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(57) Abstract: A method to extract patterns of activity from time series of data structured as a network of objects, the method comprising
the steps of creating a base graph of similar or related items from a given corpus by comparing intrinsic features of the items, combining
time varying data on nodes or edges of the base graph, creating dynamic activity patterns by connecting nodes of the base graph
according to a measure of activity from the time series of data, and creating static activity patterns by folding the dynamic activity
patterns according to identitiers of the nodes from the base graph.
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SYSTEM, DEVICE, AND METHOD FOR CONTEXTUAL KNOWLEDGE
RETRIEVAL AND DISPLAY

CROSS-REFERENCE TO RELATED APPLICATIONS

(1) The present application claims priority to the United States provisional patent
application with the Serial No. 62/329,310 that was filed on April 29, 2016, the entire contents
thereof herewith incorporated by reference.

FIELD OF THE INVENTION

(2) The invention relates to a system, a device, and method to extract, rank and display
contextual knowledge from time varying data on a network of objects.

BRIEF DISCUSSION OF THE BACKGROUND ART

(3) The number of Internet users grows steadily, reaching for the first time the cap of 3
billion in 2015. Every year, the amount of digital information created doubles and by 2020,
around 40 of trillion gigabytes of storage will be required to store these data. To make sense of
all those data and create business insights, companies are deploying vast infrastructures to cope
with the load. On the software side, new frameworks and algorithms are invented to be able to
process data at this scale. In this regard, the creation of a graph (network) of objects allows to
bring structure and extract useful analytics for companies. Indeed, the emergence of large-scale
graph analytics frameworks such as Google Pregel, Apache GraphX, or Dato GraphLab has
proven to be really helpful to analyze similarity between products, connections between pages or
user to user interactions in the case of social networks.

(4) In another domain of data analytics, streaming computation systems such as Spark

Streaming or Apache Storm are rapidly developing to face the demand of fast analytics on the fly
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without having to load all from the disk. It can also reduce significantly the amount of storage
needed if raw data are dropped in the process.

(5) While these systems solve some of the problems of static graph analysis and time
series analysis, time varying data on the nodes or edges of a graph that could be changing
through time is completely left out of the equation. More specifically, it appears that there is a
crucial need of a scalable method that could extract, rank, link and display activity patterns on a
network by combining a graph of objects and time series on its nodes in order to extract
contextual knowledge. The context is given by the specific arrangement of nodes and edges in
the network as well as their time values or common dynamic activity. Accordingly, in light of
the above deficiencies in the field of the displaying of contextual knowledge, novel and
substantially improved solutions are desired.

SUMMARY

(6) According to one aspect of the present invention, a method to extract patterns of
activity from time series of data structured as a network of objects is provided. Preferably, the
method comprising the steps of creating a base graph of similar or related items from a given
corpus by comparing intrinsic features of the items, combining time varying data on nodes or
edges of the base graph, creating dynamic activity patterns by connecting nodes of the base
graph according to a measure of activity from the time series of data, and creating static activity
patterns by folding the dynamic activity patterns according to identifiers of the nodes from the
base graph.

(7) According to another aspect of the present invention, a system configured to extract
patterns of activity from time series of data structured as a network of objects is provided, the

system preferably including a computer device that has access to memory, and a network
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interface. Moreover, the computer device is preferably configured to create a base graph of
similar or related items from a given corpus of data from the memory by comparing intrinsic
features of the items, combine time varying data on nodes or edges of the base graph, create
dynamic activity patterns by connecting nodes of the base graph according to a measure of
activity from the time series of data, and create static activity patterns by folding the dynamic
activity patterns according to identifiers of the nodes from the base graph.

(8) According to yet another aspect of the present invention, a non-transitory computer
readable medium is provided, the computer readable medium having computer instructions
recorded thereon. The computer instructions are preferably configured to perform a method for
extracting patterns of activity from time series of data structured as a network of objects when
executed on a computer having memory. Preferably, the method includes the steps of creating a
base graph of similar or related items from a given corpus by comparing intrinsic features of the
items, combining time varying data on nodes or edges of the base graph, creating dynamic
activity patterns by connecting nodes of the base graph according to a measure of activity from
the time series of data, and creating static activity patterns by folding the dynamic activity
patterns according to identifiers of the nodes from the base graph.

(9 The above and other objects, features and advantages of the present invention and the
manner of realizing them will become more apparent, and the invention itself will best be
understood from a study of the following description with reference to the attached drawings
showing some preferred embodiments of the invention.

BRIEF DESCRPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

(10) The accompanying drawings, which are incorporated herein and constitute part of

this specification, illustrate the presently preferred embodiments of the invention, and together
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with the general description given above and the detailed description given below, serve to
explain features of the invention:

(11) FIG. 1 depicts a schematic representation of a graph generated by the present method
representing an event in a context, based on data extracted from Wikipedia, representing the
average visitor behavior in a given time period, according to an aspect of the present invention;
(12) FIG. 2 depicts a schematic representation of a timeline of the event of FIG. 1;

(13) FIG. 3 depicts a schematic representation of a method to generate a spatio-temporal
graph according to another aspect of the present invention;

(14) FIG. 4 depicts a schematic representation of the generation of spatio-temporal edges
from the nodes and their associated binary masks according to yet another aspect of the present
invention;

(15) FIG. 5 depicts a schematic representation of static activity and dynamic activity with
base graph G and spatio-temporal graph H according to an aspect of the present invention;

(16) FIG. 6 depicts a schematic representation of a static activity pattern according to still
another aspect of the present invention;

(17) FIG. 7 depicts a schematic representation of a graphical user interface to show,
browse and explore patterns resulting from the method according to an aspect of the present
invention;

(18) FIG. 8 shows a schematic perspective view of a system or device for implementing
the method according to another aspect of the present invention;

(19) FIG. 9 shows a schematic representation of a flowchart performing the method

according to another aspect of the present invention;
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(20) FIG. 10 shows a schematic representation of a flowchart performing an exemplary
embodiment for user product recommendations;

(21) FIG. 11 shows a schematic representation of a flowchart performing classification of
graphs that represent news patterns based on activity patterns, as still another exemplary
embodiment; and

(22) FIG. 12 shows a schematic representation of a flowchart performing a financial
analysis to track evolution of traded securities based on activity patterns, as yet another
exemplary embodiment.

(23) Herein, 1dentical reference numerals are used, where possible, to designate identical
elements that are common to the figures. Also, the representations in the drawings are simplified
for illustration purposes and may not be depicted to scale.

BRIEF DESCRIPTION OF THE SEVERAL EMBODIMENTS

(24) The invention relates to a system, device, and method for contextual knowledge
retrieval based on activity patterns. According to aspects of the invention, it is proposed a
system, device and method to extract, rank, link and display information preferably includes the
following steps:

(25) Creating or indexing a graph or network of related items. This base graph of related
items can be composed of all or a part of the set of objects connected by natural relationships or
similarity using intrinsic features of objects such as categories, topics, keywords, words, signals,
etc. The graph of related items can be un/directed, dynamic, weighted and composed of multiple
type of edges (multigraphs). Collecting activity time series such as number of visits, likes,

tweets, favorites, activity score or signal through time on the nodes and/or edges of said graph.



WO 2017/187401 PCT/IB2017/052469

(26) Extracting and indexing dynamic activity patterns that are combinations of the
network and the time series associated to the nodes. High values in the time series indicate an
activity of the associated nodes during a particular time period. The dynamic activity patterns
are sub-networks of connected nodes with a common time activity. These dynamic activity
patterns are represented in the form of a multilayer graph where each node is associated to an
identifier, a time stamp (or layer identifier) and a value. Each node is connected to its neighbors
(and/or itself) on the next layer according to the edges of the base graph and thus can be mapped
back to the base graph of related items and to the original time series of activity. The extraction
of theses activity patterns can either be done on a given historical corpus or in an online manner,
outputting dynamic activity patterns on the fly.

(27) Computing static activity patterns from dynamic activity patterns. A static activity
pattern is obtained by flattening the multilayer graph: nodes and edges of the dynamic activity
pattern a grouped so as to appear once in the new network. The value associated to each
node/edge of the static graph of activity represents its total time activity over the time period.
(28) Enriching and indexing the content of static activity patterns with information about
the dynamics of the pattern activation such as the time stamp and duration of the event, the user
activity, images, audio, video, ontologies, pages, description, categories, topics, geographical
origin, languages, social activity and any other features that can be extracted from the content of
the graph of related items. This information are properties that can be associated to nodes, edges
or to the static activity pattern. At this stage it is possible to use a classification method to assign
patterns to a specific set of classes or clusters. Both dynamic and static patterns are kept for

further analysis.



WO 2017/187401 PCT/IB2017/052469

(29) Creating a network of static activity patterns where each node is a static activity
pattern connected to others if they are similar. The measure of similarity can be defined in
several ways including common items, topics, users, etc.

(30) Retrieving and ranking static/dynamic activity patterns by relevance for a given
query. The query could contain any content such as words, topics, categories, time-period, and
activity related criteria such as the most popular patterns for a given topic. A query can also be
composed of another static/dynamic activity pattern or created from a specific network algorithm
on the static activity network.

31 Displaying the results for given query as a combination of possibly hideable panels
including: a search bar, a list of related results for a given query, an interactive visualization of
the static activity pattern network, an interactive visualization of the static activity pattern and its
associated timeline of showing how nodes activates through time and a panel displaying
information on the pattern and about each node. This last panel could also display an embedded
view of a webpage, image, video, sound, associated to a node.

(32) According to at least one aspect of the present invention, a device, system and
method for contextual knowledge retrieval based on activity patterns is provided, that 1s
preferably divided in three principal parts. First, the extraction of patterns is described, then the
indexation and finally the visualization, presentation of these patterns.

(33) Regarding the pattern, FIG. 1 shows a schematic representation of an exemplary
graph generated by the present method representing an event in a context, based on data
extracted from Wikipedia, representing the average visitor behavior in a given time period,
according to an aspect of the present invention. In this representation, the web activity related to

the German Wings airplane crash is analyzed. In the circles, different related Wikipedia pages



WO 2017/187401 PCT/IB2017/052469

are shown, associated with a number of web visits per hour. The representation could be a
display of a graphical user interface.

(34) In the method, the first step consists in creating the base graph G, of related items.
Each node represents an object and each edge between two (2) nodes encodes a relationship
between these nodes. An edge can be naturally extracted from the dataset e.g. hyperlinks,
ontologies or be constructed by using a similarity measure between the nodes of the graph. The
measure of similarity can be created by using a distance function of any or a sum of the features
attached to a node such as page, category, topic, user, signal, image, etc. or the activity value
associated to the node. The distance function can be diverse such as Euclidean, Cosine,
Hamming or learned from the data. This base graph can be stored in memory or on the disk of
one or several computers either in the form of a graph database, a graph analytics framework or
as a list of nodes and edges. The nodes and edges of the base graph can also be streamed from
any other medium and eventually dropped after computations. In the case of a graph changing
through time, a binary vector, m, indicating whether the edge exists at a given time stamp can be
stored alongside the edge of the base graph. An edge is said active at a given time stamp if its
binary value is set to true. The same is done for nodes of the base graph.

(35) The second step of the method consists of collecting the signal over the nodes or
edges of the base graph. This signal, S, gives a value, or possibly a vector of values, for each
node and time stamp e.g. number of tweets per minutes, number of click or visits per hours. This
1s not restricted to Internet data and could be applied in all sort of domains such as medical data
with fMRI or electrodes activity per seconds etc. where electrodes are parts of a network of
sensors. This signal can be stored in memory or on the disk of one or several computers in a

SQL, NoSQL, NewSql database, a streaming framework or as plain files. This signal can also be
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streamed from any other medium and eventually dropped after computations. From the signal, a
binary mask M indicating whether the node/edge of the base should be active at a given time
stamp is created by filtering the signal. This filter can consist in a fixed or adaptive threshold or
a function mapping from the signal values to a binary space. A node is said active at a given
time stamp if its binary value is true as shown in FIG. 4.

(36) The next step consists in creating a temporary graph, the spatio-temporal graph H,
that holds all the dynamic activity patterns extracted from a combination of the signal and the
base graph. To do so, each active node at a given time step it connected to its active neighbors in
the next time step according to the active edges of the base graph G, creating spatio-temporal
edges. To give more control to the creation of dynamic activity patterns, an additional binary
vector p 1s also stored alongside the node/edge of the base graph. When set to false it will
disable the creation of a spatio-temporal edge that would have normally been created.
Optionally, an active node can be connected to its active itself on the next layer. Their
corresponding “control” vector p should also to be set to true for a given time step. The whole
spatio-temporal graph creation process is shown in FIG. 5, given a base graph G of three (3)
nodes A, B, C and signal over three time steps, 71, 72, 3. At each time step, only the active nodes
and edges are colored or otherwise highlighted on a display. Spatio-temporal edges connect
nodes across layers forming two (2) disconnected sets of nodes and edges, that are two distinct
dynamic activation patterns. To extract these disconnected subgraphs from the temporary spatio-
temporal graph H, a possible implementation uses the connected or weakly connected
components algorithms based on disjoint-set data structure, breadth-first search or depth-first

search or implementation for fully dynamic graphs.
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(37) A possible implementation of the creation of spatio-temporal edges from the nodes
and their associated binary masks is shown in FIG. 6. Similarly, to the standard model, for each
edge e the destination vertex mask is shifted before performing a logical AND with the source
vector. The mask me. indicating if the activation state of an edge and the mask pe. are all subject
to a logical “AND” between the source and shifted destination masks. The same process is used
at the node level to account for self spatio-temporal edges.

(38) From dynamic activity patterns the next step of the method computes static activity
patterns. As shown in FIG. 5, the nodes of the spatio-temporal graph H correspond to the
dynamic activity of their corresponding nodes on the base graph G. Dynamic activity patterns
which are sub-graphs of the spatio-temporal graph H can thus be folded in a non-dynamic
fashion to get back to the space of the base graph. For instance, considering a dynamic pattern d
with three (3) spatio-temporal edges and four (4) spatio-temporal nodes, (41, B2), (B1, 42),

(42, B3), the resulting static pattern s would only contain two (2) nodes and two (2) edges: (A4, B)
and (B, A). Additional properties such as the number of nodes/edges folded can be stored on the
static activity pattern and used later on for various analysis. The static activity pattern thus
represents the total activity of the dynamic activity pattern through its time span. An example of
static activity patterns is shown in FIG. 1.

(39) In the case where the static activity patterns are considered to have too many nodes
to represent a coherent set of related items, it is possible to run a community detection algorithm
to extract smaller and more meaningful communities of nodes. A possible implementation could
include the algorithms. If done so, the corresponding dynamic activity pattern should also be

partitioned in as many communities as found by the algorithm, using the mapping given by the

10
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algorithm on the static activity pattern. Both dynamic and static patterns are kept for further
analysis.

(40) Each static activity pattern is then enriched with all possible information given by the
base graph (7 and external information that can be mapped to the nodes of (7 such as page,
overall activity, image, audio, video, social activity, ontologies, categories, topics, geographical
origin, languages, etc. In addition, information extracted from the dynamic activity patterns can
also be included in the static activity pattern such as duration of activation from each as well
some topological properties of the network such centrality or flow measures. At this stage, it is
possible to use a clustering or classification method such as k-means, support vector machine or
deep neural networks to assign patterns to a specific set of classes or clusters using a
combination of features described previously.

(41) A final step of the patterns extraction may consist in creating a network of static
activity patterns where each node is a pattern connected by a measure of similarity. This
measure of similarity can be created by a combination of static activity patterns features or by the
clustering previously described. For instance, two static activity patterns could be linked if they
share a common node from the base graph G, for example at a different point in time, or if they
belong in the same topic.

(42) Regarding the pattern retrieval, once static and dynamic patterns of activity are
extracted, the proposed device, system, and method consists in indexing and ranking the patterns
by relevance upon the user query using all or a part of their features. The query can be
formulated as a combination of different words, topics, categories, communities, time-period,
and activity related criteria such as the most active/popular/visited pattern for example. Different

queries can be combined to filter the results more precisely.

11
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(43) In addition to the previously described method for querying the patterns, it is also
possible to use network traversal algorithms to rank and query the data. Using the graph of static
activity patterns, it is possible to explore the neighborhood of a node at one or more hops or
traverse the graph using shortest-path algorithms. Connected components and community
detection algorithms previously described can also be used to rank relevant part of the static
activity pattern network for a given query. Finally, a query can also be composed of a part of
static activity pattern using subgraph isomorphism algorithms.

(44) Regarding pattern display, the last part of the method describes the user interface to
browse and explore patterns extracted by the proposed method, for example a graphical user
interface that is shown on a display or screen. An overview of the interface is shown in FIG. 7.
(45) The user interface 1s made of a different sets of panels that can be hidden or
expanded on request, for example in the form of a graphical user interface that can be operated
by a touchpad, mouse or other pointing device. It is composed of a search bar to input user
queries. Upon click, keyboard press or when typing, a list of elements is displayed. These
elements can be the name of the node, the pattern (shown in FIG. 1), the closest matching node,
activity timeline of the pattern (shown in FIG. 2), the spatio-temporal graph (shown in FIG. 3), a
relevance score or any information that could be extracted from static activity patterns. It is
possible to also display a small picture alongside each result that visualize the static activity
pattern. Another panel represents the visualization of the results in the static activity pattern
network. In this interactive map, each retrieved node could be highlighted. This visualization of
the static activity pattern network can be queried by the user by selecting nodes or tracing path

between nodes of the network.

12
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(46) Upon user interaction with a result, a panel representing the static activity pattern is
displayed in form of a network where each node is a node from the base graph G. The results
panel can be folded to a minimal or preview state to free space for the rest of the interface. All
or part of the features of the pattern can be displayed on the nodes and edges of the visualized
network. In addition, a panel representing the associated timeline of the event showing how
nodes of the static activity patterns activates through time can be displayed. The last panel
shows a detailed description of the pattern or a detailed description of a node/edge when the user
interacts with it. In the case when the node represents a displayable content such as webpage,
image, video, sound, etc. the content can be directly displayed in the panel.

(47) FIG. 8 shows an exemplary device and system for implementing the method
described above. The system includes a data processing device 20, for example but not limited
to a personal computer, Macintosh™ computer, laptop, notebook, netbook. A dataset 12 is
schematically shown, that can be located locally in a storage 26 associated with processing
device 2, or can be accessed via the network 40, for example the Internet, from various servers
50 and storage 60. Processing device 20 can be equipped with one or several hardware
microprocessors and with internal memory. Also, processing device 20 is connected to a data
input device, for example a keyboard 24 to provide for user instructions for the method, and a
data display device, for example a computer screen 22, to display different stages and final
results of the data processing steps of the method. For example, the graphical user interface 25
can be shown, as schematically shown in FIG. 7. Also, the base graph G, spatio-temporal graph
H, nodes, edges, static and dynamic activity patterns etc. can also be represented in computer
screen 22. Processing device 20 is also connected to a network 40 via a network interface, for

example the Internet, to access various cloud-based and network based services, for example but
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not limited to cloud or network servers 50, cloud or network data storage devices 60, specific
web servers like Wikipedia, etc. The method described above can also be performed on hardware
processors of one or more servers 50, and the results sent over the network 40 for rendering and
display on computer screen 22 via processing device 20.

(48) Processing device 20 can be equipped with a data input/output port, for example a
CDROM drive, Universal Serial Bus (USB), card readers, storage device readers, to read data,
for example computer readable and executable instructions, from non-transitory computer-
readable media 30, 32. Non-transitory computer-readable media 30, 32 are storage devices, for
example but not limited to external hard drives, flash drives, memory cards, USB memory sticks,
CDROM, Blu-Ray™ disks, optical storage devices and other types of portable memory devices
that are capable of temporarily or permanently storing computer-readable instructions thereon.
The computer-readable instructions can be configured to perform the method, as described
above, when loaded to processing device 20 and executed on a processing device 20 or a cloud
or other type of network server 50, for example the one shown in FIG. 8.

(49) FIG. 9 shows various stages in the method in an exemplary representation. First, on
the left side, a base graph G 1s shown having various related items, represented as nodes or edges
of the graph, and depicting signals that are acting on the individual nodes/edges. The
connections between the nodes/edges represent a measure of similarity of the nodes/edges. Next,
from the base graph G, two exemplary dynamic activity patterns 1, 2 are created by connecting
nodes of the base graph according to a measure of activity from the time series of data. In the
dynamic activity pattern, nodes are connected to their neighbors on the base graph G over time if
they both have a sufficiently important measure of activity in two consecutive time steps.

Thereafter, two exemplary static activity patterns are created by folding the dynamic activity

14
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patterns 1, 2 according to identifiers of the nodes from the base graph G. In the last stage of the
method as shown, an exemplary static activity pattern network is shown. Here, each node
represents a static activity pattern and each edge encodes a measure of similarity, typically by
sharing a common node of the base graph G, between static activity patterns. This network can
be visualized in an interactive manner to ease the exploring and discovery of related patterns of
activity.

(50) Based on the above described method and its implementation as a device or ina
system, there are several novel applications, as shown with exemplary embodiments in the
following paragraphs. For example, the proposed method, device and system has numerous
applications in different fields. It is basically possible to use in a large variety of data and event
analysis situations as long as it is possible to create a graph and extract a signal on the
nodes/edges of a graph.

(51) As an exemplary embodiment, the present method, device and system can be used to
recommend products, as schematically shown in the flowchart of FIG. 10. Here, a graph of
similar products is created and dynamically updated according to several factors, for example the
availability in stock, geographical location of the product or of similar products, availability at
different shops or users as well as the weather for instance. The signal on the graph can be
defined as the number of items bought per product per time unit, for example per hour, day or
any other relevant time-series. The method, device and system creates activity patterns linking
different products together according to what users bought in a particular context. A
recommendation scheme to a user could consist in ranking the best activity patterns given some
past events, including at least one of historical purchases and items already put in the cart. A

more personalized layer of recommendation could be added by using clustering methods and
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traversals on the network of static activity patterns to propose a smooth shopping experience,
dynamically creating contextual bundles of products frequently bought together, tailored
specifically to this user in this context as shown in FIG. 10.

(52) Next, as another exemplary embodiment, FIG. 11 shows a schematic flowchart for a
method to detect and remove or otherwise make “fake news” unavailable, or to indicate a level
of authority and accuracy of a news article, by examining the veracity of news articles.
Considering a graph of web pages linked by hypertext links and a signal on the graph given by
the number of visits or searches for a topic, according to another aspect, the method, device and
system could output subgraphs of connected articles relevant in the current context as show in
FIG. 11. Using label propagation techniques and natural language processing it becomes
feasible to blacklist or approve an entire subgraph of related news depending on how trusted the
websites issuing the news are. The usage of the novel user interface schematically illustrated in
FIG. 7 could also dramatically ease the process of exploring, flagging, and/or approving articles.
(53) As another exemplary embodiment, the method, device and system can be used to
extract trends on a corpus of documents, for example news articles or advertisement, for example
as a data mining tool. The proposed method gives much richer and cleaner results than methods
based on correlation as it leverages the structure of a graph of related documents to remove
noise. Thanks to its scalable implementation, the method, device and system allows to analyze
large corpus of documents such as a Wikipedia, part of the Web and social networks such as
Facebook or Twitter. With a much finer analysis of how monitored keywords and users relate to
each other through time, it possible to optimize ads and track precisely user behavior. The

method can also be used as a drop-in replacement for Google Trends with a richer a better
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precision on worldwide news coverage using Wikipedia as base corpus to detect trends as shown
in the FIG. 1.

(54) According to yet another exemplary embodiment, the method, device and system can
be used to ease user interaction with complex datasets such as a patent database or scientific
publication archives. The graph of documents is created by similarity according to text features
as well as metadata such as authors, jurisdiction, editor, domain, publisher, and so forth. The
signal on the graph is defined as the number of clicks / visits on each document, for example via
different access databases, in the patent context for example but not limited to patentscope.com,
espacenet.com, patents.google.com, uspto.gov, lexisnexis, westlaw. The method, device and
system outputs activity patterns encoding relevant groups of documents according to user
searches. Moreover, related patents could be clustered using human intelligence instead of only
relying on text analysis. In addition, these patterns could then be explored interactively on a user
interface and ultimately help users finding relevant documents, as exemplarily shown in FIG 7.
(55) According to still another exemplary embodiment, the method, device and system
can be used to track user cohorts on a specific website, to perform website analytics or A/B
testing of websites. By collecting user clicks across sessions, it is possible to construct a spatio-
temporal graph of user activity on the domain. Next, the method, device and system can then be
used to cluster users and thus extract insightful analytics on user behavior. For example, the
method, device and system could be used to optimizing the layout of a website according to the
user 1n a specific context. For instance, an activity pattern can be extracted when a group of
users respond to a newsletter by visiting a website and skimming through the pages in a
particular fashion. For instance, an activity pattern could consist in a series of articles around a

political leader followed by the results on a given election. This contextual pattern can be used to
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tune the user interface e.g. a user with an activity on the website resembling this pattern will
changed dynamically to improve retention rate as well as ads.

(56) The method, device and system can be used as a financial indicator to track the
evolution of traded securities, such as stocks, shares, commodities or other financial products.
Given a graph of products created according to their likelihood to be exported by a country using
the Standard International Trade Classification (SITC) categories or another type of securities
classification scheme, and product activity extracted using text-analysis and human intelligence
from financial news sites, such as but not limited to Bloomberg, Reuters, Financial Times,
activity patterns can be extracted. By encoding the causality between products in time in a given
context from historical data, it is now possible to predict whether a shortage of a given raw
material will influence the price of derived products and in which time frame as schematically
shown in FIG. 12.

(57) While the invention has been disclosed with reference to certain preferred
embodiments, numerous modifications, alterations, and changes to the described embodiments,
and equivalents thereof, are possible without departing from the sphere and scope of the
invention. Accordingly, it is intended that the invention not be limited to the described
embodiments, and be given the broadest reasonable interpretation in accordance with the

language of the appended claims.
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CLAIMS:

1. A method to extract patterns of activity from time series of data structured as a
network of objects, the method comprising the steps of:

creating a base graph of similar or related items from a given corpus by comparing
intrinsic features of the items;

combining time varying data on nodes or edges of the base graph;

creating dynamic activity patterns by connecting nodes of the base graph according
to a measure of activity from the time series of data; and

creating static activity patterns by folding the dynamic activity patterns according to

identifiers of the nodes from the base graph.

2. The method of claim 1, further comprising the step of’
creating a static activity graph where each node is a static activity pattern linked by a

measure of similarity using intrinsic features of the static activity patterns.

3. The method of claim 1, further comprising the steps of’

indexing the static activity patterns using intrinsic features of the static activity
patterns;

ranking a list of matching static activity patterns by relevance upon user query
composed of at least some features of the static activity patterns;

creating user queries from network traversals of the static activity patterns; and
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creating user queries from results of clustering or community detection algorithms on

the static activity patterns.

4. The method of claim 1, further comprising the steps of’
displaying a panel representing the static activity pattern in a display in form the base

graph, upon user interaction with a result of a query.

5. A system configured to extract patterns of activity from time series of data
structured as a network of objects, the system including a computer device that has access to
memory, and a network interface, the computer device configured to:

create a base graph of similar or related items from a given corpus of data from the
memory by comparing intrinsic features of the items;

combine time varying data on nodes or edges of the base graph;

create dynamic activity patterns by connecting nodes of the base graph according to a
measure of activity from the time series of data; and

create static activity patterns by folding the dynamic activity patterns according to

identifiers of the nodes from the base graph.

6. The system of claim 5, wherein the computer device is further configured to:

create a static activity graph where each node is a static activity pattern linked by a

measure of similarity using intrinsic features of the static activity patterns.

7. The system of claim 5, wherein the computer device is configured to:
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index the static activity patterns using intrinsic features of the static activity patterns;

rank a list of matching static activity patterns by relevance upon user query
composed of at least some features of the static activity patterns;

create user queries from network traversals of the static activity patterns; and

create user queries from results of clustering or community detection algorithms on

the static activity patterns.

8. The system of claim 5, wherein the computer device is configured to:
instruct a display device to display a panel representing the static activity pattern in

form the base graph, upon user interaction with a result of a query.

9. A non-transitory computer readable medium, the computer readable medium
having computer instructions recorded thereon, the computer instructions configured to perform
a method for extracting patterns of activity from time series of data structured as a network of
objects when executed on a computer having memory, the method comprising the steps of’

creating a base graph of similar or related items from a given corpus by comparing
intrinsic features of the items;

combining time varying data on nodes or edges of the base graph;

creating dynamic activity patterns by connecting nodes of the base graph according
to a measure of activity from the time series of data; and

creating static activity patterns by folding the dynamic activity patterns according to

identifiers of the nodes from the base graph.
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10. The non-transitory computer readable medium of claim 9, further comprising the
step of:
creating a static activity graph where each node is a static activity pattern linked by a

measure of similarity using intrinsic features of the static activity patterns.

11. The non-transitory computer readable medium of claim 9, further comprising the
steps of:

indexing the static activity patterns using intrinsic features of the static activity
patterns;

ranking a list of matching static activity patterns by relevance upon user query
composed of at least some features of the static activity patterns;

creating user queries from network traversals of the static activity patterns; and

creating user queries from results of clustering or community detection algorithms on

the static activity patterns.

12. The non-transitory computer readable medium of claim 9, further comprising the
steps of:
displaying a panel representing the static activity pattern in a display in form the base

graph, upon user interaction with a result of a query.
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