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USE OF STATISTICAL FLOW DATA FOR MACHINE TRANSLATIONS BETWEEN
DIFFERENT LANGUAGES

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is a continuation of and claims priority to U.S. Patent Application
No. 14/584,925, filed December 29, 2014, which is incorporated herein by reference in its

entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to use of statistical data for machine translations in
computer networks when translation is needed between different languages.

[0003] Translations are becoming increasingly important as the Internet and other
computer networks cross international borders and provide access to a wide variety of
documents written in different languages. Commercial, scientific, engineering, political,
artistic, and other types of human interaction often require translation. Human translators
cannot keep up with this demand, and machine translation is becoming prevalent. Machine
translation (MT) is produced by a computer as it executes computer instructions. Naively
speaking, an MT system should imitate the work of a human translator who understands the
source language and expresses the same understanding in the target language. However,
human understanding and human expression cannot be captured by computers: while both
humans and computers can consult dictionaries and grammatical rules, humans can translate
even without knowing grammar, and human ability to understand each other even without
speaking enhances their translation abilities in ways unmatched by computers which do not
understand anything but just follow instructions. On the other hand, computer speeds are
unmatched by humans, and neither is the computer ability to store vast amounts of data which
can be recalled systematically without a hint or cue. Consequently, machine translation has
developed as a field with its own lexical and statistical techniques designed to meet the usual
engineering concerns such as minimizing the use of computer resources (memory, processing
power, network bandwidth, etc.) while providing adequate speed and low cost.

[0004] Fig. 1 illustrates a computer network with a server 110 that performs machine
translations in response to requests received over a network 130 (e.g. the Internet) from
computers 120, Server 110 can be a single computer or a distributed system including

multiple computers interconnected by a variety of networks possibly including the network
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130. A request from a computer 120 may be an explicit request to transl.ate a document, or
may be a request to perform some other task requiring translation, for example, to perform a
search of documents in different languages. Thus, a user of computer 120 may submit a
search query in one language, but the query must be matched against documents written in
another language, so the search query has to be translated before the search can proceed.
[0005] Server 110 has access to computer databases 140 storing the documents to be
searched. Machine translation engine 160 translates the queries if needed. Search engine 150
accepts the translated queries, searches the pertinent databases 140, and produces the search
results, e.g. a list of database documents with a link (URL) for each document, possibly with
a brief description of each document or a sample of the document’s contents.

[0006] MT engine 160 uses its databases 170 to perform translations. Databases 170
contain language model information 170R which includes computer dictionaries and
computer representations of grammar, and also contains statistical information 170S derived
from known translations.

[0007] Importantly, the server can store information on search requests to help improve
future translations. Such information is shown as click-through logs 180. For example,
suppose that many users submit an English language query which we will denote as “qEn”,
and after obtaining the search results the users frequently select from the search results a
given URL (Uniform Resource Locator), e.g. www.fedex.com, which is an English-language
home page of a U.S. company. Suppose also that many other users, possibly Chinese-
speakers, submit a Chinese language query qCn, obtain search results, and select the URL
www.fedex.com/cn, which is the Chinese-language home page of the same company. Server
110 may conclude that the English language query qEn is an English translation of the
Chinese language query qCn. See e.g. U.S. pre-grant patent publication no. 2010/0161642
(Chen et al.) published June 24, 2010 for other uses of the click-through data to improve
machine translations.

[0008] The click-through data 180 are processed by the server’s data mining engine 190
to update the MT databases 170 with pertinent information. More particularly, data mining
engine 190 finds correlatiéns between the click-through data (e.g. between URLs such as
www.fedex.com and www.fedex.com/cn, and data queries such as qEn and qCn) and updates
the MT databases 170 with information needed to improve future translations, e.g. with an
indication that gEn and qCn are translations of each other.

[0009] Fig. 2A is a flowchart of a process performed by server 110. At step 210, the

server receives information on a user request from a computer 120. The request can be a
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search query or a request for a document from previously submitted search results. At step
220, the server logs the request in click-through database 180. At step 230, the server
performs other processing as needed for the request.

[0010] Fig. 2B shows an example processing operation 230 performed when the user
request is a search query. At step 234, the server checks whether the query needs translation.
In particular, the server determines in what language the query is; this is done by the server
looking up the words of the query in dictionaries stored in databases 170. The server then
determines in what languages the search should be performed. If the search should be
performed in a language other than the query language, the query is provided to MT engine
160, which translates the query at step 238.

[0011] The translated query, or the original query if no translation is needed, is provided
to the search engine 150. The search engine performs the search at step 242, and provides the

search results. At step 246, the server sends the search results back to the computer 120.

SUMMARY

[0012] This section summarizes some features of the present disclosure. Other features
may be described in the subsequent sections. The invention is defined by the appended
claims, which are incorporated into this section by reference.

[0013] In some embodiments, a machine translation system uses statistical information
other than information 170S derived from known translations. One example of such
information is the user’s activity in the same computer session prior to submitting the query,
e.g. information derived from the flow through one or more web sites before submitting the
query. Therefore, the same query can be translated differently for different users or for the
same user in different interactions with the server even if the MT database 170 is unchanged.
[0014] In a simplified example, suppose that a query contains a Russian word “list”
(muct). This word may denote a leaf of a tree, or may denote a sheet (e.g. of paper or steel).
The MT system must determine whether to translate the Russian word as “leaf” or “sheet”.
Suppose that the query is submitted by different Russian-speaking users: one user has just
browsed through web pages related to gardening, while another user submitted the same
query after browsing through engineering literature. For the first user, the MT system may
output “leaf” as the translation, while for the second user may output “sheet”.

[0015] Users’ preferences are not always detectable by simple analysis, so in some
embodiments, the server applies computer-based data-mining and machine-learning

techniques to the click-through data to find what portion of a flow before the query is
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statistically related to success of a translation. Success can be measured by indicators derived
from the user’s actions after receiving the search results. One example is a click-through rate,
defined as the number of documents that a user requested (clicked on) after receiving search
results for a query translated in a particular way: if this number of documents is high, then the
translation is assigned a high success score (the score can be defined as the click-through rate
or in some other way). Such success scores are used by the MT system in subsequent
translations.

[0016] Another possible success indicator is the amount of time that the user spent on
reviewing the documents in the search results produced for the query translated in a particular
way: more time corresponds to a greater success.

[0017] The success indicators are chosen based on desired results. For example,
electronic commerce may use GMB (Gross Merchandize Bought by a user after receiving the
search results), or the number of items bought, or the number of items about which the user
requested more information, or some other key performance indicators used in commerce. In
a system in which the server pushes advertisements to the user, a possible success indicator
may relate to whether the user clicked on any advertisement, the number of advertisements
clicked on, the user making a purchase based on the advertisement, the purchase amount
measured in money or the number of items bought, etc. If the server allows users to bid on
products, or place a watch on a product, or perform other actions of commercial value, the
positive results can be used as success indicators.

[0018] As noted above, in some embodiments, the MT engine uses information on user
flow to select a translation. Additionally or alternatively, information on user flow is used to
arrange the search results (e.g. order the search results). Thus, in some embodiments, the
search engine performs a search on each of multiple candidate translations (e.g. both “leaf”
and “sheet” in the example above), and the search results are arranged based on user flow
when they are provided to the user. Thus, the server first obtains search results for each of the
translations, i.e. search results for “leaf” and separate search results for “sheet”. The server
then may combine these two sets of search results as follows: for the user interested in
gardening (i.e. whose prior flow involves gardening documents), the server may first take two
documents from the search results for “leaf”, then one document is taken from the search
results for “sheet”, then the next two documents from the search results for “leaf”, then one
document from the search results for “sheet”; and so on, For the user interested in
engineering, the server may give a similar preference to the search results for “sheet”.

[0019] In some embodiments, when a user’s query needs to be translated, the server

4-




10

15

20

25

30

WO 2016/109102 PCT/US2015/063514

performs the following operations:

[0020] - The server obtains parameters of interest (“flow parameters of interest”) in the
user’s flow leading to the query. The flow parameters of interest are those flow parameters
which were correlated with success indicators as previously determined by the server through
statistical analysis of click-through logs 180.

[0021] - The server then searches the click-through logs for flows with the same or
similar flow parameters, and selects from those flows the translation that fetched the highest
success indication. The server uses this translation for the current user (i.e. the user who
submitted the query).

[0022] In some embodiments, selection of possible translations or combining the search
results takes into account random values, e.g. values generated by the server. Random values
can be used to perform multivariate testing, e.g. statistical “AB testing”, i.e. to statistically
determine, from success indicators of different translations, which of the translations is more
likely to be successful. In statistics, “AB testing” denotes testing for two hypotheses, A and
B, e.g. testing of two possible translations as to which of the translations is more successful.
Multivariate testing involves testing for any two or more hypotheses, e.g. as to which of two
or more possible translations is more successful. Thus, for two possible translations “A” and
“B” of a given query received from multiple users, a random value is generated for each user,
and based on this random value, the user is given the translation “A” or “B”, i.e. for some
users the translation A is provided to the search engine, and for others the translation “B” is
provided to the search engine. The resulting success indicators are analyzed to determine
which translation is better. Then future users are given only the best translation.
Alternatively, the analysis may show a correlation between a success indicator and some
other flow parameter(s). Then a future user is given the best translation for the corresponding
flow parameters for that flow.

[0023] Random values can be combined with other information (e.g. user flow
information) to determine the best translations and/or arrange the results.

[0024] The invention is not limited to the features and advantages described above except

as defined by the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025] Fig. 1 is a block diagram of a server in a computer network according to prior art.
[0026] Figs. 2A, 2B are flowcharts of server operations according to prior art.

[0027] Fig. 3 is a block diagram of a server in a computer network according to some
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implementations introduced by the present disclosure.

[0028] Fig. 4 includes a flowchart of server operation and a block diagram of a server
according to some implementations introduced by the present disclosure.

[0029] Fig. 5 is a flowchart of server operation according to sorﬁe implementations \
introduced by the present disclosure.

[0030] Fig. 6 illustrates a database record according to some implementations introduced
by the present disclosure.

[0031] Fig. 7 is a flowchart of server operation according to some implementations
introduced by the present disclosure.

[0032] Fig. 8 is a flowchart of data flow in server operation according to some
implementatiéns introduced by the present disclosure.

[0033] Fig. 9 includes a flowchart of server operation and a block diagram of a server
according to some implementations introduced by the present disclosure.

[0034] Fig. 10 is a flowchart of server operation according to some implementations
introduced by the present disclosure.

[0035] Fig. 11 includes a flowchart of server operation and a block diagram of a server
according to some implementations introduced by the present disclosure.

[0036] Figs. 12, 13, 14 include flowcharts of server operations according to some

implementations introduced by the present disclosure.

DESCRIPTION OF SOME EMBODIMENTS

[0037] The embodiments described in this section illustrate but do not limit the invention.
The invention is defined by the appended claims.

[0038] Some embodiments will now be illustrated on the example of a system of Fig. 3
parts of which may or may not be as in Fig. 1, but server 110 incorporates novel aspects.
Computers 120 and network 130 can be as in Fig. 1, or some other type. Search engine 150,
databases 140, and MT databases 170 can also be as in Fig. 1 or some other type. Click-
through logs 180 may be as in Fig. 1 or may include additional data.

[0039] Data mining engine 190 may perform the same operations as in Fig. 1, and may
perform additional operations to generate statistical flow database 310. Statistical data 310
are obtained by data mining the click-through logs 180 for statistical information on the
correlation between success indicators on query translations on the one hand and various
aspects of user flow on the other hand. Suitable data mining techniques include Clustering,

Classification, Regression, Time Series Analysis, Sequence Discovery, and are described, in
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many publications including, for example, references [1], [2], [3] listed in the Bibliography
section below (before the claims); see also references listed in “Haym Hirsh's Publications:
Text Retrieval, Text Classification, and Text Mining” available at

http://www.cs.rutgers.edu/~hirsh/publications/text.html.

[0040] Machine translation engine 160 uses the statistical flow data 310 and current flow
data 320 (the data on the user flow which leads to the query, i.e. the flow’s portion before the
query) in addition to MT databases 170. In some embodiments, current flow data 320 is
obtained from click-through logs 180 (which is obtained by logging at steps such as 220 or
230 of Fig. 2A). Alternatively or in addition, current flow data 320 can be obtained from a
browser cookie stored on the user’s computer 120, or from the URL supplying the search
query to the server, or possibly from other sources.

[0041] Fig. 4 is an exemplary flowchart of query processing by server 110 in some
embodiments. The server may operate according to the general scheme of Fig. 2A, but step
230 is different. In particular, step 230 may involve logging of more click-through data into
log 180 than in Fig. 2A. Also, the machine translation is performed differently than in Fig.
2B, as illustrated in Fig. 4.

[0042] Fig. 4 shows only those steps that are needed to illustrate the novel machine
translation. Some embodiments include additional steps, e.g. step 234 of Fig. 2B
(determining if the query needs translation, and submitting the untranslated query to search
engine 150 if no translation is needed).

[0043] The translation if needed is performed at step 238 by MT engine 160, whose
architecture is shown in insert A in Fig. 4, MT engine 160 includes a pre-translation engine
160P and candidate translation selection module 160S. Pre-translation engine 160P can
generate multiple candidate translations of the query (at sub-step 238P of step 238). For
example, engine 160P may provide both “leaf” and “sheet” for Russian word “list” as
described above. Candidate selection module 160S selects one of the translations (sub-step
238S). The selected translation is then provided to search engine 150, which performs the
search at step 242. The search results are sent to the user at step 246. Steps 242 and 246 can
be as in Fig. 2B.

[0044] Returning to MT step 238, pre-translation 238P may or may not be as in prior MT
systems; see e.g. U.S. Pre-Grant Patent Publication no. 2010/0179803 (Sawaf et al.)
published July 15, 2010, incorporated herein by reference. As described therein, a statistical
MT engine may initially provide a number of candidate translations based on MT databases

170, then select the highest-probability translation. In some embodiments of the present
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invention, MT engine 160 (Fig. 4) has a pre-translation engine 160P which determines
candidate translations, possibly as in the aforementioned Sawaf reference or in some other
way (possibly in novel ways discussed below). However, the candidate selection is different
because the candidate selection module 160S takes into account statistical flow data 310 and
current flow data 320, matching the current flow data 320 against statistical relationships
between prior flows and translation success indicators as provided by data mining engine
190. The candidate selection module 160S of Fig. 4 can be a machine learning engine that
predicts the best candidate translation based on prior flows to maximize the translation
success indicators.

[0045] Exemplary implementations of the above schemes will now be described. Table 1
below illustrates an exemplary flow and the corresponding click-through data 180 for an
exemplary user. In this example, click-through data include domains associated with each
document (possibly HTML page) requested by the user (i.e. by the computer 120) in a single
session of interaction with the server 110. (“HTML” stands for Hypertext Mark-up Language
often used in Wide World Web (WWW); however, the invention is not limited to HTML,
WWW, or the Internet: the invention can be used with other types of networks or network
protocols). A “domain” is any information that may potentially help in selecting a proper
translation. For example, a domain can be a topic to which the document pertains, such as

L1

“gardening”, “engineering”, “mechanical engineering”, “financial services”, “travel”, etc. In
commerce, a domain may describe a category of products, such as “shoes”, “men’s shoes”,
“closing”, “luggage”, “bags”, “mobile phones”, etc. A single document or HTML page may
be associated with multiple domains.

[0046] In table 1, server actions are shown as A1, A2, etc. The corresponding click-

through data logged by the server are shown as L1, L2, etc.
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[0047] Table 1: An example of one flow and of associated click-through data

Server action

Click-through data logged for server

action

Al. Receive, from the user, a URL
indicating a home page. Assign ID to the
flow (e.g. based on user 1D if known,
and/or on ID of computer 120, and/or on IP
(Internet Protocol) address, etc.)

Send home page to user

L1. (a) Flow ID;

(b) Home page description (e.g. title,
components or their description, elements
of each component or description of
elements; the eclements may include text,
video, data entry fields (e.g. for search
queries), etc.;

(c) Domains of home page (maybe just a
generic domain, i.e. including all topics);
Key words or other information on home
page;

(d) Time when home page was sent to user

A2, Receive URL from user (e.g. if user
clicked on a link in home page); Send
corresponding page to user (could be
HTML page, PDF document, or other type

of information)

L2. Information on requested page (HTML
page, or PDF document, etc.), possibly

same type information as in L1(a) through

(d)

A3. Other actions similar to A2

L3. Other click-through data similar to L2

A4. Receive search query from user;
Obtain search results, send them to user (as

at step 246 in Fig. 4)

L4. Query (in source language), whether
translation is needed, translation or
translations used to generate search results
(translations can be logged when provided
to search engine 150), information on
search results page sent to user at step 246
(possibly the entire search results page,
time when sent).

- Initialize click-through rate to 0 for this
query (clicked-through rate can be part of
click-through data 180)
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Server action

Click-through data logged for server

action

AS5. Receive URL from user; Determine
that the URL corresponds to one of the
documents in search results page sent at A4
(this information may be specified in the
URL, e.g. as a URL parameter, or using a
cookie for example); Send document to
user if the document is at the server; if the
document is at another web site, then either
(i) obtain the document and send it to the
user, or (ii) redirect the user to the other

web site

L5. Update click-through rate for the
search results to indicate that a document
was requested from the search results in
L4. Initialize time spent on reviewing the
document to 0, Record document
information (as in L.1). Record time the

document was sent to user

A6. Like AS: (URL for another document

from search results in A4).

L6. Update click-through rate for the
search results. Measure and record the time
spent on reviewing the document provided
in A5. Record information on document
provided in A6 (like in L1), and time the

document was sent to user.

A7. Receive URL indicating that the user is
making a purchase or clicking on
advertisement. Provide corresponding
HTML page or document to user (e.g. to
obtain credit card information for charging
the purchase, or to direct the user to the

advertiser’s web site).

L.7. Measure and record time spent on
reviewing the document provided in A6.
Record information regarding purchase or
advertisement (including purchase amount,

etc.)

[0048] Once in a while, data mining engine 190 analyzes the click-through data 180 and
creates or updates statistical flow DB 310. Fig. 5 illustrates exemplary operations performed
by data mining 190 in some embodiments. In addition to click-through logs 180, DM 190
receives definitions 510 of success indicators of interest (exemplary success indicators are
click-through rates, gross merchandize bought, and others described above). Then DM 190

analyzes the DB 310 and the success indicators to determine pertinent information for DB

-10-
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310. Exemplary algorithms for this analysis include correlation analysis, clustering,
classification and time series analysis, described in [4] through [12] (see the Bibliography
section below). Other algorithms are also possible.

[0049] In the example of Fig. 5, at step 520, DM 190 computes success indicators for the
flows involving at least one machine translation of a query. DM 190 may also compute
success parameters based on the success indicators; for example, if there are multiple success
indicators, then a success parameter can be a function (e.g. sum) or these success indicators
and can be used to simplify further processing.

[0050] At step 524, DM 190 determines which flow parameters are “significant” for the
success of machine translation, i.e. which flow parameters are highly correlated with the
particular machine translations and the success indicators (and/or success parameters).
Various algorithms can be used as mentioned above. In the example of Fig. 5, step 524
involves steps 530 and 540. At step 530, DM 190 computes correlations between queties,
translations, success indicators/parameters, and various types of click-through data to
determine, at step 540, which translations and other flow parameters of the click-through data
are highly correlated with the success indicators/parameters. Exemplary flow parameters
include domains of documents requested by a user in the flow before the translation, URLs
specified in the flow before the translation, flow parameters (e.g. domains) involved in prior
translations before a given translation in the same flow, the time intervals between successive
user requests sent to the server before the translation, the background colors or other visual
propetties of preceding pages shown to the user, etc. A correlation can be computed between
a flow parameter and a success indicator/parameter, to identify flow parameters that are not
highly correlated with machine translations. More generally, a correlation can be computed
between a set of one or more success indicators/parameters and a set of one or more flow
parameters.

[0051] At step 540, DM 190 selects the best flow parameter sets based on the
correlations. The “best” sets can be defined in different ways. For example, a correlation can
be represented as a Pearson correlation coefficient which is a number between 0 and 1
inclusive. Step 540 may select all the flow parameter sets with correlations equal to or greater
than a predefined number (e.g. equal to or greater than 0.5), or up to a maximum number of
flow parameter sets with the highest correlations (e.g. 100 flow parameter sets with the
highest correlations), or select the best flow parameter sets in some other way taking the
correlations into account. In some embodiments, the correlations are weighted with some

weights based on other desired properties; in one example, a flow parameter set with a large
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number of flow parameters is given a lower weight since such a flow parameter set may need
more computations at the candidate selection step 238S.

[0052] At step 550, DM 190 creates or updates statistical flow DB 310 to allow
prediction of success indicator(s)/parameter(s) of interest for a given machine translation of a
given query based on the flow parameters selected at step 524 (i.c. at step 540). DB 310 is
populated with data allowing such prediction. For example, the selected flow parameter sets
can be recorded in flow DB 310, possibly together with the corresponding success
indicators/parameter(s) and possibly together with correlations, or with indications on
whether the correlation is positive or negative (positive correlation may indicate, for example,
that an increasing number of occurrences of a particular domain is associated with an increase
of a particular success indicator or parameter for a given translation of a given query; a
negative correlation may indicate the opposite relationship, i.e. that an increasing number of
occurrences of the domain occurrences is associated with decrease of the success
indicator/parameter for the translation of the query). ‘

[0053] DM 190 may also perform other operations unrelated to the analysis of Fig,. 5, e.g.
operations needed to update the statistical MT database 170S; see the aforementioned Sawaf
reference.

[0054] Fig. 6 illustrates an exemplary record 310R created at step 550 in statistical flow
DB 310. In this example, DM 190 determined at steps 530, 540 that significant flow
parameters include the domains seen in the flow before the query was received and the
number of times (the frequency) that each domains was seen in the flow. Thus, in the
example of Table 1, for the query translation recorded at L4, and for given success indicators
510 (e.g. subsequent click-through rates as recorded at L5 and L6, or the time spent on
viewing the documents from the search results as determined from L6 and L7, or the gross
merchandize bought as determined from 1.7), the success indicators are correlated with the
domains recorded at L1 through L3 and their frequencies (for example, if a domain was seen
at L1 and L3 but not L2, the domain frequency is 2). DM 190 creates one or more records
310R each of which includes the following fields:

[0055] -a query 310R.g;

[0056] - its translation or translations 310R.t provided to the search engine 150 (at step
242; as explained below, multiple translations can be selected and provided to the search
engine);

[0057] - domains 310R.d seen in the flow before the translation, and the frequency of

each such domain; and
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[0058] - the corresponding success indicator(s) 310R.s.

[0059] In some embodiments, a separate record 310R is created for each triple of fields
310R.q, 310R.t, 310R.d, i.e. for each query, translation, and domains/frequencies
combination; the same triple may have occurred in multiple flows, and each success indicator
310R.s is the average over all such flows.

[0060] In other embodiments, a separate record 310R is created for each duplet of fields
310R.q, 310R.t, i.e. for each pair of a query and translation(s); for all the flows with a duplet,
the domain field 310R.d includes all the domains seen in all such flows prior to the query;
each domain’s frequency is the domain’s average frequency over all such flows; each success
indicator is also the average over all such flows. Other options are possible in creating DB
310; the best option may be different for different applications, and can be experimentally
determined.

[0061] The information in flow DB 310 may be organized in computer storage accessible
to server 110 in any desired way.

[0062] Fig. 7 illustrates an exemplary implementation of step 238S (Fig. 4) that selects a
translation from the candidates provided by pre-selection 238P. In this embodiment, pre-
selection 238P generates candidate translations CT together with a score Sc(CT) for each
candidate translation; the score Sc(CT) represents a statistically derived probability or some
other probabilistically derived numerical indication that the translation candidate CT is the
correct translation. The candidate translations were obtained from MT databases 170 without
taking into account the current flow data 320 (Fig. 4).

[0063] At step 710, for each candidate translation CT, the server examines the matching
records 310R, where “matching” means that a record 310R:

[0064] (a) has the same query 310R.q as the current query received by MT engine 160,
and

[0065] (b) has at least one translation 310R.t which is the same as the candidate
translation CT.

[0066] In some embodiments, the conditions (a) and (b) are relaxed; for example,
condition (a) may require that the two queries are similar (e.g. the words of one query are
synonyms of the words of the other query, and/or the queries differ only by word order and/or
only morphologically and/or only by prepositions or other particles and/or in some other way
considered minor).

[0067] For each matching record 310R, the server 110 performs steps 710.1 and 710.2.

At step 710.1, the server predicts a success parameter PS(CT) which is a measure of success
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for the candidate translation CT. The predicted success parameter PS(CT) is evaluated from:
[0068] - the candidate’s score Sc(CT);

[0069] - the matching record’s domains and frequencies 310R.d and success indicators
310R.s; and
[0070] - the current flow data 320, and more particularly, in this example, the current

flow’s domains and their frequencies (such as recorded at L1 through L7 in Table 1 above; in
particular, if the translation is performed at A4, then the pertinent domains and frequencies
are those recorded at L1 through L3).
[0071] For example, in some embodiments, the predicted success parameter PS(CT) is
obtained from partial predicted success parameters PS(CT, 310R) based on the record 310R.
The partial predicted success parameter PS(CT, 310R) is evaluated for each record 310R as
follows:
[0072] 1. Find the intersection between the record’s domains 310R.d and the domains
seen in current flow 320 before receipt of the query (i.e. find the domains that occur in both).
[0073] 2. For each domain in the intersection, determine the degree of matching of the
domain’s frequencies. This can be done, for example, by computing a function Fd(f310,
£320) where £310 is the domain’s frequency in 310R.d, and £320 is the domain’s frequency in
current flow 320. The function Fd is chosen so that it increases inversely relative to the
absolute difference absd between the frequencies, i.e. relative to

absd = |f310-1320],
or relative to the relative difference reld between the frequencies, i.e.

reld = |f310-f320}/max(f310, £320)
or relative to some other measure of the difference between the frequencies.
[0074] For example, in one embodiment, Fd(f310,f320)=1/absd, and is defined as some
high value if absd=0. In another embodiment, Fd(f310,f320)=1/reld, and is defined as some
high value if reld=0.
[0075] 3. Add all the Fd values over all the domains in the intersection. Let us denote this
sum as SFd (if the intersection consists of a single domain, then SFd is the Fd value for this
domain). The function SFd is a measure of how well the domains 310R.d of record 310R
match the domains of the current flow 320.
[0076] 4, Multiply SFd by success indicator 310R.s, and add the score Sc(CT). This value
is the partial predicted success parameter PS(CT,310R) for the candidate translation CT
based on record 310R.
[0077] At step 710.2, the server determines the average of all the partial predicted success
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parametér PS(CT,310R) values for all the matching records 310R for the candidate CT. This
is the predicted success parameter PS(CT) for the candidate CT.

[0078] The predicted success parameter PS(CT) can be computed as some other function
of the frequencies £310, £320, 310R.s, Sc(CT), and possibly the number of matching records
310R. In some embodiments, PS(CT) increases in 310R.s, Sc(CT), and at least one of absd or
reld, but this is not necessary.

[0079] At step 720, server 110 selects the candidate translation CT with the maximum
predicted success parameter PS(CT) as determined at step 710. This translation is supplied to
search engine 150.

[0080] The above algorithms are exemplary and do not limit the invention. For example,
filed 310R.d may include one or more of candidate translations CT and corresponding scores
Sc(CT) if DM 190 finds such translations and scores to be significant, i.e. highly correlated
with the query 310R.q, translation 310R.t, and success indicators 310R.s. Thus, the flow
parameters determined at step 524 as significant may include parameters related to the flow
portion after receipt of the query.

[0081] In another example, the candidate translation is selected at step 238S using an
artificial neural network approach, i.e. using a function determined via an argument
optimization process, Let us denote this function as NNF. The goal of DM 190 is to find the
function NNF which may, for example, accept the sigﬁiﬁcant flow parameters of current data
flow 320 together with the query and its candidate translations CT, and to output some
information useful in selecting the best translation CT to supply to the search engine. For
example, the best translation CT can be the one having the best predicted success indicator(s),
e.g. the best predicted success parameter PS(CT) described above or defined in some other
suitable way related to success. Or NNF may output the success indicator(s) or other
parameters such as Sc(CT) of the best candidate translation, or provide some other
information useful in selecting the best candidate translation. The function NNF is initially
unknown but has a predefined type, e.g. it may be a linear function with unknown
coefficients, or a quadratic or some other kind of function with some unknown information.
NNF is determined by DM 190 through argument optimization.

[0082] Consider for example the following model: the function NNF is of a predefined
type (linear or otherwise) as described above, and its output is completely defined by the
significant flow parameters and the scores Sc(CT), and more particularly the NNF output is
the index In(CT) of the best candidate translation CT assuming that the translations are

ordered by their scores Sc(CT), where the order is predefined as increasing or decreasing (if
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different translations have the same score Sc(CT), such translations can be ordered in some
other way, e.g. alphabetically or randomly). Such a function NNF may or may not exist, and
NNF is chosen as the best fit among all the functions of the predefined type, where “best fit”
is defined as minimizing some “loss” value, e.g. as minimizing the average square of the
difference between the NNF output and the best index In(CT), or as minimizing the average
absolute value of the difference, or in some other way.

[0083] Thus, in some embodiments, for each action involving a query translation (e.g. A4
in Table 1), server 110 includes the following data into click-through DB 180 (e.g. as data
L4): the query, the candidate translations CT and their scores Sc(CT), and the index In(S-CT)
of the selected candidate translation provided to search engine 150, where the index is
computed when the translations are ordered as described above.

[0084] When DM 190 processes click-through DB 180, DM 190 determines the best-fit
NNF by an optimization process involving the following operations:

[0085] Operation DM1: Determine the success indicators/parameters and significant flow

parameters from click-through logs 310 and success indicator definition(s) 510; see Fig. 5.
This can be done for example as in steps 520, 530, 540 described above.

[0086] Operation DM2: For each query that was translated per DB 180 (i.e. for each data
record such as L4, and thus for each action such as A4), DM 190 determines the values of the
significant flow parameters in the flow in which the query was received; DM 190 thus
obtains an argument value of the NNF function; the argument value is the combination of the
values of these significant flow parameters and the scores Sc(CT). DM 190 also determines
the value of the success parameter.

[0087] Operation DM3: DB 180 may include different translations of the same query that
were provided in different flows or at different stages in the same flow. Different translations
may or may not have the same argument value, i.e. the same combination of the significant
flow parameters and the Sc(CT) scores. For each query that was translated, DM 190
determines all the argument values and selects the best argument value. The best argument
value is selected based on the success indicators/parameters, for example, based on a success
parameter that somehow summarizes the success indicators (e.g. as the sum of the success
indicators). For example, the “best” argument value may be defined as the argument value
which corresponds to the maximum success parameter, or as the argument value that
corresponds to the maximum average success parameter, or in some other way.

[0088] If multiple argument values satisfy the “best” definition, then a single “best”

argument value is chosen in a suitable way, One way is to choose the argument value that has
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occurred most frequently for this query or for multiple queries, but of course this criterion can
also be satisfied by multiple argument values. Random selection of a single argument values
among the best is also possible.

[0089] Operation DM4: The best argument value corresponds to a particular translation

or translations at a state or states such as A4, If there are more than one such states, one such
state is chosen (e.g. randomly or in some other way). The corresponding translation is
referred to as the “best translation” below, and the corresponding action (e.g. A4) is referred
to as the “best action”.

[0090] Operation DMS5: For the best translation and the best action, DM 190 reads, from
click-through DB 180, the index In(S-CT) of the selected candidate translation provided to
search engine 150. Let us denote this value In(S-CT) as the value In(Q,BA,CT), where Q is
the query and BA is the best argument value (chosen in DM3).

[0091] Operation DM6: For each argument value BA which is the best argument value
for at least one query Q, DM 190 determines In(CT) as the average of all In(Q,BA,CT) over
all the queries Q with the best argument value BA.

[0092] Operation DM7: The function NNF is then chosen to provide the best fit for its
desired values In(CT), e.g. to minimize some predicted (estimated) loss measured over all the
combinations. As noted above, the loss can be defined as the average square of the difference
between the NNF output and the best index In(CT), or the average absolute value of the
difference, where the average is taken over all the arguments BA which are the best
arguments for at least some queries. The loss can also be defined in some other way. Such
best-fitting algorithms are well known; see e.g. [13] and [14] in Bibliography below.

[0093] In some embodiments, the function NNF is a composition of multiple functions
(considered as different stages) as known from the neural networks theory, and each of the
multiple functions can be determined by DM 190 by a “best fit” process (optimization
process) which can be defined differently for different stages.

[0094] In some embodiments, a separate function NNF is computed for different flows.
For example, DM 190 may determine that in order to provide low loss, the NNF should be
different for users from one location than for users from another location (e.g. Germany
versus Canada), or NNF should be different for queries containing a given word or set of
words than for other queries. Such determinations can be made by known techniques, e.g. by
computing the minimal loss separately for different sets of flows.

[0095] When DM 190 finds the NNF(s), it stores in statistical flow DB 310 the NNF
definition(s), e.g. the NNF type (e.g. linear or other), a definition of the arguments (e.g.
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which flow parameters are part of the argument, whether any Sc(CT) are part of the
argument, etc.), the coefficients or other information defining the NNF among the functions
of that type, and other pertinent information. If multiple NNF are used, the information in DB
310 defines which NNF is applicable given a particular flow.

[0096] At step 2388, server 110 obtains the definition of the pertinent function NNF from
statistical flow DB 310, obtains the pertinent argument value (e.g. as the combination of
significant flow parameters and the scores Sc(CT) from current flow 320 and the output of
step 238P), and computes the NNF value on these arguments, The server then uses the NNF
value to select the candidate translation.

[0097] Other artificial neural network models can also be used.

[0098] Other data mining techniques can also be used. Fig. 8 illustrates a technique
similar to Hidden Markov Model (HMM). In particular, Fig. 8 illustrates operation of DM
190 in creating or updating the statistical flow DB 310 from click-through DB 180. In this
embodiment, each flow can be thought of as a finite state automaton (FSA). Click-through
DB 180 keeps all these FSAs and their associated data (such as L1, L2, etc. in Table 1). Fig. 8
illustrates two flows: with a flow ID of ID1 and a flow ID of ID2. Each state S1, S2, etc.
corresponds to an action such as A1, A2, etc. in Table 1. The corresponding click-through
data are shown as L1, L2, etc. The states S and click through data L for flow ID1 may be
different than for flow ID2. In each flow, additional states can be defined, e.g. as sub-states.
For example, supposing that the flow ID1 is the flow of Table 1 with a machine translation in
the row A4/L4, two states can be created in DB 180: state S4 represents receipt of the query,
and state S4T1 represents the machine translation and its subsequent processing up to sending
the search results to the user. Each of these states S4, S4T1 can be associated with all or some
of data L4; for example, the state S4 may store the query but not its machine translation, and
S4T1 may store the query and the machine translation. Such representation of DB 180 can
also be used with other data-mining techniques, e.g. those described above in connection with
Fig. 5 or artificial neural networks.

[0099] DM 190 optimizes the FSA defined in DB 180 to create a simpler FSA which it
then stores in DB 310. The simpler FSA’s states are shown as CS1, CS2, etc. in Fig. 8; their
associated data are shown as CL1 for state CS1, and are not shown for other states for
simplicity. We will use the term “S-state” for a state in DB 180, and “CS-state” for a state in

DB 310, We will use the term “L-data” for the click-through data of DB 180 (e.g. data L1,

L2, etc.) and “Cl.-data” for the data such as CL1 in DB 310.

[00100] To define the simpler FSA, DM 190 first finds the significant flow parameters, for
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example as in steps 520, 530, 540 of Fig. 5. Then, if different S-states in different flows that
have the same significant flow parameters as indicated by their L.-data, such S-states can be
clustered, i.e. merged into a single CS-state. In some embodiments, the S-states in the same
flow with the same significant flow parameters are also clustered. When different states are
clustered, the common values of their L-data are also clustered into the corresponding CL-
data; for example, the CL-data may include just the significant flow parameters.

[00101] For example, suppose that for flows ID1 and ID2, their states S1 differ only in the
user locations: ID1 corresponds to Germany and ID2 corresponds to Holland. Suppose
further that it is determined at steps 520, 530, 540 that the location is insignificant, or at least
the Germany-Holland difference is insignificant. Then the states S1 of the two flows can be
clustered into a single state CS1. State CS1 is associated with data CL1 (“CL-data”) which
includes the values of the significant parameters.

[00102] Ifan S-state was not clustered with any other state, the corresponding CS-state
may be created, with the CL-data including the values of the S-state’s significant flow
parameters.

[00103] Inthe example of Fig. 8, suppose that the states S1 through S4 of flow ID1 have
been clustered with the respective states S1 through S4 of flow 1D2 into the respective states
CS1, ... CS4. In particular, for state CS4, the flows ID1 and ID2 got the same query at their
respective states S4, but the translations were different. (The translations may be different
because for example MT DB 170 may be different at the time of S4 of ID1 than at the time
S4 of ID2, e.g. the statistical DB 170S may be different, or because random selection was
used to select the candidate translation, or for other reasons.) Therefore, there are two
possible paths from state CS4: one path to a state CS4T1 for the translation obtained in ID1,
and the other path to a state CS4T2 for the translation obtained in ID2. DB 310 associates
each state CS4T1, CS4T2 with the respective translation. The corresponding CL-data include
the query translation and possibly other information, e.g. the candidate translations, the
Sc(CT) scores, and the index In(CT) of the selected candidate translation.

[00104] For each of the two possible paths from CS4, DM 190 computes the predicted
success indicator(s) or other success parameters for each S-state involving a translation.
These parameters are shown as SI1 for the path to CS4T1, and SI2 for the path to CS4T2. For
each CS-state clustered from multiple S-states involving translations, the predicted success
parameter can be the average over such multiple S-states.

[00105] In some embodiments, DM 190 records in DB 310 only the paths with the highest

predicted success parameters. For example, if SI1 is greater than SI2, then only the path to

-19-




10

15

20

25

30

WO 2016/109102 PCT/US2015/063514

CS4T1 is recorded in such embodiments; if SI1 equals SI2, then both paths may be recorded,
or an arbitrarily chosen one of the two paths is recorded. In other embodiments, each path is
recorded regardless of the success parameter values.

[00106] At step 238S, the current flow 320 is matched with DB 310. For example, suppose
the current flow 320 goes through the states CS1, CS2, CS3, CS4. Then step 238S may select
the candidate translation as in CS4T1 or CS4T2 with the highest predicted success parameter
(SI1 or SI2) stored in DB 310.

[00107]  Alternatively, each path may be associated with the index In(CT) of the candidate
translation CT when the candidate translations are ordered by their scores Sc(CT) or in some
other manner, and DB 310 may record an average index, and step 238S may select the
candidate translation having this index. Other selection schemes are possible.

[00108] If the current flow 320 does not match any flow of DB 310, then a number of
options are possible. In some embodiments, server 110 attempts to find a close flow in DB
310. A flow such as CS1 through CS4 is a close flow if the states CS1 through CS4 differ
from the current flow’s states only in flow parameters which may be significant but have a
relatively low correlation with the success indicators (e.g. the correlations are lower than a
selected threshold). Also, the flow may be close if it has additional CS-states which may not
be very highly correlated with the success indicators, etc. If no close flow is found, the
candidate translation can be randomly chosen at step 238S, or can be chosen as in prior art,
e.g. by the highest score Sc(CT). The current flow 320 is added to click-through DB 180, and
is taken into account the next time when DM 190 updates DB 310.

[00109] Some embodiments do not look for a close flow but always use random selection
or the S¢(CT) scores or some other non-random method to select a candidate translation for
search engine 150.

[00110] As noted above, in some embodiments, rather than selecting a single translation
for search engine 150, the search is performed for each candidate translation to produce
“partial” search results, i.e. the search results for the candidate translation; then the flow data
320 are used to determine how the partial search results should be arranged for being sent to
the user. Fig. 9 illustrates some embodiments of this scheme. Here MT engine 160 may
include the same pre-translation engine 160P as in Fig. 4. The MT engine may also include
CT prioritization module 160S which prioritizes the candidate translations to determine
which of the partial search results should be given higher priority when the search results are
later combined. The candidate translations generated by module 238P are provided to search

engine 150, which performs a search for each candidate translation at step 242 to generate the
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partial search results for each translation. The partial search results are then combined (at step
810) and sent to the user at step 246. The partial search results are combined based on the
output of CT prioritization 160S, which uses information on current flow data 320 and
statistical flow data 310.

[00111] For example, in some embodiments, step 810 is performed as in Fig. 10. In this
embodiment, at step 910, CT prioritization module 160S prioritizes the candidate translations
based on a predicted success of the translations. For example, in some embodiments, step 910
is identical to step 710 of Fig. 7: CT prioritization module 1608 receives candidate
translations CT and their scores Sc(CT) from pre-translation 160P and generates a predicted
success parameter PS(CT) for each candidate translation CT.

[00112] At step 920, server 110 arranges the partial search results based on prioritization
performed at step 910, to obtain combined search results to be sent to the user. For example,
in some embodiments, the documents from partial search results are combined in proportion
to the priorities provided by CT prioritization PS(CT). Thus, suppose for instance that there
are three candidate translations CT1, CT2, CT3 with priorities are 3, 2, and 1 respectively
(e.g. as defined by the PS(CT) success parameters or in some other way). Let us denote the
corresponding partial search results as PSR1, PSR2, PSR3. Then at step 920, the server
generates the search results so that the search results start with the first 3 documents of PSR,
then include the first 2 documents of PSR2, and then the first document from PSR 1. Then
again the server takes the next 3 documents from PSR1, the next 2 documents from PSR2,
and the next document from PSR1 for the search results; and so on.

[00113]  As shown in Fig. 11, the methods of Figs. 4 and 10 can be combined. First of all,
at step 238S of Fig. 11, the MT engine 160 may select more than one but less than all
candidate translations for the search. For example, MT engine 160 may select a predefined
number of candidate translations with top priorities as defined by CT prioritization 160S
(which may be as in Fig. 10), say the top 10 candidate translations. Or MT engine 160 may
select the candidate translations whose priorities are above some threshold. Other criteria can
also be used. These candidate translations are provide to search engine 150.

[00114] At step 810, the partial search results are combined as in Fig. 10,

[00115] Flow data can be used to modify other parts of the server operation, e.g. the search
as shown in Fig. 12. For example, before performing a search on a query, some search
engines expand the query to include synonyms, morphological variants, alternate spellings
(or misspellings), spelling corrections, and possibly other variants. In some embodiments, the

expansion of the translated query takes into account flow data 310, 320. For example, in
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generating statistical flow DB 310, and more particularly in determining various correlations,
DM 190 may discover that certain kinds of expansions in combination with certain flow
parameters are highly likely to provide low success indicators (“highly likely” in the
statistical sense). In an example, suppose that a translated query includes the word “sheet”,
and click-through DB 180 shows that the word “sheet” has been expanded as “sheets”,
“sheeting”, “scheet” (misspelling) and “coating” by the search engine 150. DM 190 also finds
that search engine 150 has returned certain documents in response to “sheeting”, and these
documents did not have other variants (such as “sheet”, “sheets”, etc.), and these documents
were never requested by the user except if the prior domains (preceding the query) included
the “gardening” domain, or these documents were requested but provided low success
indicators except for flows with the “gardening” domain prior to the query. Then DB 310
generated by DM 190 may indicate that the “sheeting” expansion must not be used unless
there is the gardening domain in flow 320.

[00116] The techniques of Fig. 12 can be combined with those of Figs. 4, 9 and 11. For
example, in Figs. 9 and 11, the searches at step 242 can be modified by the flow data 310,
320 as in Fig. 12.

[00117] Fig. 13 illustrates the versatility of some of the methods described above. At step
238, MT engine 160 provides one or more translations to search engine 150. Step 238 could
generate a single translation or multiple candidate translations (as in Figs. 4-12 for example).
In any case, the translation or translations may take into account statistical flow data 310 and
current flow data 320, in a manner described above or in some other way. For example, as
described in the aforementioned Sawaf reference, a machine translation may use dictionaries,
and a separate dictionary can be provided for each domain. In some embodiments of the
present invention, the domains are taken from current flow data 320, possibly taking into
account the statistical flow data 310. For example, suppose that in the process of Fig. 5, DM
190 discovers a high correlation between success indicators and the domains with high
relative frequencies where a relative frequency is the number of occurrences of the domain in
the flow as a percentage of all the occurrences of all the domains in the flow. Thus, DM 190
may discover that there is a high correlation between success indicators and the domains
whose relative frequencies are above 40%, but not the domains with relative frequencies of
40% or below. In this case, in some embodiments, MT engine 160 will limit the domains to
the relative frequencies above 40% (if such domains are present in the current flow based on
data 320) when selecting the dictionaries and/or performing other translation operations.

[00118] At step 1110, the search engine 150 performs a search for each translation
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received from step 238, possibly taking into account the flow data 310, 320 (e.g. as at step
242 in Fig. 12). If step 238 provides multiple candidate translations, then the partial search
results are combined, possibly taking into account the flow data 310 and 320. Flow data 310
and 320 can be taken into account at step 238 but not 1110, or at step 1110 but not 238, or at
both steps 238 and 1110.

[00119]  Step 246 is as described above.

[00120] As mentioned above, some embodiments generate random values that can be
used, for example, for multivariate testing. Fig. 14 illustrates an embodiment including a
random value generator 1210. In this embodiment, the MT engine 160 includes a pre-
translation engine 238P which may be as described above for Fig. 4. The candidate selection
may normally be as in Fig. 4 or as in any embodiment described above, or as in prior art.
However, when the random option is selected, normal operation is suspended, and the
candidate selection is performed based on a random value generated by random value
generator 1210. Random option can be selected or deselected by a human operator of server
110 who may access the server through a-user interface device (not shown) connected to the
server or to another computer in network communication with the server. In some
embodiments, the human operator may specify that the random option is applicable only to
certain specified queries or classes or queries (e.g. based on the location of the user sending
the query or some other parameter), or for a given word or words or expression(s) in the
query. Any other factors can be specified as defining when the random option is to be
exercised, including for example user properties (gender, occupation, ete. if known), user
location, and possibly any parameters of flow data 310 and/or 320.

[00121] With either normal or random option, the selected candidate is searched at step
242, and the search results are provided to the user at step 246. These steps can be as in Fig.
4,

[00122] In some embodiments, for each multivariate testing operation (i.e. when the
random option is used), the use of random option is specified in click-through DB 180 (e.g. in
the L-data of Fig. 8), to allow subsequent analysis of correlations between the query, the
selected translation, the corresponding success indicators, and any factors such as described
above (gender, location, etc.). For example, the analysis can be performed by DB 190 as in
Fig. 5 or other embodiments described above; the resulting statistical flow data 310 will lead
to selection of the best translation of the query in subsequent normal operation performed
according to the scheme of Fig. 4 or other schemes described above. When the testing is

completed, the random option can be disabled.
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[00123] The random option can be used in other embodiments described above to perform
testing. For example, referring to Fig. 9, the CT prioritization scheme of Fig. 10 can be
suspended for selected queries or other selected sets of conditions such as described above for
Fig. 14, and at step 810 the search results can be combined based on a random value or values
generated for the testing operation (by a random value generator such as 1210 in Fig. 14).
The remaining operation can be as described above for Fig. 14.

[00124] Likewise, in Fig. 11, for a testing operation, the normal scheme based on
operation of CT prioritization module 160S as described above can be suspended for step
238S or 810 or both, and instead the random value scheme can be used as described above for
Fig. 4 (i.e. Fig. 14) or Fig. 9 or both.

[00125]  Similarly, referring to Fig. 13, the testing operation can be performed by using
random value generation at step 238 or 1110 or both instead of the normal scheme.

[00126] Random values can be combined with other information (e.g. user flow
information) to determine the best translation and/or arrange the results. For example, random
values can be used to provide weights for the scores Sc(CT) in a testing operation; then in
subsequent normal operation, the machine translation’s score generation can be updated
based on the testing operation.

[00127] The invention is not limited to search queries but applies to any processing
involving a machine translation. For example, suppose a user request involves a translation of
any text, e.g. a document which may be a science or engineering article, a literary story, or
any other type of text. The user request may include a request to send the translation to the
user, or to perform searching or other tasks based on the translations. Click-through data 180,
the resulting statistical flow data 320, and current flow data 310 can be used in a manner
described above to affect various stages of the machine translation(s) of the whole or a
portion of the text, and/or searching, and/or results presentation to the user, and/or other tasks
involving use of the machine translation. Such tasks can also be in a multivariate testing
mode with normal operation suspended, and the AB-testing data can be used to improve
subsequent normal operation as discussed above in connection with Fig. 13.

[00128] The invention is not limited to the features and advantages described above. For
example, various tasks described above as performed by server 110 (translations, searches,
etc.) can be split between the server and the computer 120 sending requests to the server; for
instance, part of the translation work can be performed by the computer 120. Further, the
invention is not limited to computer networks; server 110 can be replaced by a computer

system that receives requests via a user interface device (e.g. a keyboard, a mouse, a
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touchscreen, or some other device) without intermediacy of a computer network.

[00129] Each computer in any computer system involved herein comprises one or more
computer processors executing computer instructions stored in a computer storage (e.g. a
computer readable medium such as a magnetic or optical disk, a semiconductor memory, or
of other kind. The data such as 180, 310, 320, and other data are stored in such computer
storage and read from or written to such storage as needed to perform tasks described herein.
[00130] Other embodiments and variations are within the scope of the invention, as
defined by the appended claims.
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CLAIMS

1. A method comprising a first computer system performing operations of:

(A) obtaining statistical flow data for a plurality of flows each of which comprises a
flow of computer actions performed by one or more computer systems in response to one or
more requests, at least some of the computer actions comprising machine translations,
wherein the statistical flow data define, for the plurality of flows, statistical relationships
between items (i), (ii), and (iii) for flows containing machine translations, wherein for a flow
containing a machine translation (MT) performed in response to a request:

- item (i) is an output of the machine translation (MT) and/or a computer system’s use
of the MT’s output in the flow,

- item (ii) is one or more first flow parameters defined at least in part by the flow’s
portion before the request,

- item (iii) is one or more success parameters defined at least in part by the flow’s
portion after the MT;

(B) receiving a first request in a first flow of computer actions;

(C) obtaining one or more first values which are values of the one or more first flow
parameters for the first flow, wherein at least one first value is at least partially defined by the
first flow’s portion before the first request; and

(D) performing a first operation responsive to the first request and comprising
performing a first MT, wherein the first operation comprises matching the one or more first
values with one or more of the statistical relationships specified by the statistical flow data,
wherein the matching produces a result used in performing the first MT and/or in computer

use of the first MT’s output.
2. The method of claim 1 wherein the first MT comprises generating a plurality
of candidate translations, and the matching is used to select one or more, but less than all, of

the candidate translations for subsequent computer use.

3. The method of claim 2 wherein the subsequent computer use comprises

performing a computer search on the one or more selected candidate translations.

4. The method of claim 1 wherein the first MT comprises generating a plurality

of candidate translations, wherein the subsequent computer use comprises performing a
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computer search on at least two of the candidate translations, and the computer user

comprises arranging the search results based on the matching.

5. The method of claim 1 wherein at least one first value is at least partially

defined by a document appearing in the first flow’s portion before the request.

6. A method comprising a first computer system performing operations of:

(A) obtaining statistical flow data for a plurality of flows each of which comprises a
flow of computer actions performed by one or more computer systems, at least some of the
computer actions comprising machine translations, wherein the statistical flow data define,
for the plurality of flows, statistical relationships between items (i), (i), and (iii) for flows
containing machine translations, wherein for a flow containing a machine translation (MT) of
a text:

- item (i) is an output of the machine translation (MT) and/or a computer system’s use
of the MT’s output in the flow,

- item (i) is one or more first flow parameters defined at least in part by the flow’s
portion before the MT, the one or more first flow parameters being unrelated to the text,

- item (iii) is one or more success parameters defined at least in part by the flow’s
portion after the MT;

| (B) receiving a first text in a first flow of computer actions;

(C) obtaining one or more first values which are values of the one or more first flow
parameters for the first flow; and

(D) performing a first operation responsive to the first request and comprising
performing an MT of the first text, wherein the first operation comprises matching the one or
more first values with one or more of the statistical relationships specified by the statistical
ﬂdw data, wherein the matching produces a result used in performing the MT of the first text

and/or in computer use of the output of the MT of the first text.

7. The method of claim 6 wherein the MT of the first text comprises generating a
plurality of candidate translations, and the matching is used to select one or more, but less

than all, of the candidate translations for subsequent computer use.

8. The method of claim 7 wherein the subsequent computer use comprises

performing a computer search on the one or more selected candidate translations.

8-




10

15

20

25

30

WO 2016/109102 PCT/US2015/063514

9. The method of claim 6 wherein the MT of the first text comprises generating a
plurality of candidate translations, wherein the subsequent computer use comprises
performing a computer search on at least two of the candidate translations, and the computer

use comprises arranging the search results based on the matching.

10.  The method of claim 6 wherein at least one first value is at least partially
defined by a document unrelated to the first text and appearing in the first flow’s portion

before the MT of the first text.

11. A method comprising a first computer system performing operations of:

(A) obtaining click-through data for a plurality of flows each of which comprises a
flow of computer actions performed by one or more computer systems in response to one or
more requests, at least some of the computer actions comprising machine translations;

(B) obtaining, from the click-through data, statistical flow data which define, for the
plurality of flows, statistical relationships between items (i), (ii), and (iii) for flows containing
machine translations, wherein for a flow containing a machine translation (MT) performed in
response to a request:

- item (i) is an output of the machine translation (MT) and/or a computer system’s use
of the MT’s output iﬁ the flow,

- item (ii) is one or more first flow parameters defined at least in part by the flow’s
portion before the request,

- item (iii) is one or more success parameters defined at least in part by the flow’s

portion afier the MT.

12. A method comprising a first computer system performing operations of:

(A) obtaining click-through data a plurality of flows each of which comprises a flow
of computer actions performed by one or more computer systems, at least some of the
computer actions comprising machine translations;

(B) obtaining, from the click-through data, statistical flow data which define, for the
plurality of flows, statistical relationships between items (i), (ii), and (iii) for flows containing
machine translations, wherein for a flow containing a machine translation (MT) of a text:

- item (i) is an output of the machine translation (MT) and/or a computer system’s use

of the MT’s output in the flow,
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- item (ii) is one or more first flow parameters defined at least in part by the flow’s
portion before the MT, the one or more first flow parameters being unrelated to the text,
- item (iii) is one or more success parameters defined at least in part by the flow’s

portion after the MT.

13. A first computer system programmed to perform the method of claim 1.

14, The first computer system of claim 13 wherein in the method, the first MT is
operable to generate a plurality of candidate translations, and the matching is operable to be
used to select one or more, but less than all, of the candidate translations for subsequent

computer use.

15.  The first computer system of claim 14 wherein in the method, the subsequent
computer use comprises performing a computer search on the one or more selected candidate

translations.

16.  The first computer system of claim 13 wherein in the method, the first MT is
operable to generate a plurality of candidate translations, wherein the subsequent computer
use comprises performing a computer search on at least two of the candidate translations, and

the computer user comprises arranging the search results based on the matching.

17.  The first computer system of claim 13 wherein in the method, at least one first
value is at least partially defined by a document appearing in the first flow’s portion before

the request.

18. A first computer system programmed to perform the method of claim 6.

19.  The first computer system of claim 18 wherein in the method, the MT of the
first text is operable to generate a plurality of candidate translations, and the matching is used

to select one or more, but less than all, of the candidate translations for subsequent computer

use.
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20,  The first computer system of claim 19 wherein in the method, the subsequent
computer use comprises performing a computer search on the one or more selected candidate

translations.

21.  The first computer system of claim 18 wherein in the method, the MT of the
first text is operable to generate a plurality of candidate translations, wherein the subsequent
computer use comprises performing a computer search on at least two of the candidate
translations, and the computer use comprises arranging the search results based on the

matching.

22.  The first computer system of claim 18 wherein in the method, at least one first
value is at least partially defined by a document unrelated to the first text and appearing in the

first flow’s portion before the MT of the first text.
23. A first computer system programmed to perform the method of claim 11,
24. A first computer system programmed to perform the method of claim 12.

25. A non-transitory computer readable medium or media comprising computer

instructions operable to cause the first computer system to perform the method of claim 1.

26.  The non-transitory computer readable medium or media of claim 25 wherein
in the method, the first MT is operable to generate a plurality of candidate translations, and
the matching is operable to be used to select one or more, but less than all, of the candidate

translations for subsequent computer use.

27.  The non-transitory computer readable medium or media of claim 26 wherein
in the method, the subsequent computer use comprises performing a computer search on the

one or more selected candidate translations,
28.  The non-transitory computer readable medium or media of claim 25 wherein

in the method, the first MT is operable to generate a plurality of candidate translations,

wherein the subsequent computer use comprises performing a computer search on at least
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two of the candidate translations, and the computer user comprises arranging the search

results based on the matching.

29.  The non-transitory computer readable medium or media of claim 25 wherein
in the method, at least one first value is at least partially defined by a document appearing in

the first flow’s portion before the request.

30. A non-transitory computer readable medium or media programmed to perform

the method of claim 6.

31.  The non-transitory computer readable medium or media of claim 30 wherein
in the method, the MT of the first text is operable to generate a plurality of candidate
translations, and the matching is used to select one or more, but less than all, of the candidate

translations for subsequent computer use.

32.  The non-transitory computer readable medium or media of claim 31 wherein
in the method, the subsequent computer use comprises performing a computer search on the

one or more selected candidate translations.

33.  The non-transitory computer readable medium or media of claim 30 wherein
in the method, the MT of the first text is operable to generate a plurality of candidate
translations, wherein the subsequent computer use comprises performing a computer search
on at least two of the candidate translations, and the computer use comprises arranging the

search results based on the matching.
34,  The non-transitory computer readable medium or media of claim 30 wherein
in the method, at least one first value is at least partially defined by a document unrelated to

the first text and appearing in the first flow’s portion before the MT of the first text.

35. A non-transitory computer readable medium or media programmed to perform

the method of claim 11.

36. A non-transitory computer readable medium or media programmed to perform

" the method of claim 12.
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