that can be
employed to program a computer or other processor to implement various aspects of the
present invention as discussed above. Additionally, it should be appreciated that
according to one aspect of this embodiment, one or more computer programs that when
executed perform methods of the present invention need not reside on a single computer or
processor, but may be distributed in a modular fashion amongst a number of different
computers or processors to implement various aspects of the present invention.

[00189] Computer-executable instructions may be in many forms, such as program
modules, executed by one or more computers or other devices. Generally, program
modules include routines, programs, objects, components, data structures, etc. that
perform particular tasks or implement particular abstract data types. Typically the
functionality of the program modules may be combined or distributed as desired in various
embodiments.

[00190] Also, data structures may be stored in computer-readable media in any suitable
form. For simplicity of illustration, data structures may be shown to have fields that are
related through location in the data structure. Such relationships may likewise be achieved
by assigning storage for the fields with locations in a computer-readable medium that
conveys relationship between the fields. However, any suitable mechanism may be used

to establish a relationship between information in fields of a data structure, including
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through the use of pointers, tags or other mechanisms that establish relationship between
data elements.

[00191] Various aspects of the present invention may be used alone, in combination, or in
a variety of arrangements not specifically discussed in the embodiments described in the
foregoing and is therefore not limited in its application to the details and arrangement of
components set forth in the foregoing description or illustrated in the drawings. For
example, aspects described in one embodiment may be combined in any manner with
aspects described in other embodiments.

[00192] Also, the invention may be embodied as a method, of which an example has been
provided. The acts performed as part of the method may be ordered in any suitable way.
Accordingly, embodiments may be constructed in which acts are performed in an order
different than illustrated, which may include performing some acts simultaneously, even
though shown as sequential acts in illustrative embodiments.

[00193] Use of ordinal terms such as “first,” “second,” “third,” etc., in the claims to
modify a claim element does not by itself connote any priority, precedence, or order of one
claim element over another or the temporal order in which acts of a method are performed,
but are used merely as labels to distinguish one claim element having a certain name from
another element having a same name (but for use of the ordinal term) to distinguish the
claim elements.

[00194] Also, the phraseology and terminology used herein is for the purpose of

description and should not be regarded as limiting. The use of "including," "comprising,"”

"o 99 s

or "having," “containing,” “involving,” and variations thereof herein, is meant to

encompass the items listed thereafter and equivalents thereof as well as additional items.
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CLAIMS
1. A method of determining authority of a user of a social media platform, the method
comprising:
with a plurality of processors:
processing a message log to compute, for each of a plurality of users, at
least one topical metric; and
processing the topical metrics to compute, for at least a portion of the
plurality of users, a topical authority score indicative of the authority of the user,
wherein, the topical authority scores are computed in terms of MapReduce

primitives.

2. The method of claim 1, wherein:

the topical metrics for the plurality of users are computed without a follower graph.

3. The method of claim 1, wherein:

the topical metrics for the plurality of users are computed directly from the tweet log.

4, The method of claim 1, wherein:
the topical authority score for a user is computed based on a topical metric of the at least
one topical metric compared to a corresponding topical metric for each of the plurality of

UuSsers.

5. The method of claim 4, wherein:
the topical authority score for the user is computed based on a rank within a distribution

having statistics derived from corresponding topical metrics of the plurality of users.

6. A system for determining authority of a user of a social media platform, the system
comprising:
a plurality of processors configured to:
access at least a portion of a message log;
determine a plurality of counts of messages in the log, each of the counts
indicating a number of messages in the log meeting criteria relating to a user of a

plurality of users;
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compute from the plurality of counts for each of the plurality of users topic-
based metrics related to a topic; and

for at least one user of the plurality of users, compute a topic-based
authority score based on the topic-based metrics for the user and statistics of the

topic based metrics computed for the plurality of users.

7. The system of claim 6, wherein:
further comprising, at least one processor configured to select a user of the at least one
users based on an authority score for the selected user; and

direct a commercial offer to the selected user based on the selection.

8. The system of claim 7, wherein:
the topic-based authority score for the at least one user is computed based on a rank within
a distribution having statistics derived from corresponding topic-based metrics of the

plurality of users.

9. The system of claim 8, wherein:
the distribution comprises a distribution having a mean and standard deviation derived
from a mean and standard deviation of corresponding topic-based metrics for the plurality

of users.
10.  The system of claim 6, wherein:

the plurality of processors are configured to compute the topic-based metrics for each of

the plurality of users on different processors using MapReduce primitives.

40



PCT/US2013/078395

WO 2014/107441

1/7

VIO

251
951
<y
0S1 0L
) VOl
5@
0L}

2L}

0L
/\ goLl
azil 001

aoti



PCT/US2013/078395

WO 2014/107441

2/7

V.l

a1 "Old

¢Sl

ozlh

aoti dctl

1S[0]%°



PCT/US2013/078395

WO 2014/107441

3/7

NOILISOdNOD
1OVdNI

00¢ /\A

¢ O

1444

)

NOILVOIdILN3AI

¢cce

vivda

ALIHOHLINY

NOILVHALl

SNVd1

21z

NOILOVHLX3
J4NLv3d

(\I/

d3aMOd

(

¢ce

vivda
HdVHO 1

/

0cc

o071

0lc



PCT/US2013/078395

WO 2014/107441

4/7

00¢ \

¢ O

qole __| SYISN HIHLO | INJNILNIS | OIdOL 3dAL | aryasn
O0L€ _ | SY3SN ¥IHLO | INJWIINIS | OIdOL 3dAL | aryasn
g0l __ | S¥ISN ¥IHLO | LNJWILNIS | OIdOL 3dAL | aryasn
VOIE__| S¥ISN HIHLO | INIFWILNIS | OIdOL 3dAL | aryasn
_/ J / _J/ J

o€ 8z¢ 9z¢ 74 443




WO 2014/107441 PCT/US2013/078395

57

| b |

I 412 : I I
[ | | Y !

FOR EACH LOG ENTRY | : ( FOR EACH LOG ENTRY |

| RELATING TO USER 1 . I RELATING TO USER N .
| /41 | - | |

COUNT OCCURRENCES IL | | COUNT OCCURRENCES |
|
|
|

COMPUTE GROUP 420
STATISTICS v
430, 430m
[ | . [
COMPUTESCOREFOR | _  _ COMPUTE SCORE FOR
USER 1 USER M

(SCORE1 ) — i s — o — . — ( SCOREM )

FIG. 4



PCT/US2013/078395

WO 2014/107441

6/7

0

1

5

516

512

.
.

s §\

558 550

FIG. 5A

554

¥
3

552

572

570

FIG. 5B



PCT/US2013/078395

9 “OIA

589 SWYNOOMd
NOLLYDI1ddY )~ 009
10N __ __ __ __
\\\\\\\ 179 579 579 T
\\\\\\\ V1¥Q STINAON SO0 WALSAS
e NYSO0¥d | WYMSOMd¥IHIO | NOILVOIddv | ONIIV¥3do
Py o
tl__

777

WO 2014/107441

m 089 w

N “ m

Y 39v43IN JOVRALN| JOV-AIIN WS90 !

AN 1NN AYONIA TOANON | | AMOWIR “TOA-NON m

IONLEN vav w001 V' : ES) F1GVAON T TAYAOWIE-NON |
A N =l

m SAAWALSAS v WVH508d ¥3H10 | | |

SYIAVIAS ; | ¢ ¢ ¢ SE9 SWYMOOXd m

169 i NOILYOITddV m
“ JOVAHIINI 1431 ___ m

1 YN i WuHAHAd T 70 W3ILSAS m
969 “ INdLNO LINN 09 ONILVE3d0 !
m o’ ONISSAD0Yd q — "

" 569~ 06 79 () |1

/ e e N Rttt 1

// m 5 |

m 769 (WoY) | ¢

Sm\ \J [T AHOWIW N LSAS ]




	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 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - claims
	Page 42 - claims
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings

