Office de la Proprieté Canadian CA 2877013 C 2017/06/20

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 877 01 3
L.|5J|n gfgamsg'e ; 'f*fc‘j age”%y of ; 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2013/07/03 (51) CLInt./Int.Cl. GO6F 7/7/30(2006.01),
(87) Date publication PCT/PCT Publication Date: 2014/01/09 HO4N 21/2665(2011.01)
- . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2017/06/20 KAPKOWSK| GRZEGORZ. PL
(85) Entree phase nationale/National Entry: 2014/12/16 KASZYNSKI, MARCIN, PL.
(86) N° demande PCT/PCT Application No.: US 2013/049385 STEPNIOWSKI, MAREK M., PL

(87) N° publication PCT/PCT Publication No.: 2014/008435 (73) Proprietaire/Owner:

o ARRIS ENTERPRISES LLC, US
(30) Priorité/Priority: 2012/07/03 (US13/540,792)
(74) Agent: GOWLING WLG (CANADA) LLP

(54) Titre : TRAITEMENT DE DONNEES
54) Title: SYSTEM FOR CORRELATING METADATA

START
S8

SPECIFY
-~ 84
RECEIVE
s sb
PARSE

S8

STORE |
| s sf0

FETCH
| ; ~SI&
‘ SEND I
| /"818

FILTER
"I' ~ 820
ORDER I
~S28

ALIGN

( END )

(57) Abrégée/Abstract:
Disclosed are methods and apparatus for correlating metadata from a plurality of different sources. The methods and apparatus
may use an order for the data sources. The metadata from each of the data sources may be divided or split into one or more
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(57) Abrege(suite)/Abstract(continued):

chunks. The metadata from each of the chunks may be filtered and sorted, e.g., to ensure that the metadata relate to the same
multimedia content. The metadata chunks from the first data source in the order and the second data source in the order may then
be alignhed to produce currently aligned metadata. The metadata data chunks from the next data source Iin the order may then be

aligned with the currently aligned metadata to produce new currently aligned metadata. This process may be repeated until the
metadata from all of the sources are aligned, thereby providing a set of correlated metadata.
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(57) Abstract: Disclosed are methods and apparatus for correlat-
ing metadata from a plurality of different sources. The methods
and apparatus may use an order for the data sources. The
metadata from each of the data sources may be divided or split
into one or more chunks. The metadata from each of the chunks
may be filtered and sorted, e.g., to ensure that the metadata relate
to the same multimedia content. The metadata chunks from the
first data source in the order and the second data source in the
order may then be aligned to produce currently aligned
metadata. The metadata data chunks from the next data source
the order may then be aligned with the currently aligned
metadata to produce new currently aligned metadata. This pro-
cess may be repeated until the metadata from all of the sources
are aligned, thereby providing a set of correlated metadata.
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SYSTEM FOR CORRELATING METADATA

FIELD OF THE INVENTION

[0001] The present invention is related generally to correlating metadata from a

plurality of different sources.

BACKGROUND OF THE INVENTION

[0002] Multimedia content (e.g., multimedia presentations such as movies, TV
programs, etc.) may be sourced by a consumer of that content from a plurality of
ditferent sources. The terminology "multimedia content" is used herein to refer to data
representing literary, lyrical, or viewable content, including television or videographic
content such as recorded television data, DVD data, digital picture data,
and the like. Consumers of such multimedia content may demand, in addition to
information that identifies the movie or TV program, further information about the
multimedia content. This further information may, for example, include cast and crew

information, episode and season information, etc. This further information is herein

referred to as "programmatic metadata."”

[0003] There are several sources for programmatic metadata. These sources may

provide programmatic metadata to anyone, e.g., consumers, providers of entertainment
services, etc. Example sources of programmatic metadata include commercial

aggregators of appropriate information, sources that mine the appropriate

information from, for example, web sites, etc.

[0004] Typically, a single source of programmatic metadata does not provide all

of the programmatic metadata desired by consumers or providers of entertainment.

Thus, there tends to be a need to aggregate sources of metadata. However, each of the

different sources of programmatic metadata may have incomplete or ambiguous data
about multimedia content. Also, different sources of programmatic metadata may

have conflicting data about multimedia content.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[0005] While the appended claims set forth the features of the present invention

with particularity, the invention, together with its objects and advantages, may be best
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understood from the following detailed description taken in conjunction with the

accompanying drawings of which:

10006] Figure 1 shows an exemplary system for mapping programmatic metadata

from a number of different sources to a single 1dentification;

[0007] Figures 2a and 2b together form a schematic illustration of a production

cluster of the network of Figure 1;

[0008] Figure 3 1s a process flow chart showing certain steps of an embodiment of

a method for correlating metadata for episodes within a scason of a TV

show;

[0009] Figure 4 1s a process flow chart showing certain steps of a process of

identifying and correcting inconsistencies 1n correclated metadata;

[0010] Figure 5 18 a schematic 1llustration of an example of a table constructed

during the process of Figure 4; and

[0011] Figure 6 1s a process flow chart showing certain steps of a process in
which new metadata from a new source are correlated with the correlated

metadata.

DETAILED DESCRIPTION
[0012] Turning to the drawings, wherein like reference numerals refer to like
clements, the invention 1s 1llustrated as being implemented 1n a suitable environment.
The following description 1s based on embodiments of the invention and should not

be taken as limiting the invention with regard to alternative embodiments that are not

explicitly described herein.

[0013] Embodiments of the invention include methods and apparatus for
corrclating metadata (relating to the same multimedia content, ¢.g., an episodic
television show) from a plurality of different sources. The methods and apparatus may
use an order for the data sources. This order may be dependent on how reliable a data

source 1S deemed to be (e.g., how accurate the metadata are deemed to be, the
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the data sources may be divided or split into one or more chunks. This may be
performed using a parsing process. The metadata from each of the chunks may be
filtered and sorted, ¢.g., to ensure that the metadata relates to the same television show
and to place the metadata chunks 1n episode order. The metadata data chunks from the
first data source in the order (¢.g., the most reliable data source) and the second data
source 1 the order (e.g., the second most reliable data source) may then be aligned,
¢c.g., using a modified Smith-Waterman algorithm. This provides “currently aligned
metadata.” The metadata data chunks from the next data source in the order may then
be aligned with the currently aligned metadata to produce new currently aligned
metadata. This process may be repeated, updating the currently aligned metadata,
until the metadata from all of the sources are aligned, thereby providing a set of

correlated metadata.

[0014] The correlated metadata may be clustered into groups of metadata that
relate to the same episode of the television show. The metadata in these groups may
be consolidated so as to delete duplicate information from those groups. Each of these
consolidated groups of metadata may be thought of as “canonical” metadata
describing a respective episode of the television show (1.¢., the consolidated groups of
metadata may described a “canonical list of episodes” of the television show). The
consolidated groups may be provided for use by, ¢.g., multimedia content providers,

service providers, or consumers of the multimedia content.

[0015] Apparatus for implementing any of the below described arrangements, and
for performing the method steps described below, may be provided by configuring or
adapting any suitable apparatus, for example one or more computers or other
processing apparatus or processors, or providing additional modules. The apparatus
may comprise a computer, a network of computers, or one or more processors, for
implementing instructions and using data, including instructions and data in the form
of a computer program or plurality of computer programs stored in or on a machine-
readable storage medium such as computer memory, a computer disk, ROM, PROM,

ctc., or any combination of these or other storage media.
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[0016] [t should be noted that certain of the process steps depicted in the flowcharts

described below may be omitted or such process steps may be performed in differing
order to that presented below and shown in the figures. Furthermore, although all the
process steps have, for convenience and ease of understanding, been depicted as discrete
temporally-sequential steps, nevertheless some of the process steps may in fact

be performed simultaneously or at least overlapping to some extent temporally.

10017] Aspects of the present invention are described with reference to the

accompanying drawings, beginning with Figure 1. Figure 1 shows an exemplary

system for mapping programmatic metadata from a number of different sources to a
single identification and for rendering a unified TV- and movie-data feed for end users.
The system shown in Figure 1 is described in more detail in WO 2012/112855. Firstly,
from a plurality of different programmatic metadata sources 100 (which may
include any known commercial metadata sources), programmatic metadata 102
(1n their original formats) may be retrieved by a classifier 104 or sent from the data
sources 100 to the classitfier 104. The classifier 104 is used to perform a classification
process to split the retrieved programmatic metadata into their constituent elements
(e.g., Images, descriptions, air-date, links, etc.) and to map those constituent elements
to a single identity using a clustering method. An autonomous quality control module

106 may then perform an autonomous quality control process.

[0018] Some embodiments provide a graphical display of the constituent metadata

elements from various sources in, for example, a grid-like format. Using such

a graphical display, a human may then use curation tools 108 to drag elements from a
source 1nto a correct category as defined by other sources. This manual curation ability

allows humans to set trust values for entertainment metadata elements from individual
metadata sources by an algorithmic process. An adaptive data merging and delivery
module 110 may then adaptively merge algorithmic and manually curated data into a
single dataset. Human input may be used to enhance the process of merging the data

because an algorithmic process recognizes patterns from the implicit
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actions of the manual processes. The classification process may also learn improved
pattern recognition from the explicit actions of the manual processes. The processed

programmatic metadata 112 are then provided for use by end users.

[0019] Aggregating content of disparate data formats across various data sources
may be carried out by retrieving the content from memory locally, by downloading
the content from a network location, or by any other way of retrieving content that

will occur to those of skill in the art.

[0020] The system of Figure 1 may be implemented in any appropriate network,
for example, the network described in more detaill in US Provisional Patent
Application 61/444,721. The network may include servers that render the
entertainment metadata. Entertainment metadata may be rendered as audio by playing
the audio portion of the media content or by displaying text, video, and any images

assoclated with the media data on a display screen of a media device.

[0021] Figure 2 (which comprises Figures 2a and 2a) 1s a schematic 1llustration of
a production cluster 300 of the network. The production cluster 300, and 1t

components, are described 1mm more detall in US Provisional Patent Application

61/444,721.

[0022] The production cluster 300 comprises inter alia multiple classifier servers
301 (ecach classifier server comprising one or more agents 302 and one or more
classification modules 303), a plurality of harvesters 304, and a harvester table
repository 306. Certain functionalitiecs of these and other components of the
production cluster 300 are described in more detail in US Provisional Patent
Application 61/444,721. The classifier servers 301 may each run a classification
process. Also, the classifier server 301 may perform the function of the classifier 104
of Figure 1, 1.¢., the classifier servers 301 may perform a classification process to split
programmatic mectadata into constituent clements and to map those constituent

clements to a single 1dentity using a clustering method.

[0023] Figure 3 18 a process flow chart showing certain steps of an embodiment of

a method for creating complete and consistent metadata for episodes within a season
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(1.c., series) of a TV show. The method of Figure 3 includes performing a
classification process to split programmatic metadata into constituent elements and
mapping those constituent elements to a single i1dentity using a clustering method.
Thus, the method of Figure 3 may be implemented by the agents 302, the

classification modules 303, the harvesters 304, and the harvester table repository 306.

[0024] At step s2, an order for the sources 100 of the programmatic metadata 102
1s specified. The sources 100 are ordered based on their reliability. For example, the
sources 100 may be ordered from the source that 1s deemed to be the most reliable to
the source 100 that 1s deemed to be the least reliable. The assessment of the reliability
of a source 100 may be based on any appropriate heuristic, for example human

judgment.

[0025] At step s4, programmatic metadata 102 are received by the harvesters 304
from the data sources 100. Each harvester 304 receives metadata 102 from one
particular data source 100. In this embodiment, the metadata 102 received by the
harvesters 304 from the data sources 100 relate to one or more episodes of one or

more TV shows.

[0026] At step s6, the harvesters 304 pre-process (by parsing) the received data.
This advantageously tends to avoid loading large amounts of data into memory. Each
harvester 304 1s assigned to a specific source 100. This 1s because, 1n order to parse
metadata from a source 100, a harvester 304 assigned to that source 100 uses a priori
knowledge of the way that data are organized by that source 100. Each harvester 304
may be a Python class configured to read programmatic metadata 102 from the source
100 to which it 1s assigned and to parse that programmatic metadata 102 into separate
chunks of data. Each chunk of data may specify one or more attributes of the
multimedia asset, ¢.g., the title, release year, etc. If the programmatic metadata 102
relates to a series or season of a TV show comprising a plurality of episodes of that
TV show, the metadata 102 from a source 100 may be parsed into chunks such that
cach chunk contains all the metadata from that source that relate to a particular
episode of that series. The harvesters 304 may use a schema that makes querying by

an agent 302 casy. At the same time, the harvesters 304 may use a schema that keeps
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the metadata in a format close to that provided by the sources 100. This tends to
allows for changes to be made 1 the agent code without having to re-parse the feeds.
In other embodiments, base harvester classes that make adding new sources casier
may be used. Examples include formats such as Media RSS, video sitemaps, CSV,

generic XML, etc.

[0027] At step s8, the parsed data (1.c., the data chunks) are stored by the
harvesters 304 1n the harvester tables repository 306, 1.¢., a database. Thus, after
metadata 102 from each of the sources 100 have been read, parsed, and stored by the
harvesters 304, the harvester tables repository 306 contains a set of chunks of data. If
the programmatic metadata relate to a series or secason of a TV show comprising a
plurality of episodes of that TV show, each episode of the TV show that 1s referred to

in the programmatic metadata relates to at least one chunk of data.

[0028] At step s10, the classifier servers 301 perform a “fetch™ process to retrieve

from the harvester tables repository 306 some or all of the stored metadata chunks.

[0029] As described 1n more detall in US Provisional Patent Application
61/444,721, programmatic metadata 102 from each the sources 100 may be wrapped
with an abstraction layer, represented by an agent 302. An agent 302 can be
implemented as a Python callable that returns an iterable of Python dict, a core Python
dictionary class. From the point of view of the rest of the system, an agent 302 may be
considered to be “a black box.” Arguments (1.¢., labels) that may be used 1dentify a
multimedia asset (e.g., title, release year, whether 1t 1S a movie or a series) may be
provided by the sources 100, and an agent 302 may return dictionaries conforming to
a specific format and containing metadata identifying an agent 302. An agent 302 may
be responsible for finding the right data, ¢.g., in case the source 100 stores
information about a multimedia asset under a different title. Preferably, this fetch

process takes less than 12 hours.

[0030] This fetch process may be performed by the multiple classifier servers 301.
The classifier processes performed by the classifier servers 301 are such that

programmatic metadata may be retrieved by agents 302 1n parallel. When the fetch
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process begins, the list of all titles (and other information relevant for the classifier
processes such as release years, directors, languages, etc.) 1s sent to a queue. The
classifier processes that perform the fetch process may be normal Python programs
that take a package from the queue, collect all necessary information, process it, and
store the results. The classifier processes then take another package from the queue.
By increasing the number of classifier processes involved, the fetch process can be
accelerated 1n an almost linear fashion. The classifier processes may operate so that
they do not share information with cach other. Thus, 1n effect, multiple classifier
processes perform independent fetch processes without blocking data or using a lot of

database transactions.

[0031] At step s12, the metadata chunks retrieved by the agents 302 are sent to the

classification module 303.

[0032] At step s18, for each source 100, the classification module 303 filters the
programmatic metadata chunks from that source 100. This 1s performed so that the
programmatic metadata from that source 100 relates to the episodes of a single TV
show. For example, for each of the sources 100, the classification module 303 may
filter the metadata chunks from cach of the sources to retain only the metadata chunks

that relate to a particular TV show.

[0033] At step s20, for each source 100, the classification module 303 orders the
filtered metadata chunks from that source 100. This 1s performed so that the chunks of
metadata from that source 100 are placed 1n episode order. For example, the data
chunks may be ordered so that the data chunk relating to a first episode of a season of
the TV show appears first, followed by the data chunk that relates to the next episode,
and so on, 1.¢., the metadata chunks may be ordered such that the first data chunk
refers to series 1, episode 1, of the TV show, the second data chunk refers to series 1,
episode 2, of the TV show, the third data chunk refers to series 1, episode 3, of the TV

show, and so on.

[0034] At step s22, using the metadata from the most reliable source 100 (the

reliability of the data sources having been specified at step s2) and the next (1.e.,
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second most reliable source) a modified Smith-Waterman algorithm 1s performed.
The Smith-Waterman algorithm may advantageously be modified 1n a simple way to
allow matching of items (1.¢., the alignment of sequences of items) with complex
values. The Smith-Waterman algorithm 1s used to perform local sequence alignment,
1.c., to align, the filtered and ordered data chunks from the two most reliable metadata
sources 100. The Smith-Waterman algorithm comprises forming a matrix of values of
a similarity metric, the (1,))th value being indicative of the similarity between the ith
data chunk from the most reliable data source and the jth data chunk from the second
most reliable data source. The similarity metric may be any appropriate metric. For
cxample, the similarity metric may be based upon a comparison between one or more
attributes (e.g., director, cast, first aired date, etc.) of the episode as specified 1n the
metadata from the most reliable source and those attributes of the episode as specified
in the metadata from the second most reliable source. The Smith Waterman algorithm
identifies patterns of high similarity values within the formed matrix. If the filtered
and sorted metadata from the two sources are already aligned and complete, then the
matrix will tend to show large values along the leading diagonal. If the filtered and
sorted metadata from the two sources are misaligned, then the diagonal may be
translated within the matrix. The translation may be used to align (or match) episodes
from the two sources. If metadata corresponding to a particular episode are missing
from the metadata from one or both sources, a “place holder” can be inserted into one
of the sources to align the episodes. If there 1s no 1identifiable pattern or the values of
the stmilarity metric within the matrix are all low, then it may be inferred that the data

sets tfrom the two different sources refer to ditferent TV shows.

[0035] The output of the Smith-Waterman algorithm performed at step s22 1s the
aligned metadata chunks from the two most reliable metadata sources, hereinafter

referred to as the “aligned metadata.”

[0036] At step s24 it 1s determined whether or not filtered and sorted metadata

from cach of the sources 100 have been aligned with the aligned metadata.
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[0037] If at step s24 1t 1s determined that filtered and sorted metadata from cach of
the sources 100 has not yet been aligned with the aligned metadata, then the method
proceeds to step s26.

[0038] If at step s24 1t 1s determined that filtered and sorted metadata from cach of
the sources 100 have been aligned with the aligned metadata, the method proceeds to

step s28, which 1s described in more detail below after the description of step s26.

[0039] At step s26, sorted and filtered metadata chunks from the next most
reliable data source 100 (that have not alrecady been aligned with the aligned
metadata) are aligned with the current aligned metadata. This alignment of the sorted
and filtered metadata chunks from the next most reliable data source 100 and the
current aligned metadata 1s performed using the modified Smith-Waterman algorithm,
as performed at step s22. Thus, the aligned metadata are updated to include the

metadata chunks from the next most reliable data source 100.

[0040] After step 26, the method proceeds back to step s24. Thus, the method
continues until the programmatic metadata from cach of the sources (that have been
filtered and ordered) have been aligned with the metadata chunks from cach of the
other sources. After the metadata chunks from each of the sources (that have been
filtered and ordered) have been aligned with the metadata from each of the other

sources, the method proceeds to step s28.

[0041] Thus, after having performed step s26, one or more clusters of metadata
arc formed. Each cluster of metadata may comprise those metadata chunks that are
aligned together. Each cluster of data chunks contains all those data chunks across one

or more data sources that correspond to the same episode of the TV show.

[0042] At step s28, for cach cluster, the data chunks within that cluster are
“merged” (1.c., the data are consolidated). For example, duplicate information
expressed by the data chunks within a cluster may be deleted. Thus a consolidated
version (or so-called “canonical” form) of ecach cluster 1s formed. Each consolidated
cluster of data chunks tends to relate to a respective episode of the TV show (that the

metadata were filtered to select data chunks for). The data in ecach cluster

10
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advantageously tend to be consistent, despite the cluster containing data chunks from

the plurality of different sources 100.

(004 3] At step s30, after the metadata from cach of the sources 100 (that have
been filtered and ordered) have been aligned with the metadata from each of the other

sources 100, the aligned metadata are stored by the classification module 303.

[0044)] Thus, the stored clusters of metadata form a list of episodes of the series of

the TV show. This list 1s hereinafter referred to as the “canonical list of episodes.”

[0045] Thus, a method for creating complete and consistent metadata for episodes

within a season (1.¢., series) of a TV show 1s provided.

[0046] The above described system and method advantageously tend to produce
consistent and complete metadata for episodes within a series or season of a given TV
show. The above described system and method advantageously tend to provide a
solution to a problem of matching programmatic metadata from different sources that
provide metadata relating to one or more seasons or series of TV shows, where the

individual programs are episodes within a series or seasons of a given TV show.

[0047] Different metadata sources 100 may treat some “episodes” of a TV show
differently from other metadata sources 100. For example, a multi-part episode of a
TV show may be treated as a single episode by one metadata source 100 but as
multiple episodes by another metadata source 100. This may cause mismatching (1.¢.,
misalignment) or mislabeling of episodes of the TV show. What 1s now described 1s
an cxample (optional) method for (automatically) identifying and correcting the
mismatching or the labeling of episodes that may be caused by metadata sources 100
treating some episodes of a TV show differently from how other metadata sources

100 treat them.

[0048] Figure 4 1s a process flow chart showing certain steps of a process of
identifying and correcting mismatching or mislabeling of episodes in a canonical list

of episodes.

11
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[0049] At step $39, a canonical list of episodes of a TV show 1s formed. In this
embodiment, the process of Figure 3 1s performed to form the canonical list of

episodes. However, 1n other embodiments a different process may be performed.

[0050] At step s40, a table 1s constructed. This may be performed by the
classification module 303. This table shows, for each of the data sources 100, to
which episode 1n the canonical list of episodes the metadata chunks from that source

have been matched (or aligned).

[0051] Figure 5 18 a schematic illustration of an example of the table that 1s
constructed at step s40. Each X in the table represents a data chunk. The column that
an X 1s 1n indicates the data source 100 from which that data chunk originated. The
row that an X 18 1n indicates the episode in the canonical list to which that data chunk

has been matched (aligned).

[0052] At step s42, for cach source 100, 1t 1s determined whether more than one
data chunk from that data source 100 has been matched to a single episode from the
canonical list of episodes (1.c., whether more than one data chunk from that source 1s
within a single cluster). For example, in Figure 5, two data chunks from each of Data
Source 3 and Data Source 4 have been mapped to Series 1, Episode 3, of the
canonical list of episodes. This step may be performed by the classification module

303, 1.¢., automatically.

[0053] At step s44, for ecach source 100, it may be determined whether any
metadata chunks from that source 100 have not been matched to an episode from the
canonical list. Instead of or 1n addition to this, at step s44 1t may be determined, for
cach source 100, whether there 1s an episode in the canonical list to which no
metadata chunk from that source 100 has been matched. This step may be performed

by the classification module 303, 1.¢., automatically.

[0054] At step s46, the mconsistencies (which may be thought of as errors)
determined at step s42 or step s44 are corrected. This may be done 1n any appropriate
way. For example, 1f two data chunks from a single source 100 have been matched to

a single episode from the canonical list of episodes, one of those data chunks may be
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matched (e.g., by the classification module 303, 1.c., automatically) to a different
episode from the canonical list of episodes. Also for example, 1f a metadata chunk
from a certain source 100 has not been matched to an episode from the canonical list,
that metadata chunk may be matched to an episode from the canonical list. For
example, in Figure 5, one of the two data chunks from Data Source 3 that has been
matched to Series 1, Episode 3, of the canonical list of episodes may be matched to
Series 1, Episode 4, of the canonical list of episodes. Likewise, in Figure 5, one of the
two data chunks from Data Source 4 that has been matched to Series 1, Episode 3, of
the canonical list of episodes may be matched to Series 1, Episode 4, of the canonical

l1st of episodes. This step may be performed by the classification module 303.

[0055] Thus, a method of identifying and correcting the mismatching or

mislabeling of episodes 1s provided.

[0056] An advantage provided by the above described method of identifying and
correcting mismatching or mislabeling of episodes 1s that consistent and complete
metadata for episodes within a series or scason of a given TV show can be formed
(automatically) even 1f different metadata sources 100 may treat or label some

episodes of a TV show differently from other metadata sources 100.

[0057] Furthermore, the above described table which shows, for each of the data
sources 100, to which episode 1in the canonical list of episodes the metadata chunks
from that source 100 have been matched 1s an advantageously simple representation

of the aligned metadata.

[0058] What 1s now described, with reference to Figure 6, 1S an example
(optional) method 1n which aligned metadata may be manually corrected and 1n which

new metadata items may be aligned.

[0059] At step s50, a sct of consistent metadata for episodes within a season (1.¢.,
serics) of a TV show 1s formed. In this embodiment, the process of Figure 3 1s
performed to form the set of complete and consistent metadata for episodes within
scason of a TV show. However, 1in other embodiments a different process may be

performed.
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[0060] At step 852, a process of editing the alignment of metadata 1s performed.
This process may be performed manually 1n any appropriate way. For example, the
canonical list of episodes (determined at step s50) may be displayed (to an editor, ¢.g.,
a human editor on a visual interface) alongside all metadata chunks from each of the
data sources 100. The editor may then, using the visual interface, edit, change,
modify, correct, etc. the alignment of metadata from one or more sources 100 with the
metadata from one or more different sources 100 or with the canonical list of
episodes. The canonical list of episodes and the aligned metadata chunks from the
different sources 100 may be displayed to the editor in a table. Data chunks that have
not yet been aligned with the canonical list of episodes, or with other metadata
chunks, (¢.g., new metadata 1items) may be flagged as such so that the editor may

align them.

[0061] The output of step s52 1s heremafter referred to as the “updated aligned

metadata.”

[0062] The changes made (at step s52) by the editor to the alignment of the
programmatic metadata chunks are used to align new or updated metadata that are
received from one or more of the data sources 100 after the editor has made his
corrections. For example, steps s56 through s60 (described i more detail below)
describe a process of aligning new or updated metadata that are received from one or
more of the data sources 100 after the editor has made his corrections with the
updated aligned metadata. This process (1.€., steps s56 through s60) may be performed

before the human editor again edits or corrects the metadata alignment.

[0063] Thus, for example, new or updated metadata for a TV show may be
recerved by the production cluster 300 and aligned with the current updated aligned
metadata every few hours (or with a different, relatively short frequency). The human
operator may edit this metadata alignment every couple of days or every week (or

with a different, relatively long frequency).

[0064] At step s56, new programmatic metadata (1.¢., metadata that has not

previously been processed) or updated programmatic metadata are received by the
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production cluster 300. The new or updated programmatic metadata relate to the same

TV show that the updated aligned metadata (produced at step s52) relate to.

[0065] At step s58, the new programmatic metadata 1s aligned with the updated
aligned metadata. This alignment may be performed by filtering and ordering the new
metadata and aligning the filtered, ordered new metadata, e¢.g., using the modified
Smith-Waterman algorithm. This step may be performed by the classification module
303. In this embodiment, the most recent changes made to the alignment of metadata
with the canonical list of episodes (at step s52) are taken into account when the new
or updated metadata are aligned with the canonical list of episodes. For example, 1f, at
step s52, the editor changed metadata relating to the TV show from a particular
source, then at step s58 new or updated metadata relating to the TV show from the
same particular source would be changed in the same way during alignment.
Weighted comparisons between one or more attributes (e.g., episode 1dentifiers, titles,
ctc.) of the new or updated metadata and the updated aligned metadata may be

determined during the alignment process.

[0066] The output of step s58 i1s hercinafter referred to as the “new aligned

metadata.”

[0067] At step s60, the new aligned metadata may be stored or published (or made
available 1n some other way to users of that data, ¢.g., multimedia content providers).
The new aligned metadata may be further edited, changed, modified, or corrected,
c.g., as performed at step s52. After a number of iterations of steps $56 through s60,
the alignment of the metadata may be re-edited by the human editor as described

above with reference to step s52 through 54.

[0068] Thus, a process 1n which aligned metadata that have been corrected are

used 1n the alignment of further metadata 1s provided.

[0069] In addition to those advantages mentioned above, the method of Figure 6
advantageously tends to provide that any edits, changes, modifications, corrections,
ctc. of the aligned metadata may be taken into account when processing new

programmatic metadata (¢.g., for a further data source 100). This tends to reduce the
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chances that the new aligned metadata need to be further edited, changed, modified,

or corrected 1n some way.

[0070] In view of the many possible embodiments to which the principles of the
present invention may be applied, 1t should be recognized that the embodiments
described herein with respect to the drawing figures are meant to be 1llustrative only
and should not be taken as limiting the scope of the invention. Therefore, the
invention as described herein contemplates all such embodiments as may come within

the scope of the following claams and  equivalents  therecof.
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What is claimed is:

1. A method of correlating metadata from a plurality of different sources, the method
comprising:

providing an order for the data sources;

receiving, by one or more processors, from each of the data sources, respective metadata

relating to the same multimedia content;

dividing, by the one or more processors, the metadata from each of the data sources into

one or more metadata chunks;

selecting, by the one or more processors, the metadata chunks that originated from a first

data source 1n the order;

selecting, by the one or more processors, the metadata chunks that originated from a

second data source 1n the order;

performing, by the one or more processors, an alignment process to align the metadata
chunks that originated from the first data source with the metadata chunks that originated from

the second data source, thereby providing currently aligned metadata;

iteratively performing, by the one or more processors, steps (1) to (iii) until steps (i) to

(iii) have been performed using the metadata from each of the data sources, wherein:

step (1) comprises selecting the metadata chunks that originated from a next data

source in the order, the metadata chunks selected at step (i) having not previously been selected;

step (11) comprises performing the alignment process to align the metadata chunks

selected at step (1) with the currently aligned metadata, thereby providing updated aligned

metadata and

step (111) comprises defining the updated aligned metadata resulting from step (ii)
as the currently aligned metadata; and defining as correlated metadata, the currently aligned
metadata produced by iteratively performing steps (i) to (ii) until steps (i) to (ii) have been

performed using the metadata from each of the data sources.
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2. A method according to claim 1 wherein the order for the data sources depends on

reliability of the data sources.

3. A method according to claim 1 wherein the metadata from each of the data sources relate

to one or more episodes of a television show.

4. A method according to claim 3 wherein the metadata from a data source specifies one or
more attributes selected from a group of attributes consisting of: episode information, series

information, cast information, crew information and broadcast information.

5. A method according to claim 3 wherein each of the one or more metadata chunks into

which metadata from a data source are divided relates to a single episode of the television show.

6. A method according to claim 1 wherein the alignment process comprises performing a

Smith-Waterman algorithm modified to allow matching of items with complex values.

7. A method according to claim 1 further comprising, for each data source, filtering, by the
one or more processors, such that the metadata from each data source relates to a single

television show.

8. A method according to claim 1 further comprising, for each data source, sorting, by the
one or more processors, the metadata chunks such that the sorted metadata chunks are in a

predefined order.

9. A method according to claim 3 further comprising performing, by the one or more
processors, a clustering process on the correlated metadata to group together metadata chunks

that relate to a same episode of the television show.
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10. A method according to claim 9 further comprising performing, by the one or more
processors, a consolidation method on the groups of metadata chunks so as to delete duplicate

information .

11. A method according to claim 10 further comprising providing, for use by an entity

remote from the one or more processors, the consolidated groups.

12. A method according to claim 10 further comprising either:

detecting, by the one or more processors, an incorrect mapping of a metadata chunk to a

metadata cluster; or

detecting, by the one or more processors, that more than one metadata chunk originating

from the same data source has been mapped to the same metadata cluster, thereby detecting an

inconsistency; or

detecting, by the one or more processors, that a metadata chunk has not been mapped to a

metadata cluster, thereby detecting an inconsistency.

13. A method according to claim 12 further comprising, 1f an incorrect mapping of a

metadata chunk to a metadata cluster is detected, then correcting, by the one or more processors,

the incorrect mapping.

14. A method according to claim 12 further comprising, 1f it 1s detected that more than one
of the metadata chunks originating from the same data source have been mapped to the same
metadata cluster, changing, by the one or more processors, the mappings of the metadata chunks
to the metadata clusters such that each of the metadata chunks originating from the same data

source 1s mapped to a different single metadata cluster.
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15. A method according to claim 12 further comprising, if it is detected that a metadata

chunk has not been mapped to a metadata cluster, then mapping, by the one or more processors,

the metadata chunk to the metadata cluster.

16. A method according to claim 12 further comprising:

displaying, to a human operator using a graphical user interface operatively connected to

the one or more processors, determined mappings; and

editing, by the user using the graphical user interface, a mapping between one or more

metadata chunks and one or more of the metadata clusters such that a detected inconsistency in

the correlated metadata is removed:
wherein an inconsistency is either:

an incorrect mapping of a metadata chunk to a metadata cluster; or

a mapping of more than one metadata chunk originating from the same data

source to the same metadata cluster; or

one or more of the metadata chunks not being mapped to a metadata cluster.

17. A method according to claim 10 further comprising:

receiving, by one or more processors, further metadata from a further data source;

dividing, by the one or more processors, the metadata from the further data source into

one or more chunks : and

performing, by the one or more processors, an alignment process to align the metadata

chunks that originated from the further data source with the groups.

18. A method according to claim 17 further comprising:

displaying, by a computer processing system on a graphical user interface, a mapping

between the metadata chunks that originated from the further data source and the groups; and
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editing, by a human operator using the graphical user interface, a mapping between one
or more of the metadata chunks that originated from the further data source and one or more of

the groups.

19.  Apparatus for correlating metadata from a plurality of different sources, , the apparatus

comprising one or more processors configured to:

receive, from each of the data sources, respective metadata relating to the same

multimedia content;

for each data source, divide the metadata from each of the data sources into one or more

metadata chunks ;

select the metadata chunks that originated from a first data source of a predefined order

of the data sources;

select the metadata chunks that originated from a second data source in the predefined

order;

perform an alignment process to align the metadata chunks that originated from the first
data source with the metadata chunks that originated from the second data source, thereby

providing currently aligned metadata;

interactively perform steps (1) to (iit) until steps (i) to (iii) have been performed using the

metadata from each of the data sources, wherein:

step (1) comprises selecting the metadata chunks that originated from a next data

source 1n the predetined order, the metadata chunks selected at step (1) having not previously

been selected;

step (11) comprises performing the alignment process to align the metadata chunks
selected at step (1) with the currently aligned metadata, thereby providing updated aligned

metadata; and

step (111) comprises defining the updated aligned metadata resulting from step (ii)

as the currently aligned metadata; and
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wherein the currently aligned metadata produced by iteratively performing steps (1) to (ii)

until steps (1) to (ii1) have been performed using the metadata from each of the data sources are

defined as correlated metadata.

20.  Apparatus according to claim 19 wherein the predefined order for the data sources

depends on rehiability of the data sources.
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