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SIMULATING BID REQUESTS FOR
CONTENT UNDERDELIVERY ANALYSIS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application and
claims priority to U.S. patent application Ser. No. 15/673,
175, filed Aug. 9, 2017, of which is incorporated by refer-
ence herein in its entirety.

BACKGROUND

[0002] Content publishers such as websites or web appli-
cations may designate a certain portion of their display
interface as paid content space for displaying paid content
such as advertisements, either as a primary or supplementary
revenue source. In order to maximize such revenue, a
publisher (e.g., an owner of a domain or application) may
offer, through a bid request, a display instance of the paid
content space to a paid content provider through an elec-
tronic bidding process. The winning paid content provider’s
content item is then displayed on the display interface of the
content publisher for at least one instance. An electronic
content server may facilitate the bidding process between
the publisher and the paid content provider by selecting an
appropriate content item in response to receiving a bid
request from the publisher, and bidding on behalf of the paid
content provider. The result of this process may be based on
many factors, including certain properties of the content
item and certain properties of the bid request. The paid
content provider may pay per certain number of impressions
or each time the content item is clicked on. The paid content
provider may define certain cost parameters of a content
item such as a maximum commitment amount (e.g., maxi-
mum bid price) for a certain number of impressions or a
click, and a budget for the total amount to spend over a
period of time. However, the situation may occur in which
the budget defined for a certain content item is not being
spent in its entirety, referred to as underdelivery. This may
indicate that the paid content provider is not being effec-
tively serviced by the content exchange and the content
exchange is not generating optimal revenue.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Various embodiments in accordance with the pres-
ent disclosure will be described with reference to the draw-
ings, in which:

[0004] FIG. 1 illustrates an example environment for
implementing aspects of the present disclosure in accor-
dance with various embodiments.

[0005] FIG. 2 illustrates an example system for carrying
out functions, in accordance with various embodiments.
[0006] FIG. 3 illustrates an example representation of a
bid request generated by the bid request simulator, in accor-
dance with various embodiments.

[0007] FIG. 4 illustrates a flow diagram of an example
process for generating a bid request, in accordance with
various embodiments.

[0008] FIG. 5 illustrates a flow diagram of an example
process for determining a cause of underdelivery of a query
content item, in accordance with various embodiments.
[0009] FIG. 6 illustrates a flow diagram of an example
process for building a matching model, in accordance with
various embodiments.
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[0010] FIG. 7 illustrates an example environment for
implementing aspects of the present disclosure in accor-
dance with various embodiments.

[0011] FIG. 8 illustrates example components of a com-
puting device, in accordance with various embodiments.
[0012] FIG. 9 illustrates an example environment for
implementing aspects of the present disclosure in accor-
dance with various embodiments.

DETAILED DESCRIPTION

[0013] Systems and methods in accordance with various
embodiments of the present disclosure may overcome one or
more of the aforementioned and other deficiencies experi-
enced in conventional approaches to electronic paid content
delivery. In particular, various embodiments attempt to
resolve issues related to underdelivery of an electronic paid
content item by a content exchange by determining a cause
of the underdelivery. In accordance with an embodiment,
underdelivery refers to a situation in which the budget set for
a certain content item is not spent in its entirety. Underde-
livery may occur when the content server representing the
content item does not select the content item frequently
enough for bidding in response to a bid request received
from a publisher, or if the content item does not win the bid
frequently enough. However, the reason why the content
item is not being selected by the content server or winning
bid requests may not be known or accessible. Without such
information, it may be difficult for paid content providers or
the content server to address the issue and resolve the
underdelivery. The present disclosure presents an improve-
ment in electronic content delivery technology by providing
a means for identifying the cause of underdelivery of a
content item by simulating bid requests and analyzing how
the content server responds to the bid requests, and particu-
larly with respect to the content item in question. In various
embodiments, upon determining a cause of underdelivery, a
parameter of the content item that can be adjusted to
improve the delivery of the content item may be determined
based on the determined cause. In some embodiments, the
parameter and the adjustment that can be made can be
presented as a recommendation or a recommended action for
improving delivery of the content item. In some embodi-
ments, such an adjustment may be made automatically. In
some embodiments, the publisher may be represented by
another entity, such as a content network. For such cases, the
representing entity may be disregarded for purposes of the
present discussion. That is to say, “publisher” may refer to
the publisher itself or any entity or system representing the
publisher or submitting bid requests on behalf of the pub-
lisher.

[0014] In various embodiments, an analysis system may
receive a request to determine a cause of underdelivery for
a certain content item (“query content item”). For example,
the request may be initiated as a part of a trouble-shooting
protocol, such as by a system or device associated with
providing support and optimization functionality to entities
such as paid content providers. For example, the request
may be triggered as a first step in the trouble-shooting
protocol for resolving suboptimal content delivery. The
request may be initiated by a paid content provider who has
noticed that a budget is not being fully spent and wants to
know the root cause so rectifying adjustments can be made.
Such a request may be made by the paid content provider via
an application programming interface (API) or other means
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of communicating the request. The paid content provider
may also make a request to the abovementioned system or
device associated with providing support, which makes a
request on behalf of the paid content provider, the request
thereby being received by the analysis system. Alternatively,
the request may be made by a content server automatically
upon detecting that a content item that the content server
represents is being underdelivered. The request to the analy-
sis system may include an identifier of the query content
item, through which properties of the query content item can
be accessed. The identifier or the properties directly can be
processed through a matching model to determine properties
of a bid request, and thereby generating the bid request
based on the properties of the query content item. The
matching model may include matching rules that express
estimated relationships between certain content item prop-
erties and bid request properties. Content item properties
may include, for example, targeting expressions, commit-
ment value (e.g., bid price) information, ranking scores, size
(e.g., pixel dimensions), the number of historical bids,
clicks, and/or purchases, for example, resulting from the
paid content item being presented, frequency caps, and/or
pacing information, among many others. Bid request prop-
erties may include information about a user operating the
computing device invoking the bid request and on which the
winning content item is to be displayed, such as any behav-
ioral or user segments that may describe various attributes of
the user including, for example, demographics, gender, age,
purchase history of products and/or services from various
sources, any web content that is browsed or accessed by the
user, paid content items or content in which the user dem-
onstrated interest (e.g., through clicks, conversions, etc.),
among other information. The bid request properties may
also include data regarding the paid content space, such as
the size (e.g., pixel dimensions), the content surrounding the
paid content space, information regarding the publisher
(e.g., publisher category, target audience), and other require-
ments such as cost per click, pace, frequency caps, among
others. A content server may select relevant content items
from a repository or network of content items in response to
the bid request. Specifically, the content server may have
specific logic or rules that the content server uses to select
content items that are relevant for bid requests based on their
respective properties. In some embodiments, the matching
model may include the exact logic and rules of the content
server if such information is available, such as in the
scenario of the content server and the analysis system
belonging to the same entity or system. In some other
embodiments, if the exact information is not available, the
match model may include an estimation of the logic and
rules of the content server. In such a scenario, the match
model may be determined by reverse engineering the logic
and rules of the content server. For example, the logic and
rules of a content server may be estimated by analyzing
relationships between properties of bid requests submitted to
the content server and properties of content items selected
by the content server in response to the bid requests.

[0015] In either case, properties of a bid request may be
determined through the matching model based on the prop-
erties of the query content item. The properties of the bid
request may be used to populate a bid request schema or
template in order to generate a bid request that can be
processed through the content server as if the bid request
were a live production bid request coming from a publisher.
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In various embodiments, the generated bid request also
includes a request for the content server to return a report in
response to the bid request that indicates which content
items were considered to be selected for the bid request, a
reason why a certain content items was ultimately selected
for bidding, and respective reasons why the other considered
content items were ultimately not selected for bidding. In
various embodiments, the report may be expressed in vari-
ous formats. For example, the report may include raw data
expressed as computer-readable code, an array of items, a
populated schema, a string, and the like. In various embodi-
ments, raw data may be converted to a user friendly format
that can be read or understood easily by an operator. The
reasons may be expressed as factors related to certain
properties of the content item. For example, the factors may
be related to targeting expressions, the maximum cost per
click, historical performance information, content of the
content items, information related to the paid content pro-
vider, size or resolution, among others. A request for the
content server to return such a report may be set as one of
the properties of the generated bid request.

[0016] The bid request generated by the analyzer system
may be processed through the content server, which causes
the content server to define (e.g., find, obtain, determine) a
set of candidate content items and select at least one of the
candidate content items to submit bids on behalf of in
response to the bid request. The analyzer may also receive
the abovementioned report from the content server, which
may include factors contributing to respective content items
being selected (“selected content items™) or not selected
(“unselected content items™) by the content server. Thus, if
the query content item is one of the content items that were
not selected, the report would include factors contributing to
the query content item not being selected, which may
provide insight into the cause of underdelivery of the query
content item. In various embodiments, different bid requests
may be generated and submitted to the content server with
respect to the query content item in order to obtain more
insight into the cause of underdelivery of the query content
item. Other advantages, variations, and functions are
described and suggested below as may be provided in
accordance with the various embodiments.

[0017] FIG. 1 illustrates an example environment 100 for
implementing aspects of the present disclosure in accor-
dance with various embodiments. Paid content item selec-
tion can be performed through electronic auctions that may
be held through an electronic content exchange. Typically,
content publishers (“publishers”) can create opportunities
for displaying electronic paid content items with their con-
tent (e.g., web pages, web app). Publishers can provide such
opportunities independently or be represented by a content
network. For example, when a user accesses a website of a
publisher, the server hosting the website can send a paid
content request (e.g., bid request) for content providers to
bid for the right to display their content item on the website.
This request may be received by the content exchange. The
bid request may include information describing the website,
publisher, and/or the user. Once the bid request is received
by the content server, paid content providers can bid to fill
that request with their paid content item. Paid content
providers can utilize content campaigns (e.g., ad campaign)
that define various criteria for bidding on a paid content
request, such as data (e.g., user attributes, categories, etc.)
describing an audience targeted by the ad campaign, dura-
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tion of the ad campaign, geographic locations and/or content
networks to which their content items are provided, maxi-
mum commitment values, etc. Such information can be
utilized by various bidding algorithms to determine whether
a paid content provider bids on the auction depending on the
contextual information (e.g., descriptions of a user and/or
publisher) that is included with the bid request. Once a
winner is determined, the paid content item designated by
the winning paid content provider is then provided in
response to the request and, subsequently, displayed to the
user on the website of the publisher. The displaying of the
content item is counted as an “impression.”

[0018] The example environment 100 illustrates a user
operating a computing device 102 to electronically access
content (e.g., a website, web page, or web application) from
the publisher 104. Upon determining that the computing
device 102 is accessing content, the publisher 104 can send,
to an electronic content exchange, which includes a content
server 106 and a search system 108, a request 120 for a paid
content item to be provided to the computing device 104
along with the content being accessed.

[0019] The request 120 can include information about the
user operating the computing device 102, such as any
behavioral or user segments that may describe various
attributes of the user including, for example, demographics,
gender, age, purchase history of products and/or services
from various sources, any web content that is browsed or
accessed by the user, paid content items or content in which
the user demonstrated interest (e.g., through clicks, conver-
sions, etc.), among other information. In some embodi-
ments, the request 120 can reference user information (e.g.,
a user identifier) and such information can be used to obtain
additional details about the user (e.g., behavioral and/or user
segments). For example, the user information may reference
a user identifier that can be used to access or obtain a digital
profile corresponding to the user. Further, this digital profile
may store information about the user being targeted by the
paid content items, such as behavioral and/or user segments
describing various attributes of the user. These segments
may have been determined to correspond to the user based
on various actions taken by the user (e.g., content accessed,
paid content items clicked, conversions resulting from paid
content item clicks, web browsing history, etc.).

[0020] The content server 106 can use such information to
identify or obtain paid content items that are responsive to
the segments provided with the request and, as a result,
identify or obtain paid content items that are determined to
be most relevant to the user operating the computing device
102. In various embodiments, the search system 108 can
access a content item repository 110 to search for candidate
paid content items responsive to the bid request 126. The
content item selection and result of this process may be
based on many factors, including certain properties of the
content item and certain properties of the bid request. In
various embodiments, the content server 106 can determine
search criteria based on the bid request and send the search
criteria to the paid content item search system 108 to identify
and send the most relevant candidate paid content items 122.
For example, identifying the candidate paid content items
122 may be based on various criteria such as the size of the
paid content item slot, pacing, ranking, frequency caps, to
the content server, along with other information (e.g., com-
mitment value for the paid content item). In various embodi-
ments, the paid content items 124, or paid content item
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identifiers provided by the search system 108 can each be
associated with a respective score, depending on the imple-
mentation, such scores can be used to rank and/or determine
respective commitment values for the paid content items.
The content server 106 may select a paid content item 126
among the candidate content items to send to the publisher
in response to the bid request, for example, through con-
ducting an electronic auction.

[0021] InFIG.1, the publisher 104, the content server 106,
and the search system 108 are able to utilize respective
computing systems and/or devices to interact with one
another through a network, for example, a local area net-
work (LAN) or wide area network (WAN), e.g., the Internet.
Similarly, users are able to utilize their respective computing
devices 102 to access content (e.g., websites) that may be
offered through the publisher 104 over the network. Such
publishers 104 can provide content (e.g., web pages, etc.)
that is accessible over the network (e.g., the Internet). For
example, a publisher 104 may utilize one or more computing
systems to provide a website that is accessible through the
network. The publisher’s website may offer opportunities to
present additional content to users accessing the website, for
example, in the form of electronic paid content items. The
computing devices and/or systems for each of the computing
device 102, publisher 104, content server 106, and search
system 108 will each generally include memory for storing
instructions and data, and at least one processor for execut-
ing the stored instructions. The content server 106 and the
search system 108 are illustrated as being implemented on
separate computing systems, however, in some embodi-
ments, the content server 106 and the search system 108 can
be implemented within the same computing system. The
search system 108 can communicate with a data store that
stores data describing various paid content items. Such data
can include paid content items, or references to the paid
content items, along with information related to the paid
content items such as respective targeting expressions, com-
mitment value information, ranking scores, size (e.g., pixel
dimensions) of the paid content item, the number of bids,
clicks, and/or purchases, for example, resulting from the
paid content item being presented, frequency caps, and/or
pacing information, to name some examples.

[0022] As mentioned, the search system 108 can deter-
mine candidate paid content items that are responsive to a
bid request 120 and can send the candidate content items
124, or the paid content item identifiers, along with other
information (e.g., respective commitment values for the paid
content items) to the content server 106. In various embodi-
ments, the paid content items determined to be responsive
can be associated with respective scores and such scores can
be used to determine respective commitment values for and
selection of the paid content items, for example, as well as
to rank the paid content items. Weights may be applied to the
certain properties associated with the paid content items. A
ranking function can be applied to the paid content items
determined to be responsive to the bid request 120. The
ranking function can be defined using historical data (e.g.,
click feedback, purchase feedback, etc.) so that a score for
a paid content item is associated with a probability that the
paid content item will be clicked. This information can be
incorporated into the function so that the function maps a
score associated with the paid content item. The score may
also include a probability of clicks and/or purchases,
depending on the implementation. In various embodiments,
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the content server 106 and/or the search system 108 can
determine respective boosting factors for paid content items,
for example, by using historical click feedback and/or pur-
chase feedback to determine the rate or percentage of clicks
and/or purchases when an paid content item was returned for
a user having certain segments and/or satisfying certain
targeting expressions. Such analysis can determine, for
example, how valuable a targeting expression was in com-
puting a click and/or purchase. Such scores and factors,
among other information, determined for the paid content
items with respect to the bid request 120 can be used to
determine which paid content items to send to the content
server 106 and ultimately to bid on behalf of in response to
the bid request from the publisher.

[0023] In various embodiments, a winning paid content
item may be displayed by the publisher, and the paid content
provider may pay per certain number of impressions or each
time the content item is clicked on. The paid content
provider may define certain cost parameters of a content
item such as a maximum bid amount for a certain number of
impressions or a click, and a budget for the total amount to
spend over a period of time. However, the situation may
occur in which the budget defined for a certain content item
is not being spent in its entirety, referred to as underdelivery.
This may indicate that the paid content provider is not being
effectively serviced by the content server and the content
server is not generating optimal revenue. In various embodi-
ments, underdelivery may occur when the content server
representing the content item does not select the content
item frequently enough for bidding in response to a bid
request received from a publisher, or if the content item does
not win the bid frequently enough. However, the reason why
the content item is not being selected by the content server
or winning bids may not be known or accessible. Without
such information, it may be difficult for paid content pro-
viders to address the issue and resolve the underdelivery.
Accordingly, in accordance with various embodiments, the
present disclosure presents an improvement in electronic
advertising technology by providing a means for identifying
the cause of underdelivery of an content item by simulating
bid requests and analyzing how the content server responds
to the bid requests

[0024] FIG. 2 illustrates an example system 200 for car-
rying out functions according to various embodiments. As
shown, the system 200 may include a bid request simulator
202 communicative with an electronic content exchange
204. The functions of system 200 may be invoked upon
receiving a request to determine a cause of underdelivery for
a certain content item (“query content item”). Although the
function system 200 is shown in a single system, the
function system 200 may be hosted on multiple server
computers and/or distributed across multiple systems. Addi-
tionally, the modules may be performed by any number of
different computers and/or systems. Thus, the modules may
be separated into multiple services and/or over multiple
different systems to perform the functionality described
herein. In various embodiments, the request may invoke a
serverless function to perform the various steps described
herein. The request may be initiated by an paid content
provider who has noticed that a budget for a certain content
item is not being fully spent and wants to know the root
cause so rectifying adjustments can be made. Alternatively,
the request may be made by an electronic content exchange
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204 automatically upon detecting that a content item (“query
content item”) that the content server represents is being
underdelivered.

[0025] Certain information associated with the query con-
tent item 206 may be received by the bid request simulator
202, such as identifying data (e.g., identifier, client facing
identifier) by which the query content item is uniquely
referenced. Additional properties of the query content item
may be accessed via the identifier and received by the bid
request simulator 202. In some embodiments, the bid request
simulator 202 may utilize the content item identifier to
access the content item and scan the data representation of
the query content item to obtain the content item properties.
In other embodiments, the content item properties may be
formatted in way ready to be input into bid request simulator
202. Content item properties may include various param-
eters that define the ad, such as targeting expressions,
commitment value information, ranking scores, size (e.g.,
pixel dimensions), the number of historical bids, clicks,
and/or purchases, for example, resulting from the paid
content item being presented, frequency caps, and/or pacing
information, information regarding the content of the ad,
information regarding the paid content provider, among
others. In some embodiments, the bid request simulator 202
may include a matching model 212 which can take as input,
properties of a content item and output corresponding prop-
erties of a bid request associated with the ad. The matching
model 212 may include matching rules that express esti-
mated relationships between certain content item properties
and bid request properties. The matching model 212 may
include or be referred to as a rules repository, rules/matching
recipes, knowledge graph, matching rules, and the like. In
some embodiments, the matching rules can be input into the
bid request simulator 202 along with the identifier or prop-
erties of the query content item. A content server may have
specific logic or rules that the content server uses to select
ads for bid requests, which are modeled by the matching
model. Different content server systems or entities may have
different logic or rules. Thus, the matching model 212 may
be specific to the content server system representing the
query content item. In some embodiments, the matching
model may include the exact logic and rules of the content
server if such information is available, such as in the
scenario of the content server and the analysis system
belonging to the same entity or system. In some other
embodiments, if the exact information is not available, the
match model 212 may include an estimation of the logic and
rules of the content server. In such a scenario, the match
model 212 may be determined by reverse engineering the
logic and rules of the content server. For example, the logic
and rules of a content server may be estimated by analyzing
relationships between properties of bid requests submitted to
the content server and properties of ads selected by the
content server in response to the bid requests, respectively.
In various embodiments, the reverse engineered logic and
rules may not be complete and thus not exactly replicate the
actual logic and rules of the content server. In such and other
cases, the reverse engineering logic and rules may be
fine-tuned by feedback training data collected from user-
annotations of the generated bid request properties or other
observations and data collected during use. In some embodi-
ments, certain rules may be manually adjustment, changed,
removed, added, or replaced.
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[0026] Using the matching model and the properties of the
query content item, the bid request simulator 202 can
determine properties of a bid request relevant to the query
content item. Properties of the bid request may include
information about a user operating the computing device on
which the request was made and on which the winning
content item is to be display, such as any behavioral or user
segments that may describe various attributes of the user
including, for example, demographics, gender, age, pur-
chase history of products and/or services from various
sources, any web content that is browsed or accessed by the
user, paid content items or content in which the user dem-
onstrated interest (e.g., through clicks, conversions, etc.),
among other information. The bid request properties may
also include data regarding the electronic content space,
such as the size (e.g., pixel dimensions), the content sur-
rounding the electronic content space, information regarding
the publisher (e.g., publisher category, target audience), and
other requirements such as cost per click, pace, frequency
caps, among others.

[0027] In some embodiments, the content server 204 may
utilize a specific bid request schema 214 or template, which
defines a certain format for a bid request that can be
processed by the content server. A bid request that can be
submitted to the content server includes the bid request
schema populated with bid request properties. Similar to the
matching model, the bid request schema may be included in
the bid request simulator 202 or the bid request schema may
be an input into the bid request simulator 202 along with the
properties of the query content item. Thus, in some embodi-
ments, the bid request simulator 202 may be a general
simulator that can receive inputs that define the properties of
the query as well as aspects of the content server (i.e.,
matching model, bid request schema). In some other
embodiments, the bid request simulator 202 may be content
server specific and is already configured with the specific
aspects of the content server (i.e., matching model, bid
request schema). The bid request simulator 202 may popu-
lated the appropriate bid request schema with the properties
of the bid request to generator a bid request 208 that can be
processed through the content server 204 as if the bid request
were a live production bid request coming from a publisher.
Thus the output of the bid request simulator 202 is a bid
request relevant to the query content item. In various
embodiments, the generated bid request also includes a
request for the content server to return a report in response
to the bid request that indicates which ads were considered
to be selected for the bid request, a reason why a certain
content item that was ultimately selected, and respective
reasons why the other considered ads were ultimately not
selected for the bid request. The reasons may be expressed
as factors related to the properties of the ads. For example,
the factors may be related to targeting expressions, the
maximum cost per click, historical performance informa-
tion, content of the ad, information related to the paid
content provider, size or resolution, or any other properties
of the query content item as well as other data associated
with the query content item. A request for the content server
to return such a report may be set as one of the properties of
the generated bid request. In some embodiments, the content
server may include a built-in function for returning such a
report along with a selected content item in response to a bid
request. In some such cases, this function is provided as a
setting, in which the report can be optionally provided based
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on a selection of the setting in the bid request. Thus, in such
cases, the request for the content server to return the report
may be in the form of the appropriate selection of the setting.

[0028] The bid request 208 generated by the bid request
simulator 202 may be submitted to the content server that
represents the query content item and from which the
matching model and bid request schema was derived. The
content server may receive the bid request as if the bid
request were a real bid request coming from a publisher, and
thus process the bid request in the same way. Thus, the
content server may define a set of candidate content items
from its repository of ads and select at least one of the
candidate content items to submit bids on behalf of in
response to the bid request. The content server may return
the abovementioned report 210 from the content server,
which may include factors contributing to respective ads
being selected or not selected by the content server to bid on
behalf of in response to the bid request. Thus, if the query
content item is one of the ads that were not selected, the
report would include factors contributing to the query con-
tent item not being selected, which may provide insight into
the cause or reasons of underdelivery of the query content
item. Such a report can serve as an analysis result in
response to the request to analyze underdelivery of the query
content item. In various embodiments, a plurality of differ-
ent bid requests may be generated by the content server
based on the query content item and submitted to the content
server. Accordingly, the content server determines a set of
candidate content items and a report for each bid request.
Thus, a plurality of cases in which the query content item
was not selected and the associated factors can be aggre-
gated and analyzed in order to obtain more insight into the
cause of underdelivery of the query content item. In some
embodiments, certain adjustments may be made to the
properties of the query content item, such as certain target-
ing parameters or content contained therein. The adjusted
query content item may be tested to determine if the adjust-
ments positively impact delivery of the query content item.
The identifier or properties of the adjusted query content
item may be input into the bid request simulator 202 to
generate a bid request. Alternatively, a bid request previ-
ously generated based on the original query content item
properties may be used. The bid request can be submitted to
the content server to see if the query content item is selected
by the content server to bid on behalf of. All or a portion of
these techniques can contribute to resolution of content
underdelivery issues.

[0029] In some embodiments, the bid request simulator
202 may include a machine learning model such as, but not
limited to, a neural network. In such embodiments, the
neural network may be trained using training data, which
include a plurality of input-output pairs. An input-output
pair may include a bid request received by the content server
as the input and a set of candidate content items, which
includes the content item that is ultimate selected by the
content server to bid on behalf of and the ads that are not
selected, as the output. In some embodiments, the neural
network may be trained with the candidate content items as
the input and the bid request as the output. Thus, a relation-
ship between bid requests and content item selection can be
learned and simulated by the matching model. In some
embodiments, bid request generated by the bid request
simulator 202 may be adjusted by an annotator before the
bid request is submitted to the content server. This may be
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done to edit a certain property or adjust a certain property of
the bid request. For example, it may be the case that when
bid request generated by the bid simulator is submitted to the
content server, the candidate content items selected by the
content server does not include the query content item, and
thus the report returned by the content server may not
include factors related to the query content item. It may be
hypothesized that a certain parameter of the bid request is
too narrow or out of range to cause the content server to
consider the query content item as a candidate content item,
and thus the parameter can be updated to be broader or have
a different range. The adjusted bid request may be processed
through the content server again to determine factors con-
tributing to the selection result of the query content item by
the content server. Such edits or adjustments made to a bid
request generated by the matching model may be recorded
as annotations and used to further train and refine the
matching model.

[0030] In various embodiments, the bid request simulator
202 may include multiple matching models 212 and multiple
bid request schemas 214 that correspond respectively to
multiple content servers 204. The bid request simulator 202
may be able to determine a cause of underdelivery with
respect to different content servers 204, and different content
servers 204 may have different logic and rules for selecting
and serving content items as well as different protocols and
formats for handling bid requests. Thus, in order to provide
underdelivery diagnosis for different content servers 204,
the bid request simulator 202 has access to the appropriate
matching models 212 and bid request schemas 214 appro-
priate for the different content servers 204. For example,
when the big request simulator 202 receives the query
content item 206, the bid request simulator 202 may also
receive information regarding or otherwise configured to
diagnosis the query content item 206 with respect to a
specific content server 204 of a plurality of content servers
204. Thus, the bid request simulator 202 may select the
associated matching model 212 and the appropriate bid
request schema 214 associated with the specific content
server 204. Furthermore, the content servers 204 may belong
to different entities, serve different marketplaces and pub-
lisher, and/or be hosted on different machines or in a
“serverless” hosting environment such as a “cloud” com-
puting environment. The bid request simulator 202 may be
access by multiple users or systems at the same time, such
that a plurality of query content items can be respectively
processed simultaneously.

[0031] FIG. 3 illustrates an example representation 300 of
a bid request generated by the bid request simulator 202 of
FIG. 2 in accordance with various embodiments. The bid
request 302 may include parameters that can be utilized by
a search system of the content server to determine and
retrieve ads from a repository of ads that are relevant to the
bid request 302, such as based on the properties of the bid
request. The bid request 302 may include, for example,
various information about a user 304 being targeted with
paid content items such as behavioral or user segments 306
describing various attributes. Each segment may indicate
some information relating to user demographics, gender,
age, geographic information, purchase history of products
and/or services from various sources, any web content that
is browsed or accessed by the user, paid content items or
content in which the user demonstrated interest (e.g.,
through clicks, conversions, etc.), among other information.
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The electronic content exchange can use such information to
identify or obtain paid content items that are responsive to
the segments provided with the request.

[0032] In various embodiments, the bid request 302 may
also include electronic content space information 306
describing the size of the advertising slot for which a paid
content item is to be fitted. The size of the advertising slot
can typically be provided by the computing device of the
publisher as part of the paid content item request.

[0033] The bid request 302 can optionally include infor-
mation identifying or describing any frequency caps 308
associated with paid content items. A frequency cap can be
used to control the number of times a paid content item is
returned from the search system as being responsive to the
bid request 302. In some embodiments, the information
specifies the number of impressions for a paid content item,
or paid content item identifier, and the search system is able
to determine, based on any frequency caps (e.g., maximum
number of impressions) associated with that paid content
item, or paid content item identifier, whether or not that paid
content item is responsive. In some embodiments, the infor-
mation specifies the respective frequency caps associated
with an paid content item or paid content item identifier and
the search system is able to determine, based on a number
of impressions corresponding to the paid content item, or
paid content item identifier, whether to return the paid
content item or paid content item identifier in response to the
bid request 302.

[0034] In various embodiments, the electronic content
exchange and/or the search system can be configured to
regulate the delivery of paid content items that are associ-
ated with pacing constraints 310. For example, a paid
content provider may purchase 7,000 impressions for an
advertising campaign that runs for one week. The paid
content provider may prefer to spread the 7,000 impressions
across the one week advertising campaign evenly (e.g.,
1,000 impressions per day), or within some threshold pro-
portion spread across the week. Pacing can be implemented
to address such constraints so that, for example, all 7,000
impressions are not satisfied prior to completion of the one
week advertising campaign. In some implementations, a
pacing factor for a paid content item can be utilized to pace
the delivery of the paid content item. The pacing factor may
be stored, for example, in the search index or in a data store.
The pacing factor indicates a probability that the paid
content item should be returned or delivered in response to
a bid request. Generally, the pacing factor for a paid content
item that is not associated with any pacing constraints is set
to “1,” which means the paid content item is always returned
if determined to be responsive to a bid request. However, if
the delivery of a paid content item is exceeding the pacing
constraints, then the pacing factor can be manipulated to
reduce the delivery of the paid content item. For example, to
reduce the return rate for a paid content item to 10 percent,
the pacing factor can be set to “0.1”.

[0035] To implement pacing, a random number between
“0” and “1” can be included in the bid request 302 and the
search system is configured to return paid content items
having a respective pacing factor that is within the random
number. Having a query with a random number and having
each paid content item be associated with a pacing factor
between “0” and “1” results in the search system sampling
the paid content items at the frequency that is equal to, or
approximately equal to, the pacing factor corresponding to
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the paid content items. In one example, a paid content item
associated with a pacing factor of 0.1, so the goal is to return
that paid content item in response to 10 percent of requests.
Assuming 100,000 requests are received, then 10 percent of
those requests will be associated with a random number that
is between 0 and 0.1, which would therefore allow the
system to return the paid content item 10 percent of the time.

[0036] Invarious embodiments, to facilitate this approach,
the electronic content exchange and/or the search system can
adjust the respective commitment value of a paid content
item to evaluate changes to the pacing factor for that paid
content item, for example, in terms of whether the pacing
factor gets closer to “0” or closer to “1”. If the pacing factor
gets close to “0”, then the commitment value for the paid
content item can be decreased so that the paid content item
does not show up very often, for example, as an impression.
Further, if the pacing factor gets close to “1”, then the
commitment value for the paid content item can be increased
so that the paid content item is shown more often, for
example, as a result of winning more impressions. An update
function can be utilized to facilitate this process by, for
example, adjusting the respective pacing factors for paid
content items based on the corresponding number of impres-
sions and bids for a particular paid content item. Such
adjustment for a paid content item can be performed, for
example, by computing an error between the number of
times the paid content item has been shown as an impres-
sion, and the number of times the paid content item is
supposed to be shown as an impression. The paid content
request 302 may include many other or different types of
parameters than those illustrated in the example represen-
tation of FIG. 3. The bid request 302 may also be represented
according to the appropriate bid request schema associated
with the electronic content exchange.

[0037] FIG. 4 illustrates a flow diagram of an example
process 400 for generating a bid request based on a query
content item, such as a query content item, in accordance
with various embodiments. The example process 400 is
provided merely as an example and additional or fewer steps
may be performed in similar or alternative orders, or in
parallel, within the scope of the various embodiments
described in this specification. Upon being invoked to gen-
erate a bid request based on a content item, such as by
receiving a request, an analyzer system can determine 402
the properties of the query content item. The properties may
be provided to the analyzer as direct inputs that are already
formatted in a way that is recognizable and can be processed
by the analyzer. The properties may be obtained by the
analyzer by scanning a data representation of the content
item into order to extract the properties.

[0038] A matching model may be selected 404 for deter-
mining bid request properties based on content item prop-
erties, in which the matching model includes a set of
matching rules that related bid request properties and con-
tent item properties. In various embodiments, different
matching models may be used for different systems of
applications. Thus, in certain embodiments, the appropriate
matching model for the query content item may be selected
404. The matching model is configured to simulate the logic
and rules of a content server system, such as a content server,
associated with the query content item. In some embodi-
ments, the matching model may include the exact logic and
rules of the content server if such information is available,
such as in the scenario of the content server and the analysis
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system belonging to the same entity or system. In some other
embodiments, if the exact information is not available, the
match model may include an estimation of the logic and
rules of the content server. In such a scenario, the match
model may be determined by reverse engineering the logic
and rules of the content server. For example, the logic and
rules of a content server may be estimated by analyzing
relationships between properties of bid requests submitted to
the content server and properties of content items selected
by the content server in response to the bid requests,
respectively.

[0039] As described, the matching model may include a
machine learning model, in which case the step of defining
404 the matching model may include training the matching
model using training data, which may include a plurality of
input-output pairs. An input-output pair may include a bid
request received by the electronic content exchange as the
input and a set of candidate content items, which includes
the content item that is ultimate selected by the electronic
content exchange to bid on behalf of and the ads that are not
selected, as the output.

[0040] The matching model can then be used to determine
406 properties of a bid request relevant to the query content
item based at least on the properties of the query content
item. A bid request can be generated 408 by populating a bid
request schema or template with the determined properties
of the bid request. In some embodiments, the content server
may utilize a specific bid request schema or template, which
defines a certain format for a bid request that can be
processed by the content server.

[0041] FIG. 5 illustrates a flow diagram of an example
process 500 for determining a cause of underdelivery of a
query content item, in accordance with various embodi-
ments. The example process 500 is provided merely as an
example and additional or fewer steps may be performed in
similar or alternative orders, or in parallel, within the scope
of the various embodiments described in this specification.
In various embodiments, an analysis system may receive
502 a request to analyze a query content item, such as to
determine a cause of underdelivery for the query content
item. The request may be initiated by an paid content
provider who has noticed that a budget is not being fully
spent and wants to know the root cause so rectifying
adjustments can be made. Alternatively, the request may be
made by a content server automatically upon detecting that
a content item that the content server represents is being
underdelivered. Properties of the query content item may
then be determined 504. The request to the analysis system
may include an identifier of the query content item, through
which properties of the query content item can be accessed.
In some embodiments, the query content item may be
accessed via the identifier and a data representation of the
query content item may be scanned or analyzed to extract the
properties. Example properties of the query content item
may include various parameters that define the ad, such as
targeting expressions, commitment value information, rank-
ing scores, size (e.g., pixel dimensions), the number of
historical bids, clicks, and/or purchases, for example, result-
ing from the paid content item being presented, frequency
caps, and/or pacing information, information regarding the
content of the ad, information regarding the paid content
provider, among others. Properties of a bid request can then
be determined from the properties of the query content item
506. Specifically, the properties of the query content item
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can be processed through a matching model to determine
properties of a bid request. The matching model may include
matching rules that express estimated relationships between
certain content item properties and bid request properties.
Content item properties may include various parameters that
define the ad, such as targeting expressions, commitment
value information, ranking scores, size (e.g., pixel dimen-
sions), the number of historical bids, clicks, and/or pur-
chases, for example, resulting from the paid content item
being presented, frequency caps, and/or pacing information,
information regarding the content of the ad, information
regarding the paid content provider, among others. Bid
request properties may include information about a user
operating the computing device on which the request was
made and on which the winning content item is to be display,
such as any behavioral or user segments that may describe
various attributes of the user including, for example, demo-
graphics, gender, age, purchase history of products and/or
services from various sources, any web content that is
browsed or accessed by the user, paid content items or
content in which the user demonstrated interest (e.g.,
through clicks, conversions, etc.), among other information.
The bid request properties may also include data regarding
the electronic content space, such as the size (e.g., pixel
dimensions), the content surrounding the electronic content
space, information regarding the publisher (e.g., publisher
category, target audience), and other requirements such as
cost per click, pace, frequency caps, among others. The
content server representing the query content item may have
specific logic or rules that the content server uses to select
ads for bid requests. In some embodiments, the matching
model may simulate the logic and rules. The matching
model may include the exact logic and rules of the content
server if such information is available, such as in the
scenario of the content server and the analysis system
belonging to the same entity or system. In some other
embodiments, if the exact information is not available, the
match model may include an estimation of the logic and
rules of the content server. In such a scenario, the match
model may be determined by reverse engineering the logic
and rules of the content server. For example, the logic and
rules of a content server may be estimated by analyzing
relationships between properties of bid requests submitted to
the content server and properties of ads selected by the
content server in response to the bid requests, respectively.

[0042] In either case, properties of a bid request may be
determined through the matching model based on the prop-
erties of the query content item. One the properties of the bid
request are determined, the bid request can be generated
508. The properties of the bid request may be used to
populate a bid request schema or template in order to
generate a bid request that can be processed through the
content item server as if the bid request were a live produc-
tion bid request coming from a publisher. In various embodi-
ments, the generated bid request also includes a request for
the content server to return a report in response to the bid
request that indicates which ads were considered to be
selected for the bid request, a reason why a certain content
item that was ultimately selected, and respective reasons
why the other considered ads were ultimately not selected
for the bid request. The reasons may be expressed as factors
related to the properties of the ads. For example, the factors
may be related to targeting expressions, the maximum cost
per click, historical performance information, content of the
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ad, information related to the paid content provider, size or
resolution, or any other properties of the query content item
as well as other data associated with the query content item.
A request for the content server to return such a report may
be set as one of the properties of the generated bid request.

[0043] The bid request generated by the analyzer system
may be submitted 510 to the content server, and in response,
the content server defines a set of candidate content items
and selects at least one of the candidate content items to
submit bids on behalf of. The analyzer may also receive 512
the content item selection results from the content server, for
example in the form of a report, including data representing
the candidate content items. Specifically, the results (e.g.,
report) may indicate which one of the candidate content
items was selected by the content server to bid on behalf of,
and which of the candidate content items were not selected
by the content server to bid on behalf of. Thus, a determi-
nation 514 can be made for whether the query content item
was included in the candidate content items. If the query
content item was not include in the candidate content items,
an adjustment may be made to the bid request properties 516
and another bid request may be generated 508 and processed
through the content server 510. For example, it may be
hypothesized that a certain parameter of the bid request is
too narrow or out of range to cause the content server to
consider the query content item as a candidate content item,
and thus the parameter can be updated to be broader or have
a different range. If the query content item was included in
the candidate content items, the analyzer may receive the
aforementioned report from the content server 518, which
may include factors contributing to respective ads being
selected or not selected by the content server to bid on behalf
of in response to the bid request. Thus, if the query content
item is one of the ads that were not selected, the report would
include factors contributing to the query content item not
being selected, which may provide insight into the cause or
reasons of underdelivery of the query content item. Such a
report can serve as an analysis result in response to the
request to analyze underdelivery of the query content item.
In various embodiments, upon determining a cause of under-
delivery of the query content item, a recommendation can be
generated for improving the content item based on the
determined cause. The recommendation may include chang-
ing certain parameters of the content item. For example, it
may be that determined that certain keywords featured in the
query content item were suboptimal for the bid requests to
which the query content item should be responsive or
intended to be responsive.

[0044] FIG. 6 illustrates a flow diagram of an example
process 600 for building the matching model used to deter-
mine bid request properties from content item properties, in
accordance with various embodiments. The example process
600 is provided merely as an example and additional or
fewer steps may be performed in similar or alternative
orders, or in parallel, within the scope of the various
embodiments described in this specification. In various
embodiments, a content server may have specific logic or
rules that the content server uses to select ads for bid
requests. The matching model is configured to simulate and
reverse such logic and rules to be able to determine what
type of bid request would is likely to cause the content server
to select the query content item in response to receive that
bid request, and thus be able to determine the properties of
that bid request. In some other embodiments, the exact logic



US 2023/0146003 Al

and rules of the content server is not available, and the match
model may include an estimation of the logic and rules of the
content server. In such a scenario, the match model may be
determined by reverse engineering the logic and rules of the
content server. For example, the logic and rules of a content
server may be estimated by analyzing relationships between
properties of bid requests submitted to the content server and
properties of ads selected by the content server in response
to the bid requests, respectively. In some embodiments, the
matching model may include a machine learning model such
as a neural network.

[0045] Specifically, referring to FIG. 6, such training data
may be received 602 by the matching model. The training
data may include a plurality of input-output pairs. An
input-output pair may include a bid request received by the
electronic content exchange as the input and a set of can-
didate content items, which includes the content item that is
ultimate selected by the electronic content exchange to bid
on behalf of and the ads that are not selected, as the output.
In some embodiments, the matching model may be trained
with the candidate content items as the input and the bid
request as the output. Thus, a relationship between bid
requests and content item selection can be learned and
simulated by the matching model, thereby training to match-
ing model to be able to determine properties for a bid request
based on the properties of a query content item 604. Once
the matching model is trained, an identifier and/or properties
of a query content item can be received 606 and properties
of a bid request can be determined 608 based on the
properties of the query content item. In some embodiments,
the properties of the bid request determined by the matching
model may be adjusted by an annotator. Thus, it can be
determined whether the bid request adjustment is received
610. This may be done to edit a certain property or adjust a
certain property of the bid request. For example, it may be
the case that when bid request generated by the bid simulator
is submitted to the electronic content exchange, the candi-
date content items selected by the electronic content
exchange does not include the query content item, and thus
the report returned by the electronic content exchange may
not include factors related to the query content item. For
example, it may be hypothesized that a certain parameter of
the bid request is too narrow or out of range to cause the
content server to consider the query content item as a
candidate content item, and thus the parameter can be
updated to be broader or have a different range. If an
adjustment is received, the adjustment, including any feed-
back or annotations made to a bid request generated by the
matching model, may be added to the training data 612 and
used to further train and refine the matching model 604. In
various embodiments, there may be a limit to how many of
the abovementioned iterations are permitted in a session
(e.g., for one bid request) which may be implement using a
counter for example, and the process may terminate once
such a limit is reach.

[0046] In FIG. 7, the example environment 700 includes
an electronic content server 702 (e.g., advertisement
exchange server), paid content providers 708 (e.g., adver-
tisers), paid content networks 710 (e.g., ad networks), con-
tent publishers 712 (e.g., websites, applications), and users
714 of users accessing content publishers. The content
server 702 may be in communication with the electronic
content exchange described in reference to FIG. 1 or the
content server 702 and the electronic content exchange of
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FIG. 1 may be implemented together using one or more
computing systems. Paid content providers 708, paid con-
tent networks 710, and publishers 712 are able to utilize
respective computing systems and/or devices to interact with
the content server 702 through the network 706, for
example, a local area network (LAN) or wide area network
(WAN), e.g., the Internet. Similarly users 714 are able to
utilize their respective computing devices to access content
(e.g., websites) that may be offered through the publishers
712 over the network 706. Such publishers 712 can provide
content (e.g., web pages, etc.) that is accessible over the
network 706 (e.g., the Internet). For example, a publisher
712 may utilize one or more computing systems to provide
a website that is accessible through the network 706. The
publisher’s website may offer opportunities to present addi-
tional content to users accessing the website, for example, in
the form of electronic paid content items. The computing
devices and/or systems for each of the content server 702,
paid content providers 708, paid content networks 710,
publishers 712, users 714 will each generally include
memory for storing instructions and data, and at least one
processor for executing the stored instructions.

[0047] Typically, when a user 714 utilizes a computing
device to access content from the publisher 712, the pub-
lisher’s system can send, to the content server 702, a request
for a paid content item to be presented with the content being
accessed by the user, as described above. This request can
include various information about the publisher 712 (e.g.,
type of content being provided, etc.), the user 714 (e.g.,
gender, age group, interests, etc.), and/or other contextual
information (e.g., any search terms in a query submitted by
the user, etc.) including a user identifier and/or digital
profile, etc. Typically, the content server 702 can facilitate an
electronic auction among the paid content providers 708
and/or ad networks 710 to automatically determine which
paid content item should be provided to the publisher’s
system in response to the paid content item request. The
content server 702 may obtain various information for
facilitating the auction from a data store 704. Such an
auction can generally be performed automatically among
paid content providers that have paid content items associ-
ated with a respective estate corresponding to one or more
advertising models that are associated with the user 714.
Once the auction is complete, the winning paid content item
is provided to the publisher’s system in response to the paid
content item request to be displayed, as an impression, with
the publisher’s content. The publisher’s system can then
provide the paid content item together with the content being
browsed by the user 714. Various payment approaches may
be utilized to pay the publisher. For example, a portion of the
commitment value can be paid to the publisher per impres-
sion (i.e., cost per impression or cost per mille), per click
(i.e., cost per click), per conversion, etc.

[0048] FIG. 8 illustrates a logical arrangement of a set of
general components of an example computing device 800.
In this example, the device includes a processor 802 for
executing instructions that can be stored in a memory device
or element 804. As would be apparent to one of ordinary
skill in the art, the device can include many types of
memory, data storage, or non-transitory computer-readable
storage media, such as a first data storage for program
instructions for execution by the processor 802, a separate
storage for images or data, a removable memory for sharing
information with other devices, etc. The device typically
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will include some type of display element 806, such as a
touch screen or liquid crystal display (LCD), although
devices such as portable media players might convey infor-
mation via other means, such as through audio speakers. As
discussed, the device in many embodiments will include at
least one image capture element 808 such as a camera or
infrared sensor that is able to image projected images or
other objects in the vicinity of the device. Methods for
capturing images or video using a camera element with a
computing device are well known in the art and will not be
discussed herein in detail. It should be understood that image
capture can be performed using a single image, multiple
images, periodic imaging, continuous image capturing,
image streaming, etc. Further, a device can include the
ability to start and/or stop image capture, such as when
receiving a command from a user, application, or other
device. The example device similarly includes at least one
audio capture component 812, such as a mono or stereo
microphone or microphone array, operable to capture audio
information from at least one primary direction. A micro-
phone can be a uni- or omni-directional microphone as
known for such devices.

[0049] In some embodiments, the computing device 800
of FIG. 8 can include one or more communication elements
(not shown), such as a Wi-Fi, Bluetooth, RF, wired, or
wireless communication system. The device in many
embodiments can communicate with a network, such as the
Internet, and may be able to communicate with other such
devices. In some embodiments the device can include at
least one additional input device able to receive conven-
tional input from a user. This conventional input can include,
for example, a push button, touch pad, touch screen, wheel,
joystick, keyboard, mouse, keypad, or any other such device
or element whereby a user can input a command to the
device. In some embodiments, however, such a device might
not include any buttons at all, and might be controlled only
through a combination of visual and audio commands, such
that a user can control the device without having to be in
contact with the device.

[0050] The device 800 also can include at least one
orientation or motion sensor 810. As discussed, such a
sensor can include an accelerometer or gyroscope operable
to detect an orientation and/or change in orientation, or an
electronic or digital compass, which can indicate a direction
in which the device is determined to be facing. The mecha-
nism(s) also (or alternatively) can include or comprise a
global positioning system (GPS) or similar positioning ele-
ment operable to determine relative coordinates for a posi-
tion of the computing device, as well as information about
relatively large movements of the device. The device can
include other elements as well, such as may enable location
determinations through triangulation or another such
approach. These mechanisms can communicate with the
processor 802, whereby the device can perform any of a
number of actions described or suggested herein.

[0051] As an example, a computing device can capture
and/or track various information for a user over time. This
information can include any appropriate information, such
as location, actions (e.g., sending a message or creating a
document), user behavior (e.g., how often a user performs a
task, the amount of time a user spends on a task, the ways
in which a user navigates through an interface, etc.), user
preferences (e.g., how a user likes to receive information),
open applications, submitted requests, received calls, and
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the like. As discussed above, the information can be stored
in such a way that the information is linked or otherwise
associated whereby a user can access the information using
any appropriate dimension or group of dimensions.

[0052] As discussed, different approaches can be imple-
mented in various environments in accordance with the
described embodiments. For example, FIG. 9 illustrates an
example of an environment 900 for implementing aspects in
accordance with various embodiments. As will be appreci-
ated, although a Web-based environment is used for pur-
poses of explanation, different environments may be used, as
appropriate, to implement various embodiments. The system
includes electronic client devices 918, 920, 922, and 924,
which can include any appropriate device operable to send
and receive requests, messages or information over an
appropriate network 904 and convey information back to a
user of the device. Examples of such client devices include
personal computers, cell phones, handheld messaging
devices, laptop computers, set-top boxes, personal data
assistants, electronic book readers and the like. The network
can include any appropriate network, including an intranet,
the Internet, a cellular network, a local area network or any
other such network or combination thereof. The network
could be a “push” network, a “pull” network, or a combi-
nation thereof. In a “push” network, one or more of the
servers push out data to the client device. In a “pull”
network, one or more of the servers send data to the client
device upon request for the data by the client device.
Components used for such a system can depend at least in
part upon the type of network and/or environment selected.
Protocols and components for communicating via such a
network are well known and will not be discussed herein in
detail. Communication over the network can be enabled via
wired or wireless connections and combinations thereof. In
this example, the network includes the Internet, as the
environment includes a Web server 906 for receiving
requests and serving content in response thereto, although
for other networks, an alternative device serving a similar
purpose could be used, as would be apparent to one of
ordinary skill in the art.

[0053] The illustrative environment includes at least one
application server 908 and a data store 910. It should be
understood that there can be several application servers,
layers or other elements, processes or components, which
may be chained or otherwise configured, which can interact
to perform tasks such as obtaining data from an appropriate
data store. As used herein, the term “data store” refers to any
component or combination of components capable of stor-
ing, accessing and retrieving data, which may include any
combination and number of data servers, databases, data
storage components and data storage media, in any standard,
distributed or clustered environment. The application server
908 can include any appropriate hardware and software for
integrating with the data store 910 as needed to execute
aspects of one or more applications for the client device and
handling a majority of the data access and business logic for
an application. The application server provides access con-
trol services in cooperation with the data store and is able to
generate content such as text, graphics, audio and/or video
to be transferred to the user, which may be served to the user
by the Web server 906 in the form of HTML, XML or
another appropriate structured language in this example. The
handling of all requests and responses, as well as the
delivery of content between the client devices 918, 920, 922,
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and 924 and the application server 908, can be handled by
the Web server 906. It should be understood that the Web
and application servers are not required and are merely
example components, as structured code discussed herein
can be executed on any appropriate device or host machine
as discussed elsewhere herein.

[0054] The data store 910 can include several separate
data tables, databases or other data storage mechanisms and
media for storing data relating to a particular aspect. For
example, the data store illustrated includes mechanisms for
storing content (e.g., production data) 912 and other infor-
mation 916 (e.g., anonymized user information), which can
be used to serve content for the production side. The data
store is also shown to include a mechanism for storing log
or session data 914. It should be understood that there can
be many other aspects that may need to be stored in the data
store, such as page image information and access rights
information, which can be stored in any of the above listed
mechanisms as appropriate or in additional mechanisms in
the data store 910. The data store 910 is operable, through
logic associated therewith, to receive instructions from the
application server 908 and obtain, update or otherwise
process data in response thereto. In one example, a user
might submit a search request for a certain type of item. In
this case, the data store might access the user information to
verify the identity of the user and can access the catalog
detail information to obtain information about items of that
type. The information can then be returned to the user, such
as in a results listing on a Web page that the user is able to
view via a browser on anyone of the user devices 918, 920,
922 and 924. Information for a particular item of interest can
be viewed in a dedicated page or window of the browser.
[0055] Each server typically will include an operating
system that provides executable program instructions for the
general administration and operation of that server and
typically will include computer-readable medium storing
instructions that, when executed by a processor of the server,
allow the server to perform its intended functions. Suitable
implementations for the operating system and general func-
tionality of the servers are known or commercially available
and are readily implemented by persons having ordinary
skill in the art, particularly in light of the disclosure herein.
[0056] The environment in one embodiment is a distrib-
uted computing environment utilizing several computer sys-
tems and components that are interconnected via commu-
nication links, using one or more computer networks or
direct connections. However, it will be appreciated by those
of ordinary skill in the art that such a system could operate
equally well in a system having fewer or a greater number
of components than are illustrated in FIG. 9. Thus, the
depiction of the system 900 in FIG. 9 should be taken as
being illustrative in nature and not limiting to the scope of
the disclosure.

[0057] The various embodiments can be further imple-
mented in a wide variety of operating environments, which
in some cases can include one or more user computers or
computing devices which can be used to operate any of a
number of applications. User or client devices can include
any of a number of general purpose personal computers,
such as desktop or laptop computers running a standard
operating system, as well as cellular, wireless and handheld
devices running mobile software and capable of supporting
a number of networking and messaging protocols. Such a
system can also include a number of workstations running
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any of a variety of commercially-available operating sys-
tems and other known applications for purposes such as
development and database management. These devices can
also include other electronic devices, such as dummy ter-
minals, thin-clients, gaming systems and other devices
capable of communicating via a network.

[0058] Most embodiments utilize at least one network that
would be familiar to those skilled in the art for supporting
communications using any of a variety of commercially-
available protocols, such as TCP/IP, OSI, FTP, UPnP, NFS,
CIFS and AppleTalk. The network can be, for example, a
local area network, a wide-area network, a virtual private
network, the Internet, an intranet, an extranet, a public
switched telephone network, an infrared network, a wireless
network and any combination thereof.

[0059] In embodiments utilizing a Web server, the Web
server can run any of a variety of server or mid-tier appli-
cations, including HTTP servers, FTP servers, CGI servers,
data servers, Java servers and business application servers.
The server(s) may also be capable of executing programs or
scripts in response requests from user devices, such as by
executing one or more Web applications that may be imple-
mented as one or more scripts or programs written in any
programming language, such as Java®, C, C# or C++ or any
scripting language, such as Perl, Python or TCL, as well as
combinations thereof. The server(s) may also include data-
base servers, including without limitation those commer-
cially available from Oracle®, Microsoft®, Sybase® and
IBM®.

[0060] The environment can include a variety of data
stores and other memory and storage media as discussed
above. These can reside in a variety of locations, such as on
a storage medium local to (and/or resident in) one or more
of the computers or remote from any or all of the computers
across the network. In a particular set of embodiments, the
information may reside in a storage-area network (SAN)
familiar to those skilled in the art. Similarly, any necessary
files for performing the functions attributed to the comput-
ers, servers or other network devices may be stored locally
and/or remotely, as appropriate. Where a system includes
computerized components, each such component can
include hardware elements that may be electrically coupled
via a bus, the elements including, for example, at least one
central processing unit (CPU), at least one input component
(e.g., a mouse, keyboard, controller, touch-sensitive display
element or keypad) and at least one output component (e.g.,
a display component, printer or speaker). Such a system may
also include one or more storage components, such as disk
drives, optical storage components and solid-state storage
components such as random access memory (RAM) or
read-only memory (ROM), as well as removable media
components, memory cards, flash cards, etc.

[0061] Such devices can also include a computer-readable
storage media reader, a communications component (e.g., a
modem, a network card (wireless or wired), an infrared
communication component) and working memory as
described above. The computer-readable storage media
reader can be connected with, or configured to receive, a
computer-readable storage medium representing remote,
local, fixed and/or removable storage components as well as
storage media for temporarily and/or more permanently
containing, storing, transmitting and retrieving computer-
readable information. The system and various devices also
typically will include a number of software applications,
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modules, services or other elements located within at least
one working memory component, including an operating
system and application programs such as a client application
or Web browser. It should be appreciated that alternate
embodiments may have numerous variations from that
described above. For example, customized hardware might
also be used and/or particular elements might be imple-
mented in hardware, software (including portable software,
such as applets) or both. Further, connection to other com-
puting devices such as network input/output devices may be
employed.

[0062] Storage media and computer readable media for
containing code, or portions of code, can include any
appropriate media known or used in the art, including
storage media and communication media, such as but not
limited to volatile and non-volatile, removable and non-
removable media implemented in any method or technology
for storage and/or transmission of information such as
computer readable instructions, data structures, program
modules or other data, including RAM, ROM, EEPROM,
flash memory or other memory technology, CD-ROM, digi-
tal versatile disk (DVD) or other optical storage, magnetic
cassettes, magnetic tape, magnetic disk storage or other
magnetic storage components or any other medium which
can be used to store the desired information and which can
be accessed by a system device. Based on the disclosure and
teachings provided herein, a person of ordinary skill in the
art will appreciate other ways and/or methods to implement
the various embodiments.

[0063] The specification and drawings are, accordingly, to
be regarded in an illustrative rather than a restrictive sense.
It will, however, be evident that various modifications and
changes may be made thereunto without departing from the
broader spirit and scope of the invention as set forth in the
claims.

What is claimed is:

1. A computing system, comprising:

at least one computing device processor; and

a memory device including instructions that, when
executed by the at least one computing device proces-
sor, cause the computing system to:

submit a bid request for a content server to provide a
content item;

determine, based on an underdelivery report associated
with the content item, one or more factors that contrib-
uted to the content item not being selected in response
to the bid request;

generate, based at least in part on the one or more factors,
a recommendation for improving delivery of the con-
tent item; and

adjust, based on the recommendation, at least one prop-
erty associated with the content item.

2. The computing system of claim 1, wherein the bid
request includes a request for the underdelivery report.

3. The computing system of claim 1, wherein the bid
request is based on at least a subset of properties of the
content item, a bid request schema and matching rules
associated with the content server, the matching rules defin-
ing how the content server selects content items in response
to bid requests.

4. The computing system of claim 1, wherein the instruc-
tions when executed further cause the computing system to:

May 11, 2023

receive a request to troubleshoot underdelivery of the
content item by the content server, wherein previous
spending for the content item is below a threshold
amount;

cause the content server to define a set of candidate

content items for the bid request, the set including at
least one of a selected content item and an unselected
content item, the unselected content item including the
content item; and

receive the underdelivery report from the content server,

wherein the underdelivery report includes a reason for
the content item not being selected.

5. A computing system, comprising:

at least one computing device processor; and

a memory device including instructions that, when

executed by the at least one computing device proces-
sor, cause the computing system to:

determine properties of a bid request based at least in part

on the properties of a content item;

submit the bid request to a content server, the content

server determining one or more factors that contributed
to whether the content item is a selected content item or
an unselected content item in response to the bid
request;

generate, based at least in part on the one or more factors,

a recommendation for improving delivery of the con-
tent item; and

adjust, based on the recommendation, at least one prop-

erty of the content item.

6. The computing system of claim 5, wherein the prop-
erties of the bid request and the properties of the content
item are associated via a matching model associated with the
content server.

7. The computing system of claim 5, wherein previous
spending for the content item is below a threshold amount.

8. The computing system of claim 5, wherein the content
server determines a set of candidate content items in
response to the bid request, the set of candidate content
items including at least one of a selected content item or an
unselected content item, the content item being among the
candidate content items; and

receive, from the content server, data representing the set

of candidate content items and information associated
with the set of candidate content items.

9. The computing system of claim 5, wherein the instruc-
tions when executed further cause the computing system to:

determine, based on data received from the content server,

the one or more factors that contributed to whether the
underdelivered content item is a selected content item
or an unselected content item in response to the bid
request.

10. The computing system of claim 6, wherein the instruc-
tions when executed further cause the computing system to:

determine that the underdelivered content item is not

included in the candidate content items;

adjust a property of the underdelivered content item or the

bid request;

process the bid request through the content server again

following the adjustment; and

determine a factor contributing to the underdelivered

content item not being included in the candidate con-
tent items.

11. The computing system of claim 7, wherein the infor-
mation includes the one or more factors contributing to the
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selected content item being selected and the unselected
content item being unselected.

12. The computing system of claim 5, wherein the instruc-
tions when executed further cause the computing system to:

determine at least one of the properties of the content item

to adjust based at least in part on the factors, adjustment
of the at least one of the properties associated with the
selected content item being selected.

13. The computing system of claim 5, wherein the content
server includes logic for matching content items to bid
requests, and the matching model is an estimation of the
logic.

14. The computing system of claim 6, wherein the bid
request is a first bid request the set of candidate content
items is a first set of candidate content items, and wherein
the instructions when executed further cause the computing
system to:

generate a second bid request based at least in part on the

properties of the content item, the second bid request
having at least one property different from the first bid
request;

process the second bid request through the content server,

the content server determining a second set of candi-
date content items in response to the second bid
request, the second set of candidate content items
comprising at least one of a selected content item or an
unselected content item;

receive, from the content server, data representing a

second set of candidate content items and information
associated with the second set of candidate content
items;

aggregate the information associated with the first and

second sets of content items; and

determine, based at least on the information associated

with the first and second sets of content items, one or
more factors associated with underdelivery of the con-
tent item.

15. The computing system of claim 5, wherein the instruc-
tions when executed further cause the computing system to:

generate the matching model based on training data

including a plurality of bid requests and a plurality of
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sets of candidate content items respectively matched
with the bid requests by the content server.
16. The computing system of claim 5, wherein the instruc-
tions when executed further cause the computing system to:
receive an adjustment to the properties of the bid request;
and
update the matching model based at least in part on the
adjustment.
17. The computing system of claim 5, wherein the instruc-
tions when executed further cause the computing system to:
populate a bid request schema with the properties of the
bid request to generate the bid request.
18. A computer-implemented method, comprising:
determining, based on data received from a content server,
one or more factors that contributed to whether a
content item is a selected content item or an unselected
content item;
generating, based at least in part on the one or more
factors, a recommendation for improving delivery of
the content item; and
adjusting, based on the recommendation, at least one
property of the content item.
19. The computer-implemented method of claim 18, com-
prising:
determining properties of a bid request and properties of
the content item, associated via a matching model
associated with the content server.
20. The computer-implemented method of claim 19, fur-
ther comprising:
submitting the bid request to the content server, the
content server determining a set of candidate content
items in response to the bid request, the set of candidate
content items including at least one of a selected
content item or an unselected content item, the content
item being among the candidate content items; and
receiving, from the content server, data representing the
set of candidate content items and information associ-
ated with the set of candidate content items.
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