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(57) Abstract: In various example embodiments, systems and methods to
identify query recommendations are presented. The system receives a query
from a device and associates the query with query recommendations. Next,
the system generates a probability distribution for each of the query recom-
mendations based on experimental information associated with each of the
query recommendations. Then the system samples each of the probability
distributions to identify a probability for each the corresponding query re-
commendations. The probabilities indicate the likelihood of the correspond-
ing query recommendation being selected. Next, the system identifies dis-
playable query recommendations based on the probabilities for each of the
corresponding query recommendations. The system then communicates an
intertace to the device that includes the query and the displayable query re-
commendations. Finally, the system updates the experimental information
associated with each of the displayable query recommendations responsive
to identifying whether one of the displayable query recommendations was

\ @ — @ @ selected.
\\ (_H (_/%

RecouENDATON| S | S| | [psTRumon| PROMSLTY

RECOMENDATION| -S| SO | | |DISTRBUTION| PROBABLTY

Recovensrion| oy | S | | |DeTRBgTION| PROASLTY

RECOMENDATION | Sk | St | | | s RBTION | PROBABLITY

RECOUENDATION | S0 | S| | |o:STREUTON | PROBABLITY

RecouENDATION| U | S| | |DSTRBUON | PROBABLTY

RecouEnDATION | s | S| | oS RByTiON | PROBABLITY

FIG. 1



WO 2015/171952 PCT/US2015/029781

METHODS AND SYSTEMS TO IDENTIFY QUERY
RECOMMENDATIONS

RELATED APPLICATIONS

{8001} This international application claims the priority benefit of U.S.
Provisional Application No. 61/991,093 entitled “Methods and Sysierns fo
Efficiently Identify Searcy Query Recommendations,” filed May 9, 2014, which

16 is hereby tncorporated herein by reference in its entivety.

TECHNICAL FIELD

8002} Embodiments of the present disclosure relate generally to data
processing and, more particularly, but not by way of limitation, to methods and

15 systems to wdentify query recommendations.

BACKGRGUND

{8603} Many systems respond to receipt of a query of a database by
communicating a set of one more query recommendations. The guery

26 recommendations may be presented to the user in a box below the query while
the system waits for a response from the user. The user may respond by selecting
one of the query recommendations for processing by the system as the new
query, type a new query, or enter the existing query. Meaningtul query
recommendations may improve the efficiency of a system beecause the user is

relieved of the burden of thinking of or typing the query.

N2
W

BRIEF DESCRIPTION OF THE DRAWINGS

[8804] Various ones of the appended drawings merely illustrate example

embodiments of the present disclosure and cannot be considered as limiting its
30 seope.

{8065} FIG. 1 is a block diagram illustrating a system to identify query

recommendations, according to an embodiment;

8006} FIG. 24 1s a diagram illustrating a probability distribution graph,

according to an embodiment;
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{8087} FIG. 2B is a diagram illustrating a probability distribution graph,
according to an embodiment;

18068} FiG, 20 is a diagram ttiustrating a probability distribution
presentation, according 1o an embodiment;

80691 FIG. 3 is pseudo-code for updating failure and success sums,
according {0 an embodiment;

18010 FiG. 44 is block diagram illustrating query information, according

to an embodiment;

{8011} FiG. 4B is block diagram illostrating guery data, according o an
embodiment;
18612} FiG. 4C 1s block diagram illustrating query suggestion

imformation, according to an embodiment;

{8613} FiG. 4D is block diagram illustrating experimental information,
according to an crubodiment;

[B014] FIG. 8A is block diagram illustrating a new query message,
according to an embodiment;

18815) FiG. 5B is block diagram illustrating a recomomendation sclected
message, according to an embodiment;

{8016} FIG. 8C 1s block diagram illustrating a recommendation not-
selected message, according to an embodiment;

18017} FIG. 6 is block diagram illustrating configuration information,
according to an embodiment;

{8018} FiG. 7 is flow diagram ilfustrating a method, according to an
embodiment, to identify query recommendations;

{8619} FiIG. 8 18 flow diagram illustrating a method, according to an
embodiment, to update experimental information;

{80261 FiG. 9 is a block diagram ilustrating an example of a software
architecture that may be installed on a machine, according to some example
embodiments; and

{8021} FIG. 18 ilhustrates a diagrammatic representation of a machine in
the form of a computer system within which a set of tnstructions may be
executed for causing the machine 1o perform any one or more of the
methodologies discussed herein, according to an example embodiment.

18022} The headings provided berein are merely for convenience and do

o
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not necessarily affect the scope or meaning of the torms used.
DETAILED DESCRIPTION
18623} The description that follows includes systerns, methods, techniques,

mstruction sequences, and computing machine program products that embody
illustrative embodiments of the disclosure. In the following description, for the
purposes of explanation, numerous specific details are set forth in order o
provide an understanding of varicus embodiments of the tnventive subject
matier. It will be evident, however, to those skilled in the art, that ecmbodimenis
of the inventive subject matter may be practiced without these specific detatls.
In general, well-known instruction nstances, protocols, structures, and
techniques are not necessarily shown i detail.

{8024} FiG. 1 s a block diagram tlustrating a system 100 to identify
guery recornmendations, according to some exarmple embodiments. The system
100 may include a client machine 102 {c.g., smart phone such as an iPhone or
Android or desktop device such as an iMac Desktop Computer, ctc.) that
receives a query ncluding one or more keywords {e.g., “APPLE") or images in
an input box 104 and communicates the query over a network 106 1o a scarch
server 108 that, in turn, processes the query to identify displayable query
recommendations 110 {one or more keywords or images) based on cxperimental
mformation respectively associated with cach of a set of displayable query
recommendations 110 that is retrieved from a database 114, Further, the system
responds to the query by communicating a user intorface 116 back over the
network 106 to the client maching 102, with the user interface 116 including the
query, “APPLE,” in the input box 104 and the query recommendations including
“APPLE CLOUD,” “APPLE STORE,” “APPLE WATCH,” “APPLE NEWS,”
and “APPLE STOCK,” in a query recommendation box 111, The user may
respond 1o a presendation of the user fntertface 116 by selecting one of the
displayable query recommendations 110 from the guery recornmendation box
111 or not. The system 100 may respond to an identification of a selection of a
dispiayablc query recommendation 10 by registering a success for the
displayable query recommendation 110 that was selected. The system 100 may
respond to an identification of non-selected displayable query recommendations

110 by registering failures for the displayable query recommendations 110 that
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were not selected. For exarmple, a user may ignore all of the displayable query
recommendations 110 by typing another guery into the inpuot box 104, and the
system may rospond by registering failures for ali of the displayable query
recommendations 110, The search server 108 may register success or faiture by
apdating experimental information (e.g., suecess sum, faikwe sum} associated
with cach of the displayable query recommendations in the query information
112 in the database 114, For example, selection of a displavable query
recommendation 110 may be registered as a success by tncreasing the success
sum associated with the displayable query recommendation 110, as described
fater in this document. On the other hand, identification of a non-selected
displayable query recommendation 110 may be registered as a fathwe by
increasing the failure sum associated with the non-selected displayable query
recommendation 110, also as described later in this document. Accordingly, the
system 100 may collect experimental information in real-time and harvest the
experimental information in real time for the porpose of mtelligently selecting
dispiayablc query recommendations that arc consistent with goals.

18025) The identification of displayable query reconunendations 110 based
on experimental mformation enables an achievement of competing goals. That
is, explottation of query recommendations that are known to be successtul {e.g.,
selected) may be balanced with an explovation of query recommendations that
arc of unknown value. Such an appreach is further sensitive 1o discover
preferences of users that change over time because the collection of experimental
nformation {¢.g., suceess sums and failore sums} is performed and barvested in
real-time. Further, the approach described below may be adapted to balance
exploration/explottation goals 1o accommodate users with mobile devices that
typically have small display screens and small keyboards. For example, mobile
devices with small display scroens are capable of displaying only 3 fow query
recommendations. Also, for example, mobile devices with keyboards that are
small tend to mpede typing. Accordingly, users who operate mobile devices
may be biased towards exploitation rather than exploration when compared with
users who operate stationary devices with larger display screens and keyboards.
18026} The systern 100 to identify query recommendations, according to
some example embodiments, 1s now described in greater detail. At operation

“A,” a receiving module 118, at the secarch server 108, may receive a query {e.g.,
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“APPLE") over the network 106 via the toput box 104 on the client machine 102
(e.g., mobile device, smartphone). At operation “B,” a processing module 120
may associate the query with at least one query reconunendation in the guery
mformation 112 in the database 114, At operation “(C,” the processing module
120 may utilize the experimental information (e.g., success sums and the faihure
sums} associated with cach query reconunendation in the query information 112
te generate probability distributions for the query recommendations. For
example, the processing moduole 120 may generate a probability distribution
based on a success sum, a fatlure sum, and an experimontal sum (not shown)
respoctively associated with cach of the query recommuendations. At operation
“D,” the processing module 120 may sample each of the probability distributions
to identify a probability corresponding to each of the query recommendations.
The probabilities respectively indicate the likehhood of the corresponding query
recommendation being selected. At operation “H.” the processing module 120
may identify displayable query recommendations for display in the query
recormmendation box 111 from all of the query recommendations in the query
mformation 112. For example, the processing module 120 may sort the
probabilitics associated with each of the query recommendations from highest to
lowest and select the top highest probabilities up to a value {e.g., maximum
pumber of displayable query recommendations). For exampie, the user interface
116 on the clicnt machine may be associated with a maxinmum sumber of
displavable query recommendations of five. Accordingly, the top five
probabilities are utilized to identify the top five displayable query
recoramendations for display in the query recommendation box 111, At
operation “F,” the processing module 120 may comnumicate the user interface
106 to the client machine 102. For example, the user interface 116 may include
the query, “APPLE,” in the input box 104 and the guery recommendations
mchiding “APPLE CLOUD,” “APPLE STORE,” “APPLE WATCH,” “APPLE
NEWS,” and “APPLE STOCK,” in the query recommendation box 111, In
another embodiment, the processing module 120 may communicate data to the
client that is rendered into a user interface at the client machine 102. For
example, the client machine 102 may mclude a mobile device that includes an
“app” that receives the data and generates a aser interface or updates a user

mterface. At operation “G,” the recciving module 118 may receive an event
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from the client machine 102 indicating whether or not a displayable query
recormmendation 110 was selecied and, if selected, the event may identify the
displayablc query recommendation 110 that was selected. At operation “H,” the
processing module 120 may update the experimental information associated with
cach of the displavable query recommendations 110 based on the event,
Selection of a displayable query recommendation 110 may be registered as a
success by adding a value to the success sum for the displayable query
recommendation 110 in the query information 112, Non-selection of displayable
guery recommendations 110 may be registered as fatlures by adding a value to
the failure suros for the respective displayable query recommendations 110 inthe
query mformation 112, Finally, an experimental sum may be incremented by one
for each presentation of a query recommendation.

18627} FiG. 2A is a diagram iflustrating a probability distribution graph
200, according to an embodiment. The probability distribution graph 200 may be
generated and sampled by the processing module 120 to identify query

~

recormmendations. The probability distribution graph 200 ilfusirates “107 {c.g., 5

2.
+ 3} experiments were performed for a query - query reconmmendation pair. For
example, the probability distribution graph 200 may illustrate a query - query
recommendation pair “APPLE” - “APPLE CLOUD” (not shown) with a success
sum of “S” and a failure sum of “5.” That is, the query recommendation
“APPLE CLOUD” is illustrated as being selected in “53 of the “10” experiments
and not being selected in “5” of the “10” experiments. The X axis plots a
probability that corresponds (o a success (e.g., the Hkelihood of being selected
from the guery reconunendation box 111} and the “Y™ axis plots a frequency
measure {e.g., probability density function (PDF)) for the corresponding sampled
probability at “X.” For example, a probability of “0.5” is illostrated 1n the
probability distribution graph 200 as being associated with a frequency measure
of 2.6 and the probability of “0.27 is Ulustrated in the probability distribution
graph 200 as being associated with a frequency measure of “0.25.7 In other
words, the processing module 120 s “10.47 {e.g., “2.67/“.257) times more likely
to sample the probability of “0.5” than the probability “0.25.7
8628} FiG. 2B is a diagram llustrating a probability disiribution graph
210, according to an embodiment. The probability distribution graph 210 may be

generated and sampled by the processing module 120 to identify displayable

6
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guery recommendations 110. The probability distribution graph 200 Hlustrates
1007 (e.g., 45 +55) experiments were performed for a guery - query
receramendation pair. For exarnple, the probability distribution graph 210 may
ithustrate a query - guery recommendation pair “APPLE” - “APPLE CLOUD”
with a suceess sum of “45” and a failure sum of “55.” That is, the query
-ecommendation “APPLE CLOUD” is indicated as being selected in “45” of the
1007 experiments and not being selected in “557 of the “100” experiments. It
will be appreciated that the “100” experiments of exploring the query
recommendation “APPLE CLOUD” being presented with the query “APPLE”
yiclds information that may be exploited. For exanple, in comparing FIG. 2A
with FIG. 2B, the probability of 457 18 now associated with an “8.0” frequency
measure. Accordingly, the “57 probability, as illostrated in FIG. 2B, is now
approximately “3.087 (“8.07/42.6”) times more likely to be sampled than the
“(.5” probability ilustrated in FIG. 2A. In comparing FIG. 2A and FIG. 2B, ¢t
will be appreciated that leaming reshapes probability distributions that, in tam,
determine a probability that is resampled that, in turn, determines a set of query
recoramendsations that are selected for display in the query recommendation box
111, 1t will further be appreciated that probability distributions for each query —
query recommendation pair may be continually updated in real-time or updated
in batch modc at predetermine imtervals {6 increase performance. 1t wil further
be approciated that probabilyty distributions for cach guery — query
recommendation pary may be updated over time throogh seasonal phenomena.
For example, the probability distribution of a query recommendation that is
scasonal {e.g., “Easter Bunnies”) may be dynamic (e.g., changing over time) and
dropping off precipitously afier a specific date (e.g., “Easter”™).

{8029} FIG. 20 1s a graph illustrating a probability distribution

presentation 220, according to an embodiment. The probability distribution

distribution graph 240. The probability distribution graph 230 illustrates <107
experiments for a query - query reconmendation pair “APPLE” - “APPLE
CLOUD” with a success sum of “4” and g fatiure sam of “6.” The probability
distribution graph 240 illustrates “100” experiments for a query - query
recommendation pair “APPLE” -“APPLE CLOUD” with a success summ of “607

and a failure sum of “40.”
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(6838 FIG. 3 is a symmary 300, according to an embodiment, for
updating experimenial information (e.g., failure sums and success sums). The
sunmmary 300 includes pseudo-code 310 for updating tailure and success sums in
the query information 112 n the database 114 and definitions 320 of
configurable parameiers included in the pseudo-code 310, The definitions 320
cfing the variables “M,” “X,” and *Y,” which may be predetermined or
configured dynamically responsive to processing a query.
{8031} “M” is a maximum number of displayable query recommendations
110 that are displayed in the query recommendation box 111, “M” is an integer
{e.g., 0 — 10). 1o some embodinents, “M™ may be a sroall value to accommodate
the screens of mobile devices with little space to display query recommendations
110, In some embodiments, “M” may be a large value to accommodate
stationary devices (e.g., desktop computers) with large monifors. Tn some
cembodiments, “M” moay be contigured globally for all devices. Tn some
embodiments, “M” may be configured based on a device or a type of device that
is commumicating with the search server 108.
19632} X is 2 fatlure penalty value, “X” is utilized io the pscudo-code
310 o update failore sums associated with guery recommendations. “X” may be
configured to minimize the penalty for fathue or to maximize the penalty for
failure. Minimizing “X" enhances exploration and diminishes exploitation. In
some embodiments, “X”" may be minimized to accommodate stationary devices
(e.g., deskiop computer) with large monitors and ergonomic keyboards.
Alternatively, maximizing “X enhances exploitation and diminishes
exploration. In some embodiments, “X” may be maxinmized fo accommeodate
mobile devices (e.g., smariphone) with small monitors and small keyboards. In
some embodiments, “X” may be globally configured as a predetermined single
value for all devices. In other embodiments, “X” may be dynamically configured
in real-time in accordance with a device or a type of device that is
communicating the query to the search server 108, fn some embodiments “X”
may be an integer. In other embodiments “X” may be real number. In some
embodiments “X” may not be included in psenado-code 310, Accordingly, the
non-sclection summary pseudo-code 340 may be computed solely as =Y/ M.”
188331 “Y” is a fatlure penalty value. Y™ is utilized in the pseado-code

310 to update failure sums associated with query recommendations responsive (o

PCT/US2015/029781
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dentifying that a displayable query recommendation 110 was not selected from
g query recommendation box 111, “Y™ may be configured small to minimize the
penalty or large to maximize the penalty. Minimizing Y™ enhances exploration

L R

and diminishes exploitation. Accordingly, in some embodiments, Y™ may be
configured as a small value to accommodate stationary devices (e.g., deskiop
computers) with large monitors for displaying query recommendations and
ergonomic keyboards that facilitate typing. Altornatively, maximizing “Y”
enhances exploitation and diminishes exploration. Accordingly, in some
embodiments, “Y" may be configured as a large value to accommodate mobile
devices {c.g., smartphone) with smali monitors and small keyboards. In some
embodiments, Y™ may be globally configured as a predetermined single value
for all devices. In other embodiments, “Y” may be dynamically configured in
real-time accordance with a device or a type of device that is communicating the
guery to the search server 108, In some embodiments Y™ may be an integer. n
sther embodiments “Y” may be real munber.

18034} The pseudo-code 310 is comprised of a selection summary pseudo-
code 330 describing the updating of “FAILURE SUMS” and a “SUCCESRS
SUM” responsive to a displayable guery recommendation 110 being selected
from the query recommendation box 111 and a non-sclection summary pseudo-
code 340 describing updating “FAILURE SUMS” regpeonsive to none of the
displayable query recommendations 110 being selected from the query
recommendation box 111

18035} The selection summary pseudo-code 330 includes two steps

Ll

meluding the “First Step” (e.g., 1) and the “Second Step” (e.g., 2). The “First
Step” describes updating a “SUCCESS SUM” for a query recommendation that
was selected, and the “Second Step” describes updating a “FAILURE SUM” for
cach of the query recommendations that were not selected. The “First Step” adds
“17 10 the success sum. For cxample, assuming a “SUCCESS SUM” of “5” is
associated with the displavable query recommendation “APPLE CLOUD,” and
“APPLE CLOUDY” is selected, then the first step 1s computed as “6 = 1+ 57 10
compute a new “SUCCESS SUM” of “6” for the query recommendation
“APPLE CLOUD.” The “Second Step” utilizes the variables “X” and “M” to
compute a8 “FAILURE SUM” for each of the query recommendations that were

~ GR LY

not selected. For exampie, assuming “M” is “5” and X" is 1, then a “FAILURE
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SUM” for each of the query recommendations that were not selected may be

compuicd as follows in TABLE 1.

TABLE 1

QUERY OLD COMPUTE NEW
RECOMMENDATION | “FALURE “FAILURE
NOT SELECTED SUM” SUM?”
APPLE STORE 20 20 (3/(5- 1) 20.25
APPLE WATCH 35 35+ (1/(5~1) 35.25
APPLE NEWS i1 (/51 11.28
APPLE STOCK 83 RE+ (1/(5— 1)) 85.25

[8836]

The non-selection summary pseudo-code 340 includes a step to

update a “FAILURE SUM” for all of the displayable query recommendations

responsive to identifying that none of the displayable query reconurendations

were selected. For example, assurming “M”7 18 75,7 X 15 “1,” and *Y™7 15 ©2,”

then a “FAILURE SUM” for cach of the query recommendations that were not

selected may be computed as follows in TABLE 2:

TABLEZ

QUERY OLD COMPUTE NEW
RECOMMENDATION | “FALURE “FAILURE
NOT SELECTED SUM” SUM”
APPLE CLOUD 260 20+(1*¥2y /(5 - 1)) 20.5
APPLE STORE 26 20+ {(1*2y/ {5~ 1)) 20.5
APPLE WATCH 33 35+ /(5 -1y 355
APPLE NEWS it A/ 35-1) 11.5
APPLE STOCK 88 88+ (1%2) /(5- 1p 88.5

{8037} FiG. 4A is block diagram illustrating query information 112,

according to an erobodiment. The query information 112 may be utilized as

previously described. The query information 112 may include mobile query

mformation 402, stationary query information 404, and configoration

tG
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mformation 407. The mobile query information 402 and stationary query
nformation 404 both inclade query data 406 that is wtilized o store the
previously described success sums and failure sums. Accordingly, the query
information 112 for mobile devices may be maintained independently from the
query information 112 for stationary devices. The configuration information 407
may be utilized to asseciate a device (e.g., device type identifier, device
identifier, etc.) with definitions 320 that were described in FIG. 3. In another
embodiment the query information 112 may be stored according to users. For
example, cach user that enters a query that is processed may be associated with
guery information 112, In another cmbodiment the mobile query information
402 may be stored according to device or device type and the stationary query
mformation 404 may be stored according to device or device type.

{8038} FiG. 4B is block diagram illustrating query data 406, according to
an cmbodiment. The query data 406 may include multiple entries of a query 408
1 association with query suggestion information 410, The processing module
120 may utilize the query data 406 to associate a query 408 that is reccived from
a user with an entry of query suggestion information 410 by matching the
reccived query 408 to the guery 408 in the query data 406.

{8039} FIG. 4C 1s block disgram illustrating query suggestion information
410, according to an embodiment. The query suggestion information 410 may
nchude ronltiple entries of a query recommendation 4172 n association with
experimental information 414, as previsusly described.

{8040} FIG. 4D is block diagram illustrating experimental mformation
414, according to an cebodiment. The cxperimental information 414 may
mehide a success sum 416 and a failore sum 418, as previously described, and
also an experimental sum 420, which is utilized to count the mumber of
experimenis {¢.g., the number of times the associated query recommendation 412
was presenied to a user for possible sciection). The processing module 120 may
utilize the experimental information 414 to generate and sample the probability
distribotions. For example, the processing modele 120 may pass the
experimental information 414 {o a statistical library function {c.g., probability
distribution fumetion () that retumns the probability distribution in the form of a
histogram or some other mathematical representation or stroctare that includes

data. Further, the processing module 120 may pass the probability disiribution to

i1
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a statistical Bbrary function (¢.g., probability distribution sampling function (})
that returns a probability. In some embodiments the probability distribution
function may not utilize the experimental sum 420 but mercly round the success
sum 416 and the fatlure sum 418 to identify the number of trial ov experiments.
{8041} FIG. 8A is block diasgram illustrating a new gquery message 500,
according {0 an embediment. The new query message SO0 may be received by
the scarch server 108 responsive to the user enfering a query 408 into the foput
box 104, The new guery message S00 may include a device identifier SO2 that
identifics the device that communicated the query 408, a device type identifier
504 that identifics a type of the device that conununicated the query 408, and the
query context SG3. The query context 503 may include the query 408, as
previously described, and query metadata 507, The query metadata 5067 may
describe a context of the query 408 thereby narrowing the scope of the query
408, For example the guery metadata 507 may include a category that is wiilized
to narrow the scope of the query 408. Accordingly, the system 100 may utilize
both the query 408 and the category {o identify displayable query
recoramendsations 110, Further for example, the query metadata 507 may include
one or more parameters that narrow the scope of the query. Accordingly, the
system 100 may utilize both the query 408 and the one or more parameters to
identify displayable query recommendations 110, In some embodiments the
system 100 may operate to identify displayable query recommendations 110
without a guery 408 and solely based on the query metadata 507, For example,
the query metadata 507 may not include a guery 408 but nevertheless include a
category that is utilized by the system 100 1o idemtify displayable query
recormmendations 110, Further for example, the query metadata 507 may not
imchide a query 408 but nevertheless mchide one or more parameters that are
utitized by the system 100 to identify displayabic query recommendations 114

7
7

Further for exaraple, the query metadata 507 may not include a query 408 but
nevertheless include a category and one or more parameters that are utilized by
the system 100 to identify displayable query recommendations 110.

{8042} FiG. 3B is block diagram illostrating a recommendation selected
message S08, according to an embodiment. The recommendation sclected
message SO8 may be reccived by the search server 108 responsive to the user

selecting a query recommendation 412 in the quory recommendation box 111,
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The recommendation selected message 508 may inclade a device identifier 502,
g device type identifier 504, and the query recommendation 412 that was
selected, all as previously described.

18043} FiG. 8C 1s block diagram illustrating a recommendation not-
selected message S10, according to an embodiment. The recommendation not-
selected message 510 may be received by the search server 108 responsive to a
progression through a search operation without receiving a selection that
dentifies a displayable query recomumendation 110, For example, a user may
progress thorough a search operation without selecting a displayable query
recoramendation 110 by executing a scarch that utilizes a query 408 in the input
box 104, The recommendation not-selected message 510 may include a device
identifier 502 and a device type identifier 504, as previcusly described.

{8044} FiG. 6 is block diagram illustrating configuration information 4047,
according to an crobodiment. The configuration information 407 may be utilized
by the processing modale 120 to associate a device {e.g., device type identifier
504) with definitions 320 of configurable parameters including a failure penalty
value 602, a failure penalty value — no selection 604, and a maximum number of
query vecommendations 606, all as previously described. Other embodiments of
the configaration information 407 may assoeiate a device identifier 302 with the
definitions 320.

18045} FiG. 7 is flow diagram dlustrating a method 700, according to an
embodiment, to identify query recommendations. The method 700 may
commence at operation 710, with the veceiving module 118, at the search server
108, receiving a new query message 500 over a network 106 from a clierd
machine 102 {e.g., iPhone). At operation 720, the processing module 120 may
atilize the query 506 (g.g., in the new query message 500) to wdentify query
suggestion information 410 that includes one or more query recommendations
412. For example, the processing module 120 may execute steps comprising: 1)
utilizing the device type identifier 504 in the new query message 500 1o identify
the client machine 102 is a mobile device; and 2} match the query 408 in the new
guery message SOU with the query 408 i the query data 406 in the mobile guery
mformation 402 to identify the query suggestion information 410.

{8046} At operation 730, the processing modele 120 generates a

probability distribution for cach of the query recommendations 412 in the query

—
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suggestion information 410. To this end, the processing moedule 120 may
generate the probability distributions based on the experimental information 414
that corresponds to each of the query recommendations 412, For exarmple, the
query suggestion information 410 may include three hundred query
recommendations 412, and the processing module 120 may generate three
hundred probability distributions based on the suceess sum 416, the failure sum
418, and the experimental sum 420 respectively associated with cach of the
query recommendations 412, That is, one probability distribution is generated
based on the success sum 416, the failure sum 418, and the experimental sum
420 associated with a particular guery recommendation 412,

18047} At operation 740, the processing moduale 120 may randomly sample
cach of the probability distributions to yield a probability that corresponds to
cach of the query recommendations 412, For example, the processing moduie
120 may sample the three hundred probability distributions to ideotify three
hundred probabilities that respectively correspond to each of the query
recommendations 412,

18048} At operation 750, the processing module 120 may idendify
displayable query recommendations 110 by sorting the probabilities from most
i least likely to be selected and selecting a set of probabilitics that are most
likely to be selected. For example, assuming the maximum number of
displayable query recomumendations 606 is globally configured as the value ©5,”
then the processing module 120 may select the top “5” that are probabilities
respectively associated with the

CLOUD, “APPLE STORE,” “APPLE WATCH,” “APPLE NEWS,” “AFPPLE

57 query recommendations 412 (e.g., “APPLE

STOCK™). Insome embodiments, the maximuom munber of displayable guery
recommendations 606 may be configured based on the device identifier 502 or
the device type identifier 504 in the new query message 500. Accordingly, the
processing module 120 may utilize the device identifier 502 or the device type
dentifier 504 to access the configuration information 407 to identify definitions
328 of configurable parameters, mchuiding the maximum number of displayable
query recommendations 606,

18049} At operation 760, the processing module 120 may generate an
interface or information from which the device generates an interface inchuding

the query 408 and the displayable query recommendations 110 and communicate
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the mterface and/or information to the client machine 102, For example, the
processing module 120 may generate the user interface 116 including hypertext
meta-language (HTML) clements and communicate the user interface 116 over
the network 106 to the chient machine 102, In another example, where the
device has a dedicated application that needs only the information that will be
displayed in an interface generated by the application, the processing module
120 sends the information in an appropriate format over the network 106 to the
client machine 102 which then generates an appropriate user interface using the
information.

18050} At operation 770, the receiving module 118 may reccive a message
that identifies whether a displayable query recommendation was selected or not-
selected and update the experimental mformation 414 associated with cach of the
displayable query recommendations {e.g., “APPLE CLOUD,” “APPLE
STORE,” “APPLE WATCH,” “APPLE NEWS,” “APPLE STOCK?”) bascd on
the message. For example, the message may include a recommendation selecied
message 508 that indicates a displayable query recommendation 10 was
selected or a recormmendation not-selected message 510 that fndicates a
displayable query recommendation 110 was not selected. The operation 770 s
described more fully in FIG. 8.

{8051} FiG. 8 is flow diagram illustrating a method 800, according to an
cmbodiment, to update experimental information 414, The moethod 800 may
commence at operation 810 with the processing module 12{ receiving 2 message
from the client machine 102 (e.g., device). At decision operation 820, the
processing module 120 may identify whether a displayable query
recommendation 110 was selected. For example, if the processing module 120
identifies a recommendation sclected message 508 was received (indicating that
a displayable query recommendation 110 was selected), then a branch is made to
operation 830, Otherwise, if the processing module 120 identifics a
recommendation not-sclected message 510 was received (indicating a
displavable query recommendation 110 was not selected), then a branch is made
to operation 850,

18052} At operation 830, the processing module 120 may update the
success sum 416 for the displayable query recommendation 110 that was

selected in accordance with “Step 17 of the selection summary pseudo-code 334,
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as described in association with FIG. 3. For example, the processing module
120 may identify the displayablc query recommendation 110 that was selected as
dentified in accordance with the query recoramendation 412 included 1o the
recommendation selected message SOR.

{8053} At operation 840, the processing modele 120 may update the fathue
sums 418 in accordance with “Step 27 of the selection summary pseudo-code
330, as described in association with FIG. 3. For example, the processing
modide 120 may identify the displayable query recommendations 110 that were
not selected as determined by the query recommendation 412 incloded in the
recommendation selected message 508,

18054} At operation 830, the processing module 120 may update the fathme
sums 418 in accordance with the non-selection summary pseudg-code 340, as
described in association with FI1G., 3. For example, the processing module 120
may iderdify that no displayable query reconmmendations 110 were selected
respensive to dentifying receipt of the recommendation not selected message
51¢ and update the fatlure soms 418 for all of the displayable query
recoramendations 110,

18055} At operation 860, the processing module 120 may update the
experimental sum 420 for each of the displayable query recommendations 110,
For example, the processing moduole 120 may add “17 to the experimental sum
420 associated with cach of the displayable query recommendations 110,

[B8856] According to one embodiment, the fatlure penalty value 602, the
failure penalty value - no selection 604, and the maximum number of guery
recommendations 606 that are utilized by the pseudo-code 310 may be
configured based on global vahues that are configured by an admimistrator.
Accordingly, the global vahies may be predetermined in one embodiment.
According to another embodiment, the failure penalty value 602, the failure
penalty value - no selection 604, and the maximum number of query
recommendations 606 may be dynamically configured based on the device
dentifier 502 or the device type identifier 504 included in a message including
the new query message 500, the recommendation sclected message 508, and the
recommendation not selected message 510, For example, the processing module
120 may utilize the device identifier 502 or the device type identifier S04 to

access the configoration information 407 and configure the failure penalty value
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612, the failure penalty value - no selection 604, and the maximum ngmber of

query recommendations 606,

MODULES, COMPONENTS, AND LOGIC

{8057} Certain embodiments are described herein as including logic or a
pumber of components, modules, or mechanisms. Modules may constitute
cither sottware modules (e.g., code embodied on a machine-readable medium} or
hardware modules. A “hardware module” is a tangible unit capable of
performing certain operations and may be configured or arranged in a certain
physical manuver. In various example emnbodiments, one or more computer
systems {e.g., a standalone computer system, a client computer systerm, or a
server computer system) or one or more hardware modules of a computer system
{c.g., a processor or a group of processors) may be configured by software (e.g.,
an application or application portion) as a hardware module that operates 1o
perform certain operations as described herein

{8058} In some cmbodiments, a hardware moedule may be implemenied
mechanically, clectronically, or any suitable combination thereof. For exaumple,
a hardware moedule may inclode dedicated cireuitry or logic that is permanently
configired to perform certain operations. For example, a hardware module may
be a special-purpose processor, such as a Field-Programmable Gate Array
(FPGA) or an Application Specific lntegrated Circuit (ASIC). A hardware
modile may also imchude programmable logic or circuitry that is temporarily
configured by software to perform certain operations. For example, a hardware
module may include software exceuted by a gencral-purpose processor or other
programmable processor. Once configured by such software, hardware modules
become specific machines (or specific components of a machine} uniquely
tailored to perform the configured functions and are no longer general-purpose
processors. it will be appreciated that the decision to implement a hardware
modide mechanically, in dedicated and permanently configored cirenitry, or in
temporarily configured circuitry (2.g., configured by software) may be driven by
cost and time considerations.

{8659} Accordingly, the phrase “hardware module” should be understood
to encompass a tangible entity, be that an entity that is physically constructed,

ermanently configured {e.g., hardwired}, or temporarily configured (¢.2.,
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programmed) to operate in a certaln manner or to perform certain operations
described herein. As used herein, “hardware-implemented module” refers to a
hardware raodule. Considering cembodirnents in which hardware modules are
temporarily configured {e.g., programmed), each of the hardware modules need
not be configured or instantiated at any one instance in time. For example,
where a hardware module comprises a general-purpose processor configured by
software to become a special-purpose processor, the general-purpose processor
may be configured as respectively different special-purpose processors {e.g.,
comprising different hardware modules) at different times. Software
accordingly configures a particular processor or processors, for example, to
constitute a particular hardware module at one instance of time and to constitute
a different hardware module at a different instance of time.

[8068] Hardware modules can provide information to, and receive
mformation from, other hardware modules. Accordingly, the described
hardware modules may be regarded as being communicatively coupled. Where
multipic hardware modules exist contermporaneously, communications may be
achicved through signal transmission {¢.g., over appropriate circuits and buses)
between or among two or more of the hardware modules. In embodiments in
which multiple hardware modules are configured or instantiated at different
fimes, conumimications between such hardware modules may be achieved, for
example, through the storage and retricval of information in memory structures
to which the muitiple hardware modules have access. For example, one
hardware module may perform an operation and store the output of that
operation 1n a memory device o which it is conunumnicatively coupled. A further
hardware module may then, at a later time, access the memory device to retrieve
and process the stored ootput. Hardware modules may also initiate
communications with input or output devices, and can operate on a resource
{e.g., a collection of information).

[a061] The various operations of example methods described hercin may
be performed, at least partially, by one or more processors that are temporarily
configured (e.g., by software) or permanently configured to perform the relevant
operations. Whether temporarily or permanently configured, such processors
may constitute processor-implemented modules that operate to perform one or

more operations or functions described herein, As used herein, “processor-
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implemented module” refers to 8 hardware modale implemented using one or
TIOTC PrOCESSOTs.

18862} Stailarly, the methods described herein may be at least partially
processor-implemented, with a particalar processor or processors being an
example of hardware. For example, at least some of the operations of 8 method
may be performed by one or more processors or processor-implemented
modules. Moreover, the one or more processors may also operate 10 suppott
performance of the relevant operations in 2 “cloud computing” environment or
as a “software as a service” (SaaS). For example, at least some of the operations
may be performed by a group of computers (as exarpies of machines including
processors), with these operations being accessible via a network (e.g., the
Internet) and via one or more appropriate interfaces {e.g., an Application
Program Interface (APD).

8063} The performance of certain of the operations may be distributed
among the processors, not only residing within a single machine, but deployed
across a nomber of machines. In some example embodiments, the processors or
processor-implemented modules may be located 1 a single geographic location
{e.g., within a home environment, an office envivonment, or a server farm). In
other example embodiments, the processors or processor-implemented modules

may be distributed across a number of geographic locations.

MACHINE AND 5OFTWARE ARCHITECTURE

16864] The modules, methods, engines, applications and so forth described
m conjunction with FIGs. 1-8 arc implemented tn seme embodiments n the
context of multiple machines and associated software architecture. The sections
below describe representative software architecture(s) and machine (e.g.,
hardware) architecturc that are suitable for use with the disclosed embodiments.
[B065] Software architectures are used in conjunction with hardware
architectures to create devices and machines tailored to particular purposes. For
example, a particudar hardware architecture coupled with a particular software
architecture will create a mobile device, such as a3 mobile phone, tablet device, or
so forth. A slightly ditfevent hardware and software architecture may yield a
smart device for use in the “internet of things.” While yet another combination

produces a server computer for use within a cloud computing architecture. Not
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ail combinations of such software and hardware architectures are presented here,
as those of skill in the art can readily understand how to tmplement the

disclosure i different contexis from the disclosure contained herein.

SOFTWARE ARCHITECTURE

8066} FiG. 9 s a block diagram 2008 illustrating a vepresentative
software architecture 2882, which roay be used in conjunction with various
hardware architectures herein described. FHG. % is merely a non-Hmiting
example of a software architecture 20072 and it will be appreciated that many
other architectures may be implemented to facilitate the functionality described
hervein. The software architecture 2002 may be executing on hardware such as
machine 2100 of FIG. 1§ that imchudes, among other things, processors 2110,
memory 2130, and input / output {(I/0) components 2150, Retorning to FIG. 9, a
representative hardware layer 2004 is ilustrated and can represent, for example,
the machine 2100 of FIG, 18. The representative hardware layer 2004 comprises
ONe Of More processing units 2006 having associated executable instructions
2008, Exccutable instructions 2008 represent the exceutable instructions of the
software architecture 2002, including implementation of the methods, engines,
mododes and so forth of FI1Gs, 1-18. Hardware layer 2004 also inchides memory
and/or storage madules 2010, which also have executable instructions 2008,
Hardware layer 2004 may also comprise other hardware, as indicated by 2012,
which represents any other hardware of the hardware layer 2004, such as the
other hardware 2012 illustrated as part of machine 2100,

16667} In the example architecture of FIG. 9, the software 2002 may be
conceptualized as a stack of layers where cach layer provides particular
fonctionality. For example, the software architecture 2002 may include layers
such as an operating systern 2614, libraries 2016, frameworks/middieware 2018,
applications 2020, and presentation layer 2044, Operationally, the applications
2020 and/or other components within the layers may invoke API calls 2024
through the software stack and receive a response, returned values, and so forth,
iustrated as messages 2026 in response to the API calls 2024, The iayers
ithustrated are representative in nature and not all software architectares have all
layers. For example, some mobile or special purpose operating systems 2314

may not provide a frameworks/middleware layer 2018, while others may provide
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such a layer. Other software architectures may include additional or different
layers.

18868] The operating systern 2014 may manage hardware resources and
provide common services. The operating system 2014 may inclade, for exanmple,
a kernel 2028, services 2034, and drivers 2032, The kernel 2028 may act as an
abstraction layer between the hardware and the other software layers. For
example, the kernel 2028 may be responsible for memory management,
processor management {e.g., scheduling), component management, networking,
security scttings, and so on. The services 2030 may provide other common
services for the other software layers. The drivers 2032 may be responsibie for
controlling or interfacing with the underlying hardware. For instance, the drivers
2032 may wchide display drivers, camera drivers, Blactooth® drivers, flash
memory drivers, serial communication drivers (¢.g., Universal Serial Bus (USEB)
drivers), Wi-Fi® drivers, audio drivers, power management drivers, and so forth
depending on the hardware configuration,

80691 The libraries 2016 may provide a common infrastructure that may
be utilized by the applications 2020 and/or other components and/or layers. The
libraries 2016 typically provide functionality that allows other software modules
to perform tasks in an easier fashion than to interface directly with the
underlying operating system 2114 functionality {c.g., kernel 2028, services 2030,
and/or drivers 2032). The libraries 2016 may foclude systom 2034 libraries {(e.g.,
C standard Hbrary) that may provide functions sach as memory allocation
functions, string manipulation functions, mathematic fimctions, and the like. In
addition, the lbraries 2016 may include API Hbraries 2036 such as media
libraries (e.g., libraries to support presentation and manipulation of various
media format such as moving picture experts group (MPEG) 4, H.264, MPEG-1
or MPEG-2 Audio Layer (MP3), AAC, AMR, joint photography experis group
{(JPG), portable network graphics (PNG)}, graphics libraries {c.g., an Open
Graphics Library (OpenGL) framework that may be used to render two-
dimensional (2D} and two-dimensional (3D} in a graphic content on a display),
database libraries {e.g., Structured Query Language (SQL} SQLite that may
provide various relational database functions}, web Libraries (e.g., WebKit that
may provide web browsing functionality), and the Like. The libraries 2016 may

alse include a wide variety of other librarics 2038 to provide many other APls
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2036 to the applications 2020 and other software components/modules.

16670] The frameworks 2018 {also sometimes referred to as middleware)
may provide a higher-level common infrastructure that may be utilized by the
applications 2020 and/or other software components/modules. For example, the
frameworks 2018 may provide various graphic user interface (GUT) functions,
high-level resource management, high-level location services, and so forth. The
framneworks 2018 may provide a broad spectrom of other APIs 2036 that may be
wtilized by the apphications 2020 and/or other software components/moduldes,
some of which may be specific to a particular operating system 2014 or
platform.

8671} The applications 2020 include built-in applications 2040 and/or
third party applications 2042. Examples of representative buili-in apphications
2040 may include, but are not limited to, a contacts application, a browser
application, a book reader application, a location application, a media
application, a messaging application, and/or a game application. Third party
applications 2042 may include any of the buiit in applications as well as a broad
assortment of other applications 2020, In a specific exampie, the third party
application 2042 (¢.g., an application developed using the Android™ or i08™
software development kit (SDK) by an entity other than the vendor of the
particolar platform) may be mobile software running on a mobile operating
system 2014 such as 108™, Android™, Windows® Phone, or other mobile
operating systems 2014, In this example, the third party application 2042 may
nvoke the API calls 2024 provided by the mobile operating system such as
operating system 2014 to facilitate functionality described berein.

18672} The applications 2020 may utilize built in operating system
functions (e.g., kernel 2028, services 2030, and/or drivers 2032), libravies (e.g.,
system 2034, APIs 2036, and other libraries 203%), and frameworks/middieware
2018 to create user inferfaces 1o jnteract with users of the system. Alternatively,
ot additionally, in some systems, interactions with a user may oceur through a
presentation layer, such as presentation layer 2044, In these systoms, the
application/module “logic™ can be separated from the aspects of the
application/module that interact with a user.

186673} Some software architectures 2002 uiilize virtual machines. In the

cxample of FIG. 9, this is illustrated by virteal machine 2048, A virtual machine
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2048 creates a software environment where applications/modules can execute as
if they were executing on a hardware machine (such as the machine 2100 of
FiG., 18, for cxample). A virtual machine 2048 is hosted by a host operating

system {operating system 2014 i FIG. 21) and typically, although not always,

(&3]

has a virtoal machine monitor 2046, which manages the operation of the virtoal
machine 2048 as well as the interface with the host operating system (Le.,
operating systern 2014}, A software architecture 2007 executes within the virtual
machine 2048 such as an operating system 2050, libraries 2052,
frameworks/middleware 2054, applications 2056, and/or presentation layer

10 2038, These layers of software architecture 2002 executing within the virtaal
machine 2048 can be the same as corresponding layers previously described or

may be different.

EXAMPLE MACHINE ARCHITECTURE AND MACHINE-READABLE

15 MEDIUM
18874} FIG. 18 s a block diagramn illustrating components of a machine
2100, according to some example embodiments, able to read instructions from a
machine-readable medium {e.g., 8 machine-readable storage medium) and

20 perform any one or more of the methodologies discussed herein. Specifically,
FiG. 18 shows a dlagrammatic representation of the machine 2100 in the
example form of a computer system, within which instructions 2116 {e.g.,
software, a program, an application, an applet, an app, or other exccutable code)
for causing the machine 2100 to perform any one or more of the methodologies

25 discussed hercin may be executed. For example the instructions 2116 may cause
the machine 2100 to execute the flow diagrams of FIG. 7 and FIG. 8.
Additionally, the instructions 2116 may implement the receiving module 118
and the processing module 120 of FIG, 1, and so forth, inclading the modules,
engings, and applications utilized i F1Gs, 2-8. The instructions 2116 transform

36 the general, non-programmed machine 2100 into a particular machine 2100
programmed to carry out the described and iHustrated functions in the manner
described. in alternative cmbodiments, the machine 210{ operates as a

standalone device or may be coupled (e.g., networked) to other machines 2100,

In a networked deployment, the machine 2100 may operate in the capacity of a

(%]
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server machine or a client machine in a server-client network environment, or as
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a pecr machine in a peer-to-peer {or distributed) network environment. The
machine 2100 may comprise, but not be limited {0, a server computcer, a client
computer, & personal computer (PC), a tablet computer, a laptop computer, a
netbook, a set-top box (STRB), a personal digital assistant (PDA), an
entertainment media system, a cellular telephone, a smart phone, a mobile
device, a wearable device {c.g., a smart waich), a smart home device {c.g., a
smart apphiance), other smart devices, a web applisnce, a network router, 2
network switch, a network bridge, or any machine 2100 capable of executing the
nstructions 2116, sequentially or otherwise, that specify actions to be taken by
machine 2100, Further, while only a single machine 2100 1s ilustrated, the term
“machine” shall also be taken to include a collection of machines 2100 that
mdividoally or jointly execute the mstructions 2116 to perform any one or more
of the methodologies discussed herein.

[BO75] The machine 2100 may include processors 2110, memory 2130,
and VO components 2150, which may be configired to commumicate with each
other such as via a bus 2102, In an example embodiment, the processors 2110
{e.g., a contral processing unit {CPU), a reduced mstruction set computing
{RISC) processor, a complex instruction set computing {CISC) processor, a
graphics processing unit {GPLU), a digital signal processor (DSP), an ASIC, a
radio-frequency integrated circuit (RFIC), ancther processor, or any suitable
combination thercof) may inchude, for exanple, processor 2112 and processor
2114 that may execute instructions 2116, The term “processor” s intended to
nclude multi-core processors 2112 that may comprise two or more independent
processors 21172 (sometimes referred to as “cores”™) that may cxecuic instructions
2116 contemporancously. Although FIG. 10 shows multiple processors 2112, the
machine 2 100 may mchude a single processor 2112 with a single core, a single
processor 2112 with multiple cores {e.g., a multi-core process), multiple
processors 2112 with a single core, nwltiple processors 2112 with roultiples
cores, or any combination thereof.

{8076} The memory/storage 2130 may include a memory 2132, suchas a
main memory, of other memory storage, and a storage unit 2136, both accessible
to the processors 2110 such as via the bus 2102, The storage unit 2136 and
memory 2132 store the instructions 2116, embodying any one or morg of the

methodologies or functions described herein. The instroctions 2116 may also
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reside, completely or partially, within the memory 2132, within the storage umit
2136, within at feast one of the processors 2110 {e.g., within the processor’s
cache memory), or any suitable combination thoreof, during execution thereof by
the machine 2100. Accordingly, the memory 2132, the storage unit 2136, and the
memory of processors 2110 are examples of machine-readable media.

18677} As used hercin, “machine-readable medium™ means a device able to
store instructions 2116 and data termporarily or permanently and reay mehude,
but is not be Hmited to, random-access memory (RAM), read-only memory
(ROM), buffer memovy, flash memory, optical media, magnetic media, cache
memory, other types of storage {c.g., erasable prograrymable read-only memory
(EEPROM)} and/or any suitable combination thereof. The term “machine-
readable medium” should be takien to include a single medium or multiple media
{e.g., a centralized or distributed database, or associated caches and servers) able
to store instructions 2116, The term “machine-readable medium” shali also be
taken to include any medium, or combination of multiple media, that is capable
of storing instructions (c.g., mstructions 2118) for cxecution by a machine (e.g.,
machine 2100}, such that the instructions 21 16, when executed by one or more
processors of the machine 2100 {e.g., processors 2110), cause the machine 2100
to perform any one or more of the methodologies described herein. Accordingly,
a “machine-readable medium” refers to a single storage apparatus or device, as
well as “cioud-based” storage systems or storage networks that include vwitiple
storage apparatus or devices.

18878} The /0 components 2150 may mciude a wide variety of
components to receive input, provide output, produce output, transmit
mformation, exchange information, capture measurements, and so on. The
specific VO components 2150 that are included in a particutar machine 2100 will
depend on the type of machine. For example, portable machines 2100 such as
mobile phones will likely melade a touch nput device or other such input
mechanisms, while a headless server machine will Hkely not include such a
touch input device. It will be appreciated that the VO components 2150 may
include many other components that are not shown in FIG. 184, The /O
components 2150 are grouped according to functionality merely for simplifying
the following discussion and the grouping 1s in no way hmiting. In various

cxample erbodiments, the /0 components 2150 may include output
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components 2152 and input components 2154, The output components 2152
may include visual components {c.g., a display such as a plasma display panel
(PDP), a light emttting diode (LED) display, a biguid cerystal display (LCDY, 2
projector, or a cathode ray tube (CRT}), acoustic components {e.g., speakers),
haptic components {e.g., a vibratory motor, resistance mechanisms), other signal
generators, and so forth. The nput components 2154 may include afphanumeric
nput components {¢.g., a keyboard, a touch screen configured to receive
alphanumeric input, a photo-optical keyboard, or other alphanumeric input
components ), point based input cormponents {¢.g., a mouse, a touchpad, a
trackball, a joystick, a motion sensor, or other peinting fostrument), tactile input
components {e.g., a physical button, a touch screen that provides location and/or
force of touches or touch gestures, or other tactile imput components), audio
mpui componenis {¢.g., a microphone), and the like.

18079] In further example embodiments, the 170 components 2150 may
mclade biometric components 2156, motion components 2158, environmental
components 2160, or position components 2162 among a wide array of other
componenis. For exarople, the biometric components 2156 may wchade
components to detect expressions {e.g., hand expressions, facial expressions,
vocal expressions, body gestures, or eye tracking), measure biosignals {(e.g.,
blood pressure, heart rate, body temporature, perspiration, or brain waves),
identify a person {e.g., voice identification, retinal identification, facial
dentification, fingerprint identification, or electrocncephalogram based
identification), and the like. The motion components 2158 may inchude
acceleration sensor components (e.g., accelerometer), gravitation senser
components, rotation sensor components {¢.g., gyroscope), and so forth, The
environmental components 2160 may include, for example, ilhumnination sensor
components {¢.g., photometer), temperature sensor components (€.g., one or
more thermoerneter that detect ambicnt temperature), bumidity sensor
components, pressure sensor components (e.g., barometer), acoustic sensor
components {e.g., one or more microphones that detect background noise),

proximity sensor components (e.g., infrared sensors that detect nearby objects),

s

ks

sensors {(e.g., gas detection sensors to detect concentrations of hazardous

)]

gases for safety or to measure pollutants n the atmosphere), or other components

that may provide indications, measurements, or signals corresponding to a
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surrounding physical enviromment. The posttion components 2162 may include
location sensor components (e.g., a Global Position System (GPS) receiver
component), altitude sensor components {¢.g., altimeters or barometers that
detect air pressure from which altitude may be derived), orientation sensor
compenents {¢.g., magnetometers), and the hke.

808G Communication may be implemented using a wide variety of
technologics. The VO components 2150 may include communication
compenents 2164 operable to couple the machine 2100 to a network 2180 or
devices 2170 via coupling 2182 and coupling 2172, respectively. For example,
the communication components 2164 may include a network interface
component or other suitable device to intertace with the network 2180, In finther
examples, commumication components 2164 may include wired commumnication
components, wircless conumunication components, cellular commuunication
components, near field communication (NFC) components, Bluetooth®
components {¢.g., Bloetooth® Low Energy), Wi-Fi® components, and other
communication components to provide communication via other modalitics.
The devices 2170 may be another machine 2100 or any of a wide varicty of
peripheral devices (e.g., a peripheral device coupled viaa USB).

{8081} Moreover, the communication components 2164 may detect
identifiers or include components operable to detect identifiers. For example, the
communication comaponents 2164 may include radio frequency identification
(RFID} tag reader components, NFC smart tag detection components, optical
reader componenis {e.g., an optical sensor to detect one-dimensional bar codes
such as Universal Product Code (UPC) bar code, nwlti-dimensional bar codes
such as Quick Response (QR) code, Aztec code, Data Matrix, Dataglyph,
MaxiCode, PDF417, Ultra Code, UCC RSS-2D bar code, and other optical
codes), or acoustic detection components (e.g., microphones to identify tagged
aundio sigoals). In addition, a variety of information may be derived via the
communication components 2164, such as, location via Internet Protocol (IF)
geo-location, lecation via Wi-Fi® signal trianguolation, location via detecting 2

NFC beacon signal that may indicate a particular location, and so forth,

TRANSMISSION MEDIUM

{8082} In various exanple embodiments, one or more portions of the
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network 2180 may be an ad hoc network, an totranet, an extranet, a virtual
private network {VPN), a local arca network (LAN), a wircless LAN {WLAN), a
wide arca network (WAN), a wireless WAN (WWARN), a2 metropoelitan arca
network {(MAN), the Internet 80, a portion of the Internet 80, a portion of the
public switched telephone network (PSTN), 2 plain old telephone service
{POTS) notwork, a cclular tefephone network, & wircless network, a Wi-Fi®
network, another type of network, or a combination of two or more such
networks. For example, the network 2180 or a portion of the network 2180 may
include a wireless or celludar network, and the coupling 2182 may be a Code
Division Muitiple Access (CDMA) connection, a Global System for Mobile
communications {GSM) connection, or other type of cellular or wireless
coupling. In this example, the coupling 2182 may implement any of a variety of
types of daia transfer technology, such as Single Carrier Radic Transmission
Technology (1xRTT), Evolution-Data Optinidzed (EVDO) techuology, General
Packet Radio Service (GPRS) technology, Enhanced Data rates for GSM
Evolution (EDGE) technology, third Generation Partnership Project (3GPP)
meluding 3G, fourth generation wircless {40) networks, Universal Mobile
Worldwide Interoperability for Microwave Access (WiMAX), Long Term
Evolution (LTE) standard, others defined by various standard setting
organizations, other long range protocols, or other data fransfer technology.
[8661] The mstructions 2116 may be transmitted or recetved over the network
2180 using a fransmission mediom via a network interface device (e.g., a
network interface component included in the conmmunication components 2164)
and utilizing any one of a number of well-known transfer protocols {e.g.,
hypertext transfer protocol (HTTP)Y). Similarly, the instructions 2116 may be
ransmitted or received using a transmission medium via the coupling 2172 (e.g.,
a peer-to-pecr coupling) to devices 2170, The term “transmission mediun” shall
be taken to include any intangible medium that is capable of storing, encoding,
or carrying instructions 2116 for execution by the machine 21060, and includes
digital or analog communications signals or other intangible mediom to facilitate
communication of such software. The term carrier medium encompasses any
medium capable of carrying a set of instructions executable by a processor and

mclhudes a machine readable medium and a transmission medium.
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LANGUAGE

18083} Throughout this specification, plural tnstances may implerent
components, operations, or structures described as a single instance. Although
mdividoal operations of one or more methods are ilostrated and described as
separate operations, ong or more of the individual operations may be performed
concurrently, and nothing requires that the operations be performed in the order
ustrated. Stractores and functionality presented as separate components in
example configurations may be implemented as a combined structure or
component. Similarly, structures and functionality presented as a single
component may be implemented as separate components. These and other
variations, modifications, additions, and mmprovements fall within the scope of
the subject matter herein.

18084} Although an overview of the inventive subject matter has beeon
described with reference to specific example embodiments, various
modifications and changes may be made to these embodiments without
departing from the broader scope of cmbodiments of the prescot disclosure. Such
embodiments of the fnventive subject matter may be referred to herein,
mdividoally or collectively, by the term “disclosure ” merely for convenience
and without iniending to voluntarily Hiit the scope of this application to any
stogle disclosure or inventive concept if more than one is, 1n fact, disclosed.
[3885] The embodiments ilhustrated herein are described in sufficient detail
to enable those skilled in the art to practice the teachings disclosed. Other
embodiments may be used and devived therefrom, such that structural and
logical substitutions and changes may be made without departing from the scope
of this disclosure, The Detailed Description, therefore, is not to be takenina
Himiting sense, and the scope of varicus embodiments is defined only by the
appended claims, along with the full range of equivalents to which such claims
are entitied.

[3886] As used herein, the term “or” may be constroed in either an
inclusive or exclusive sense. Moreover, ploral instances may be provided for
Tesources, operations, or structures deseribed herein as a single instance.
Additionally, boundaries between various resources, operations, modules,

engines, and data stores arc somewhat arbitrary, and particelar operations are
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ustrated in a context of specific llostrative configurations. Other allocations of
functionality are envisioned and may fall within a scope of various embodiments
of the present disclosure. In general, structures and functionality presented as
separate resources in the example configurations may be implemented as a
combined structure or resource. Similarly, structures and functionality presented
as a single resource may be implemenied as separate resources. These and other
variations, modifications, additions, and improvements fall within 2 scope of
embodiments of the present disclosure as represented by the appended claims.
The specification and drawings are, accordingly, to be regarded in an illustrative

rather than a restrictive sense.
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CLAIMS

L A systern comprising:

a receiving module, implemented using one or more processors, that is
configoered to receive, over a network, a query from a device that is associated
with a user; and

a processing module, implemented using one or more processors, that is
configured to associate the query to at least one query recommendation, the
processing modole further configored to generate a probability distribution for
cach of the query recommendations, the probability distributions generated
based on experimental information respectively associated with cach of the
guery recommendations, the experimental information for each of the query
recommendations including a success sum and a failure sum, the processing
module further configured 1o sample cach of the probability distributions to
identify a probability for cach the corresponding query recommendations, the
probabilitics respectively indicating the likelihood of the corresponding query
recommendation being selected, the processing module is further configured to
identify at least one query recommendation for display from the at least one
query recommendation as at least one displayable query recommendation, the
identification based on the probabilitics for each the corresponding query
recoramendations and a maxivrm number of query recomamendations, the
processing module further configured to communicate an interface over the
network to the device, the interface inchuding the query and the displayable
query recommendations, the processing module further configured to update
experimenial fnformation associated with cach of the displayable query
recommendations, the processing module updates the experimental information
responsive to an identification whether a displayable query recommendation was

selected.

2. The system of claim 1, wherein the processing module is finther
configured to divide a failure penalty value by the maximum number of query
recommendations and add the result to failure sums associated with cach of the
displayable recommendations responsive 1o an identification by the processing

modride that none of the displayable query recommendations were selected.

(3]
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3. The syster of claim 1, wherein the processing moduic is further
configured to add one to a success s associated with a displayable
recommendation that was selected responsive 1o identification by the processing
modode that is configured to identify that a displayable query reconumendation

was selected.

4. The system of claim 1, wherein the processing module is further
configured to divide a failure penalty value by the maximum number of query
recoramendations and add the result to fatlure sums associated with each of the
displayable query recommendations that were not selected responsive
identification by the processing modude that a displayable query

recommendation that was selected.

S. The system of claim 2, wherein the processing module configures the
maximm nember of displayable query recommendations based on the device

assoctated with the user.

6. The system of claim 5, wherein the device 15 a mobile device; and
wherein the processing module is configured to identify 2 maxinum

number of displayable query reconvuendations based on a type of mobile device.

7. The syster of ¢laim 6, wherein the device is a stationary device; and
wherein the processing module is configured to identify a maximum
number of displayable query recommendations based on a type of stationary

device.

8. The system of claim 1, wherein the processing module is configured to

configure a failure penalty value based on a device associated with the user.

9. The syster of claim 8, wherein the processing moduie is contigured to

configure the failure penalty value based on a type of mobile device.

10. A compuier implemented method comprising:

(5]
oo
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receiving, over a network, a query from a device that is associated with a
USEr;

associating the query 1o at least one query reconumendation;

generating a probability distribution for each of the query
recommendations, the probability distributions being gencrated based on
experimental information respectively associated with each of the query
reconunendations, the cxperimental information for cach of the query
recommendations including a success sum and a failure sumg

sampling cach of the probability distributions o identify a probability for
cach the corresponding query recommendations, the probabilities respectively
mdicating the likelihood of the corresponding query recommendation being
selected:

identifying at least one query recommendation for display from the at
least one query reconunendation as at least ene displayable query
recommendation, the identifying being based on the probabilitics for each the
corresponding query recommendations and a maximum number of guery
recommendations;

commupnicating an interface over the network to the device, the interface
mchiding the query and the displayable query recommendations; and

updating experimental information associated with cach of the
displayable query recommendations, the updating being respounsive 1o

dentifying whether a displayable guery recommendation was selected.

11.  The method of claim 10, wherein the updating further jncludes dividing a
fathwe penalty value by the maximuom number of query recommendations and
adding the resglt to failure sums associated with sach of the displayable
-econumendations responsive to identifying that none of the displayabie query

reconunendations were sefected.

12.  The method of claim, 10 wherein the updating forther includes adding
one {0 a success sum associated with a displayable recommendation that was
selected responsive to identifying the displayable guery recommendation as

being selected.

2]
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13. The method of claim, 10 wherein the updating forther inchudes dividing a
failure penalty value by the maxinmum nomber of query recommendations and
adding the result to failure swns associated with cach of the displayable query

recormmendations that were not selected responsive to identifying a displayable

(&3]

query recommendation that was selected.

14, The method of claim 11, wherein the updating further includes
configering the maximum munber of displayable query recommendations based
on the device associated with the user,
10
15. The method of claim 14, wherein the device is a mobile device; and
wherein the maximum number of displayable query recommendations is

identified based on a type of mobile device.

15 16. The method of claim 15, wherein the device is a stationary device; and
wherein the maximum number of displayable query recommendations is

wdentitied based on a type of stationary device,

7. The method of claim 10, wherein the updating further includes

20 configuring a failure penalty value based on a device associated with the user.

18. The method of clatm 17, wherein the device is a mobile device; and
wherein the faihure penalty value is identified based on a type of mobile

device.

N2
Loy

19, A machine-readable mediom having no transitory signals storing a set of
imstructions that, when executed by a processor, causes a machine to perform
operations conyprising:

receiving, over a network, a query from a device that is associated with a

associating the query to at least one query recomumendation;
generating a probability distribution for each of the query
recommendations, the probability distributions being gencrated based on

experimental information respectively associated with each of the query
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recommendations, the experimental information for each of the query
recommendations including a success sum and a failure sum;
sampling cach of the probability distributions to identify a probability for

cach the corresponding query recommendations, the probabilitics respectively

(&3]

mdicating the likelihood of the corresponding query recommendation being
selected;
identifying at least one query recommendation for display from the at
least one query recommendation as at Jeast one displayable query
recommendation, the identifying being based on the probabilitics for cach the
10 corresponding query recommendations and a maxironm nmumber of query
recommendations;
communicating an interface over the network to the device, the interface
mciuding the query and the displayable query recommendations; and
updating experimental information associated with cach of the
15 displayable query recommendations, the updating being responsive 1o

identifying whether a displayable guory recommendation was selected.

200 A carrier medivm carrving instructions that, when executed by a
processor, cause a machine to carry out the method of any one of claims 1 to

20 19
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