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guages. The translations can be performed for multiple output languages.
Each resulting translation can receive a corresponding score based on a num-
ber of factors. The scores can be combined where they have a common source
language. These combined scores can be used to weight the previously identi-
fied likelihood factors for the source languages of the meAdia item.
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UNIVERSAL TRANSLATION

CROSS REFERENCE TO RELATED APPLICATION(S)
{00601 This application claims the benefit of US. Patent Application
No.14/861/747, filed Sepltember 22, 2015, which is incorporated herein in ifs entirely by

reference.
BACKGROUND
100021 The Internet has made it possible for people (o connect and share

information globally in ways previously undreamt of.  Social media platforms, for
example, have enabled people on opposite sides of the globe 1o collaborate on ideas,
discuss current events, or share what they had for lunch. In the past, this spectacular
resource has been somewhat limited o communications between users having a
common natural language ("language”). In addition, users have only been able o
consume conient that is in their language, or for which a content provider is able to
determine an appropriate transiation based on a system setting or a network location
{e.g., an intermet Protocol ("1P") address or language identifier).

16603} While communication across the many different languages used around the
world remains a particular challenge, machine {ransiation services have atlempted o
address this concern. These services provide mechanisms for a user 1o provide a text
using a web form, select one or more languages, and receive a translation of the text in
a selected language. While these services have significantly increased people's ability
to communicate across language barriers, they can require users o open a separate
website, indicate the language they want the transiation in, and identify the language of
the source document. The resulling franslation is then shown in that separate website,
which removes the content from the context provided by the original source. In some
cases the translator service may not be able to iocate portions of the source page to
fransiate or may provide an unreadable version of the source website due to formatting
changes resuiling from the translation. In many cases, users find this process oo
cumbersome and may lose patience and navigate {0 a different website or may simply
skip over text they do not understand, missing an opporiunily to receive content.
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BRIEF DESCRIPTION OF THE DRAWINGS

10004] Figure 1 is a block diagram #lustrating an overview of devices on which
some implementations of the disclosed technology can operate.

$0005] Figure 2 is a block diagram illustrating an overview of an environment in
which some implementations of the disclosed technology can operate.

10008] Figure 3 is a block diagram ilustrating components which, in some
implementations, can be used in 8 sysiem emploving the disclosed technology.
100071 Figure 4 is g flow diagram illustrating a process used in some
implementations for computing confidence scores for snippet source languages.
{00081 Figure 5A is a flow diagram Hiustraling one process used in some
implementations for generating scored transiations of a snippet.

10009] Figure 5B is a flow diagram illustrating a process used in some additional
implementations for generating scored translations of a snippet.

10010} Figure 6 is an example illustrating computing confidence scores for
snippet source languages.

0011} The techniques introduced here may be betler understood by referring o
the following Detailed Description in conjunction with the accompanying drawings, in
which like reference numerals indicate identical or functionally similar elements,
DETAILED DESCRIPTION

{0012} Various embodiments of the present disclosure may include methods,
computer-readable storage media and systems for identifying a most likely source
fanguage of a snippet. An indication of the snippet may be received. Two or more
possible source languages for the snippet may be delermined.  Two or more
transiations of the snippet may be generated, each having a specified transiation
source language. At least one of the two or more fransiations of the snippet may be
generated having a first of the two or more possible source languages for the snippet
set as the specitied transiation source language, and at least another of the two or
more translations of the snippet may be generated having a second of the two or
more possible source languages for the snippet other than the first the two or more
possible source languages for the snippet set as the specified translation source
language. Accuracy scores for at least two of the generated two or more translations
of the snippet may be computed. A confidence factor for each of at least two
selected possible source languages for the §nippet may be produced, wherein the
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confidence factor for each selected possible source language may be produced
based on one or more of the computed accuracy scores that has a source language
corresponding to the selected a possible source language. The possible source
language for the snippet that is associated with a highest confidence factor may be
selected as the most likely source language.

{0013} in an embodiment, one or more computer-readable non-transitory
storage media embody software that is operable when executed to perform a
method according to the invention or any of its embodiments.

10014} In an embaodiment, a system comprises one or more processors and at
ieast one memory, coupled to the processors and comprising instructions executable
by the processors, the processors operable when executing the instructions to
perform a method according o the invention or any of its embodiments.

$0015] in an embodiment, a computer program product, preferably comprising a
computer-readable non-transitory storage medium, is operable when executed on a
data processing system, to perform a method according to the invention or any of ifs
embodiments.

10016} Embodiments according o the invention are in particular disclosed in the
attached claims directed to 8 method, a storage medium, a system and a compuler
program product, wherein any feature mentioned in one claim calegory, e.g. method,
can be claimed in another claim category, e.g. system, as well. The dependencies
or references back in the attached claims are chosen for formal reasons only.
However any subject matter resulting from a deliberate reference back to any
previous claims (in particular multiple dependencies} can be claimed as well, so that
any combination of claims and the features thereof are disclosed and can be claimed
regardiess of the dependencies chosen in the attached claims. The subject-matier
which can be claimed comprises not only the combinations of features as set out in
the attached claims but also any other combination of features in the claims, wherein
each feature mentioned in the claims can be combined with any other feature or
combination of other features in the claims. Furthermore, any of the embodiments
and fealures described or depicted hergin can be claimed in a separate claim and/or
in any combination with any embodiment or feature described or depicied herein or

with any of the Teatures of the altached claims.
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00171 Source language ideniification based on scoring multiple language
transiations is disclosed. When performing language processing on a media item,
such as applying a machine translation engine, performing speliing corrections or
grammar corections, the source language of the media item c¢an be provided as a
parameter for the processing engine. ldentifying the source language of a media
item can be difficult, particularly where the linguistic content of the media item is
short, uses slang or other words unaffiliated with a particular language, has
unidentified portions, or contains errors.

i0018] Source language ideniification of a media item can be accomplished by
performing an initial analysis of the media item based on factors such as its content
and context. This initial analysis can identify one or more likely source languages
and corresponding confidence scores. Multiple translations of the media item ¢an
then be performed using a machine transiation engine o convert the media item, for
each top scoring source language, into multiple output languages. A score can be
computed for each transiation indicating the quality of that transiation. The set of
scores that correspond o each source language can be combined o form a
weighting factor corresponding to that source language. These weighting factors
can then be used to adjust the confidence scores corresponding to each source
language. The source language with the highest adjusted score can be selected as
the most likely source language.

{0019] A "source language,” as used herein, refers {0 a natural language in
which a media item was written in or which it currently exists. A "media item,” as
used hergin, can be any content that utilizes a language, including texi, audio, video,
eic. A "language,” as used herein, i3 a natural language, which is a human written,
spoken, or signed language, e.g., English, French, Chinese, or Amaerican Sign
Language. A language need not be a national language, e.g., English, but can be a
dialect of or variation on a particular natural language or can be a separaie
representation of a language, e.g., Pinyin.

{0020} As an example, a media item that is a social media post about the San
Diego Padres may containing the snippet: "Mi Padres r playing on television.” An
initial analysis of this snippet using an algorithm that only matches words o
corresponding languages may indicate English with a score of 87 and Spanish with
as score of .91 as the top two scoring source languages because: "mi" means "my”
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in Spanish but could be a typo of "my” in English; "Padres” means "fathers” in
Spanish but is commonly used in English when referring to the Padres sports team,
particularly when capitalized in the middie of a sentence; "r" may not be mapped o
any language or may be weakly indicalive of English as it is common slang to
substitute "r" for "are;” "on" may indicate English; and "elevision” may be ambiguous
between English and Spanish as, without accents, the spelling is the same in both
languages.

10021} Continuing this example, multiple translations of the snippet can then be
performed using a machine transiation engine. A first set of transiations can be
performed converting the snippel into multiple output languages, setting the source
language as kEnglish. A second set of translations can be performed converting the
snippet inte muitiple cutput languages, selting the source language as Spanish.
Each of the resulting translations in the first set can be scored, and these scores can
be combined into an English weighting factor, which in this example is 1.12. Each of
the resulting transiations in the second set can also be scored, and these scores can
be combined into a Spanish weighting factor, which in this example is .80. The
English weighting factor can be applied to the English confidence score by
multiplying them, {0 receive an updated English confidence factor of 87. The
Spanish weighting faclor can be applied to the Spanish confidence score by
rultiplying them, 1o receive an updated Spanish confidence factor of .73, Based on
the updated confidence faclors, English can be determined to be the maost likely
source language.

10022} Several implementations of the described technology are discussed
below in more detall in reference to the figures. Tuming now to the figures, Figure 1
is a block diagram ilustrating an overview of devices 100 on which some
implementiations of the disclosed technology may operate. The devices can
comprise hardware componenis of a device 100 thal can identify 3 media item
source language based on mulliple transiations. Device 100 can include one or
more input devices 120 that provide input to the CPU (processor) 110, notifying it of
actions. The actions are typically mediated by a hardware controller that interprets
the signals received from the input device and communicates the information {o the
CPU 110 using a communication profocol. Input devices 120 include, for example, a
mouse, a keyboard, a touchscreen, an infrared sensor, a touchpad, a wearable input

5
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device, a camera- or image-based inpul device, a microphone, or other user input
devices.

10023] CPU 110 can be a single processing unit or multiple processing units in
a device or distributed across multiple devices. CPU 110 can be coupled 1o other
hardware devices, for example, with the use of a bus, such as a PCl bus or SCSI
bus. The
CPU 110 can communicate with 2 hardware controlier for devices, such as for a
display 130. Display 130 can be used to display text and graphics. iIn some
examples, display 130 provides graphical and textual visual feedback to a user. In
some implementations, display 130 includes the input device as part of the display,
such as when the inputl device is a touchscreen or is equipped with an eye direction
monitoring system.  In some implementations, the display is separate from the input
device. Examples of display devices are: an LCD display screen, an LED display
screen, a projected display (such as & heads-up display device or a head-mounted
device), and so on. Other /O devices 140 can also be coupled to the processor,
such as a network card, video card, audio card, USH, firewire or other external
device, camera, printer, speakers, CD-ROM drive, DVD drive, disk drive, or Biu-Ray
device.

10024] in some implementations, the device 100 also includes a communication
device capable of communicaling wirelessly or wire-based with a network node. The
communication device can communicate with another device or a server through a
network using, for example, TCP/AP protocols. Device 100 can utilize the
communication device o distribute operations across multiple network devices.
{0025] The CPU 110 has access to a memory 150, A memory includes one or
more of various hardware devices for volatile and non-volatile storage, and can
inciude both read-only and writable memory. For example, a memaory can comprise
random access memory (RAM), CPU registers, read-only memory (ROM), and
writable non-volatile memaory, such as flash memory, hard drives, floppy disks, CDs,
VDs, magnetic storage devices, tape drives, device buffers, and so forth. A
memaory is not a propagating signal divorced from underlying hardware; a memory is
thus non-transitory.  Memory 150 can include program memory 160 that stores
programs and software, such as an operating system 162, language classifier 164,
and any other application programs 1686. Men:‘aory 150 can also include data memory
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170 that can include media items; media item translations and transiation engines;
transiation scores, combined transiation scores, and scoring models; media itemn o
source ianguage mappings or confidence scores; configuration data; setlings; and
user oplions or preferences which can be provided to the program memory 160 or
any element of the device 100.

100286} The disclosed technology is operational with numerous other general
purpose or special purpose computing systerm environments or configurations.
Examples of well-known computing systems, environments, and/or configurations
that may be suitable for use with the technology include, but are not limited to,
personal  computers, server compulers, handheld or laplop devices, cellular
telephones, wearable electronics, lablet devices, mulliprocessor systems,
rmicroprocessor-based systems, set-lop boxes, programmable consumer electronics,
network  PCs, minicomputers, mainframe  computers, distributed  computing
environments that include any of the above systems or devices, and the like.

10027] Figure 2 is a block diagram illustrating an overview of an environment
200 in which some implementations of the disclosed technology may operate.
Environment 200 can include one or more client computing devices 205A-D,
examples of which may include device 100. Client computing devices 205 can
operate in a networked environment using logical connections 210 through network
230 to one or more remote computers such as a server computing device.

10028} In some implementations, server 210 can be an edge server which
receives client requests and coordinates fulfillment of those requests through other
servers, such as servers 220A-C. Server computing devices 210 and 220 can
comprise computing systems, such as device 100. Though each server computing
device 210 and 220 is displayed logically as a single server, server computing
devices can each be a distributed computing environment encompassing multiple
computing devices located at the same or al geographically disparate physical
iocations.  In some implementations, each server 220 corresponds o a group of
SEFVers.

10029} Client computing devices 205 and server computing devices 210 and
220 can each act as a server or client to other server/client devices. Server 210 can
connect to a database 215, Servers 220A-C can each connect to a corresponding
database 225A-C. As discussed above, each server 220 may correspond to a group
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of servers, and each of these servers can share a database or can have their own
database. Databases 215
and 225 can warghouse {e.g. store) information such as media items; media item
translations and translation engines; translation scores, combined transiation scores,
and scoring models; or media item-io-source language mappings or confidence
scores.  Though databases 215 and 225 are displayed logically as single units,
databases 215 and 225 can each be a distributed computing environment
encompassing multiple computing devices, can be located within their corresponding
server, or can be located at the same or at geographically disparate physical
locations.

10030} Network 230 can be a local area network (LAN) or a wide area nefwork
{(WAN), but can also be other wired or wireless networks. Network 230 may be the
internet or some other public or private network. The client computing devices 205
can be connected o network 230 through & network interface, such as by wired or
wireless communication. While the connections between server 210 and servers
220 are shown as separate connections, these connections can be any kind of local,
wide area, wired, or wirgless network, including network 230 or a separate public or
private network.

10031} A language snippet® or "snippel,” as used herein, i3 a digital
representation of one or more words or character groups. A snippet can be a
reprasentation of a2 media items or language from a media item. While the
description below refers o snippets when performing source language classification
on media items, other language formats can be used such as sudio or video
language representations.

[0032] Figure 3 is a block diagram illustrating components 300 which, in some
implementations, can be used in a system implementing the disclosed technology.
The components 300 include hardware 302, general software 320, and specialized
components 340, As discussed above, a system implementing the disclosed
technology can use various hardware including central processing units 304, working
memaory 306, storage memory 308, and input and oulput devices 310. Components
300 can be implemented in a client computing device such as client computing
devices 205 or on a server computing device, such as server computing device 210
or 220.

8-
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{00331 General software 320 can include various applications including an
operating system 322, local programs 324, and a8 BIOS 326. Specialized
components 340 can be subcomponents of a general software application 320, such
as local programs 324. Specialized components 340 can include pre-translation
language identifier 344, transiators 346, translation scoring models 348, confidence
score generator 350, and components which can be used for conircliing and
receiving data from the specialized componenis, such as interface 342, In some
implementations, components 300 can be in a computing system that is distributed
across multiple computing devices or can include an interface o a server-based
application.

{0034] Pre-transiation language identifier 344 can be configured o perform an
initial source language classification of a snippet, such as a snippet received through
interface 342. This initial source language classification can identify one or more
languages of a snippet with a comresponding confidence value. The identified
languages can be sorted based on their confidence value and languages with a
confidence value above a threshold level can be selected for further analysis. For
example, the threshold level can be 1, 3, 5, or 10 potential source languages; the top
1, 3, 5, 10, 25 or 50% potential source languages; all potential source languages
with a confidence value above 50%, 60%, 75%, 80%, or 90%; or all the polential
source languages can be selected for further analysis. Inilial source language
classification can be based on an analysis of the content of a snippet, such as which
words are used, the siructure and grammar in the shippet, the slang terms used,
punctuation, etc.  initial source language classification can also be based on an
analysis of the context of a snippet, such as who the author is and what is known
about them and who their friends are, when the snippel was crealed, where the
snippet was posted and what other information is available about the other items in
that location, etc. Examples of classifving media items in this manner is discussed in
further detal in U8, Palent Application No. 14/302,032, incorporated hergin by
reference.

10035] Transiators 346 can be one or more maching franslation engines.
Machine transiation generation engines can be programs that take a snippet as input
and generate a version of the snippet in another language or dialect. In some
implementations, one of the translators 346 can be selup to perform a transiation for
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a particular source language, output language, or both. In some implementations a
transiator 346 can be a setup to perform transiations from muitiple source languages
or to muitiple culput languages as defined by a parameter provided to the translalor.
Translaiors 346 can use various language models, sets of rules, or other algorithms
to perform the conversion of a snippet from a source language 0 an output
language. The translators for various sourcefouiput languages or sourcefoutput
language parameters can be selected for further analysis by pre-transiation
language identifier 344 based on languages with a confidence value above a
threshold level.

10038] Translation scoring models 348 can receive transiations from translators
346 and can be configured to provide an estimation of the guality of the translations.
In some implementations, transiation scoring models 348 can be one or more frained
models, such as neural networks, that can provide a score for a transiation. In some
implementations, one of the translation scoring models 348 can be set up o perform
an analysis of a translation for a particular source language, output language, or
both. In some implementations, one of the transiation scoring models 348 can be
set up to perform an analysis of mulliple source languages or o multiple output
languages. Translation scoring models 348 can provide a score for each transiation.
In some implementations, transiators 346 can be selected or configured to create
multiple translations of the snippet applying the same source language and multiple
different output languages. In these cases, a combined score for the source
language can be created, such as by averaging the various scores for translations
that share a source language. The scores can be configured o be a weighting factor
for the confidence scores generated by pre-transiation language identifier 344, For
example, a score of 1 would be a neutral score, a8 score of .8 would decrease the
confidence value by 10% and a score of 1.1 would increase the confidence value by
10%.

10037] Confidence score generator 350 can receive the weighting factors from
transiation scoring models 348 and the confidence values for identified possible
source languages from pre-translation language identifier 344.  Confidence score
generator 350 can then use the weighting factors o update the confidence values of
the identified possible source languages. The resuiting identified possible source
language that has the highest updated confidence value can be selected as the most
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likely source language for the snippet. This ideniification can be returned through
interface 342.

10038] Those skilled in the art will appreciate that the components Hlustrated in
Figures 1-3 described above, and in each of the flow diagrams discussed below,
may be allered in a variely of ways. For example, the order of the logic may be
rearranged, substeps may be performed in parallel, fllustrated logic may be omitted,
other logic may be included, elc.

100391 Figure 4 is a flow diagram illustrating a process 400 used in some
implementations for compuling confidence scores for snippet source languages.
Process 400 begins at block 402 and continues to block 404, At biock 404, process
400 can receive a snippet for which a8 source language is o be determined. In
various implementations, snippeis can be selected for process 400 based on an
identified source language for the snippet having a low confidence vaiue or an
indication that the snippet i important or may have a large readership, such as
where the author is a celebrity or is someone who creates snippets that are typically
seen/shared by many people, where the topic of the snippet is about a popular issue
which altracts many people’s atltention, or where a snippet has had lots of
engagement in a short fime after its creation.

{00407 At block 406, process 400 can perform an initial source language
identification on the snippet received at block 404, Performing initial source
language identification of the snippet can comprise analyzing the content and/or
context of the snippet. Analyzing the conitent of the snippet can include determining
which words in the snippet matchup o which languages; whether the grammar in the
snippet is indicatlive of a particular language; whether the structure of the language in
the snippetl is indicative of a particular language; whether puncluation such as accent
marks are used; what type of characters are used; etc. Analyzing the context of the
snippet can include determining whether the time a snippet was created is indicative
of a particular language or region; determining whether the virtual location a snippet
is posted to, or other media items at that location, are indicative of a particular
ianguage; or whether information available about the author of the snippel is
indicative of a particular language. For example, a snippet is likely to be written in a
language known by s author or friends of the author. Additional details about
performing initial source language identification can be found in USs. Patent
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Application No. 14/302,032. In some implementations, the identifications of initial
source languages can include confidence values. The confidence values can be
based on the lype or factors from the content or contexi analysis that vielded a
source ianguage identification or how strongly one of more factors indicates a
particular language.

10041] At block 408, one or more top most likely source languages can be
identified. This can be accomplished, for example, by selecting polential source
languages that have a confidence value above a threshold. In some
implementations, selecting the itop most likely source languages can include
selecting all potential source languages.

{0042} Al block 410, process 400 can generate scored transiations for the fop
most likely source languages delermined at block 408,  Generating scored
translations can include applying, o the snippet, transiators configured for different
source or output languages; applying scoring models o the resulting transiations;
and, where multiple translations are creaied for the same source language,
combining scores for translations with the same source language. Additional details
regarding generating scored transiations are discussed below in relation to features
BA and 5B. In some implementations, blocks 406 and 408 can be skipped oronly a
simplified most likely language analysis ¢an be performed. I blocks 406 and 408 are
skipped, block 410 can be performed for all possible source languages or for a
specified sef of common source languages.

10043] Al block 412, process 400 can adjust the confidence factors for one or
more of the possible source languages identified al block 408, In some
implementations, the scores from block 410 can be weighting factors.  In some
implemeniations adjusting the confidence values can include multiplying the
weighting factors from block 410 with the confidence values determined in block 406.
in some implementations, the scores determined at block 410 corresponding o
particular source languages can be used as the updated confidence vaiues by
replacing the values determined at block 406. The potential source language with
the highest adjusted confidence value can be selected as the most likely source
language for the received snippel. An identification of this most likely source
language or oneg or more of the translations corresponding to this most likely source
language can be retumned. Process 400 continues {0 block 414, where it ends.
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{00441 Figure 5A is a flow diagram illusirating a process 500 used in some
implementations for generaling scored translations of a snippet.  As discussed
below, in some implementations, process 500 can creale transiations with different
output languages for each of mulliple potential source languages. This can be a
computationaily intensive procedure, and thergfore it may be performed "offling”
such as at the time of creation of a post to a social media site, before the post has
been selecied o be displayed. Process 500 begins at block 502 and continues o
block 504. At block 504, process 500 can receive a snippet.  In some
implementations, the snippet can be the one received by process 400 at block 404,
10045] At block 506, process 500 can obtain one or more transiators.  In some
implementations, the obtained translators can be one or more maching translation
engines. While translators are discussed below as being individually configured for a
particular source or output language, in some implementations, the same transiator
can be used for multiple source or oulput language by setling parameters for which
source or oulput language will be applied. In various implementations, the
transiators may be configured for a particular output languages or may be configured
for muitiple output languages. In some implementations, the obtained iranslators
can correspond o source ianguages that have been determined to be a likely source
language for the received snippet, such as may be determined by the process at
block 406.

10046} Al block 508, the first obiained transiator is set as a selected transiator.
At block 510, the selected translator, which presumes a particular source language
gengrates a particular output language, can be applied to the received snippet,
creating a translation of the snippet. Al block 512, process 510 can compute a score
for the transiation created at block 510, In some implementations, models ¢an
compute the confidence score of a transiation given the source and oulput
languages. In some implementations, scoring models can be trained constructs,
such as neural networks, or can use other analysis technigues such as grammar
analysis and decision frees.

{0047} Al block 514, process 500 can determine wheather any of the translators
obtained at block 506 have not been applied to the received snippet. H so, process
500 continues 1o biock 516, if not, process 500 continues to block 518, Al block
516, process 500 sets the next unused traﬂs\iator, from the translators received at
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block 506, as selected translator. The loop between blocks 310 through 516 will
continue until a scored transiation has been oblained corresponding to each of the
transiators detained at block 506.

0048} Al block 518, if there are multiple transiations with the same source
language but different output languages, the scores for translations with the same
source language can be combined, such as by averaging them. Al block 520, the
combined scores computed af block 518 or scores computed at block 512 can be
returned.  In some implementations, the corresponding transiations can also be
returned. Process 500 then continues to block 522, where it ends.

{00491 Figure 5B is a flow diagram Hiustraling process 550 used in some
additional implementations for generating scored translations of a8 snippet. Process
550 can be less computationally expensive than process 500. Thus, process 558
can be used when timeliness is essential, such as after a request for the snippet has
been made. Process 550 begins at block 552 and continues to block 554, At block
554, process 550 can receive a snippel. In some implementations, the received
snippet can be one that was received at block 404.

10050] At biock 556, an identification of a user who requested conient
containing the snippet can be received. Al block 558, a language associated with
the user identified block 5506 can be identified. Iidentifying a language associated
with a user can be based on factors such as setling specified for the user, e.g.
browser settings or profile setlings; a history of languages associated with content
items created by the user; content items the user tends to interact with; languages
associated with friends of the user; etc.  Additional details about identifying a
language associated with a user can be found in U.S. Patent Application No.
14/302,032.

100511 Al block 560, process 550 can oblain ranslaiors, e.g. machine
translation engines, that generate translations for various source languages into an
output language corresponding 1o the language identified at block 558. In some
implementations, the oblained transiators can be limited to those that specify a
source language corresponding to one of the top maost likely source languages
identified at block 408,

{0052] At block 562, the translators obtained at block 560 can be applied o the
snippetl received af block 552 o obtain one or more translations of the received
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snippet. Each applied transiator can presume a particular source language and can
generate a transiation in the language identified at block 5538. Al block 564, process
550 can score the transiations created at block 562, As discussed above in relation
to block 512, scoring translation resulls can comprise applying a scoring model.
Scoring models can take a transislion and a source snippet and compute a quality
score for the translation, which can be based on parameters such as the specified
source or output language.

10053] Al block 566, process 550 can refumn the fransiation scores. In some
implementations, process 350 can also return the corresponding translations.
Process 550 then continues to block 568, where it ends.

{0054] Figure 6 is an example 600 illustrating computing confidence scores for
possible source languages of a snippet. bExample 600 includes a snippet 602, a
language identifier 604, initial source language scores 606, franslators 608,
transiation scoring models 610, translation scores 612, score updater 614, and
updated source language scores 616, Snippet 602 can correspond to the snippet
discussed above in relation o block 404, Language identifier 604 can correspond o
the pre-translation language identifier discussed above in relation to block 344.
Translators 808 can corrgspond o the translators discussed above in relation 1o
block 346, Translation scoring models 810 can correspond to the transiation scoring
models discussed above in relation 1o block 348, Score updater 6814 can correspond
o the confidence score generalor discussed above in relation o block 350.

10055] in example 600, a snippet is provided fo language identifier 604 at step
8650, In this example, the snippet comprises "Check it sto impsrando un nouveau
langual® This snippet has features of several languages: "Check it" {(English}); sto
imparando {talian}, un {French, ltalian, or Spanish misspelling}); nouveau (Frenchy;
langua (close misspelling in any of French, Halian, or Spanish). Also, this snippet
was posted to a comments saction on a social media website for an article written in
French, by a user known o generally speak Spanish, but who has many French
speaking friends, and was posted from an P address associated with a location in
the United States that has mostly English speakers.
At step 652 of example 600, language ideniifier 6804 can identify initial source
language scores 606. Identifying initial source language scores 606 at step 652 can
correspond to block 406, In example 600, based on the above factors, French is the

P
= -
YA



10

15

20

25

30

WO 2017/052538 PCT/US2015/051737

top scoring most likely source language, with Spanish a close second, and {talian
also having a likelihood above 75%.

10056] In example 800, this anippet is selected for further analysis because of
the closeness of the top scoring possible source languages and because the author
is a celebrity that has a history of having her posts to the social media site viewsd by
many other users. Thus, at step 654a-654¢, the snippet is provided (o translators
808 1o have multiple translations of the snippet performed, each using a different
combination of source language and ouiput language. In example 600, a threshold
initial confidence factor of 50% is set, so translations are performed for potential
source languages: French, Spanish, ltalian, English, and German, as these are the
possible source languages in example 800 that have an initial confidence score
above 50%. Al step 654a, for example, the snippet is lransiated assuming French
as a source language and crealing translations in oulput langusges including
Spanish, Chinese, Japanese, and others. Using translators to generate fransiations
for different source and output languages can correspond o blocks 508-510.

{00577 Al step 656, the resulting transiations can be provided to transiation
score models 610, Al step 658, the translation score models 610 can score each of
the transiations and determine a combined score for translations that have a
common source language. In example 800, the transiations with a source language
of Halian received scores for output languages: Spanish of 1.12, Chinese of 1.32,
Japanese of 87, English of 99, French of 1.21, and other scores. The combination
of these scores for the ltalian source language, for example, is 1.09. Determining
scores and a combination scores for a source language can correspond o blocks
512 and 518.

{0058} Al steps 680 and 662, the initial source language scores 6808 and the
combined fransiation scores 612 are provided to score updater 614, At step 0664,
score updaier 614 can provide updated source language scores 616 by using the
combined translalion scores 612 as weighting factors for the top scoring injtial
source language scores 606. For example, Halian is determined to be the most likely
source language based on the multiplication of iis initial source language score 78
multiplied by its combined transiation score 1.08. Updating the initial source
language scores fo determing updated source language confidence scores can
corraspond o block 412. in
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example 600, Htalian can now be selecied as the most likely source language for
snippet 602 because it has the highest updated source language confidence score.
{60591 Several implementations of the disclosed technology are described
above in reference o the figures. The computing devices on which the described
technology may be implemented may include one or more central processing units,
memory, input devices {e.g., keyboard and pointing devices), output devices {e.q.,
display devices), storage devices {e.g., disk drives), and network devices (..,
network interfaces). The memory and siorage devices are computer-readable
storage media that can store instructions that implement at least portions of the
described technology. In addition, the data strucitures and message structures can
be stored or transmitted via a data transmission medium, such a3 a signal on a
communications Hink.  Various communicalions links may be used, such as the
internet, a local area network, a wide area network, or a point-io-point dial-up
connection.  Thus, computer-readable media can comprise computer-readable
storage media {(e.g., "non-transitory” media) and computer-readable transmission
media.

10060} As used herein, being above a threshold means that a value for an item
under comparison is above a specified other valug, that an item under comparison is
among a certain specified number of items with the largest value, or thal an item
under comparison has a value within a specified top percentage value. As used
herein, being below a threshold means that a value for an item under comparison is
below a specified other value, that an ilem under comparison is among a cerigin
specified number of itemms with the smallest valueg, or that an item under comparison
has a value within a specified bottom percentage value. As used herein, being
within a threshold means that a valug for an iterm under comparison is between two
specified other values, that an item under comparison is among a middle specified
number of items, or that an item under comparison has a valug within a middle
specified percentage range.

{0061] As used herein, the word "or” refers {o any possible permutation of a set
of tems. For example, the phrase "A, B, or C" refers o at leastone of A, B, C, or
any combination thereof, such asanv ol A B, C;Aand B Aand C; Band C; A, B,
and C;ormulliple of anyitemsuch as Aand A B, B, and C A A B, C, and C, elc.
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{00621 Although the subject matler has been described in language specific o
structural features and/or methodological acts, it is 0 be understood that the subject
matter defined in the appended claims is not necessarily limited to the specific
features or acts described above. Specific embodiments and implementations have
been describad herein for purposes of iHustration, but various modifications can be
made without deviating from the scope of the embodiments and implementations.
The specific fealures and acis described above are disciosed as example forms of
implementing the claims that foliow. Accordingly, the embodiments and
implementations are not limited except as by the appended claims.

10063] Any patents, patent applications, and other references noted above arg
ncorporated herein by reference. Aspects can be modified, it necessary, 1o employ
the systems, functions, and concepts of the various references described above o
provide yet further implementations.  If statements or subject matler in a document
incorporated by reference conflicts with stalements or subject matter of this
application, then this application shall control.
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CLAIMS
We claim:
1. A method for dentifying a most likely source language of a snippet
comprising:

receiving an indication of the snippet;
determining two or more possible source languages for the snippet;
generating two or more transiations of the snippet each having a specified
transiation source language,
wharein al least one of the two or more translations of the snippet is
generated having a first of the two or more possible source
languages for the snippet set as the specified translation source
language, and
wherein at least ancther of the two or morg transliations of the snippst
is generated having a second of the two or more possible
source languages for the snippet other than the first of the two
or more possible source languages for the snippet set as the
specified transiation source language;
compuling accuracy scores for at least two of the generated two or more
transiations of the snippet;
producing a confidence factor for each of gt least two selecied possible
source languages for the snippet, wherein the confidence factor for
each selected possible source language is produced based on one or
more of the compuled accuracy scores that has a source language
corresponding to the selected possible source language; and
selecting, as the most likely source language, the possible source language
for the snippet that is associated with a highest confidence factor.
2. The method of ¢laim 1,
wherein the least one of the two or more transiations of the snippet comprises
multiple transiations, gach with 8 common specified translation source
language;
wherein computing accuracy scores includes computing a combined accuracy
score for the multiple transialions, each with a common specified

translation source language, wherein computing each combined
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accuracy score is performed by combining individual accuracy scores
corresponding to each of the multiple translations that have a commaon
specified translation source language; and

wherein producing the confidence factor for the commuon specified transiation
source language is based on the combined accuracy score for the
multiple translations each with thal common specified transiation
source language.

3. The method of claim 2 further comprising:

performing an initial source language identification for the snippet;

wherein the initial source language identification for the snippet identifies one
or more of the possible source languages each with a corresponding
initial confidence valug;

wherein each initial confidence value indicates, for a corresponding possible
source language, a confidence that the corresponding possible source
language is a language of the snippet; and

wherein producing the confidence factor for at least a selected one of the
possible source languages comprises updating the initial confidence
value for the selected one of the possible source languages using the
combined accuracy score corresponding o the selecled one of the
possible source languages.

4, The method of claim 2,

wherein the confidence factor for the common specified transiation source
language is the combined accuracy score.

5. The method of claim 1 further comprising:

performing an initial source language identification for the snippet;

wherein the initial source language identification for the snippet identifies one
or more of the possible source languages each with a corresponding
initial confidence value; and

wherein each initial confidence value indicates, for a corresponding possible
source language, a confidence that the corresponding possible source

language is a language of the snippet.
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8. The method of claim §,

wherein the first of the two or more possible source languages is selecied
based on the corresponding initial confidence value for the first of the
two or more possible source languages being above a threshold value.

7. The method of ¢laim 5,

wherein performing the initial source language identification for the snippet
comprises an analysis of a context of the snippet.

8. The method of claim 7, wherein the analysis of the contexi of the

snippet uses one or more of:

languages that an author of the snippet is known to be facile with;

languages associated with users identified as iriends of the author of the
snippet;

when the snippet was created;

mformation on the a virtual location where the snippet was posted; or

any combination thereof,

8. The method of claim 1 further comprising:

selecting from the generated two or more transiations of the snippet, as
transiations of the snippet, the translations where the specified
transiation source language is the language selected as the most likely
source ianguage of the snippet.

10.  The method of claim 1, further comprising:

receiving an indication of a viewing user of the snippet; and

determining an output language associated with the viewing user of the
snippet;

wherein the generated two or more fransiations of the snippet are each in an
output language matching the output language associated with the
viewing user of the snippet.

11. The method of claim 1,

wherein computing the accuracy scores is performed by a translation scoring
model that is trained o generate translation scores with training data
comprising data points each including an inpul snippet, an output
snippet, and a score.
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12. The method of claim 1,

whergin the method is performed in response {0 a reguest that reguires a
transiation of the snippet.

13. The method of ¢laim 1,

wherein the method is performed in response o creation of the snippet or
posting of the snippet to a social media website.

14. A computer-readable storage medium sloring instructions that, when

executed by a computing system, cause the computing system (o perform operations
for identifying confidence factors for snippel source languages, the operations

COMprising:

raeceiving an indication of a snippet;
receiving an indication of a viewer of the snippet;
determining an output language associated with the viewer of the snippet;
generating two or more translations of the snippet of the two or more
transiations each having a specified fransiation source language and
each of the two or more transiations being in an oulput language
matching the outpul language associated with the viewer of the
snippet,
wherein al least one of the two or more translations of the snippst is
generated having a first of two or more possible source
languages for the snippet set as the specified transiation source
language, and
wharein at least another of the two or morg transiations of the snippet
is generated having a second of the fwo or more possible
source languages for the snippet other than the first the two or
more possible source languages for the snippst set as the
specified transiation source language,;
compuling accuracy scores for at least two of the generated two or more
franslations of the snippet; and
producing a confidence facior for each of al least two selecied possible
source languages for the snippet, wherein the confidence factor for
gach selected possible source language is produced based on one or
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more of the computed accuracy scores that has a source language
corresponding to the selected possible source language.

15. The compulerreadable siorage medium of claim 14, wherein the

operations further comprise:

performing an initial source language dentification for the snippet;

wherein the initial source language identification for the snippet identifies one
or more of the possible source languages each with a corresponding
initial confidence value; and

wherein each initial confidence value indicates, for a corresponding possible
source language, a confidence that the corresponding possible source
language is a language of the snippst.

16.  The computer-readable storage medium of claim 15,

wherein the first of the two or more possible source languages is selected
based on the corresponding initial confidence value for the first of the
two or more possible source languages being above a threshold value.

17.  The computer-readable storage medium of claim 14, wherein the

operations further comprise:

selecting from the generated two or more transiations of the snippet, as
fransiations of the snippet, translations where the specified transiation
source ianguage is a language with a highest confidence factor.

18. The computer-readable storage medium of claim 14,

wherein computing the accuracy scores is performed by a translation scoring
model that is trained to generate translation scores with training data
comprising data points each including an input snippet, an output
snippet, and & score.

19, A system for generating a transiation of a anippet comprising:

a mermory;

ONe OF MOre Drocessors,

an interface configured to receive an indication of the snippet;

a pre-transiation language identifier configured o determine two or more

possible source languages for the snippet;
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a transiator configured to generale two or more transiations of the snippet,
each of the two or more translations of the snippet having a specified
transiation source language,
wherein at least one of the two or more transiations of the snippet is
generated having a first of the two or more possible source
languages for the snippet set as the specified translation source
language, and

wherein at ieast anocther of the two or more translations of the snippet
is generated having a second of the two or more possible
source languages for the snippet other than the first the two or
more possible source languages for the snippet as the specified
transiation source language;

a translation scoring model configured to compute accuracy scores for at least
two of the generated two or more translations of the snippet; and

a confidence score generator configured (o produce a confidence factor for
each of at least two selected possible source languages for the
snippet, wherein the confidence facltor for each selected possible
source language is produced based on one or more of the computed
accuracy scores that has a source language corresponding to the
selected possible source language;

wherein the interface is further configured (o provide from the generated two
or more translations of the snippet, as transiations of the snippet,
transiations where the specified translation source language is the
possible source language with the highest confidence faclor.

20, The system of claim 18, wherein the pre-transiation language identifier
is configured to determine the two or more possible source languages for the snippet
by:

performing an initial source language identification for the snippet;

wherein the initial source language identification for the snippet identifies one
or more of the possible source languages each with a corresponding

initial confidence value;
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wherein each initial confidence value indicates, for g corresponding possible
source language, a contidence that the corresponding possible source
language is a language of the snippet; and

wherein the first of the two or more possible source languages is selected
based on the corresponding initial confidence value for the first of the
two or more possible source languages being above a threshold value.

21, A computer-implemeanted method for identifying a most likely source
language of a snippet (602) comprising:

receiving an indication of the anippet (802);

determining two or more possible source languages for the snip-pet (802);

generating two or more transiations of the shippet {(602) using a ma-chine
transiation engine, each having a specified ftransiation source
language,

wherein al least one of the two or more translations of the snip-pet {802} is
generated having a first of the two or more possible source languages
for the snippet (B802) set as the specified translalion source language,
and

wherein at least ancther of the two or more transiations of the snip-pet (602)
is generated having a second of the two or more possible source
languages for the snippet (802) other than the first of the two or more
possible source languages for the snippet (802) sel as the specified
transiation source language;

computing accuracy scores (B12) for at least two of the generated two or
more translations of the snippet (602);

producing a confidence factor (616) for each of at least two selacted possible
source languages for the snippet {802), wherein the confidence factor
{616) for each selected possible source language is produced based
on ong or more of the computed accuracy scores {612) that has a
source language comesponding to the selected possible source
language; and

selecting, as the most likely source language, the possible source lan-guage
for the snippet {802) that is associated with a highest confidence factor
{616).
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22.  The method of claim 21,

wherein the least one of the two or more transiations of the snip-pet (602}
comprises muitiple translations, each with a common specified
transiation source language;

wherein compuling accuracy scores {812) includes computing a combined
accuracy score (612} for the multiple translations, each with a common
specified  translation source language, wherein computing each
combined accuracy score (612) is performed by combining individual
accuracy scores (812) corresponding o each of the mulliple
transiations that have a common specified ranslation source language;
and

wherein producing the confidence factor {(616) for the commaon specified
transiation source language is based on the combined accuracy scorg
{812} for the multiple translations each with that common speci-fied
transtation source language.

23, The method of claim 22 further comprising:

performing an initial source language identification for the snippet (602},

wherein the initial source language identification for the snippet (602)
identifies one or more of the possible source languages each with a
corresponding initial confidence value (606},

wherein each initial confidence value (606} indicates, for a correspond-ing
possible source language, a confidence that the corresponding pos-
sible source language is a language of the snippet (802}, and

wherein producing the confidence factor (616) for at least a selected one of
the possible source languages comprises updsting the initial
confidence value (608) for the selected one of the possible source lan-
guages using the combined accuracy score {(612) corresponding to the
selected one of the possible source languages.

24, The method of claim 22 or 23,

wherein the confidence factor for the common specified translation source
language is the combined accuracy score (812).

25, The method of any one of claims 21 or 24 further comprising:

performing an initial source language identification for the snippet (802};

e
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wherein the initial source language identification for the snippet (602}
identifies one or more of the possible source languages each with a
corresponding initial confidence value; and

wherein each initial confidence value indicates, for a corresponding possible
source language, a confidence that the corresponding possible source
language is a language of the snippet (602),

optionally wherein the first of the two or more possible source lan-guages is
selected based on the corresponding initial confidence val-ue (606) for
the first of the two or more possible source languages be-ing above a
threshold vaiue.

26. The method of claim 25,

wherein performing the initial source language identification for the snippet
{602) comprises an analysis of a context of the snippet (602},

optionally wherein the analysis of the context of the snippet {802} uses one or
more of:

fanguages that an author of the snippet (802} is known 1o be facile with;

languages associaled with users identified as friends of the author of the
snippet (602);

when the snippel (602) was created;

information on a virtual location where the snippet (6802) was posted; or

any combination thereof.

27.  The method of any one of claims 21 or 26, further comprising:

selecting from the generaled two or more translations of the snip-pet (602}, as
translations of the snippet (602}, the transiations where the specified
fransiation source language is the language selecied as the most likely
source language of the snippet (602).

28.  The method of any one of claims 21 or 27, further comprising:

receiving an indication of a viewing user of the snippet (602}; and

determining an output language associated with the viewing user of the
snippet (602},

wherein the generated two or more translations of the snippet {802} are each
in an output language matching the output language associated with
the viewing user of the snippet (_602).
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29.  The method of any one of claims 21 or 28,

wherein computing the accuracy scores (812) is performed by a trans-lation
scoring model {(348;610) that is trained to generate translation scores
{612} with training data comprising data points each including an input
snippet (802}, an output snippet (B02), and a score.

30. The method of any one of claims 21 or 29,

wherein the method is performed in response (o a request that reguires a
transiation of the snippet (602) or

wherein the method is performed in response o creation of the snip-pet {(802)
or posting of the snippet (802} to a social media website.

31, The method of any one of claims 21 or 30,

wherein the maost likely source language is provided as a parameler to a
Orocessing engine for at least one of:

applying a machine transiation engine;

performing spelling corrections; and

performing grammar corractions.

32. A computer-readable storage medium storing instructions that, when
executed by a computing systern (100,200,300}, cause the computing
system (100,200,300} to perform operations for identifying confidence
tactors for snippet source languages, the operations comprising:

receiving an indication of a snippet (602);

receiving an indication of a viewer of the snippet (602);

determining an output language associated with the viewer of the snippet
(802},

generating two or more translations of the snippet (802) of the two or more
fransiations each having a specified translation source language and
each of the two or more fransiations being in an ouiput language
matching the oulput language associated with the viewer of the snip-
pet (602},

wherein at least one of the two or more translations of the snip-pet {(802) is
generated having a first of two or more possible source languages for
the snippet (602} set as the specified translation source language, and
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wherein at least another of the two or more transiations of the snip-pet (802)
i& generated having a second of the two or more possible source
languages for the snippet (602) other than the first the two or more
possible source languages for the snippet (602) set as the speci-fied
transiation source language;

compuling accuracy scores (612} for at ieast two of the generated two or
more translations of the snippet (602); and

producing a confidence factor (816} for each of at least two selected possible
source languages for the snippet (802}, wherein the confidence factor
{610) for each selected possible source language is produced based
on one or more of the computed accuracy scores {612} that has a
source language corresponding to the selected possible source
language.

33. The computer-readable storage medium of claim 32, wherein the oper-
ations further comprise:

selecting from the generated two or more transiations of the snip-pet {602}, as
transiations of the snippet (602), transiations where the specified
transiation source language is a language with a highest con-fidence
factor (616).

34.  The computer-readable storage medium of claim 32 or 33,

wherein the instructions, when executed by the computing sys-tem
(100,200,300}, cause the computing system (100,200,300} to per-form
a method according to any one of claims 21 31.

35. A system for generating a translation of a snippet {802), e.g. arranged
to carry out a method according o any ong of claims 21 31,
COMprising:

a memory (150;306,308);

one or mare processors {(110;304);

an interface {342} configured o receive an indication of the snip-pet (602);

a pre-translation language identifier (344} configured to determine two or

more possible source languages for the snippet (602);
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a transialor (346;608) configured to generale two or more transiations of the
snippet (602}, each of the two or more translations of the snip-pet (602)
having a specified translation source language,

wherein at least one of the two or more translations of the snip-pet (602} is
generated having a first of the two or more possible source languages
for the snippet (602) setl as the specified translation source language,
and

wherein at least another of the two or more transiations of the snip-pet (802)
is generated having a second of the two or more possible source
languages for the snippet (802) other than the first the two or more
possible source languages for the snippet (602) as the specified
transiation source language;

a translation scoring model {(348:610) configurad to compute accuracy scores
{812} for at least two of the generated two or more transiations of the
snippet (602); and

a confidence score generator (350} configured to produce a confidence facior
{616} for each of atf least two selected possible source languages for
the snippet {602}, wherein the confidence factor {616} for each
selected possible source language is produced based on ong or more
of the computed accuracy scores (612} that has a source language
corresponding to the selecled possible source language;

wherein the interface (342} is further configured o provide from the generated

two or more transiations of the snippet (802}, as transiations of the snippet (602},
transiations where the specified transiation source language is the possible source
language with the highest confidence factor (818).
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