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(57) ABSTRACT

Automatic item placement recommendation is described. An
item placement configuration system receives an item for
which a recommended placement is to be generated and
identifies an entity associated with the item. The item
placement configuration system then identifies a multi-
domain taxonomy that describes relationships between dif-
ferent entities based on items associated with the different
entities published among different domains. A representation
of the entity associated with the item to be placed is then
identified within the multi-domain taxonomy, along with a
representation of at least one similar entity. Upon identifying
a similar entity, historic item placement metrics for the
similar entity are leveraged to generate a placement recom-
mendation for the received item. In some implementations,
the placement recommendation is output with a visual
indication of a similar entity and associated performance
metrics that were considered in generating the recommended
placement.
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AUTOMATIC ITEM PLACEMENT
RECOMMENDATIONS BASED ON ENTITY
SIMILARITY

RELATED APPLICATIONS

[0001] This application is a continuation of and claims
priority to U.S. patent application Ser. No. 16/598,933 filed
Oct. 10, 2019, entitled “Automatic Item Placement Recom-
mendations Based on Entity Similarity”, the entire disclo-
sure of which is hereby incorporated by reference herein in
its entirety.

BACKGROUND

[0002] Websites and other digital platforms often cater to
the highest bidder, such that entities who pay the most are
awarded the right to display their digital content at desired
placements (e.g., on certain websites, at certain times, in
certain languages, and so forth). However, there are no
guarantees that an awarded placement will enable the high-
est bidder to publish digital content in a manner that reaches
a target audience for the digital content. Consequently,
entities often purchase rights to publish digital content items
at more locations than necessary to reach the target audi-
ence, which requires additional computational resources to
communicate digital content items through a content deliv-
ery pipeline and additional data storage to host the digital
content items at the various locations. By publishing digital
content items at more locations than necessary, users who
are not interested in viewing the highest bidder’s content are
forced to navigate through vast amounts of digital content
items before ultimately arriving at content of interest, which
further wastes computational resources and results in user
frustration.

[0003] To mitigate these problems, conventional targeted
content delivery approaches implement demand-side plat-
forms, which enable entities to specify certain goal criterion
(e.g., number of impressions, conversions, clicks, etc.) for
digital content to be published, along with various publish-
ing criterion (e.g., at certain geographic locations, for user
profiles having certain attributes, at certain positions on a
website, and so forth) for the digital content. However, given
the vast number of possible combinations for publishing
criteria, entities are often forced to make judgement calls
based on information describing their own past performance
in publishing content. Consequently, entities are forced to
rely on personal domain knowledge and expend large
amounts of resources in fine-tuning content placement con-
figurations to achieve a barely adequate strategy for content
delivery, often publishing digital content while failing to
reach target audiences.

SUMMARY

[0004] Automatic item placement recommendations for
publishing a digital content item is described. An item
placement configuration system receives a request for a
placement recommendation for a digital content item. In
order to determine an optimal placement for the item, the
item placement configuration system identifies an item type
of the digital content item as well as an entity associated
with the digital content item and leverages historic place-
ment metrics for entities that have published similar types of
digital content items. To do so, the item placement configu-
ration system obtains a multi-domain taxonomy correspond-
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ing to the identified item type of the digital content item. The
multi-domain taxonomy includes information describing
relationships between different entities based on digital
content items that are associated with the different entities
and published among different domains.

[0005] For instance, in an example implementation where
a digital content item to be published corresponds to a
product, the multi-domain taxonomy may be a classification
scheme representative of various product categories, such as
a tree structure where non-leaf nodes represent different
product categories, and leaf nodes represent scores identi-
fying a degree of relevance between the respective category
and a given entity. In this manner, the multi-domain tax-
onomy represents different entities as defined by their asso-
ciated digital content items published to different domains.

[0006] The item placement configuration system then
identifies, from the multi-domain taxonomy, a representa-
tion of the entity associated with the digital content item to
be placed. As described in further detail below, because the
multi-domain taxonomy is useable to visually cluster similar
entities together in close spatial proximity, the item place-
ment configuration system identifies at least one similar
entity for the entity associated with the digital content item
to be placed. The item placement configuration system then
ascertains historic item placement metrics associated with
the at least one similar entity and outputs one or more
recommended placements based on the historic item place-
ment metrics. In some implementations, the item placement
configuration system is configured to additionally output a
display of the historic item placement metrics considered in
generating such a recommended placement configuration.

[0007] In some implementations, the item placement con-
figuration system is configured to generate the multi-domain
taxonomy used in generating the automatic item placement
recommendation. For instance, the item placement configu-
ration system may crawl various domains to identify items
and collect information associated with the items, such as
associated textual descriptions, embedded metadata, and so
forth, which is used to generate the tree structure of the
multi-domain taxonomy. The item placement configuration
system is further configured to generate entity representa-
tions within the context of the multi-domain taxonomy. To
do so, information describing the various items associated
with the entity is compiled into a k-dimensional vector,
where each dimension represents an item category in the
multi-domain taxonomy, with a corresponding value repre-
senting an affiliation between the entity and the item cat-
egory. The item placement configuration system is further
configured to generate representations for any number of
different entities, such that each entity is represented by a
respective k-dimensional vector. The resulting vectors can
then be used to calculate differences and similarities
between different entities.

[0008] This Summary introduces a selection of concepts in
a simplified form that are further described below in the
Detailed Description. As such, this Summary is not intended
to identify essential features of the claimed subject matter,
nor is it intended to be used as an aid in determining the
scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The detailed description is described with refer-
ence to the accompanying figures.
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[0010] FIG. 1 is an illustration of an environment in an
example implementation that is operable to employ the
automatic item placement recommendation techniques
described herein.

[0011] FIG. 2 illustrates an example implementation in
which an item placement configuration system of FIG. 1
generates a configured user interface that includes a digital
content item using techniques described herein.

[0012] FIG. 3 illustrates an example implementation of a
multi-domain taxonomy generated by the item placement
configuration system of FIG. 1.

[0013] FIG. 4 illustrates an example implementation of
clusters generated by the item placement configuration sys-
tem of FIG. 1.

[0014] FIG. 5 illustrates an example implementation of
clusters generated by the item placement configuration sys-
tem of FIG. 1.

[0015] FIG. 6 illustrates an example implementation of an
interface that includes a recommended placement and place-
ment metrics generated by the item placement configuration
system of FIG. 1.

[0016] FIG. 7 is a flow diagram depicting a procedure in
an example implementation for generating a multi-domain
taxonomy using the techniques described herein.

[0017] FIG. 8 is a flow diagram depicting a procedure in
an example implementation for generating entity represen-
tations and identifying similar entities from the representa-
tions using the techniques described herein.

[0018] FIG. 9 is a flow diagram depicting a procedure in
an example implementation for generating a recommended
placement for a digital content item using the techniques
described herein.

[0019] FIG. 10 illustrates an example system including
various components of an example device that can be
implemented as a computing device as described and/or
utilized with reference to FIGS. 1-9 to implement the
techniques described herein.

DETAILED DESCRIPTION

Overview

[0020] With increases in the number of sources that pub-
lish digital content items and diverse interests of different
computing device users, targeted delivery of digital content
has become more difficult. For instance, in an example
scenario where a website has a limited number of locations
available for entities to publish digital content, increasing
numbers of entities are forced to compete with one another
for the rights to present content at these locations. As a
result, websites, applications, and other digital content plat-
forms often cater to the highest bidder, such that entities who
pay the most are awarded the limited locations for content
placement. However, there are no guarantees that digital
content provided by even the highest bidders will reach
intended audiences.

[0021] Consequently, entities often purchase the rights to
publish digital content at more locations than necessary to
reach a target audience, which requires additional data
storage and other computational resources to maintain and
communicate through a digital content delivery pipeline.
Furthermore, computing device users who are not interested
in viewing the highest bidders’ content are forced to navi-
gate through vast amounts of content before ultimately
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arriving at content of interest, which further wastes compu-
tational resources and results in user frustration.

[0022] Conventional approaches to determining place-
ment configurations for digital content items include
demand-side platforms, which enable entities to specify
certain goal criterion (e.g., number of impressions, conver-
sions, clicks, etc.) for digital content to be published, along
with various publishing criterion (e.g., at certain geographic
locations, for user profiles having certain attributes, at
certain positions on a website, and so forth). However, given
the vast number of possible combinations for various crite-
rion to be used in reaching the target audience, it remains a
challenge for entities to identify the optimal criterion to be
used in targeting digital content items towards an intended
user audience. Consequently, entities are forced to rely on
personal domain knowledge and expend large amounts of
resources in fine-tuning content placement configurations to
achieve a barely adequate strategy for content delivery, often
publishing items while failing to reach a target audience.

[0023] Thus, there is a need to generate recommended
placements for digital content items in a manner that does
not require an entity to pre-specify targeting criteria for
publishing a digital content item. Furthermore, there is a
need to generate recommended placements for the digital
content items in a manner that considers information from a
variety of different domains and different entities, such that
a recommended placement is not limited to past entity-
specific or domain-specific metrics.

[0024] Accordingly, automatic item placement recom-
mendations for placing a digital content item in a user
interface is described. An item placement configuration
system receives a digital content item and an indication of an
entity associated with the item. In order to determine an
optimal placement for the item, the item placement configu-
ration system is configured to leverage historic information
describing placement metrics for items associated with
different entities that are identified as being similar to the
entity associated with the digital content item to be placed.
To do so, the item placement configuration system generates
a multi-domain taxonomy from on information describing
items associated with, various entities across a variety of
different domains.

[0025] As described herein, a placement configuration for
an item refers to a manner in which the particular item
should be published on, or otherwise placed in, one or more
domains. For instance, a placement configuration for a
digital content item may specify certain user interfaces in
which the item should be placed, such as in specific appli-
cation user interfaces, in specific websites, as accompanying
certain other digital content items, combinations thereof, and
so forth. A placement configuration may alternatively or
additionally specify that the item should be placed in user
interfaces that are output for display to certain demographic
groups, output in a certain language, output for display at
certain geographic regions, output for display at certain
times, combinations thereof, and so forth. In a similar
manner, a placement configuration may indicate certain user
interfaces that should be excluded from including placement
of the item. In some implementations, the placement con-
figuration for an item further indicates various audience
segments to which the item should be targeted for display,
which in turn may affect other characteristics of a recom-
mended placement configuration (e.g., user interface lan-
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guages, user interface traffic types such as websites or
applications, device-specific user interfaces, combinations
thereof, and so forth).

[0026] To generate the multi-domain taxonomy, the item
placement configuration system is configured to crawl vari-
ous domains to identify published digital content items and
collect information associated with the items, such as an
identification of an associated entity, textual descriptions of
the item, embedded item metadata, and so forth. In an
example scenario where the items associated with an entity
each represent a product offered for sale by the entity, the
multi-domain taxonomy may be a classification scheme
representative of various product categories in the form of a
tree structure, where non-leaf nodes represent different prod-
uct categories, and leaf nodes represent scores identifying a
degree of relevance between the respective category and the
entity.

[0027] Because the multi-domain taxonomy is generated
based on information collected from a plurality of different
domains, the multi-domain taxonomy provides a compre-
hensive classification of how a particular entity relates to
digital content items. To generate a robust multi-domain
taxonomy, the item placement configuration system is con-
figured to perform this process for a plurality of different
entities, such that the resulting multi-domain taxonomy
represents relationships of different entities. Given the vast
amount of information used to generate the multi-domain
taxonomy, the item placement configuration system is con-
figured to generate the multi-domain taxonomy offline, or
prior to receiving a request for a recommended placement of
a digital content item. In this manner, the recommended
placement for the digital content item can be generated and
output online, or in real-time, without requiring the network
and computational resources that are otherwise necessary to
construct the multi-domain taxonomy on-demand (e.g.,
upon receipt of the request for the recommended placement).
In this manner, the techniques described herein improve the
efficiency of a computing device implementing the item
placement configuration system while simultaneously
reducing an amount of computational resources required by
the computing device to do so.

[0028] After generating the multi-domain taxonomy, the
item placement configuration system generates a represen-
tation of the entity within a context of the multi-domain
taxonomy. To do so, the information describing the various
items associated with the entity is compiled into a k-dimen-
sional vector, where each dimension represents an item
category in the multi-domain taxonomy and the correspond-
ing value provides a score indicating how closely an entity
is related to the particular item category. The item placement
configuration system is configured to generate similar rep-
resentations for any number of different entities, such that
each entity is represented by a respective k-dimensional
vector.

[0029] Using these vectors, the item placement configu-
ration system generates one or more entity clusters. Each
cluster provides a visual indication of the entity’s overall
similarity to other entities described in the multi-domain
taxonomy. For instance, each entity may be visually repre-
sented as a dot in a cluster map, where entities having similar
k-dimensional vector values are positioned close to one
another, while dissimilar entities are positioned distant from
one another. In order to visualize each entity in the clusters,
the item placement configuration system is configured to
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implement a t-distributed stochastic neighbor embedding
(T-SNE) machine learning algorithm. Alternatively or addi-
tionally, the item placement configuration system may gen-
erate the clusters by implementing another nonlinear dimen-
sionality reduction technique suitable for embedding higher-
dimensional data into a low-dimensional space of two or
three dimensions.

[0030] For a given entity, similar entities can be readily
identified from the clusters based on proximity between
respective dots. In some implementations, the item place-
ment configuration system is configured to output informa-
tion describing an entity in response to receiving input at a
dot representing the entity within a cluster of multiple
entities. For instance, in response to receiving input select-
ing a dot representation of an entity, the item placement
configuration system may output a display of a word cloud
describing a cluster including the dot representation, a graph
representing a distribution of entity scores relative to dif-
ferent item categories, example instances of collected items
associated with the entity, combinations thereof, and so
forth. Thus, the clusters generated from a multi-domain
taxonomy provide transparency to a viewing user regarding
the information considered by the item placement configu-
ration system in identifying similar entities.

[0031] In addition to the visual representation of the
clusters, the item placement configuration system is config-
ured to mathematically score similarities between different
entities. To do so, given two different entities and their
respective k-dimensional vectors, the item placement con-
figuration system calculates the cosine distance between the
two vectors. The resulting similarity scores are then used to
generate a ranked list of entities that are most similar to a
designated entity. Using one or more similar entities, the
item placement configuration system ascertains historic item
placement metrics associated with the one or more similar
entities. As described herein, item placement metrics refer to
click-through rates, overall number of impressions, conver-
sion rates, social media referrals, return on market invest-
ment, combinations thereof, and other key performance
indicators associated with various item placement configu-
rations of the one or more similar entities.

[0032] The item placement configuration system is con-
figured to output one or more recommended placements for
the digital content item based on the historic item placement
metrics associated with the similar entities. For instance, the
item placement configuration system may identify a place-
ment configuration of an item in a given user interface layout
for a similar entity with top-ranked item placement metrics
relative to other possible placement configurations and out-
put a recommendation indicating that the item should be
placed in a similar placement configuration. In some imple-
mentations, the item placement configuration system is
configured to output a display of the historic item placement
metrics that were considered in generating such a recom-
mended placement configuration.

[0033] For example, the item placement configuration
system may output information describing a forecast esti-
mate of a cost associated with securing the recommended
placement, an estimated number of resulting impressions,
conversions, and the like, a degree of confidence associated
with the forecast estimates, and so forth. Further, the item
placement configuration system is configured to output an
interface that enables an entity to subsequently specify
targeting criteria for placement of the item, such as particu-
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lar website categories, particular languages, particular pub-
lishing locations, intended audience segments, combinations
thereof, and so forth. In this manner, the item placement
configuration system presents an intuitive interface that
outputs a recommended placement for a given item and its
predicted performance metrics, along with comprehensive
information describing similar entities that were considered
in generating the recommended placement.

[0034] The entity may then select one of the recommended
placements, or the item placement configuration system may
automatically select a top-ranked recommended placement
for the item, independent of user input. The item placement
configuration system then outputs a configured user inter-
face that includes the digital content item placed according
to the selected placement. In this manner, the techniques
described herein enable generation of recommended place-
ments for digital content items in a manner that identifies
similar entities and historic placement metrics for the similar
entities to determine an informed forecast of the item’s
performance as output in the recommended placement con-
figuration.

[0035] In contrast to conventional approaches, the tech-
niques described herein enable generation of recommended
placements for a digital content item without requiring an
entity associated with the item to specify targeted criteria for
placement of the item, such as specific websites and/or
geolocations at which the item is to be displayed, target
audiences at which the item is directed, or otherwise require
knowledge or insight regarding a domain in which the item
is to be published. Furthermore, the techniques described
herein are configured to generate recommended placements
for a digital content item by considering vast amounts of
data that is otherwise unable to be distilled by conventional
approaches. For example, the techniques described herein
may consider thousands of entities in generating a recom-
mended placement, which in turn may each require consid-
eration of millions of items. As such, the amount of data
considered by the item placement configuration system
using the techniques described herein is substantially greater
than that considered by conventional approaches, which are
often limited to domain-specific information or data that is
particular to a single entity.

Example Environment

[0036] FIG. 1 is an illustration of a digital medium envi-
ronment 100 in an example implementation that is operable
to employ the techniques described herein. The illustrated
environment 100 includes a computing device 102, which
may be implemented in various configurations. The com-
puting device 102, for instance, may be configured as a
desktop computer, a laptop computer, a mobile device (e.g.,
assuming a handheld configuration such as a tablet or mobile
phone), and so forth. Thus, the computing device 102 may
range from a full resource device with substantial memory
and processor resources (e.g., personal computers, game
consoles) to a low-resource device with limited memory
and/or processing resources (e.g., mobile devices). Addi-
tionally, although a single computing device 102 is shown,
the computing device 102 may be representative of a plu-
rality of different devices, such as multiple servers to per-
form operations “over the cloud” as described with respect
to FIG. 10.

[0037] The computing device 102 is illustrated as includ-
ing an item placement configuration system 104. The item
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placement configuration system 104 represents functionality
of'the computing device 102 to receive a digital content item
106 to be output in a user interface. The item 106 is
associated with entity 108, and in some implementations
may be received directly from the entity 108 by the item
placement configuration system 104. Given the item 106, the
item placement configuration system 104 is configured to
generate a recommended placement 110 for the item 106
independent of any prior knowledge describing an intended
target audience for the item 106, a domain in which the user
interface including the recommended placement 110 is
hosted, a particular layout configuration of the user inter-
face, or other information indicating desired performance
metrics for placement of the item 106.

[0038] The item placement configuration system 104 is
further configured to generate an entity cluster 112, which
visually indicates a computed degree of similarity between
the entity 108 and one or more different entities. As
described in further detail below, because the recommended
placement 110 is generated based on historic placement
metrics for entities that are similar the entity 108, the entity
cluster 112 includes information describing a rationale
behind generating the recommended placement 110 such
that entity 108 can make an informed decision as to whether
or not to proceed with publishing the item 106 using the
recommended placement 110.

[0039] To generate the recommended placement 110 and
the entity cluster 112, the item placement configuration
system 104 employs a taxonomy module 114, a representa-
tion module 116, a similarity module 118, a placement
module 120, and a rendering module 122. The taxonomy
module 114, the representation module 116, the similarity
module 118, the placement module 120, and the rendering
module 122 are each implemented at least partially in
hardware of the computing device 102 (e.g., through use of
a processing system and computer-readable storage media),
as described in further detail below with respect to FIG. 10.
[0040] The taxonomy module 114 is configured to gener-
ate a multi-domain taxonomy that includes information
describing, for each of a plurality of different entities, a
plurality of different items that are associated with the entity.
These items are identified by the taxonomy module 114
across a plurality of different domains. For instance, the
taxonomy module 114 may crawl different domains to
identify items that are associated with individual entities and
collect information associated with the items, such as asso-
ciated textual descriptions, embedded metadata, and so
forth. Information associated with the items is used to
generate categories and sub-categories for describing the
entities in the context of their respectively published items,
with similar categories being grouped together to account
for different word preferences used to describe similar items
in different domains.

[0041] In this manner, the multi-domain taxonomy can be
represented as a tree structure, where non-leaf nodes corre-
spond to categories or sub-categories, and leaf nodes cor-
respond to an individual item type, such as a specific type of
the item 106. Thus, the multi-domain taxonomy is repre-
sentative of hierarchical structure that classifies different
entities in a uniform manner, as described in further detail
below with respect to FIG. 3.

[0042] This multi-domain taxonomy is useable by the
representation module 116 to generate a representation of
each of the entities that were considered by the taxonomy
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module 114 in generating the multi-domain taxonomy. For
instance, in response to receiving the item 106, the repre-
sentation module 116 is configured to ascertain an identity of
the entity 108. The representation module 116 then generates
a representation of the entity 108 using the multi-domain
taxonomy. In some implementations, the representation of
entity 108 is a k-dimensional vector, where each dimension
corresponds to a leaf node of the tree structure represented
by the multi-domain taxonomy, with a corresponding value
indicating an item distribution of the entity 108 with respect
to the leaf node. In this manner, the k-dimensional vector
representing entity 108 includes information describing an
affiliation between a particular item type and the entity 108.
The representation module 116 is configured to generate
entity representations using the multi-domain taxonomy for
any number of different entities.

[0043] These entity representations are then communi-
cated to the similarity module 118, which uses the entity
representations to generate the entity cluster 112. As
described in further detail below with respect to FIG. 4, the
entity cluster 112 provides a visual indication of the entity’s
representation relative to the multi-domain taxonomy. For
instance, each entity may be represented as a dot in a cluster
map, where entities having similar k-dimensional vector
values are consequently positioned close to one another.
Conversely, dissimilar entities are positioned distant from
one another, as indicated by the information collected from
items associated with the entities across various different
domains. The similarity module 118 is further configured to
identify entities that are similar to the entity 108. To do so,
the similarity module 118 calculates the cosine distance
between the two k-dimensional vectors representing the
entity 108 and at least one different entity. This process can
be repeated for any combination of different entities, such
that the similarity module 118 outputs a ranked list of
entities that are similar to the entity 108.

[0044] The similarity module 118 communicates these
similar entities to the placement module 120, which is
configured to generate one or more recommended place-
ments for the item 106 based on historic placement metrics
associated with the similar entities identified by the simi-
larity module 118. For instance, the placement module 120
may identify a placement configuration for a similar entity
with top-ranked historic item placement metrics relative to
other possible placement configurations and output a rec-
ommendation indicating that the item 106 should be oriented
in the user interface according to the identified placement
configuration. In some implementations, the recommended
placement is generated by the placement module 120 based
on placement metrics from a plurality of different similar
entities identified by the similarity module 118.

[0045] To inform entity 108 of the basis behind the rec-
ommended placement for the item 106, the placement mod-
ule 120 is further configured to output a display of similar
entity placement metrics that were considered in generating
the recommended placement, such that entity 108 can make
an informed decision as to whether or not to proceed with
publishing the item 106 using the recommended placement.
[0046] The rendering module 122 is representative of
functionality to output a display of information generated by
the item placement configuration system 104, such as the
recommended placement 110 generated by the placement
module 120 and the entity cluster 112 generated by the
similarity module 118. The rendering module 122 is further
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configured to generate and output a configured user interface
that includes the item 106 placed in one or more domains
according to the recommended placement 110.

[0047] The recommended placement 110, the entity clus-
ter 112, the configured user interface, and other information
generated by the item placement configuration system 104
may be stored in storage of the computing device 102
together with the item 106, as described in further detail
below with respect to FIG. 10. Alternatively or additionally,
the item placement configuration system 104 is configured
to provide the item 106, the recommended placement 110,
the entity cluster 112, and additional information described
in further detail below with respect to FIGS. 2-9 to a remote
storage location for subsequent retrieval and/or access by the
computing device 102 or different computing devices. For
instance, the item placement configuration system 104 may
communicate information to remote storage 124, or directly
to a different computing device, via network 126.

[0048] Having considered an example digital medium
environment, consider now a discussion of an example
system useable to generate an output recommended place-
ments for entity items in accordance with aspects of the
disclosure herein.

[0049] FIG. 2 illustrates an example system 200 useable to
generate a configured user interface 214 that includes an
item 106 positioned according to a recommended place-
ment, such as the recommended placement 110 illustrated in
FIG. 1, in accordance with the techniques described herein.
In the illustrated example, system 200 includes modules of
the item placement configuration system 104 as described
with respect to FIG. 1, e.g., taxonomy module 114, repre-
sentation module 116, similarity module 118, placement
module 120, and rendering module 122. System 200 may be
implemented on any suitable device or combination of
devices. In one example, system 200 is implemented on one
computing device (e.g., computing device 102 of FIG. 1). In
another example, system 200 is implemented on more than
one computing device, as described in further detail below
with respect to FIG. 10.

[0050] In the example system 200, the item placement
configuration system 104 receives the item 106. In accor-
dance with one or more implementations, the item place-
ment configuration system 104 receives the item 106
together with an identifier of the entity 108 associated with
the item 106. Alternatively, the item placement configuration
system 104 is configured to ascertain an identity of entity
108 by analyzing metadata of the item 106, by comparing
the item 106 to items having known associated entities, by
prompting a user of the item placement configuration system
104 for an identity of entity 108, and so forth. As described
herein, the item 106 is representative of any form of digital
content that may be output in a digital user interface. For
instance, the item 106 may be an image representative of a
product or service offered for sale by an entity, may be text
authored by an entity (e.g., a news story authored by a news
service, a social media post authored by an individual, etc.),
may be a video or animated image file, combinations
thereof, and so forth. In some implementations, the item 106
is received by the item placement configuration system 104
along with information specifying what is included in the
item 106.

[0051] For example, the accompanying information may
indicate that the item 106 is an image of a shoe with
descriptive text indicating a type of shoe along with an
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affiliated brand, manufacturer of the shoe, location for
purchase of the shoe, an individual user that posted the item
106 to their personal social media account, and so forth.
Continuing this example, the associated entity may be any of
the affiliated brand, the manufacturer of the shoe, a company
at the location for purchase of the shoe, the individual user
that posted the shoe to their personal social media account,
and so forth.

[0052] In response to receiving the item 106, the tax-
onomy module 114 outputs a multi-domain taxonomy 202.
The multi-domain taxonomy 202 output by the taxonomy
module 114 is selected based on an item type of the item
106. For instance, in response to determining that the item
106 corresponds to an image of a product offered for sale by
entity 108, the taxonomy module 114 identifies a product-
specific multi-domain taxonomy and outputs the product-
specific multi-domain taxonomy as the multi-domain tax-
onomy 202. In a similar manner, in response to determining
that the item 106 corresponds to a video produced by an
entity, the taxonomy module 114 identifies a video-specific
multi-domain taxonomy and outputs the video-specific
multi-domain taxonomy as the multi-domain taxonomy 202.
Thus, the multi-domain taxonomy 202 is identified by the
taxonomy module 114 based on an item type of the item 106.
[0053] In order to output the multi-domain taxonomy 202
in near real-time as the item 106 is received by the item
placement configuration system 104, the taxonomy module
114 is configured to generate the multi-domain taxonomy
202 prior to receipt of the item 106. To do so, the taxonomy
module may access a plurality of different domains (e.g.,
different online marketplaces, different online news sources,
different video hosting platforms, different social network-
ing platforms, combinations thercof, and so forth) and
collect information describing various items published to the
different domains.

[0054] Using this collected information, the taxonomy
module 114 identifies various instances of a given item and
analyzes information for each of the identified instances,
such as an identifier of an entity associated with the item,
metadata describing the item, a textual description of the
item, a domain location from which the item was collected,
and so forth. Using this collected item information, the
taxonomy module 114 determines whether there are any
similarities between two or more of the items, such as item
descriptions indicating that the two or more items are
appropriately categorized as related to one another. To do so,
the taxonomy module 114 is configured to perform text
processing on each item identified from the plurality of
different domains.

[0055] For instance, the taxonomy module 114 may iden-
tify a first plurality of items having associated descriptions
indicating that the respective items can be categorized as
“Baby & Toddler Clothing” items, identify a second plural-
ity of items having associated descriptions indicating that
the respective items can be categorized as “baby & toddler
boy clothing” items, and identify a third plurality of items
having associated descriptions indicating that the respective
items can be categorized as “newborn outfit” items. Because
different domains may use different language to describe
similar items, the taxonomy module 114 accounts for
vocabulary impedance, or different word preferences, in
categorizing entity items by performing word processing to
classify individual entity items. For instance, the taxonomy
module 114 may incorporate any suitable type of natural
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language processing, such as stop-word removal and stem-
ming, Word2Vec, k-means, combinations thereof, and so
forth, to categorize various items used to generate the
multi-domain taxonomy 202.

[0056] After analyzing various items from the different
domains and classifying the items by grouping similar items
into common categories, the taxonomy module 114 is con-
figured to calculate an entity score for each leaf node
included in the multi-domain taxonomy 202. In this manner,
the taxonomy module 114 generates a tree structure that is
useable by the item placement configuration system 104 to
describe a degree of relevance between each of the item
categories in the multi-domain taxonomy 202 and each of
the different entities associated with the items that were
collected to generate the multi-domain taxonomy 202. For
instance, consider FIG. 3, which illustrates an example of a
multi-domain taxonomy 202 generated in accordance with
the techniques described herein.

[0057] FIG. 3 illustrates an example implementation 300
of the taxonomy module 114 of generating a multi-domain
taxonomy 202 using the techniques described herein. The
illustrated example 300 includes a multi-domain taxonomy
represented as a tree structure, where the tier-1 category
column 302 corresponds to a top-level descriptor of the
multi-domain taxonomy 202, the tier-2 category column 304
represents a mid-level descriptor of the multi-domain tax-
onomy 202, the tier-3 category column 306 represents a
bottom-level descriptor for the multi-domain taxonomy 202,
and the item classification value column 308 represents
entity scores for individual entities relative to the bottom-
level descriptors of the multi-domain taxonomy 202.
[0058] The illustrated example 300 is representative of a
multi-domain taxonomy 202 generated for a product item
type, as indicated by the node 310 in the tier-1 category
column 302. In order to generate the multi-domain tax-
onomy for items associated with a product item type, the
taxonomy module 114 analyzes a plurality of different
domains and identifies individual items from each of the
different domains that include information indicating that
the individual items correspond to products. Using the item
information, the taxonomy module 114 generates a plurality
of different categories into which individual ones of the
product-type items can be classified. For instance, the illus-
trated example includes three separate mid-level categories
into which items of the products 310 may be categorized,
represented by the home & garden category 312, the toys &
hobbies category 314, and the baby category 316. Although
only three separate mid-level descriptors are illustrated in
the example 300, the taxonomy module 114 is configured to
generate a multi-domain taxonomy 202 having any suitable
number of mid-level descriptors, which in turn may each
have one or more mid-level descriptors stemming therefrom.
In this manner, the multi-domain taxonomy can be repre-
sented as a tree structure, where non-leaf nodes are repre-
sentative of categories into which multiple different items
may be grouped and leaf nodes are each representative of
different instances of an item, as specified by the item type
included in the top-level node, or the tier-1 category column
302 in the illustrated example 300.

[0059] Leaf nodes in the illustrated example 300 are
included in the tier-3 category column 306, and are repre-
sentative of different product items that are respectively
assigned to the mid-level descriptor as indicated by the lines
between the tier-2 category column 304 and the tier-3
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category column 306. For instance, under the home &
garden category 312, the multi-domain taxonomy of the
illustrated example 300 includes three separate item classi-
fications: lamps 318, umbrellas 320, and pillows 322. Under
the toys & hobbies category 314, the multi-domain tax-
onomy includes two separate item classifications: trains 324
and blocks 326. Finally, under the baby category 316, the
multi-domain taxonomy includes three separate item clas-
sifications: books 328, feeding 330, and health 322. The
taxonomy module 114 is configured to assign each item
collected from the multiple different domains to one of the
item classifications 318, 320, 322, 324, 326, 328, 330, or 332
based on information associated with each of the items as
obtained from the respective domains. In this manner, each
of the leaf node item classifications 318, 320, 322, 324, 326,
328, 330, and 332 are representative of one or more specific
items included in a domain, such as offered for sale in an
online marketplace, included in an advertisement on a
website, published in a comment on a social networking
platform, and so forth.

[0060] After identifying different product-type items from
different domains, the taxonomy module 114 is configured to
compute scores that indicate a correlation between indi-
vidual entities and each of the item classifications 318, 320,
322, 324, 326, 328, 330, and 332. For instance, in an
example scenario where individual entities correspond to
manufacturers of the different item classifications 318, 320,
322, 324, 326, 328, 330, and 332, the resulting entity score
computed by the taxonomy module 114 may be indicative of
a number of items offered for sale by the manufacturer as
included in respective ones of the item classifications 318,
320, 322, 324, 326, 328, 330, and 332.

[0061] Continuing this example, entity score 334 is indica-
tive of a number of lamps 318 manufactured by the entity
that were identified by the taxonomy module 114 across the
plurality of different domains. Likewise, the entity score 336
is indicative of a number of umbrellas 320 manufactured by
the entity and the entity score 338 is indicative of a number
of pillows 322 manufactured by the entity, as identified by
the taxonomy module from items included in the plurality of
analyzed domains.

[0062] In an alternate example scenario where the entity
scores are generated for an entity that corresponds to a retail
location offering various items for sale, the entity score 340
may be indicative of a number of train items 324 identified
in the plurality of different domains by the taxonomy mod-
ule 114 with information indicating that the train item is
offered for sale by the retail location. In a similar manner, the
entity score 342 may be indicative of a number of block
items 326 identified by the taxonomy module 114 across the
different domains that included information indicating the
block item is offered for sale by the retail location.

[0063] In another example scenario where the entity
scores are generated for an entity that corresponds to an
advertiser of various product items, the entity score 344 may
be indicative of a number of baby book items 328 advertised
by the advertiser across the plurality of different domains.
Similarly, the entity scores 346 and 348 may be indicative of
a number of baby feeding items 330 and a number of baby
health items 332, respectively, advertised by the advertiser
across the plurality of different domains. Although the
illustrated example only includes a single entity score asso-
ciated with each of the item classifications 318, 320, 322,
324, 326, 328, 330, and 332, the taxonomy module 114 is
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configured to generate multiple entity scores for each of the
item classifications, such as one for any number of different
entities. The taxonomy module 114 is configured to regu-
larly update the multi-domain taxonomy 202 to account for
new items and new entities that were previously not repre-
sented in the multi-domain taxonomy 202. In this manner, in
an example implementation where the item 106 is received
after the item placement configuration system 104 has
generated the multi-domain taxonomy 202, the taxonomy
module 114 is configured to update the multi-domain tax-
onomy 202 by mapping the item 106 to the existing multi-
domain taxonomy 202, such that additional leaf nodes are
not added to the multi-domain taxonomy 202. Alternatively
or additionally, the taxonomy module 114 may re-generate
the multi-domain taxonomy 202 upon receipt of the item
106 using the steps previously described.

[0064] In this manner, the taxonomy module 114 is con-
figured to generate a multi-domain taxonomy 202 that
classifies items by type, clusters similar items into common
categories, and computes scores indicating a degree of
relevance between each item category and an individual
entity.

[0065] Returning to FIG. 2, the taxonomy module 114
communicates the multi-domain taxonomy 202 correspond-
ing to the item type of the item 106 to the representation
module 116. Upon receipt of the multi-domain taxonomy
202, the representation module 116 is configured to generate
an entity representation 204 for an entity associated with the
item 106, within the context of the multi-domain taxonomy
202. To do so, the representation module 116 generates a
k-dimensional vector for the entity associated with the item
106, where each dimension represents one of the item
classifications 318, 320, 322, 324, 326, 328, 330, or 332 and
is assigned a value corresponding to the respective entity
score 334, 336, 338, 340, 342, 344, 346, or 348. In some
implementations the value for each dimension of the k-di-
mensional vector may represent an item distribution of the
corresponding item classification as associated with the
entity, such as a value indicating a number of items in the
item classification corresponding to the entity relative to an
overall number of items in the item classification.

[0066] In this manner, the value of k may be any suitable
number and is limited only by a number of different leaf
nodes of the multi-domain taxonomy 202, such as a number
of different item classifications included in the tier-3 cat-
egory column 306 of the example implementation 300. In
some implementations, the representation module 116 may
specify a limited number of dimensions for an entity’s
k-dimensional vector representation, using entity scores for
the entity as indicated in the multi-domain taxonomy 202.
For instance, the representation module 116 may limit the
entity representation to a 64-dimension vector, where each
dimension represents one of the entity scores for the entity
associated with the item 106, as indicated in the multi-
domain taxonomy 202. The representation module 116 is
further configured to generate an entity representation 204
for any number of different entities having associated entity
scores included in the multi-domain taxonomy 202. In some
implementations, the representation module 116 is config-
ured to prompt a user of the item placement configuration
system 104 for an indication of certain entities for which an
entity representation 204 is to be generated.

[0067] After generating the entity representations 204, the
representation module 116 communicates the entity repre-
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sentations 204 to the similarity module 118. The similarity
module 118 is configured to generate one or more entity
clusters 206 from the entity representations 204 and identify
at least one similar entity 208 for the content provide
associated with the item 106. In order to generate the entity
cluster 206, the similarity module visualizes each of the
entity representations 204 generated by the representation
module 116. To do so, the similarity module 118 is config-
ured to implement a t-distributed stochastic neighbor
embedding (T-SNE) machine learning algorithm, which
embeds the k-dimensional data of an entity representation
204 into a low-dimensional space of two or three dimen-
sions. Alternatively or additionally, the similarity module
may generate the entity clusters 206 using another nonlinear
dimensionality reduction technique capable of embedding
higher-dimensional data into a low-dimensional space of
two or three dimensions. An example of an entity cluster 206
generated by the similarity module 118 is illustrated in FIG.
4.

[0068] FIG. 4 illustrates an example implementation 400
of an entity cluster 402 generated by the item placement
configuration system 104 in accordance with the techniques
described herein. In the illustrated example, the entity clus-
ter 402 includes a plurality of dots in a two-dimensional
space, where each of the dots corresponds to an individual
entity representation 204 generated by the representation
module 116. As illustrated in magnified detail 404, dot 406
may be representative of a first entity, dot 408 may be
representative of a second entity, and dot 410 may be
representative of a third entity. Based on the proximity of
dots 406, 408, and 410 as rendered by applying the T-SNE
machine learning algorithm to the entity representations
204, the represented first, second, and third entities may be
identified as relatively similar to one another. The entity
cluster 402 further indicates that the first and second entities,
represented by dots 406 and 408, respectively, are more
similar to one another than the first entity and the third entity
represented by dot 410. Thus, the entity cluster 402 indicates
similarities and differences between different entities in an
intuitive manner that is readily understood via visual obser-
vation of the entity cluster 402.

[0069] In accordance with one or more implementations,
the entity cluster 402 is representative of a single cluster
generated from multiple entity clusters 206. For instance, a
first entity cluster 206 may correspond to the group of dots
encompassed by the bounded region 412, a second entity
cluster 206 may correspond to the group of dots encom-
passed by the bounded region 414, and a third entity cluster
206 may correspond to the group of dots encompassed by
the bounded region 416. Similarly, a fourth entity cluster
206 may correspond to the group of dots encompassed by
the bounded region 418, indicative of entities that are
relatively dissimilar from entities included in the bounded
regions 412, 414, and 416.

[0070] In this manner, the similarity module 118 of the
item placement configuration system 104 is configured to
generate a visual representation of any number of different
entities within the context of a multi-domain taxonomy
generated for a particular item type of the item 106, such as
the multi-domain taxonomy 202. Thus, the entity cluster 402
may include any suitable number of entity clusters 206. In
some implementations, the similarity module 118 is config-
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ured to cluster entity representations 204 into a predeter-
mined number of clusters using k-means clustering tech-
niques.

[0071] For instance, a user of the item placement configu-
ration system 104 may specity that the similarity module is
to generate ten different entity clusters 206 using k-means
clustering, and visualize the results of the k-means cluster-
ing using T-SNE to achieve the entity cluster 402 in the
example implementation 400. The similarity module 118
may further generate the entity clusters 206 to include
information further describing data used to generate to the
entity cluster 206 and/or information corresponding to indi-
vidual ones of the entities represented as dots within the
entity cluster 206, in order to assist a viewing user in
understanding what is represented by the entity cluster 402.

[0072] FIG. 5 illustrates an example implementation 500
of displaying information describing data used to generate
the entity cluster 402 and information describing an indi-
vidual entity represented as a dot within the entity cluster
402. In the example implementation 500, input is illustrated
as being received via cursor 502 at a portion of the entity
cluster 402 bounded by the region 504. The portion of the
entity cluster 402 bounded by the region 504 may be
representative of one of the entity clusters 206 generated by
the similarity module 118, where the entity cluster 402 is
generated from a number of different entity clusters 206. In
such a scenario, responsive to receiving input at the entity
cluster 402 within the bounded region 504, the item place-
ment configuration system 104 is configured to output
cluster information 506 describing a general topic of each
cluster.

[0073] For instance, in the example implementation 500,
cluster information 506 includes a word cloud identifying a
topic of each cluster, such as a “home & garden” cluster. In
some implementations, the cluster information 506 may be
identified from the various dimensionalities of the entity
representations 204 corresponding to the dots included in the
bounded region 504. Continuing the example of FIG. 3,
where the multi-domain taxonomy 202 is generated for
product-type items, the cluster information 506 may conse-
quently indicate that the entities grouped within are indica-
tive of entities having high distributions of associated home
& garden product items published across the different
domains considered in constructing the multi-domain tax-
onomy 202.

[0074] The entity cluster 402 may further be interacted
with to cause output of entity information 508 for a specific
entity as represented by a dot in the entity cluster 402. For
instance, in response to receiving input at a dot of the entity
cluster 402, such as via cursor 502, the item placement
configuration system 104 outputs entity information 508
describing various dimensionalities and values of the cor-
responding entity as indicated by the multi-dimensional
vector generated for the entity in the entity representation
204. In the illustrated example 500, the entity information
508 indicates that a dot selected by the cursor 502 corre-
sponds to an entity having a 12.2% distribution of baby
items across a plurality of different domains, a 19.4%
distribution of toys & hobbies items across the plurality of
different domains, and a 68.3% distribution of home &
garden items across the plurality of different domains. In this
manner, the entity clusters 206 are generated by the simi-
larity module 118 to include information that transparently
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describes data collected and interpreted by the item place-
ment configuration system 104 in the generation thereof.
[0075] Returning to FIG. 2, using the entity representa-
tions 204 and the entity clusters 206, the similarity module
118 is configured to identify at least one similar entity 208
for an entity associated with the item 106, such as one or
more entities similar to entity 108. To identify the similar
entities 208, the similarity module 118 is configured to
calculate a degree of similarity between two different enti-
ties based on their respective entity representations 204. For
instance, to determine whether a first entity and a second
entity are similar to one another, the similarity module 118
obtains the k-dimensional vectors for the first and second
entities from their respective entity representations 204. The
similarity module 118 then determines entity similarity
according to Equation 1:

(b;-by)
b= N1b511

Eq. 1
Similarity = Ea- 1)

[0076] In Equation 1, b, represents the k-dimensionality
vector for the first entity and b, represents the k-dimension-
ality vector for the second entity, and the similarity is
calculated based on the cosine distance between the two
vectors. The similarity module 118 is configured to perform
this similarity computation for any number of entities in
order to identify entities most similar to an entity associated
with item 106, such as entity 108. Based on the similarity
scores, the similarity module 118 may identify a single entity
or a group of multiple entities that exhibit the greatest
similarity to an entity associated with item 106. In accor-
dance with one or more implementations, similar entities are
identified by comparing the resulting similarity score of
Equation 1 to a similarity score threshold, which may be
pre-designated by the item placement configuration system
104 or be specified by a user of the item placement con-
figuration system 104. These similar entities are then output
by the similarity module 118, represented by similar entities
208.

[0077] The similarity module 118 communicates the simi-
lar entities 208 to the placement module 120, which is
configured to identify top-ranked placement configurations
associated with the similar entities 208. To do so, the
placement module 120 ascertains an identity of an entity
included in the similar entities 208 and queries a database
storing historic placement configurations for the identified
entity along with performance metrics associated with each
of the historic placement configurations. In some implemen-
tations the database is a demand-side advertising platform
implemented remotely from the item placement configura-
tion system 104 that stores historic item placement configu-
rations and performance metrics, such as total item impres-
sions, item click-through rates, item conversions, and so
forth, associated with each of the historic item placement
configurations. The placement module 120 may identify one
or more top-ranked placement configurations for the similar
entities 208 and use the one or more top-ranked placement
configurations as a basis for generating the recommended
placements 210 for the item 106.

[0078] The recommended placements 210 may specify
any suitable type of information for placement of the item
106 in a digital user interface. For instance, the recom-
mended placements 210 may indicate that the item 106
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should be placed in a user interface containing certain types
of news stories, should be placed in a certain position of a
plurality of available positions in the user interface, should
be placed in user interfaces displayed to certain demo-
graphic groups and/or geographic regions, should be placed
in user interfaces for display at certain times, combinations
thereof, and so forth. To assist a user of the item placement
configuration system 104 in determining whether or not to
proceed with a recommended placement 210 for the item
106, the placement module 120 is further configured to
output placement metrics 212 considered in generating the
recommended placements 210. Examples of a recommended
placement 210 and placement metrics 212 are illustrated in
FIG. 6.

[0079] FIG. 6 illustrates an example implementation 600
of a recommended placement 210 generated for an item 106
based on one or more placement metrics 212. The illustrated
example 600 includes an interface 602 that includes a
display of a recommended placement 604. The recom-
mended placement 604 illustrates an example user interface
having eight possible positons for placement of the item 106,
as illustrated by slots A, B, C, D, E, FE, G, and H. In the
illustrated example, the recommended placement 604 indi-
cates that the item 106 should be placed in slot C of the user
interface. To assist a user of the item placement configura-
tion system 104 in determining whether or not to proceed
with placing the item 106 in the user interface according to
the recommended placement 604, the interface 602 further
includes a display of placement metrics 606.

[0080] The placement metrics 606 are representative of
forecast estimate values of placing the item 106 according to
the recommended placement 604. For instance, the place-
ment metrics may specify an estimate cost-per-impression
required to secure placement of the item 106 according to
the recommended placement 604, may specify an estimated
overall number of impressions of the item 106 as placed
according to the recommended placement 604, may specify
a percentage confidence associated with the forecast esti-
mate values, may specify a degree of variability associated
with the forecast estimate values, and so forth. In this
manner, the placement metrics 212 generated by the place-
ment module 120 enable a user of the item placement
configuration system 104 to make an informed decision as to
whether or not to proceed with publishing the item 106 in
certain domains, at certain locations within the domain, at
certain times, combinations thereof, and so forth, as speci-
fied by the recommended placement 604. The item place-
ment configuration system 104 is thus configured to leverage
similar entity information to output a recommended place-
ment for an item 106 independent of any prior information
specifying a desired placement, target audience, or the like
for the item 106.

[0081] Optionally, the interface 602 may further include
targeting controls 608, which are representative of function-
ality that enables a user of the item placement configuration
system 104 to fine-tune the recommended placement 604 to
obtain a personalized placement. For instance, the targeting
controls 608 may include options that are selectable to
specify a traffic type in which to place the item 106, such as
in websites, in applications, combinations thereof, and so
forth. The targeting controls 608 may additionally enable a
user of the item placement configuration system 104 to
further specify traffic types in which to place the item 106,
such as by designating explicit websites and/or applications
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in which the item 106 is to be placed, certain tiers of
websites in which the item 106 is to be placed, certain
categories of websites in which the item 106 is to be placed,
certain websites in which the item 106 is not to be placed,
certain languages associated with placement of the item 106,
combinations thereof, and so forth. The targeting controls
608 may further enable a user of the item placement con-
figuration system 104 to specify certain audience segments
for which the item 106 is to be presented, along with any
other suitable control that enables a user of the item place-
ment configuration system to specify placement criteria,
such as date ranges, budget goals, optimization goals, and
the like, for placement of the item 106.

[0082] In response to receiving input at the targeting
controls 608, the item placement configuration system 104
is configured to updated the corresponding placement met-
rics 606 and/or the recommended placement 604, such that
a user of the item placement configuration system 104 is
dynamically provided with updated information describing a
recommended placement for the item 106 along with pre-
dicted placement metrics indicating a degree of success with
respect to the specified targeting criteria if the item 106 were
placed in the recommended placement 604.

[0083] Returning to FIG. 2, the placement module 120
communicates the one or more recommended placements
210 to the rendering module 122, which is configured to
generate at least one configured user interface 214, which is
representative of the item 106 being placed according to the
recommended placements 210. In some implementations,
the rendering module 122 is configured to output a plurality
of different configured user interfaces 214, one for each of
a plurality of different recommended placements 210. Alter-
natively or additionally, the rendering module 122 may
output a single configured user interface 214 that is gener-
ated based on a combination of multiple different recom-
mended placements 210. In some implementations, the
rendering module 122 is configured to automatically output
the configured user interface 214, independent of input from
a user of the item placement configuration system 104.
Alternatively, the rendering module 122 may output the
configured user interface 214 together with a prompt for a
user of the item placement configuration system 104 to
indicate acceptance of the configured user interface 214. In
such an implementation, responsive to an indication of
acceptance of the configured user interface 214, the item
placement configuration system 104 is configured to publish
the item 106 according to the recommended placement as
represented by the configured user interface 214.

[0084] Having considered example details of generating a
recommended placement for an item, consider now some
example procedures to illustrate aspects of the techniques.

Example Procedures

[0085] The following discussion describes techniques that
may be implemented utilizing the previously described
systems and devices. Aspects of each of the procedures may
be implemented in hardware, firmware, software, or a com-
bination thereof. The procedures are shown as a set of blocks
that specify operations performed by one or more devices
and are not necessarily limited to the orders shown for
performing the operations by the respective blocks. In
portions of the following discussion, reference may be made
to FIGS. 1-6.
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[0086] FIG. 7 depicts a procedure 700 in an example
implementation of generating a multi-domain taxonomy for
a given item type of a digital content item using the
techniques described herein. Information is collected from
multiple different domains describing a plurality of digital
content items that are associated with an entity and included
in the multiple different domains (block 702). The taxonomy
module 114 of the item placement configuration system 104,
for instance, crawls the multiple different domains via the
network 126 to identify various digital content items
included in the multiple different domains that are associated
with a particular entity, such as item 106 associated with
entity 108. The collected information may include, for each
item, information used to describe the item in the particular
domain from which the item was collected. For instance, the
collected information may include a textual description of
the item in the domain from which it was collected, may
include metadata associated with the item, user comments
made relative to the item, combinations thereof, and so forth.
[0087] Item categories are generated using the collected
information (block 704). The taxonomy module 114, for
instance, analyzes the item information to identify a com-
mon item type associated with different ones of the plurality
of digital content items collected from the plurality of
different domains. Such a common item type may be used by
the taxonomy module 114 to generate a top-level category
for the plurality of items, such as an item category included
in the tier-1 category column 302 of FIG. 3. After identifying
a common item type associated with different ones of the
plurality of digital content items, the taxonomy module 114
generates one or more subcategories for further classifying
the plurality of digital content items. For instance, the
taxonomy module may generate categories 312, 314, and
316, as included in the tier-2 category column 304 of FIG.
3. The taxonomy module 114 generates the one or more
subcategories using the collected information associated
with each item, such as respective textual descriptions used
to identify each item on the respective domain from which
it was collected.

[0088] For each of the item categories, a determination is
made as to whether the item category shares a similar
meaning with one or more other item categories (block 706).
The taxonomy module 114, for instance, accounts for dif-
ferent word preferences that may be used to describe similar
items in different domains and performs natural language
processing to identify similarities among different categories
that are represented as non-leaf nodes in the illustrated
example of FIG. 3. In some implementations, the taxonomy
module 114 performs stop-word removal and stemming,
Word2Vec, k-means classification, combinations thereof,
and the like, to identify whether different ones of the
generated categories should be grouped together.

[0089] In response to determining that a certain item
category does not share a similar meaning with one or more
other item categories, the item category and any associated
digital content items are assigned to an item category (block
708). The taxonomy module 114, for instance, may identify
that the generated home & garden category 312 does not
share a similar meaning with any other item category and
assign the home & garden category 312, along with its
included items lamps 318, umbrellas 320, and pillows 322 to
the home & garden category 312.

[0090] In response to determining that a certain item
category shares a similar meaning with one or more other
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item categories, the similar item categories are combined
into a grouped item category (block 710). The taxonomy
module 114, for instance, may determine that a “toys &
hobbies” category shares a similar meaning with both a
“hobbies & toys” category, a “hobbies” category, and a “toys
category. In response to such a determination, the taxonomy
module is configured to combine the four different catego-
ries into a single item category, such as the toys & hobbies
category 314 illustrated in FIG. 3. Items associated with
each of the four grouped categories are similarly associated
with the toys & hobbies category 314, such as the trains 324
and the blocks 326.

[0091] A multi-domain taxonomy is then generated based
on the item categories (block 712). The taxonomy module
114, for instance, generates multi-domain taxonomy 202,
such as the data structure illustrated in the example imple-
mentation 300. The multi-domain taxonomy 202 is gener-
ated such that all items sharing a common item type col-
lected from the different domains are assigned to a particular
category or sub-category in a tree structure, where non-leaf
nodes correspond to categories or sub-categories of different
items, and leaf nodes represent particular instances of the
different items at a finest level of granularity as represented
in the multi-domain taxonomy. Each leaf node is further
associated with an entity score, which indicates a degree of
relevance between the item described in the leaf node of the
multi-domain taxonomy and the particular entity, such as a
percentage distribution of items associated with the particu-
lar entity relative to an overall number of the items as
collected from the plurality of different domains. In order to
construct a robust multi-domain taxonomy that includes
entity scores for a plurality of different entities, the tax-
onomy module is configured to repeat the procedure of FIG.
7 for any number of different entities, as illustrated by the
arrow returning to block 702 from block 712.

[0092] FIG. 8 depicts a procedure 800 in an example
implementation of generating one or more entity clusters
and identifying similar entities from the entity clusters using
the techniques described herein. A multi-domain taxonomy
including information describing a plurality of different
entities is received (block 802). The computing device
implementing the item placement configuration system 104,
for instance, receives multi-domain taxonomy 202. In some
implementations, the multi-domain taxonomy 202 is
received directly from the taxonomy module 114 of the item
placement configuration system 104. Alternatively, the
multi-domain taxonomy 202 may be received from a com-
puting device that is remote from the computing device
implementing the item placement configuration system 104,
such as via network 126.

[0093] Upon receiving the multi-domain taxonomy, a vec-
tor representation is generated for each of the plurality of
different entities included in the multi-domain taxonomy
(block 804). The representation module 116, for instance,
generates an entity representation 204 for each of the
plurality of different entities included in the multi-domain
taxonomy 202. To do so, the representation module 116 uses
the entity scores for each different entity included in the
multi-domain taxonomy 202 and generates a k-dimensional
vector for the entity. Each dimension of the k-dimensional
vector represents a grouped item category, such as one of the
grouped items represented in the tier-3 category column 306
of FIG. 3, and a corresponding value for each dimension is
generated based on the corresponding entity score as repre-
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sented in the item classification value column 308 of FIG. 3.
In this manner, the value for each dimension of the k-di-
mensional vector may be representative of an overall num-
ber of items associated with the particular entity across the
plurality of different domains, may be representative of a
percentage distribution of the correlating item in the tier-3
category column 306 for particular entity relative to an
overall number of the correlating items, and so forth. Each
k-dimensional vector generated by the representation mod-
ule 116 is thus representative of one of the entity represen-
tations 204.

[0094] A mapping of the plurality of different entities is
generated, where each entity is represented relative to other
ones of the entities included in the multi-domain taxonomy
as a dot based on its corresponding vector representation
(block 806). The similarity module 118, for instance, gen-
erates a visual representation for each of the different entities
in a two-dimensional or three-dimensional space using a
t-distributed stochastic neighbor embedding (T-SNE)
machine learning algorithm. Alternatively or additionally,
the similarity module 118 may implement another nonlinear
dimensionality reduction technique suitable for embedding
higher-dimensional data into a low-dimensional space of
two or three dimensions.

[0095] For each combination of two different dot repre-
sentations, a determination is made as to whether the two
different dots are similar to one another (block 808). In
response to determining that the two dots are not similar to
one another, the determination repeats for a different com-
bination of two dot representations until two similar dots are
identified, as indicated by the arrow returning to the begin-
ning of block (808). In response to determining that two
different dots of the mapping are similar, the two different
dots are output in a cluster (block 810). The similarity
module 118, for instance, is configured to output dot repre-
sentations of two or more similar dots in an entity cluster
206. In some implementations, a number of different entity
clusters 206 to be generated may be limited to a pre-
designated number, such as ten different clusters. The num-
ber of different entity clusters 206 to be generated thus
determines a degree of similarity by which two or more dots
may be determined to be similar in the operation of block
808. For instance, in an example scenario where there is no
limit placed on the amount of entity clusters 206 that the
similarity module 118 may generate, the similarity module
118 may identify that every entity dot representation is in
some degree similar to other ones of the entity dot repre-
sentations and output each of the dot representations in a
single entity cluster 206.

[0096] At least one or more similar entities are identified
for at least one of the plurality of different entities in the
cluster (block 812). The similarity module 118, for instance,
analyzes the corresponding vector representations of two
different entities as indicated by their respective entity
representations 204 to determine a degree of similarity
between the different entities. In some implementations, the
similarity module 118 determines entity similarity by cal-
culating the cosine distance between two k-dimensional
vectors that each represent a different entity. Two or more
similar entities are then output by the similarity module as
the similar entities 208.

[0097] FIG. 9 depicts a procedure 900 in an example
implementation of generating one or more recommended
placements for an input item using the techniques described
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herein. An input item is received from an entity (block 902).
The computing device implementing the item placement
configuration system 104, for instance, receives item 106
from entity 108. In some implementations, the item place-
ment configuration system 104 receives the item 106
directly from the entity 108. Alternatively, the item place-
ment configuration system 104 receives the item 106 indi-
rectly from a source other than the entity 108, along with an
indication of an identity of the entity 108. In some imple-
mentations, the item placement configuration system 104 is
configured to automatically ascertain an identity of the entity
108 from the item 106, such as via textual analysis of
descriptive text accompanying the item 106, via metadata of
the item 106, using image processing analysis of the item
106, by prompting a user of the item placement configura-
tion system 104 to specify an identity of the entity 108,
combinations thereof, and so forth. The item 106 is repre-
sentative of any suitable form or type of digital content item,
such as an image representative of a product or service
offered for sale by the entity 108, text authored by entity 108
(e.g., a news story authored by a news service, a social
media post authored by an individual, etc.), a video, an
animated image file, combinations thereof, and so forth.

[0098] One or more similar entities are identified for the
entity from which the input item was received (block 904).
The similarity module 118, for instance, identifies one or
more similar entities 208 for the entity 108 according to the
procedure 700 of FIG. 7. One or more placement configu-
rations of items associated with the one or more similar
entities are ascertained (block 906). Performance metrics
associated with each of the placement configurations are
then determined (block 908). The placement module 120,
for instance queries a database storing historic placement
configurations for the similar entity 208 along with perfor-
mance metrics associated with each of the historic place-
ment configurations. In some implementations the database
is a demand-side advertising platform implemented
remotely from the item placement configuration system 104
that stores historic item placement configurations and per-
formance metrics, such as total item impressions, item
click-through rates, item conversions, and so forth, associ-
ated with each of the historic item placement configurations.
The placement module 120 may identify one or more
top-ranked placement configurations for the similar entities
208 and use the one or more top-ranked placement configu-
rations as a basis for generating the recommended place-
ments 210 for the item 106.

[0099] For each of the ascertained placement configura-
tions, a determination is made as to whether the placement
configuration has associated performance metrics that sat-
isfy a performance metric threshold (block 910). The place-
ment module 120, for instance, compares a total number of
item impressions for each of the placement configurations to
an item impression threshold, compares an item click-
through rate for each of the placement configurations to a
click-through rate threshold, compares an item conversion
rate for each of the placement configurations to an item
conversion rate threshold, compares a cost per impression
for the placement configuration relative to a cost threshold,
combinations thereof, and so forth. In some implementa-
tions, the performance metric threshold may be specified via
user input to the item placement configuration system 104,
such as via the targeting controls 608 included in the
interface 602 of FIG. 6. Alternatively, the performance
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metric threshold may be automatically determined by the
item placement configuration system 104, independent of
user input.

[0100] In response to determining that a placement con-
figuration does not have associated performance metrics that
satisfy the performance metric threshold, the placement
configuration is discarded (block 912). The placement mod-
ule 120, for instance, may identify that one of the similar
entities 208 has a placement configuration with associated
placement metrics 212 that are less than or equal to the
performance metric threshold and discard the placement
configuration from consideration in generating a recom-
mended placement for the item 106.

[0101] In response to determining that a placement con-
figuration has associated performance metrics that satisfy
the performance metric threshold, the placement configura-
tion is designated as a top-ranked placement configuration
(block 914). The placement module 120, for instance, may
identify that one of the similar entities has a placement
configuration with associated placement metrics 212 that are
greater than or equal to the performance metric threshold
and designate the placement configuration as a top-ranked
placement configuration. In some implementations where
multiple placement configurations are designated as top-
ranked placement metrics, the placement module 120 is
configured to rank the placement configurations relative to
one another based on their associated performance metrics,
such that one or more placement configurations can be
selected from the best performance metrics.

[0102] One or more recommended placements are then
generated for the input item based on one or more of the
top-ranked placement configurations (block 916). The place-
ment module 120, for instance, outputs one or more recom-
mended placements 210 indicating how the item 106 should
be placed in one or more domains as part of the configured
user interface 214. The recommended placements 210 may
be generated by the placement module 120 from any one or
combination of multiple historic placement configurations
associated with the similar entities 208, as identified based
on their associated performance metrics. The recommended
placement 210 is thus indicative of a manner in which the
item 106 should be published on, or otherwise placed in, one
or more domains for display to computing device users
interacting with the domain. The recommended placements
210 may specify certain user interfaces in which the item
should be placed, such as in specific application user inter-
faces, in specific websites, as accompanying certain other
digital content items, combinations thereof, and so forth.
The recommended placements 210 may alternatively or
additionally specify that the item should be placed in user
interfaces that are output for display to certain demographic
groups, output in a certain language, output for display at
certain geographic regions, output for display at certain
times, combinations thereof, and so forth. In a similar
manner, the recommended placements 210 may indicate
certain user interfaces that should be excluded from includ-
ing placement of the item. In some implementations, the
placement configuration for an item further indicates various
audience segments to which the item should be targeted for
display, which in turn may affect other characteristics of a
recommended placement configuration (e.g., user interface
languages, user interface traffic types such as websites or
applications, device-specific user interfaces, combinations
thereof, and so forth).
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[0103] Having described example procedures in accor-
dance with one or more implementations, consider now an
example system and device that can be utilized to implement
the various techniques described herein.

Example System and Device

[0104] FIG. 10 illustrates an example system generally at
1000 that includes an example computing device 1002 that
is representative of one or more computing systems and/or
devices that may implement the various techniques
described herein. This is illustrated through inclusion of the
item placement configuration system 104. The computing
device 1002 may be, for example, a server of a service
provider, a device associated with a client (e.g., a client
device), an on-chip system, and/or any other suitable com-
puting device or computing system.

[0105] The example computing device 1002 as illustrated
includes a processing system 1004, one or more computer-
readable media 1006, and one or more I/O interface 1008
that are communicatively coupled, one to another. Although
not shown, the computing device 1002 may further include
a system bus or other data and command transfer system that
couples the various components, one to another. A system
bus can include any one or combination of different bus
structures, such as a memory bus or memory controller, a
peripheral bus, a universal serial bus, and/or a processor or
local bus that utilizes any of a variety of bus architectures.
A variety of other examples are also contemplated, such as
control and data lines.

[0106] The processing system 1004 is representative of
functionality to perform one or more operations using hard-
ware. Accordingly, the processing system 1004 is illustrated
as including hardware elements 1010 that may be configured
as processors, functional blocks, and so forth. This may
include implementation in hardware as an application spe-
cific integrated circuit or other logic device formed using
one or more semiconductors. The hardware elements 1010
are not limited by the materials from which they are formed
or the processing mechanisms employed therein. For
example, processors may be comprised of semiconductor(s)
and/or transistors (e.g., electronic integrated circuits (ICs)).
In such a context, processor-executable instructions may be
electronically-executable instructions.

[0107] The computer-readable storage media 1006 is illus-
trated as including memory/storage 1012. The memory/
storage 1012 represents memory/storage capacity associated
with one or more computer-readable media. The memory/
storage component 1012 may include volatile media (such
as random access memory (RAM)) and/or nonvolatile media
(such as read only memory (ROM), Flash memory, optical
disks, magnetic disks, and so forth). The memory/storage
component 1012 may include fixed media (e.g., RAM,
ROM, a fixed hard drive, and so on) as well as removable
media (e.g., Flash memory, a removable hard drive, an
optical disc, and so forth). The computer-readable media
1006 may be configured in a variety of other ways as further
described below.

[0108] Input/output interface(s) 1008 are representative of
functionality to allow a user to enter commands and infor-
mation to computing device 1002, and also allow informa-
tion to be presented to the user and/or other components or
devices using various input/output devices. Examples of
input devices include a keyboard, a cursor control device
(e.g., a mouse), a microphone, a scanner, touch functionality
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(e.g., capacitive or other sensors that are configured to detect
physical touch), a camera (e.g., which may employ visible or
non-visible wavelengths such as infrared frequencies to
recognize movement as gestures that do not involve touch),
and so forth. Examples of output devices include a display
device (e.g., a monitor or projector), speakers, a printer, a
network card, tactile-response device, and so forth. Thus, the
computing device 1002 may be configured in a variety of
ways as further described below to support user interaction.
[0109] Various techniques may be described herein in the
general context of software, hardware elements, or program
modules. Generally, such modules include routines, pro-
grams, objects, elements, components, data structures, and
so forth that perform particular tasks or implement particular
abstract data types. The terms “module,” “functionality,”
and “component” as used herein generally represent soft-
ware, firmware, hardware, or a combination thereof. The
features of the techniques described herein are platform-
independent, meaning that the techniques may be imple-
mented on a variety of commercial computing platforms
having a variety of processors.

[0110] An implementation of the described modules and
techniques may be stored on or transmitted across some
form of computer-readable media. The computer-readable
media may include a variety of media that may be accessed
by the computing device 1002. By way of example, and not
limitation, computer-readable media may include “com-
puter-readable storage media” and “computer-readable sig-
nal media.”

[0111] “Computer-readable storage media” may refer to
media and/or devices that enable persistent and/or non-
transitory storage of information in contrast to mere signal
transmission, carrier waves, or signals per se. Thus, com-
puter-readable storage media refers to non-signal bearing
media. The computer-readable storage media includes hard-
ware such as volatile and non-volatile, removable and non-
removable media and/or storage devices implemented in a
method or technology suitable for storage of information
such as computer readable instructions, data structures,
program modules, logic elements/circuits, or other data.
Examples of computer-readable storage media may include,
but are not limited to, RAM, ROM, EEPROM, flash
memory or other memory technology, CD-ROM, digital
versatile disks (DVD) or other optical storage, hard disks,
magnetic cassettes, magnetic tape, magnetic disk storage or
other magnetic storage devices, or other storage device,
tangible media, or article of manufacture suitable to store the
desired information and which may be accessed by a com-
puter.

[0112] “Computer-readable signal media” may refer to a
signal-bearing medium that is configured to transmit instruc-
tions to the hardware of the computing device 1002, such as
via a network. Signal media typically may embody com-
puter readable instructions, data structures, program mod-
ules, or other data in a modulated data signal, such as carrier
waves, data signals, or other transport mechanism. Signal
media also include any information delivery media. The
term “modulated data signal” means a signal that has one or
more of its characteristics set or changed in such a manner
as to encode information in the signal. By way of example,
and not limitation, communication media include wired
media such as a wired network or direct-wired connection,
and wireless media such as acoustic, RF, infrared, and other
wireless media.
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[0113] As previously described, hardware elements 1010
and computer-readable media 1006 are representative of
modules, programmable device logic and/or fixed device
logic implemented in a hardware form that may be
employed in some embodiments to implement at least some
aspects of the techniques described herein, such as to
perform one or more instructions. Hardware may include
components of an integrated circuit or on-chip system, an
application-specific integrated circuit (ASIC), a field-pro-
grammable gate array (FPGA), a complex programmable
logic device (CPLD), and other implementations in silicon
or other hardware. In this context, hardware may operate as
a processing device that performs program tasks defined by
instructions and/or logic embodied by the hardware as well
as a hardware utilized to store instructions for execution,
e.g., the computer-readable storage media described previ-
ously.

[0114] Combinations of the foregoing may also be
employed to implement various techniques described herein.
Accordingly, software, hardware, or executable modules
may be implemented as one or more instructions and/or
logic embodied on some form of computer-readable storage
media and/or by one or more hardware elements 1010. The
computing device 1002 may be configured to implement
particular instructions and/or functions corresponding to the
software and/or hardware modules. Accordingly, implemen-
tation of a module that is executable by the computing
device 1002 as software may be achieved at least partially in
hardware, e.g., through use of computer-readable storage
media and/or hardware elements 1010 of the processing
system 1004. The instructions and/or functions may be
executable/operable by one or more articles of manufacture
(for example, one or more computing devices 1002 and/or
processing systems 1004) to implement techniques, mod-
ules, and examples described herein.

[0115] The techniques described herein may be supported
by various configurations of the computing device 1002 and
are not limited to the specific examples of the techniques
described herein. This functionality may also be imple-
mented all or in part through use of a distributed system,
such as over a “cloud” 1014 via a platform 1016 as described
below.

[0116] The cloud 1014 includes and/or is representative of
a platform 1016 for resources 1018. The platform 1016
abstracts underlying functionality of hardware (e.g., servers)
and software resources of the cloud 1014. The resources
1018 may include applications and/or data that can be
utilized while computer processing is executed on servers
that are remote from the computing device 1002. Resources
1018 can also include services provided over the Internet
and/or through a subscriber network, such as a cellular or
Wi-Fi network.

[0117] The platform 1016 may abstract resources and
functions to connect the computing device 1002 with other
computing devices. The platform 1016 may also serve to
abstract scaling of resources to provide a corresponding
level of scale to encountered demand for the resources 1018
that are implemented via the platform 1016. Accordingly, in
an interconnected device embodiment, implementation of
functionality described herein may be distributed throughout
the system 1000. For example, the functionality may be
implemented in part on the computing device 1002 as well
as via the platform 1016 that abstracts the functionality of
the cloud 1014.
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CONCLUSION

[0118] Although the invention has been described in lan-
guage specific to structural features and/or methodological
acts, it is to be understood that the invention defined in the
appended claims is not necessarily limited to the specific
features or acts described. Rather, the specific features and
acts are disclosed as example forms of implementing the
claimed invention.
What is claimed is:
1. A method comprising:
receiving, by a processing device, a request for a place-
ment recommendation for a digital content item;

ascertaining, by the processing device, an item type of the
digital content item and an entity associated with the
digital content item;
obtaining, by the processing device, a multi-domain tax-
onomy for the item type that describes how different
entities relate to one another based on digital content
items associated with the different entities;

identifying, by the processing device, a multi-dimensional
vector that represents the entity within the multi-do-
main taxonomy;

identifying, by the processing device, at least one of the

different entities as a similar entity by:

generating a mapping of the multi-domain taxonomy
by embedding each of the different entities as a point
in two-dimensional or three-dimensional space using
a t-distributed stochastic neighbor embedding
method; and

embedding the multi-dimensional vector into the map-
ping of the multi-domain taxonomy using the t-dis-
tributed stochastic neighbor embedding method; and

outputting, by the processing device, the placement rec-

ommendation for the digital content item based on

historic item placement configurations associated with

the similar entity.

2. The method of claim 1, wherein each dimension of the
multi-dimensional vector corresponds to a grouping of digi-
tal content items and is represented by a value indicating a
degree of relevance between the entity and the grouping of
digital content items.

3. The method of claim 1, wherein the outputting the
placement recommendation for the digital content item is
performed independent of user input specifying a cost
threshold or an intended performance metric associated with
placement of the digital content item.

4. The method of claim 1, wherein the identifying the at
least one of the different entities as the similar entity is
performed by computing a cosine distance between the
multi-dimensional vector for the entity and a multi-dimen-
sional vector representing the similar entity.

5. The method of claim 1, wherein the identifying the
multi-dimensional vector that represents the entity in the
multi-domain taxonomy comprises identifying a plurality of
different digital content items associated with the entity and
generating the multi-dimensional vector based on the digital
content item and the plurality of different digital content
items associated with the entity.

6. The method of claim 1, wherein each of the historic
item placement configurations have an associated perfor-
mance metric and the placement recommendation is deter-
mined based on a historic item placement configuration
having a performance metric that satisfies a performance
metric threshold.
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7. The method of claim 1, wherein the placement recom-
mendation identifies a particular user interface in which the
digital content item should be placed.

8. The method of claim 7, wherein the particular user
interface is defined for output based on one or more of a
geographic region, a demographic audience, a display time,
or a language.

9. The method of claim 1, wherein the placement recom-
mendation identifies one or more domains in which the
digital content item should be placed.

10. The method of claim 1, wherein the placement rec-
ommendation identifies one or more domains in which the
digital content item should be excluded from placement.

11. The method of claim 1, wherein the placement rec-
ommendation specifies a particular portion of a user inter-
face in which the digital content item is to be placed.

12. The method of claim 1, further comprising generating
a configured user interface that presents the digital content
item according to the placement recommendation and out-
putting the configured user interface.

13. The method of claim 1, wherein the outputting the
placement recommendation is performed independent of
information specifying an intended target audience for the
digital content item.

14. The method of claim 1, wherein the outputting the
placement recommendation for the digital content item
further comprises outputting a forecasted value of using the
placement recommendation, the forecasted value compris-
ing at least one of:

a cost-per-impression;

an overall number of impressions;

a percentage confidence associated with the forecasted

value; or

a degree of variability for the forecasted value.

15. A non-transitory computer-readable medium storing
executable instructions, which when executed by a process-
ing device, cause the processing device to perform opera-
tions comprising:

receiving a request for a placement recommendation for a

digital content item;

ascertaining an item type of the digital content item and

an entity associated with the digital content item;
obtaining a multi-domain taxonomy for the item type that
describes how different entities relate to one another;
identifying a multi-dimensional vector that represents the
entity within the multi-domain taxonomy;

identifying at least one of the different entities as a similar

entity by:

generating a mapping of the multi-domain taxonomy
by embedding each of the different entities as a point
in a multi-dimensional space using a t-distributed
stochastic neighbor embedding method; and

embedding the multi-dimensional vector into the map-
ping of the multi-domain taxonomy using the t-dis-
tributed stochastic neighbor embedding method; and
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outputting the placement recommendation for the digital
content item based on historic item placement configu-
rations associated with the similar entity.

16. The non-transitory computer-readable medium of
claim 15, wherein each dimension of the multi-dimensional
vector corresponds to a grouping of digital content items and
is represented by a value indicating a degree of relevance
between the entity and the grouping of digital content items.

17. The non-transitory computer-readable medium of
claim 15, wherein the outputting the placement recommen-
dation for the digital content item is performed independent
of user input specifying a cost threshold or an intended
performance metric associated with placement of the digital
content item.

18. A system comprising:

a memory component; and

a processing device coupled to the memory component,

the processing device to perform operations compris-
ing:
receiving a request for a placement recommendation
for a digital content item;
determining an item type of the digital content item and
an entity associated with the digital content item;
obtaining a multi-domain taxonomy for the item type
that describes how different entities relate to one
another based on digital content items associated
with the different entities;
identifying a multi-dimensional vector that represents
the entity within the multi-domain taxonomy;
identifying at least one of the different entities as a
similar entity by:
generating a mapping of the multi-domain taxonomy
by embedding each of the different entities as a
point in two-dimensional or three-dimensional
space using a t-distributed stochastic neighbor
embedding method; and
embedding the multi-dimensional vector into the
mapping of the multi-domain taxonomy using the
t-distributed stochastic neighbor embedding
method; and
outputting the placement recommendation for the digi-
tal content item based on historic item placement
configurations associated with the similar entity.

19. The system of claim 18, wherein each dimension of
the multi-dimensional vector corresponds to a grouping of
digital content items and is represented by a value indicating
a degree of relevance between the entity and the grouping of
digital content items.

20. The system of claim 18, wherein the outputting the
placement recommendation for the digital content item is
performed independent of user input specifying a cost
threshold or an intended performance metric associated with
placement of the digital content item.
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