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interface provided on a display of a user device from a first
user associated with a pre-determined user group. The
information includes an identification of a) a source lan-
guage and b) a target language to which translation from the
source language 1s requested. The method also includes
determining that one or more second users of the pre-
determined user group 1s associated with the source lan-
guage and associated with the target language. This can be
determined based on accessing a data repository that stores
language capabilities of users within the pre-determined user
group, wherein the language capabilities are determined
automatically based on mining a corpus of electronic docu-
ments associated with the pre-determined user group. An
identification of the one or more second users can be
displayed on the user interface.
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AUTOMATIC TRANSLATOR
IDENTIFICATION

TECHNICAL FIELD

This document describes technology related to automati-
cally 1identifying translators for electronic communications.

BACKGROUND

Email systems often allow users to exchange email mes-
sages 1n different languages and scripts. A user of an email
system may use more than one language or script.

SUMMARY

In a general aspect 1, a computer-implemented method for
identifying candidate translation capabilities comprises:
transmitting, from a client device to a remote server, a
request for a translation of the content from a source
language to a target language, the request identifying the
source language and the target language; identifying, by the
remote server and based on the request, one or more
candidate users that are likely to be able to translate the
content from the source language to the target language,
based on electronic communications or electronic docu-
ments associated with the one or more candidate users; and
providing, by the remote server, contact information of the
one or more candidate users to the client device.

In a general aspect 2, a computer storage medium storing
computer-readable instructions, which when executed by
one or more computers, cause the one or more computers to
perform operations, the operations comprising: receiving, by
a server and from a client device, a request for a translation
of content from a source language to a target language, the
request 1dentifying the source language and the target lan-
guage; 1dentifying, by the server and based on the request,
one or more candidate users that are likely to be able to
translate the content from the source language to the target
language, based on electronic communications or electronic
documents associated with the one or more candidate users;
and providing, by the server, contact information of the one
or more candidate users to the client device.

In a general aspect 3, a client device comprises: one or
more processors; and a processor-readable medium coupled
to the one or more processors having instructions stored
thereon which, when executed by the one or more proces-
sors, cause the one or more processors to perform operations
for 1dentitying candidate translation capabilities, the opera-
tions comprising: transmitting, from the client device to a
remote server, a request for a translation of content from a
source language to a target language, the request identifying
the source language and the target language; and receiving
contact information of one or more candidate users from the
remote server, wherein the one or more candidate users were
identified to likely be able to translate the content from the
source language to the target language, based on electronic
communications or electronic documents associated with
the one or more candidate users.

In a general aspect 4, a computer system comprises: a
database storing electronic communications or electronic
documents associated with multiple users; an analysis
engine configured to: receive, from a client device, a request
for a translation of content from a source language to a target
language; 1dentily, by the analysis engine and based on the
request, one or more candidate users from the multiple users,
wherein the one or more candidate users are likely be able
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to translate the content from the source language to the target
language, based on electronic communications or electronic
documents associated with the one or more candidate users;
and a communication engine configured to provide contact
information of the one or more candidate users to the client
device.

In aspect 5 according to aspect 4, the database 1s config-
ured to receive a change to the electronic communications,
to the electronic documents, or to the associated multiple
users; the analysis engine 1s further configured to: updating,
upon the receiving of the change, the one or more candidate
users that are likely be able to translate the content from the
source language to the target language; and the communi-
cation engine 1s further configured to provide contact infor-
mation of the updated one or more candidate users to the
client device.

In aspect 6 according to any one of aspects 1 to 5, the
identifying of the one or more candidate users that are likely
to be able to translate the content from the source language
to the target language comprises: analyzing content of the
electronic communications or the electronic documents
assoclated with the one or more candidate users; and deter-
mining that the electronic communications or electronic
documents associated with the one or more candidate users
include an amount or fraction or percentage of content 1n the
source language and in the target language above a prede-
termined threshold or rate.

In aspect 7 according to aspect 6, the analyzing of content
of the electronic communications or the electronic docu-
ments associated with the one or more candidate users
comprises: mining at least one of emails, phone calls, blog
entries, voice recordings, text files, graphic files, videos, or
images associated with the one or more candidate users.

In aspect 8 according to any one of aspects 6 to 7, the
determining that the electronic communications or elec-
tronic documents associated with the one or more candidate
users include an amount of content 1n the source language
and 1n the target language above a predetermined threshold
includes: using a look-up table storing frequently used
words or language-specific characters to distinguish
between diflerent languages.

In aspect 9 according to any one of aspects 6 to 8, the
client device receives, prior to the transmitting, an electronic
communication or an electronic document containing the
content 1n the source language.

In aspect 10 according to any one of aspects 6 to 9, the
determining that the electronic communications or elec-
tronic documents associated with the one or more candidate
users include an amount of content 1n the source language
and 1n the target language above a predetermined threshold
includes: determining a compressibility of written text and
comparing the determined compressibility with known val-
ues to distinguish between different languages.

In aspect 11 according to any one of aspects 6 to 10, the
determining that the electronic communications or elec-
tronic documents associated with the one or more candidate
users include an amount of content in the source language
and 1n the target language above a predetermined threshold
includes: extracting features from the electronic communi-
cations or the electronic documents during run-time, and
identifying or distinguishing between languages based on
the extracted features and by using a machine learning
algorithm that was trained on traiming data for multiple
languages.

In aspect 12 according to any one of aspects 1 to 11,
receiving of the electronic communication or the electronic
document containing content 1n a source language includes:
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while the electronic communication or the electronic docu-
ment 1s being composed 1n a user interface provided by the
client device: 1dentifying, by the client device, the source
language; and transmitting, from the client device to a
remote server, the request for the translation of the content
to the target language, the request 1dentifying the identified
source language and the target language.

In aspect 13 according to any one of aspects 1 to 12, the
receiving of the electronic communication or the electronic
document containing content 1n a source language includes:
while the electronic communication or the electronic docu-
ment 1s being composed 1n a user interface provided by the
client device: 1dentifying, by the client device, the source
language by extracting features from the electronic commu-
nications or the electronic documents during run-time, and
identifying or distinguishing between languages based on
the extracted features and by using a machine learning
algorithm that was trained on training data for multiple
languages; and transmitting, from the client device to a
remote server, the request for the translation of the content
to the target language, the request 1dentifying the identified
source language and the target language.

In aspect 14 according to any one of aspects 1 to 13, the
providing of the contact information of the one or more
candidate users to the client device includes: automatically
establishing an electronic communication channel between
the client device and the identified one or more candidate
users.

In aspect 15 according to any one of aspects 1 to 14, the
identifying of the one or more candidate users that are likely
to be able to translate the content from the source language
to the target language comprises: comparing vocabulary
used by the one or more candidate users to words stored in
a database.

In aspect 16 according to any one of aspects 1 to 15, the
content includes at least one of text data, image data,
graphical data, video data, or audio data.

In another aspect, this document features a method that
includes receiving information via a user intertace provided
on a display of a user device from a first user associated with
a pre-determined user group. The information includes an
identification of a) a source language and b) a target lan-
guage to which translation from the source language 1is
requested. The method also 1includes determining that one or
more second users of the pre-determined user group 1is
associated with the source language and associated with the
target language. This can be determined based on accessing
a data repository that stores language capabilities of users
within the pre-determined user group. The language capa-
bilities of the users within the user group are determined
automatically based on mining a corpus of electronic docu-
ments associated with the pre-determined user group. The
method further includes causing an identification of the one
or more second users to be displayed on the user interface.

In another aspect, this document features a method that
includes automatically inferring abilities of users to perform
language translations. This can be done based on informa-
tion 1n one or more documents associated with the users. The
method also includes maintaining a database of the abilities
of the respective users, and 1n response to an indication of
a language translation to be performed for a user, querying
the database to identily one or more candidate users to
perform the language translation.

In another aspect, this document features a system that
includes an analysis engine. The analysis engine includes a
processor, and 1s configured to receive, via a user interface,
from a first user associated with a pre-determined user
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group, an 1dentification of a) a source language and b) a
target language to which translation from the source lan-
guage 1s requested. The analysis engine 1s also configured to
determine that one or more second users of the pre-deter-
mined user group 1s associated with the source language and
associated with the target language. This 1s done based on
accessing a data repository that stores language capabilities
of users within the pre-determined user group. The language
capabilities of the users within the user group are determined
automatically based on mining a corpus of email electronic
documents associated with the pre-determined user group.
The analysis engine 1s further configured to cause an 1den-
tification of the one or more second users to be displayed on
the user interface.

In another aspect, this document describes a system that
includes an analysis engine. The analysis engine includes a
processor, and 1s configured to automatically infer abilities
of users to perform language translations. This can be done
based on information in one or more documents associated
with the users. The analysis engine 1s also configured to
maintain a database of the abilities of the respective users.
In response to an indication of a language translation to be
performed for a user, the analysis engine 1s configured to
query the database to 1dentily one or more candidate users
to perform the language translation.

In another aspect, this document features a computer
readable storage device that stores a computer program
product i1ncluding machine-readable instructions. The
instructions, when executed, cause a computer system to
carry out operations that include receiving, via a user
interface provided on a display of a user device, information
from a first user associated with a pre-determined user
group. The information includes an identification of a) a
source language and b) a target language to which transla-
tion from the source language 1s requested. The operations
include determining that one or more second users of the
pre-determined user group 1s associated with the source
language and associated with the target language. This 1s
determined based on accessing a data repository that stores
language capabilities of users within the pre-determined user
group. The language capabilities of the users within the user
group are determined automatically based on mining a
corpus of electronic documents associated with the pre-
determined user group. The operations also include causing
an 1dentification of the one or more second users to be
displayed on the user interface.

In another aspect, this document features a computer
readable storage device that stores a computer program
product 1ncluding machine-readable instructions. The
instructions, when executed, cause a computer system to
carry out operations that include automatically inferring
abilities of users to perform language translations. This 1s
determined based on information 1n one or more documents
that the users are associated with. The operations also
include maintaining a database of the abilities of the respec-
tive users. The operations further include querying the
database, 1n response to an indication of a language trans-
lation to be performed for a user, to i1dentify one or more
candidate users to perform the language translation.

Implementations of the above aspects can include one or
more of the following.

The user device can be verified to be associated with a
user of the user group. The language capabilities of the users
within the user group can be determined based on 1dentify-
ing a particular language from email and other electronic
documents of the corpus, identifying one or more users
associated with the email electronic documents, and storing
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the particular language as a language capability of the
identified one or more users. At least some of the one or
more users associated with the electronic documents can be
each either a sender or a recipient of a threshold number of
the electronic documents. The particular language can be
identified from the electronic documents by analyzing an
attachment associated with at least one of the electronic
documents. The electronic documents can include a thresh-
old quantity of text written by the identified one or more
users. The display of the identification of the one or more
second users can be based on a permission that allows a
corresponding second user to be i1dentified to one or more
other users in the user group. The permission can be
provided by the corresponding second user. The user inter-
face can be provided on the display of the user device 1n
response to recerving an indication that a translation task 1s
to be performed. The electronic documents can include one
or more of emails and documents attached to emails, or both.
The abilities can include language capabilities and non-
language capabilities.

In various 1implementations, the technology described in
the document may provide one or more of the following
advantages. Language capabilities of various users within an
organization can be automatically and ethciently identified
to another user who 1s 1n need of a translator or interpreter.
A database of language capabilities and fluency can be
automatically maintained and updated by analyzing elec-
tronic communication documents such as emails and instant
messages, thereby avoiding the need to solicit feedback
from individual users. Existing translation capabilities may
be rapidly i1dentified and tracked with various data analysis
or data mining techniques. The identification of the trans-
lation capabilities may be performed in parallel to the
composing of electronic communications or electronic
documents. A faster and/or more accurate translation of
electronic content may be achieved.

Other aspects, features, and advantages will be apparent
from the description and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an email system.

FIG. 2A 1s an example of a user interface used in
automatic translator identification.

FIG. 2B 1s an example of a user interface used in
identifying language capabilities of users.

FIG. 3 1s a flowchart showing an example sequence of
operations for storing language capabilities of users.

FIG. 4 1s a flowchart showing an example sequence of
operations for identifying a potential translator.

FIG. § 1s a block diagram of a computing device.

DETAILED DESCRIPTION

With ever-increasing global communications 1n various
languages, particularly over electronic media, users in vari-
ous corporate or other organizations often encounter situa-
tions 1n which they need to communicate 1n a language they
are not familiar with. In some cases, it 1s useful to seek help
from another individual (e.g., a co-worker) who 1s familiar
with the particular language. While some companies or
mstitutions may manually maintain a database on language
capabilities of various employees or users, maintaining such
a database manually may be inaccurate, outdated, and/or
expensive. The technology described 1n this document can
be used to create and maintain a database of language-
capabilities for different users by analyzing (“miming”)
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6

documents produced by those users. When a translation or
other language-related need arises, the user 1n need may
query the database and receive suggestions on other users
who may be able to help out.

Language-related needs can be of various types. For
example, an English-speaking user who 1s not proficient 1n
Japanese may receive an email or document composed 1n
Japanese and subsequently need help 1n translating the email
or document to English. In such a case, the English-speaking
user may need help from another user who has adequate
reading and writing capabilities in both English and Japa-
nese to help out with the task of translation. As another
example, an English-speaking user may be meeting a person
who speaks only Japanese, and may seek an interpreter with
adequate spoken fluency 1n both languages. As another
example, a team of English speakers traveling to Japan may
wish to 1include someone with particular qualifications who
1s also fluent 1n Japanese.

In some 1implementations, 1f an organization’s email com-
munications and attachments (e.g., documents, files, etc.)
and other non-email documents are stored in a data reposi-
tory, the repository can be mined to identity language
capabilities of various users. For example, 1f the emails
and/or documents received or sent by a particular user
indicate that the user regularly communicates in Japanese
and English, a determination may be made that the particular
user 1s proficient 1n both languages. This language-capabil-
ity information for the particular user can be stored 1n a
database. The database of the language capabilities can be
automatically maintained and updated as users or employees
are added or removed from the organization, and used to find
the right person when a translation or other language-related
need arises. While the following description uses emails as
primary examples of electronic communications, the tech-
nology described here can be extended for other forms of
clectronic communications such as instant messages, mul-
timedia messages, short messages, voicemails, and other
non-email electronic communications.

FIG. 1 shows a block diagram of an example of a
communication system 100 that can be used in automatically
identifying the language capabilities of the various users
102a, 1025, 102¢ (102, 1n general) of the system. The users
102 exchange communications (which may also be inter-
changeably referred to as email communications) 101a,
1015, 101¢ (101, 1n general) via the communication system
100 that includes one or more server computers 105. (We
will refer to a single server computer 105 1n the foregoing
text, but implementations of the communication system 100
may use a single server computer 105 or multiple server
computers 105 operating 1n conjunction with one another,
including, for example, a set of remote computers deployed
as a cloud computing service.) The communications 101 can
include various modes, media, methods, means, or mecha-
nisms for carrying information between or among users 102.
For example, the communications 101 can include emails,
instant messages, blog posts, social media content, memo-
randa, news articles, videos, audio recordings, telephone
calls, speeches, slide presentations, spreadsheets, word pro-
cessing documents, or reports, to name a few. In some
implementations, the communications 101 can include one
or more attachments 104. Similar to the communications
101, the attachments 104 can also include, for example,
emails, instant messages, blog posts, social media content,
memoranda, news articles, videos, audio recordings, tele-
phone calls, speeches, slide presentations, spreadsheets,
word processing documents, or reports. In some 1mplemen-
tations, mining a repository of email communications can
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include mining one or more types of the communications
and/or attachments listed above.

In some 1implementations, the users 102 are employees or
otherwise afliliated to a particular group or organization. A
group or organization can include, for example, companies,
employers, organizations, governments, or other entities that
maintain a communication system similar to the system 100.
The communications 101 exchanged by the users 102 may
be created or composed by one of the users 102, or origi-
nating from a source external to the system 100 (e.g., a
sender at another company or organization). Composing a
communication 101 can include, for example, creating,
formatting, assembling, authoring, or entering the commu-
nication 101. In some implementations, the email commu-
nications and/or attachments can be mined based on receiv-
ing appropriate permissions from the users composing or
receiving the communications, or i accordance with stan-
dard policies of the organization. For example, employees of
a particular organization may be notified (e.g., via employ-
ment contracts) that the emails and documents exchanged
using the organization’s email system might be stored and
mined, for example, to identily language capabilities of the
users. Users may be given an option to opt out of this data
mimng. In this way, the privacy preferences of each user can
be preserved.

The communications 101 include various content 1034,
1035, 103¢ (103, 1n general). The content 103 can include
various aspects, features, or elements of the communications
that could have meaning or value or use for the users 102.
The content 103 can include, for example, letters, words,
phrases, sentences, numbers, 1images, video, graphics, and
audio, a combination of which may convey, for example,
intent, concepts, plans, goals, wishes, models, characteriza-
tions, or 1deas of one or more users. The content 103 can be
in various languages. For example, in FIG. 1, the content
103a 1s 1n Japanese, content 1035 1s 1n English, and content
103c¢ 1s 1n Hind1. In some implementations, the content 103
may be depicted 1n a corresponding script, or phonetically
represented using another script. For example, Hindi content
may be represented using Devanagari script, or may be
phonetically represented using English script. Voice recog-
nition applied to audio may reveal spoken fluency while
leaving written fluency undetermined.

At least some of the commumnications 101 to and from the
users 102 can be archived within the server computer 105.
In some implementations, the communications 101 archived
at the server computer 105 can include information that has
been stored, held, placed 1n a repository, accumulated,
aggregated, transmitted, or assembled from the communi-
cations that pass through the server computer 105. The
archived communications can be stored, for example, within
a storage device that 1s local to the server computer, or
within a storage device that 1s remote to, but accessible by,
the server computer 105. In some 1mplementations,
archiving the communications 101 can be made scalable,
with the size of the archive being progressively increased as
the number of archived communications continues to
1ncrease.

In some implementations, the server computer 105 can
include a messaging gateway such as an email gateway 106
through which the communications 101 are exchanged.
Even though FIG. 1 shows an email gateway 106 as an
example of the messaging gateway, the technology
described 1n this document can also be used with other
messaging gateways such as a short messaging service
(SMS) gateway or a multimedia messaging service (MMS)
gateway. In some implementations, the email gateway 106
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can be implemented as a part of the server computer 105. In
some 1implementations, the email gateway 106 can include a
computing device or module that serves as an interface
between a client device of a user (we sometimes refer to a
client device of a user as a user device) and the server
computer 105. For example, the email gateway 106 may be
configured to receive an external communication from a
sending device, and forward the external communication to
a user 102 as a communication 101.

In some 1implementations, the email gateway 106 may be
configured to extract information (e.g., recipient informa-
tion) from a received email message, and communicate the
information to the server computer 105 such that the server
computer may direct the email message to the correct
recipient. For the return path, the email gateway can be
configured to receive a communication 101 from the server
computer 105, and forward the communication 101 as an
email message to the appropriate recipient device (e.g., an
external server).

In some implementations, the server computer 105
includes an analysis engine 107 that analyzes the commu-
nications passing through the server computer 105 (and/or
the email gateway 106) to determine language capabilities of
the users 102 associated with the communications 101. For
example, the analysis engine 107 can be configured to
analyze the communications 101 to identify a language of
the corresponding content 103. In some i1mplementations,
the analysis engine 107 operates on a diflerent system than
the server computer 105, and the server computer 1035
communicates with (e.g., transfers data to and from) the
other system.

The analysis engine 107 can be configured to perform
language identification 1n various ways. For example, 1n
some 1mplementations, the analysis engine 107 can make
use of stored tables of frequently used words and/or distinc-
tive letters or characters to 1identity and distinguish between
different languages. For languages that use distinctive
scripts (e.g., Japanese or Hebrew), the analysis engine 107
may use a character recognition engine (e.g., an optical
character recognition (OCR) system) to i1dentify the script,
and determine the language based on the identified script.
For languages that share a common or overlapping script
(e.g., English and Spanish), the analysis engine 107 can also
use tables of frequently occurring words to distinguish
between such languages. To distinguish between dialects or
languages that share commonly occurring words, the analy-
s1s engine 107 can make use of more complex tools such as
orthography. Orthographic information used by the analysis
engine 107 can include various rules for using a script to
write a particular language. Such rules can include, for
example, rules of spelling, hyphenation, capitalization, word
breaks, emphasis or punctuation. Orthographic information
can also be used in distinguishing between dialects or
regional variations of a same language (e.g., British English
and American English). Sometimes language identification
will be available 1n the form of explicit language tags, as in
the optional “Content-Language™ field of email and other
MIME objects.

In some 1implementations, the analysis engine 107 can be
configured to use various computational techniques to 1den-
tify languages. For example, a language can be identified by
determining a compressibility of text written in the lan-
guage. In such cases, a mutual information based metric can
be used to measure compressibility as distances between
different words, and the measured compressibility can be
compared with known values to 1dentily a language. In some
implementations, the analysis engine 107 can be configured
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to use machine learning techniques to identify languages.
For example, during a training phase, the analysis engine
107 can be trained using training data (e.g., n-gram models)
for various languages. A trained analysis engine 107 can be
configured to extract features from given text during run-
time, and 1dentily or distinguish between the languages
based on the extracted features. Various types of machine-
learning techniques may be used 1n 1dentifying or classitying
various languages. Various supervised, unsupervised, or
semi-supervised machine learning techniques can be used by
the analysis engine 107 to identify or classity languages. The
analysis engine 107 can use various tools in implementing
such machine-learning techniques. Examples of such tools
include decision trees, artificial neural networks, support
vector machines, Bayesian statistics, classifiers, Markov
models, and conditional random fields. Other techniques for
language 1dentifications are also possible.

The analysis engine 107 can be configured to identify
language capabilities of the various users 102 of the system
100 by analyzing the communications 101 originating from,
or directed to, the users 102. The determined language
capabilities of the users 102 can then be stored, for example,
within a database 108. In some implementations, the server
computer 105 may have access to several databases 108. The
database 108 may be available locally to the server computer
105 (for example, 1n a data storage component of the server
computer 105), or may be accessible via a network such as
a local area network (LAN) or the Internet. In some 1mple-
mentations, the analysis engine 107 can also be configured
to 1dentily capabilities that are independent of the language
capabilities. Such capabilities can be referred to as non-
language capabilities. The analysis engine can also be con-
figured to i1dentily the language and/or non-language capa-
bilities by analyzing other sources of information including,
for example, browsing histories, social media profiles, or
blogs associated with the users. The non-language capabili-
ties may be capabilities such as proficiency 1n an academic
discipline (e.g., actuarial mathematics, accounting, world
history, linguistics, etc.) or proficiency 1n a technical skaill
(e.g, a programming language such as Perl or Java, an
engineering topic such as Internet protocol standards, etc.)
or proficiency in another area of knowledge (e.g., sports
trivia, rock music, etc.).

The analysis engine 107 can be configured to determine
language capabilities of the users 102 1n various ways. In
some implementations, a user 102 1s determined to have a
particular language capability 11 an amount of communica-
tions 101 received or sent by the user in the particular
language satisfies a threshold condition. For example, 1f the
analysis engine 107 determines that the user 102a (Alice A.)
sends or receives a predetermined percentage (e.g., 20%) of
communications 1n Japanese, the user 102a may be 1dent-
fied as a person proficient 1n Japanese. In some 1implemen-
tations, mcoming and outgoing communications may be
analyzed separately to determine language capabilities. For
example, if 20% of incoming communications and 0% of
outgoing communications for user 102a 1s determined to be
in Spanish, the analysis engine 107 may infer that the
received Spanish communications are either sent to the user
102a 1n error or unsolicited email (e.g., “spam’), and that the
user 102a does not actually communicate 1n Spanish. In
contrast, 1f the user 102a replies, forwards, archives, or
otherwise acts on the Spanish incoming communications,
the analysis engine 107 may infer that user 102q 1s proficient
in Spanish above a threshold of proficiency.

In some 1implementations, the analysis engine 107 can be
configured to determine various types of language capabili-
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ties for the users 102. For example, 1f a user receives a
significant amount of communications (e.g., 20%) 1n Span-
1sh, but responds to those communications 1n English, the
analysis engine 107 can be configured to infer that the user
likely understands Spanish, but does not have the capability
of writing Spanish. In another example, 1f a user 102c
receives and/or responds to communications in Hindi, but
rather than using Devanagari script, represents Hindi words
using English script, the analysis engine 107 may infer that
the user 102¢ likely speaks Hindi but does not read or write
the script associated with the language.

In some implementations, the analysis engine 107 can
determine 1f a user may be proficient in speaking a particular
language. In some examples, 1f a user receives communi-
cations written 1n a language, but does not reply in that
language, the analysis engine 107 may infer that the user
speaks that language. For example, the analysis engine 107
may be configured to infer that proficiency 1n reading a
language correlates to proficiency in speaking that language.
In some examples, a user may send or receive communica-
tions containing an audio recording 1n a particular language.
For example, a user may send a voice message attached to
a communication. The analysis engine 107 may be config-
ured to determine the language of the voice message (e.g.,
using speech recognition techniques) and use this determi-
nation to infer that the user speaks the determined language,
especially 1f the user has sent or received other voice
communications 1n the determined language. The voice
message may be a voicemail, or a recording of a conversa-
tion (e.g., a recording of a meeting), or another kind of voice
message.

The analysis engine 107 can also be configured to deter-
mine a user’s level of proficiency 1n a language from the
nature of the communications from the user. For example, 1f
a user 102 frequently writes long emails 1n a particular
language (e.g., Hebrew), the analysis engine 107 may infer
that the user 1s fluent 1n the language. In contrast, 1f the user
exchanges only short, colloquial communications 1n the
particular language, the analysis engine 107 may infer that
the user’s capability 1n the language 1s limited to a conver-
sational level. In some 1mplementations, the users’ capabil-
ity 1n the language can be inferred using other techniques
such as comparing a vocabulary used by the user to a
database of words arranged by complexity. For example, 1f
a user frequently uses complex words and/or sentence
constructs, the analysis engine 107 may infer that the level
of proficiency of the user in the particular language 1s high.

In some implementations, the level of fluency of a user 1n
a particular language, as identified by the analysis engine,
can be used, for example, 1n determining or suggesting how
the user may help 1n a language-related need. For example,
i a user 1s determined to speak but not read/write Hindi, the
analysis engine 107 may suggest the name of the user for
interpretation tasks, but not for document translation tasks.
In contrast, if a particular user 1s determined to be highly
proficient 1n reading and writing both Hebrew and English,
the analysis engine 107 can be configured to suggest the
name of the user for tasks that require translating documents
from Hebrew to English or vice-versa. Alternately, a user
who reads but does not write Hebrew might be suggested for
one-way translation of documents from Hebrew to English.

In some 1implementations, the analysis engine 107 can use
other information to determine that a user 1s likely to read,
write, or speak a particular language. In some examples,
metadata may indicate a language of a document or com-
munication. For example, a document may contain metadata
indicating that 1t 1s written 1n a particular language. The



US 9,444,773 B2

11

metadata could be used by the analysis engine 107 as a data
point to support an inference that the user reads, writes, or
speaks the particular language. As another example, a com-
munication may contain a header (e.g., an email header such
as “Content-Language”) indicating that 1t 1s written 1n a
particular language. The header could be used by the analy-
s1s engine 107 as a data point to support an inference that the
user reads, writes, or speaks the particular language. As
another example, 1n some 1mplementations, documents or
communications may be associated with a character set. The
analysis engine 107 can 1dentity the character set to make an
inference about the language used. For example, 11 a docu-
ment or communication includes characters of a Hebrew
character set, the analysis engine 107 may infer that the
sender or receiver of the communication can write or read
Hebrew, especially 1f the document or communication con-
tains a threshold percentage of Hebrew characters (e.g.,
more than 20% of the content being Hebrew characters).

The language capability of users 102, as determined by
the analysis engine 107, 1s stored within the system 100, for
example, 1n a database 108. In some implementations, more
than one database 108 may be used for storing information
about the language capabilities of the users 102. The data-
base 108 can be local to the server computer 105 or stored
in a storage device remote to the server computer 105 (e.g.,
accessible on a local area network or on a wide area network
such as the Internet), possibly deployed in the form of a
cloud-based service.

In some implementations, access to the information stored
within the database 108 can be provided via a user interface
displayed on a computing device of a user 102. For example,
a user interface can be provided to a requester of a transla-
tion task to query the source and target languages involved
in the task, and based on information stored 1n the database,
a person proficient in both languages can be 1dentified as a
potential candidate. An i1dentification of the potential can-
didate can be presented to the requester via the same user
interface or another channel such as email or instant mes-
saging. In some implementations, permission may be sought
from the potential candidate before he/she 1s 1dentified to the
requester. Once a potential candidate agrees to be 1dentified,
a channel of communication can be initiated automatically
(e.g., via email, or internal portal) to facilitate the translation
task (e.g., to exchange documents to be translated).

An example of such a user interface 200 1s shown in FIG.
2A. In some implementations, the user interface 200 pro-
vides a control 202 for selecting a source language and
another control 204 for selecting a target language. If a user
102 needs help with translating a document from a first
language (e.g., Japanese) to a second language (e.g., Hind1),
the use can specily the first language as a source language
using the control 202, and the second language as the target
language using the control 204. The controls 202, 204 can
include, for example, a drop-down menu, a user-selectable
button, a fillable text field, or another control that allows a
user to mput the source and target language for the transla-
tion task. In some implementations, the target language can
be set to a predefined language (e.g., English). In such cases,
the user interface 200 includes the control 202 for specifying
the source language, but not the control 204 for specifying
the target language. In some implementations, the controls
202 and 204 can be configured to accept multiple languages
as the source and target languages, respectively. For
example, an orgamization in Montreal, Canada may have a
need for a person who 1s capable of translating from Japa-
nese to at least one of French and English. In some 1imple-
mentations, the user interface 200 can also include a control
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for specilying one or more non-language capabilities. For
example, the user interface 200 can include a control for
speciiying one or more keywords (e.g., “finance” or “Java™)
related to the non-language capabilities desired for a task at
hand. Here, by “non-language capabilities,” we mean a skall
associated with a user other than spoken or written fluency
in a natural human language such as French, English, etc.
Instead, a non-language capability can be any other skill that
can be inferred from a user’s documents or communications,
such as proficiency in an academic discipline, proficiency in
a technical skill, etc.

Upon receiving the user-input via the control 202 and
possibly also the control 204, the analysis engine 107
determines one or more candidate users 102 who have the
language capabilities that match the source and target lan-
guages. In some implementations, information on the match-
ing candidates can be sent to the requesting user over a
separate communication. For example, information on the
matching candidates can be sent to the requesting user over
an email, text message, instant message, or another form of
communication. In some implementations, the matching
candidates can be displayed, for example, 1n a suggestion
window 206 of the user interface 200. In the example shown
in FIG. 2A, where the source language 1s Japanese and the
target language 1s Hindi, the analysis engine 107 displays the
name “Caitlin C.” based on determining that Caitlin has the
required proficiency for translating a document from Japa-
nese to Hindi.

The suggestion window 206 of the interface 200 can be
configured to display different types of information. For
example, the suggestion window 206 of the interface 200
may display contact information (e.g., address imnformation
such as an email address, phone number, or instant message
handle) about the candidate user(s) who have the required
proficiency in the source and target languages. In some
implementations, the suggestion window 206 of the inter-
face 200 can be configured to display the level of proficiency
(e.g., “fluent” 1n reading/writing, and “conversational” 1n
speaking) of the candidate users. In some 1implementations,
the suggestion window 206 can be configured to also display
information such as a candidate user’s job title, photograph,
web page, social media page, or other source of additional
information about the suggested user.

In some implementations, where more than one candidate
users are available, the suggestion window 206 of the
interface 200 can 1nclude a control for sorting the candidate
users based on one or more parameters. For example, the one
or more candidate users may be sorted based on the levels
of proficiency of the candidate users. In some implementa-
tions (e.g., where the analysis engine 107 can access the
calendars of the users 102), the candidate users may be
sorted based on the availability of the candidate users and/or
the requesting user, or based upon job titles, keywords, or
other attributes of the candidate users. In some implemen-
tations, the suggestion window 206 of the interface 200 can
include a control for 1nitiating a communication between the
requesting user and one or more of the candidate users. For
example, once the requesting user selects a candidate user
(e.g., by activating the appropriate control), an instant mes-
saging, telephone, email or other communication session
may be automatically initiated between the users so that they
can discuss the translation task.

FIG. 2B shows another example user interface 208 that
may be presented to a requesting user. The user interface 208
can be provided, for example, when the requesting user
needs a person to act as an interpreter 1n a meeting, and 1t 1s
known that all users 102 within the organmization have
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English speaking abilities. The user interface 208 includes a
control 210 that allows a requesting user to specily a
required language capability of a language-related task. The
control 210 can be substantially similar to the controls 202
and 204 described above with reference to FIG. 2A.

In some 1mplementations, the interface 208 can include
the suggestion window 206 for displaying a list of candidate
users. The list of candidate users displayed within the
interface 208 can however be different from the list of users
displayed within the interface 200. In the example shown 1n
FIG. 2B, where the language specified using the control 210
1s Japanese, the list of users displayed in the suggestion
window 206 includes more users than the corresponding list
in FIG. 2A (which was specific for a translation task from
Japanese to Hindi). This 1s because not all users with
language capabilities 1n Japanese would also have the capa-
bility to translate to Hinda.

The names or contact information within the suggestion
window 206 can be displayed based on appropriate permis-
sions received from the candidate users. In the example
shown 1n FIG. 2B, the suggestion window 206 displays three
entries, One entry 212 lists a user (e.g., Bob B.) anony-
mously. The entry 212 can be updated or removed from the
suggestion window 206 based on whether or not Bob B.
provides the appropriate permissions, respectively. The per-
missions can be sought from the candidate users using any
form of communications 101 described above with reference
to FIG. 1.

FIG. 3 shows an example of a process 300 representing a
sequence ol operations for storing language capabilities of
users. The operations described with respect to the process
300 can be performed by one or more processors within the
system 100 described with respect to FIG. 1. For example,
one or more of the operations can be executed by a processor
within the server computer 105 (e.g., by a processor of the
analysis engine 107). In some implementations, one or more
of the operations can be performed by a processor housed
within a computing device of a user 102.

The operations include receirving an identification of a
source and target language associated with a translation task
(302). The source and target language can be identified by a
first user associated with a pre-determined user group via a
user interface that 1s displayed on a computing device of the
first user. The source language 1s the language from which
a translation 1s needed, and the target language 1s the
language to which the source language 1s to be translated.
The pre-determined user group can be users associated with
a particular organization. For example, the pre-determined
user group can include employees of a company that use the
company’s email system. In some implementations, the
pre-determined user group can include one or more of the
first user’s contacts (as retrieved from the first user’s elec-
tronic address book, or profiles on one or more social
network). In some implementations, the user interface can
be presented to the first user upon veritying that the first user
1s associated with the pre-determined user group. For
example, the first user may be asked for authentication
information (e.g., company log-in 1d and password) before
the user 1nterface 1s presented to him/her. The user interface
can be provided to a user based on receiving an indication
from the user that a translation task 1s to be performed.

The operations include determining that a second user 1s
associated with both the source language and the target
language, based on accessing a data repository that stores
language capabilities of multiple users (304). The language
capabilities of the multiple users can be automatically deter-
mined by mining a corpus of email documents. For example,
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the multiple users can be associated with the pre-determined
user group that also includes the first user and the language
capabilities of the multiple users can be determined by
automatically mining (1.e., using a computing device) a
corpus of email documents sent and received by the multiple
users. This can include, for example, identifying one or more
languages from the email documents of the corpus, and
identifying the users associated with the corresponding
email documents. For example, the corpus can be mined to
identily emails sent and received 1n French, and users that
receive and/or send at least a threshold percentage of their
emails 1n French can be i1dentified as having capabilities 1n
the French language. In some implementations, a check may
be performed to determine that the i1dentified email docu-
ments (which i this example are the emails 1n French)
include a threshold quantity of text in the particular language
written by the corresponding users. Mining the corpus of
email documents can include also mining documents asso-
ciated with the emails as attachments. The language capa-
bilities of the various users can then be stored in the data
repository. In some implementations, a level of fluency
associated with each user’s language capability can also be
stored 1n the data repository. Determination of such levels of
fluency can be substantially as described above with refer-
ence to FIG. 1. In some implementations, language or
non-language capabilities can also be determined by mining
(with appropriate permissions from the users) browsing

histories, social media profiles, or blogs associated with the
users.

In some implementations, a non-language capability can
be determined by identifying, in the corpus of documents
associated with a user, key words or phrases associated with
the non-language capability. For example, if the non-lan-
guage capability 1s “finance,” the capability of a user 1n
finance may be determined by identifying key words related
to the discipline of finance among documents associated
with the user. In some 1implementations, the key words may
be determined based on the contents of a database specific
to finance terms that 1s accessible to the analysis engine 107.
In some implementations, the key words may be determined
based on the contents of a network resource (e.g., a web site)
that 1s accessible to the analysis engine 107.

The operations further include causing an 1dentification of
the second user to be displayed to the first user (308). In
some 1mplementations, the identification of the second user
can be displayed using a user interface (which can be a
portion of the user interface used for accepting inputs on the
source and target languages from the first user). The user
interface can be provided on the display of the first user, for
example, 1 response to receiving an indication that a
translation task 1s to be performed. In some 1mplementa-
tions, the identification of the second user can be provided
to the first user using some form of the communications 101
described with reference to FIG. 1. In some implementa-
tions, the second user can be 1dentified to the first user based
on a permission that allows the second user to be i1dentified
to one or more other users. For example, 1f a particular user
opts out from helping 1n translation tasks, the particular user
may not be identified as a potential candidate even if he/she
has suitable language capabilities. In some 1implementations,
the permissions can be provided by the users themselves, or
be based on company policies. For example, users at or
above a certain level in the company hierarchy may not be
identified as potential translators even if they have the
required language capabilities. In another example, users
that are within only the same sub-group (e.g., technical, or
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legal) of a company may be identified to one another as
potential candidates to help out with language-related needs.

FIG. 4 shows an example of a process 400 representing a
sequence ol operations for 1dentifying a potential translator.
The operations described with respect to the process 400 can
be performed by one or more processors within the system
100 described with respect to FIG. 1. For example, one or
more of the operations can be executed by a processor within
the server computer 105 (e.g., by a processor of the analysis
engine 107).

The operations include inferring abilities of one or more
users to perform language translations (402). Such abilities
can be inferred automatically by a computing device based
on information in documents associated with the users. For
example, the abilities may be inferred by analyzing a corpus
of email documents (and possibly attachments associated
with the email documents) associated with the users. The
abilities of the users to perform such language translations
can be inferred, for example, by a computing device sub-
stantially similar to the analysis engine 107 described with
reterence to FIG. 1.

The operations also include maintaining a database of the
language translation abilities for the respective users (404).
An example of such a database could be one 1n which a
company or organization maintains the language capabilities
of its employees and/or afliliates based on, for example,
mining the emails sent and received by the employees or
afhiliates over the company’s email system. In such cases,
the database can be maintained, for example, at a server
owned by or accessible by the company’s computing sys-
tems.

The operations can also include querying the database to
identily a candidate for performing a translation task (406).
This can be done, for example, 1n response to an indication
that a particular user 1s 1n need for the translation task. For
example, 11 the particular user indicates that he/she needs the
help of someone who can translate from French to English,
the database can be queried to identify a list of candidate
translators who has the required capabilities 1n French and
English. The query can be performed using one or more
query languages used for querying databases. For example,
the query language can include one or more of: data mining
extensions (DMX) used for querying data mining models, a
structured query language (SQL) used for querying rela-
tional database management systems, an object query lan-
guage (OQL), a concept-oriented query language (COQL)
used for concept oriented models (COM), or other languages
or tools used for retrieving information from a database
system.

FIG. 5 1s a block diagram of an example computer system
500 that can be used in implementing the technology
described 1n this document. For example, one or more of the
server computer 105, the analysis engine 107, and the email
gateway 106 can include one or more 1nstances of the system
500 described here. General-purpose computers, network
appliances, mobile devices, or other electronic systems
associated with the users 102 can also include at least
portions of the system 500. For example, the user interfaces
200 and 208 of FIGS. 2A and 2B may be displayed on a
computer system 500. The system 500 includes a processor
510, a memory 520, a storage device 530, and an put/
output device 540. Each of the components 510, 520, 530,
and 540 can be interconnected, for example, using a system
bus 550. The processor 510 1s capable of processing mnstruc-
tions for execution within the system 500. In some 1mple-
mentations, the processor 510 1s a single-threaded processor.
In some implementations, the processor 510 1s a multi-
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threaded processor. The processor 510 1s capable of pro-
cessing instructions stored in the memory 520 or on the
storage device 530.

The memory 520 stores information within the system
500. In some 1mplementations, the memory 520 1s a non-
transitory computer-readable medium. In some 1mplemen-
tations, the memory 520 1s a volatile memory unit. In some
implementations, the memory 520 1s a non-volatile memory
unit.

The storage device 530 1s capable of providing mass
storage for the system 500. In some implementations, the
storage device 530 1s a non-transitory computer-readable
medium. In various different implementations, the storage
device 530 can include, for example, a hard disk device, an
optical disk device, a solid-date drive, a flash drive, or some
other large capacity storage device. For example, the storage
device may store long-term data, such as data stored in the
database 108 shown in FIG. 1. The mput/output device 540
provides input/output operations for the system 500. In some
implementations, the input/output device 540 can include
one or more of a network interface devices, e.g., an Ethernet
card, a serial communication device, e.g., an RS-232 port,
and/or a wireless interface device, e.g., an 802.11 card, a 3
(G wireless modem, or a 4 G wireless modem. A network
intertace device allows the system 500 to communicate, for
example, transmit and receive data such as emails sent
between users 102. In some implementations, the input/
output device can include driver devices configured to
rece1ve mput data and send output data to other input/output
devices, e.g., keyboard, printer and display devices 560. In
some 1mplementations, mobile computing devices, mobile
communication devices, and other devices can be used.

In some implementations, the server computer 105 (FIG.
1) can be realized by instructions that upon execution cause
one or more processing devices to carry out the processes
and functions described above, for example, communicating
with devices associated with the users 102, storing a corpus
of email documents and mining the corpus to determine
language capabilities of the users. Such instructions can
comprise, for example, interpreted instructions such as script
instructions, or executable code, or other 1nstructions stored
in a computer readable medium. The server computer 105
can be distributively implemented over a network, such as a
server farm, a set of widely distributed servers, or a cloud
computing service, or can be implemented 1n a single
computing device.

Although an example processing system has been
described 1n FIG. §, implementations of the subject matter
and the functional operations described above can be 1mple-
mented 1n other types of digital electronic circuitry, or in
computer software, firmware, or hardware, including the
structures disclosed 1n this specification and their structural
equivalents, or 1n combinations of one or more of them.
Implementations of the subject matter described in this
specification can be implemented as one or more computer
program products, 1.e., one or more modules of computer
program instructions encoded on a tangible program carrier,
for example a non-transitory computer-readable medium,
for execution by, or to control the operation of, a processing
system. The non-transitory computer readable medium can
be a machine readable storage device, a machine readable
storage substrate, a memory device, a composition of matter
ellecting a machine readable propagated signal, or a com-
bination of one or more of them.

The term “system” may encompass all apparatus, devices,
and machines for processing data, including by way of
example a programmable processor, a computer, or multiple
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processors or computers. A processing system can include,
in addition to hardware, code that creates an execution
environment for the computer program in question, e.g.,
code that constitutes processor firmware, a protocol stack, a
database management system, an operating system, or a
combination of one or more of them.

A computer program (also known as a program, software,
software application, script, executable logic, or code) can
be written 1n any form of programming language, including
compiled or interpreted languages, or declarative or proce-
dural languages, and 1t can be deployed 1in any form,
including as a standalone program or as a module, compo-
nent, subroutine, or other unit suitable for use 1n a computing,
environment. A computer program does not necessarily
correspond to a file 1n a file system. A program can be stored
in a portion of a file that holds other programs or data (e.g.,
one or more scripts stored 1n a markup language document),
in a single file dedicated to the program in question, or 1n
multiple coordinated files (e.g., files that store one or more
modules, sub programs, or portions of code). A computer
program can be deployed to be executed on one computer or
on multiple computers that are located at one site or dis-
tributed across multiple sites and interconnected by a com-
munication network.

Computer readable media suitable for storing computer
program 1nstructions and data include all forms of non-
volatile or volatile memory, media and memory devices,
including by way of example semiconductor memory
devices, e.g., EPROM, EEPROM, and flash memory
devices; magnetic disks, e.g., internal hard disks or remov-
able disks; magneto optical disks; and CD ROM and DVD
ROM disks. The processor and the memory can be supple-
mented by, or incorporated in, special purpose logic cir-
cuitry. The server computer 105 can be a general purpose
computer, a custom-tailored special purpose electronic
device, or a combination of the two.

Implementations can include a back end component, e.g.,
a data server, or a middleware component, e.g., an applica-
tion server, or a front end component, e.g., a client computer
having a graphical user interface or a Web browser through
which a user can interact with an implementation of the
subject matter described i1s this specification, or any com-
bination of one or more such back end, middleware, or front
end components.

The components of the system can be interconnected by
any form or medium of digital data communication, e.g., a
communication network. Examples of communication net-
works 1nclude a local area network (“LLAN"’) and a wide area
network (“WAN™), e.g., the Internet.

Certain features that are described that are described
above 1n the context of separate implementations can also be
implemented in combination in a single implementation.
Conversely, features that are described 1in the context of a
single 1mplementation can be implemented 1n multiple
implementations separately or in any sub-combinations.

The order in which operations are performed as described
above can be altered. In certain circumstances, multitasking
and parallel processing may be advantageous. The separa-
tion of system components 1n the implementations described
above should not be understood as requiring such separa-
tion.

Other implementations are within the scope of the fol-
lowing claims.

The invention claimed 1s:

1. A method comprising:

receiving, by one or more computers, data entered at a

user 1nterface provided on a display of a user device
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from a first user associated with a pre-determined user
group, the data comprising an identification of a) a
source language and b) a target language to which
translation from the source language 1s requested;

determining, by at least one of the computers, that one or
more second users of the pre-determined user group 1s
associated with the source language and associated
with the target language, each of the second users being
a candidate to perform a translation from the source
language to the target language, based on accessing a
data repository that stores language capabilities of users
within the pre-determined user group, the language
capabilities of the users within the pre-determined user
group being determined automatically based on mining
a corpus of electronic documents associated with the
pre-determined user group; and

transmitting, by at least one of the computers, an i1denti-

fication of the one or more second users, each of whom
1s a candidate to perform a translation from the source
language to the target language, to the user device for
display on the user interface,

wherein the display of the identification of the one or

more second users 1s based on a permission that allows
a corresponding second user to be i1dentified to one or
more other users 1n the pre-determined user group.

2. The method of claim 1, comprising veritying that the
user device 1s associated with a user of the pre-determined
user group.

3. The method of claim 1, wherein the language capabili-
ties of the users within the pre-determined user group are
determined based on:

identifying a particular language from the electronic

documents of the corpus;

identifying one or more users associated with the elec-

tronic documents; and

storing the particular language as a language capability of

the 1dentified one or more users.

4. The method of claim 3, wherein at least some of the one
or more users associated with the electronic documents are
cach either a sender or a recipient of a threshold number of
the electronic documents.

5. The method of claim 3, wherein 1dentifying the par-
ticular language from the electronic documents comprises
analyzing an attachment associated with at least one of the
electronic documents.

6. The method of claim 3, comprising determining that the
electronic documents include a threshold quantity of text
written by the i1dentified one or more users.

7. The method of claim 1, wherein the permission 1s
provided by the corresponding second user.

8. The method of claim 1, comprising:

providing the user interface on the display of the user

device 1n response to receiving an indication that a
translation task 1s to be performed.
9. The method of claim 1, wherein the electronic docu-
ments comprise one or more of emails and documents
attached to emails.
10. A method comprising
based on information i1n one or more documents, auto-
matically inferring, by one or more computers, abilities
of users associated with the documents to perform
language translations, the abilities including language
capabilities and non-language capabilities;

maintaining a database of the abilities of the respective
users;

recerving, by at least one of the computers, an indication

of a language translation to be performed for a user;
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in response to the indication of the language translation to
be performed for the user, querying, by at least one of
the computers, the database to i1dentily one or more

candidate users to perform the language translation;
and S

determining, by the database, the one or more candidate
users to perform the language translation using the
language capabilities and non-language capabilities of
the one or more candidate users.

11. The method of claim 10, wherein the documents

include emails or attachments of emails or both.
12. The method of claim 10, wherein automatically infer-
ring language capabilities and non-language capabilities of
users associated with the documents comprises automati-
cally inferring, for each of the users, a proficiency 1n an
academic discipline.
13. The method of claim 10, wherein automatically infer-
ring language capabilities and non-language capabilities of
users associated with the documents comprises automati-
cally inferring, for each of the users, a proficiency 1n a
technical skall.
14. The method of claim 10, wherein:
receiving, by at least one of the computers, the indication
of the language translation to be performed for the user
comprises receiving the indication of the language
translation to be performed for the user and a particular
non-language capability; and
determining, by the database, the one or more candidate
users to perform the language translation using the
language capabilities and non-language capabilities of
the one or more candidate users comprises determining
the one or more candidate users to perform the lan-
guage translation who each have the particular non-
language capability.
15. The method of claim 10, wherein:
receiving, by at least one of the computers, the indication
of the language translation to be performed for the user
comprises receiwving the indication of the language
translation to be performed for the user and a technical
skill required for the language translation; and
determining, by the database, the one or more candidate
users to perform the language translation using the
language capabilities and non-language capabilities of
the one or more candidate users comprises determining 45
the one or more candidate users to perform the lan-
guage translation using the technical skills of the one or
more candidate users.
16. A system comprising:
a data repository that stores language capabilities of users
within a pre-determined user group, the language capa-
bilities of the users within the pre-determined user
group being determined automatically based on mining
a corpus of electronic documents associated with the
pre-determined user group; and
an analysis engine comprising a processor, the analysis
engine configured to:
receive data entered at a user interface of a user device
by a first user associated with the pre-determined
user group, the data comprising an i1dentification of 60
a) a source language and b) a target language to
which ftranslation from the source language 1is
requested,

determine, using data from the data repository, that one
or more second users of the pre-determined user
group 1s associated with the source language and
associated with the target language, each of the
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second users being a candidate to perform a trans-
lation from the source language to the target lan-
guage, and

cause an 1dentification of the one or more second users,
cach of whom 1s a candidate to perform a translation
from the source language to the target language, to
be transmitted to the user device for display on the
user 1nterface;

wherein the display of the identification of the one or

more second users 1s based on a permission that allows
a corresponding second user to be i1dentified to one or
more other users in the pre-determined user group.

17. The system of claim 16, wherein the analysis engine
1s configured to verily the association of the first user with
the pre-determined user group.

18. The system of claim 16, wherein the language capa-
bilities of the users within the pre-determined user group are
determined based on:

identifying a particular language from the electronic

documents of the corpus;

identifying one or more users associated with the elec-

tronic documents; and

storing the particular language as a language capability of

the 1dentified one or more users.

19. The system of claim 18, wherein at least some of the
users associated with the electronic documents are each
either a sender or a recipient of a threshold number of the
electronic documents.

20. The system of claim 18, wherein i1dentifying the
particular language from the electronic documents com-
prises analyzing an attachment associated with at least one
of the electronic documents.

21. The system of claim 18, wherein the analysis engine
1s configured to determine that the electronic documents
include a threshold quantity of text written by the i1dentified
One Or more users.

22. The system of claim 16, wherein the permission 1s
provided by the corresponding second user.

23. The system of claim 16, wherein the analysis engine
1s configured to provide the user interface on the display of
the user device 1n response to receiving an indication that a
translation task 1s to be performed.

24. The system of claim 16, wherein the electronic
documents comprise one or more of emails and documents
attached to emails.

25. A system comprising:

a database that stores abilities of users associated with one

or more documents; and

an analysis engine comprising a processor, the analysis

engine configured to:

based on information 1n the documents, automatically
infer the abilities of the users associated with the
documents, to perform language translations, the
abilities 1ncluding language capabilities and non-
language capabilities,

maintain the abilities of the respective users in the
database,

receive an indication of a language translation to be
performed for a user, and

in response to the indication of the language translation
to be performed for the user, query the database to
identily one or more candidate users to perform the
language translation, wherein the database 1s config-
ured to determine the one or more candidate users to
perform the language translation using the language
capabilities and non-language capabilities of the one
or more candidate users.



US 9,444,773 B2

21

26. The system of claim 25, wherein the documents
include emails or attachments of emails, or both.

27. The system of claim 25, wherein automatically infer-
ring language capabilities and non-language capabilities of
users associated with the documents comprises automati-
cally inferring, for each of the users, a proficiency 1n an
academic discipline.

28. The system of claim 25, wherein automatically infer-
ring language capabilities and non-language capabilities of
users associated with the documents comprises automati-
cally inferring, for each of the users, a proficiency 1n a
technical skall.

29. The system of claim 25, wherein:

receiving the indication of the language translation to be

performed for the user comprises receiving the indica-
tion of the language translation to be performed for the
user and a particular non-language capability; and
determining the one or more candidate users to perform
the language translation using the language capabilities
and non-language capabilities of the one or more
candidate users comprises determining the one or more
candidate users to perform the language translation
who each have the particular non-language capability.

30. The system of claim 25, wherein:

receiving the indication of the language translation to be

performed for the user comprises receiving the indica-
tion of the language translation to be performed for the
user and a technical skill required for the language
translation; and

determining the one or more candidate users to perform

the language translation using the language capabilities
and non-language capabilities of the one or more
candidate users comprises determining the one or more
candidate users to perform the language translation
using the technical skills of the one or more candidate
users.

31. A non-transitory computer readable storage device
storing a computer program product comprising machine-
readable 1nstructions that, when executed, cause a computer
system to carry out operations comprising;

receiving, by the computer system, data entered at a user

interface provided on a display of a user device from a
first user associated with a pre-determined user group,
the data comprising an identification of a) a source
language and b) a target language to which translation
from the source language 1s requested;

determining, by the computer system, that one or more

second users of the pre-determined user group 1s asso-
ciated with the source language and associated with the
target language, each of the second users being a
candidate to perform a translation from the source
language to the target language, based on accessing a
data repository that stores language capabilities of users
within the pre-determined user group, the language
capabilities of the users within the pre-determined user
group being determined automatically based on mining
a corpus of electronic documents associated with the
pre-determined user group; and

transmitting, by the computer system, an identification of

the one or more second users, each of whom 1s a
candidate to perform a translation from the source
language to the target language, to the user device for
display on the user interface;

wherein the display of the identification of the one or

more second users 1s based on a permission that allows
a corresponding second user to be i1dentified to one or
more other users 1n the pre-determined user group.
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32. The computer readable storage device of claim 31, the
operations comprising verifying that the user device 1is
associated with a user of the pre-determined user group.

33. The computer readable storage device of claim 31,
wherein the language capabilities of the users within the
pre-determined user group are determined based on:

identifying a particular language from the electronic

documents of the corpus;

identifying one or more users associated with the elec-

tronic documents; and

storing the particular language as a language capability of

the 1dentified one or more users.

34. The computer readable storage device of claim 33,
wherein at least some of the one or more users associated
with the electronic documents are each either a sender or a
recipient of a threshold number of the electronic documents.

35. The computer readable storage device of claim 33,
wherein 1dentifying the particular language from the elec-
tronic documents comprises analyzing an attachment asso-
ciated with at least one of the electronic documents.

36. The computer readable storage device of claim 33, the
operations comprising determining that the electronic docu-
ments include a threshold quantity of text written by the
identified one or more users.

37. The computer readable storage device of claim 31,
wherein the permission 1s provided by the corresponding
second user.

38. The computer readable storage device of claim 31, the
operations comprising:

providing the user interface on the display of the user

device 1n response to receiving an indication that a
translation task 1s to be performed.
39. The computer readable storage device of claim 31,
wherein the electronic documents comprise one or more of
emails and documents attached to emails.
40. A non-transitory computer readable storage device
storing a computer program product comprising machine-
readable 1nstructions that, when executed, cause a computer
system to carry out operations comprising;:
based on information in one or more documents, auto-
matically inferring, by the computer system, abilities of
users associated with the documents, to perform lan-
guage translations, the abilities including language
capabilities and non-language capabilities;

maintaining, by the computer system, a database of the
abilities of the respective users;

receving, by the computer system, an indication of a

language translation to be performed for a user;
in response to the indication of the language translation to
be performed for the user, querying, by the computer
system, the database to 1dentily one or more candidate
users to perform the language translation; and

determining, by the computer system, the one or more
candidate users to perform the language translation
using the language capabilities and non-language capa-
bilities of the one or more candidate users.

41. The computer readable storage device of claim 40,
wherein the documents include emails or attachments of
emails or both.

42. The computer readable storage device of claim 40,
wherein automatically inferring language capabilities and
non-language capabilities of users associated with the docu-
ments comprises automatically inferring, for each of the
users, a proficiency in an academic discipline.

43. The computer readable storage device of claim 40,
wherein automatically inferring language capabilities and
non-language capabilities of users associated with the docu-
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ments comprises automatically inferring, for each of the
users, a proficiency 1n a technical skill.
44. The computer readable storage device of claim 40,
wherein:
receiving, by the computer system, the indication of the
language translation to be performed for the user com-
prises receiving the indication of the language transla-
tion to be performed for the user and a particular
non-language capability; and
determining, by the computer system, the one or more
candidate users to perform the language translation
using the language capabilities and non-language capa-
bilities of the one or more candidate users comprises
determining the one or more candidate users to perform
the language translation who each have the particular
non-language capability.
45. The computer readable storage device of claim 40,
wherein:
receiving, by the computer system, the indication of the
language translation to be performed for the user com-
prises receiving the indication of the language transla-
tion to be performed for the user and a technical skaill
required for the language translation; and
determining, by the computer system, the one or more
candidate users to perform the language translation
using the language capabilities and non-language capa-
bilities of the one or more candidate users comprises
determining the one or more candidate users to perform
the language translation using the technical skills of the
one or more candidate users.
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