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(57) ABSTRACT 

Systems, methods, and computer-readable storage media that 
may be used to attribute events such as clicks and conversions 
to impressions are provided. One method includes determin 
ing a local time and a timeZone associated with each of a 
plurality of events of a content campaign. The method further 
includes generating a first event grouping including a first set 
of events having timeZones matching at least one grouping 
timeZones. The method further includes generating a second 
event grouping including a second set of the events based on 
both the local times and the timeZones of the events. Gener 
ating the second event grouping includes selecting the second 
set of events based on the local times of the events in view of 
the timeZones of the events. The method further includes, for 
each grouping, determining a number of events associated 
with frequency groups based on a number of impression 
events associated with the events. 
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EVENT GROUPNG USING TIMEZONES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims the benefit of U.S. 
Provisional Patent Application No. 62/027,629, titled “Event 
Attribution filed on Jul. 22, 2014, the entirety of which is 
incorporated herein by reference. 

BACKGROUND 

0002 Content providers often publish content items in 
networked resources through online content management 
systems with the goal of having an end user interact with (e.g., 
click through) the content items and perform a converting 
action, Such as providing information of value to the content 
providers and/or purchasing a product or service offered by 
the content providers. In some instances, content providers 
may wish to know how many users are being exposed to 
content items from their content campaigns and/or how many 
times users have been presented with content items. Some 
systems may calculate a reach for a campaign, or a number of 
unique users and/or devices to which impressions associated 
with the campaign have been presented. Some systems may 
additionally or alternatively determine frequency statistics 
for a campaign, or numbers of users presented with impres 
sions from the campaign a certain number of times. However, 
Such systems may contain only basic frequency-related infor 
mation. 

SUMMARY 

0003. One illustrative implementation of the disclosure 
relates to a method that includes identifying, by one or more 
processors, a plurality of interaction events relating to one or 
more content campaigns. The method further includes iden 
tifying, by the one or more processors, a plurality of impres 
sion events relating to the one or more content campaigns. 
The impression events correspond to the provision of one or 
more content item impressions to one or more users. The 
method further includes, for each of the plurality of interac 
tion events: (1) attributing, by the one or more processors, the 
interaction event to one or more of the impression events 
occurring prior to the interaction event; (2) determining, by 
the one or more processors, a number of impression events to 
which the interaction eventis attributed; and (3) assigning, by 
the one or more processors, the interaction event to one of a 
plurality of frequency groups based on the number of impres 
sion events to which the interaction event is attributed. The 
method further includes, for each of the plurality offrequency 
groups, determining, by the one or more processors, a number 
of interaction events assigned to the frequency group. 
0004 Another implementation relates to a system includ 
ing at least one computing device operably coupled to at least 
one memory. Theat least one computing device is configured 
to identify a plurality of interaction events relating to one or 
more content campaigns. The at least one computing device is 
further configured to identify a plurality of impression events 
relating to the one or more content campaigns. The impres 
sion events correspond to the provision of one or more content 
item impressions to one or more users. The at least one com 
puting device is further configured to, for each of the plurality 
of interaction events: (1) attribute the interaction event to one 
or more of the impression events occurring prior to the inter 
action event; (2) determine a number of impression events to 
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which the interaction event is attributed; and (3) assign the 
interaction event to one of a plurality of frequency groups 
based on the number of impression events to which the inter 
action eventis attributed. The at least one computing device is 
further configured to determine, for each of the plurality of 
frequency groups, a number of interaction events assigned to 
the frequency group. 
0005 Yet another implementation relates to one or more 
computer-readable storage media having instructions stored 
thereon that, when executed by at least one processor, cause 
the at least one processor to perform operations. The opera 
tions include identifying a plurality of interaction events 
relating to one or more content campaigns. The operations 
further include identifying a plurality of impression events 
relating to the one or more content campaigns. The impres 
sion events correspond to the provision of one or more content 
item impressions to one or more users. The operations further 
include: (1) attributing, by the one or more processors, the 
interaction event to one or more of the impression events 
occurring prior to the interaction event; (2) determining, by 
the one or more processors, a number of impression events to 
which the interaction eventis attributed; and (3) assigning, by 
the one or more processors, the interaction event to one of a 
plurality of frequency groups based on the number of impres 
sions events to which the interaction event is attributed. The 
operations further include, for each of the plurality of fre 
quency groups, determining a number of interaction events 
assigned to the frequency group. 
0006. In some implementations, for each of the frequency 
groups, a number of users provided with impressions from the 
one or more content campaigns a number of times associated 
with the frequency group may be determined. 
0007. In some implementations, the plurality of interac 
tion events comprises a plurality of click events correspond 
ing to a selection by a user of a content item impression, and 
attributing the interaction event to the one or more impression 
events comprises, for each click event, attributing the click 
event to the one or more impression events occurring prior to 
the click event. 
0008. In some implementations, the plurality of interac 
tion events comprises a plurality of conversion events, and 
attributing the interaction event to the one or more impression 
events comprises, for each conversion event: (1) determining 
the presence or absence of a click event associated with the 
conversion event, the click event corresponding to a selection 
by a user of a content item impression; (2) based on deter 
mining the absence of the click event, attributing the conver 
sion event to a last impression event and a first set of Zero or 
more prior impression events occurring before the last 
impression event; and (3) based on determining the presence 
of the click event, attributing the conversion event to the click 
event and a second set of one or more prior impression events 
occurring before the click event. 
0009. In some implementations, a timeframe for use in 
determining the number of interaction events assigned to each 
frequency group may be received, and the step of attributing 
the interaction event to the one or more impression events 
may include attributing the interaction event to a set of the one 
or more impression events having timestamp data indicating 
the associated content item impressions were provided to 
users within the timeframe. 
0010. In some implementations, a timeframe for use in 
determining the number of interaction events assigned to each 
frequency group may be received, identifying the plurality of 
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interaction events comprises identifying a first set of the plu 
rality of interaction events having timestamp data indicating 
the interaction events occurred within the timeframe, assign 
ing the interaction event to one of a plurality of frequency 
groups comprises assigning each of the first set of interaction 
events to one of a plurality of frequency groups, and deter 
mining the number of interaction events assigned to each 
frequency group comprises determining, for each of the plu 
rality of frequency groups, a number of interaction events in 
the first set of interaction events assigned to the frequency 
group. 
0011. In some implementations, attributing the interaction 
event to one or more of the impression events comprises 
attributing a first interaction event associated with a first 
content campaign to one or more first impression events asso 
ciated with a second content campaign. 
0012. In some implementations, attributing the interaction 
event to one or more of the impression events comprises 
directly attributing the interaction event to a first impression 
event and indirectly attributing the interaction event to Zero or 
more second impression events occurring prior to the first 
impression event. 
0013 Another implementation relates to a method includ 
ing identifying, by one or more processors, an impression 
event relating to a content campaign. The impression event 
corresponds to the provision of a content item impression to 
a user. The method further includes identifying, by the one or 
more processors, a conversion event attributed to the impres 
sion event. The method further includes determining, by the 
one or more processors, a timing of the conversion event with 
respect to a predetermined period of time associated with the 
impression event. The method further includes generating, by 
the one or more processors, a first event data item represent 
ing the impression event. The method further includes repre 
senting, by the one or more processors, both the conversion 
event and the impression event within the first event data item 
responsive to the conversion event occurring prior to a lapse 
of the predetermined period of time. The method further 
includes, responsive to the conversion event occurring after 
the lapse of the predetermined period of time, generating, by 
the one or more processors, either: (1) a second event data 
item having an impression count equal to Zero, Such that a 
combination of the first event data item and the second event 
data item counts the impression event only once; or (2) a 
negating data item configured to cancel the impression count 
of the first event data item and a third event data item repre 
senting both the impression event and the conversion event. 
The method further includes, based in part on at least one of 
the first event data item, the second event data item, or the 
third event data item, determining a number of impression 
events to which the conversion event is attributed and assign 
ing the conversion event to one of a plurality of frequency 
groups based on the determined number of impression events. 
0014. Yet another implementation relates to a system 
including at least one computing device operably coupled to 
at least one memory and configured to identify an impression 
event relating to a content campaign. The impression event 
corresponds to the provision of one or more content item 
impressions to one or more users. The at least one computing 
device is further configured to identify a conversion event 
attributed to the impression event. The at least one computing 
device is further configured to identify a second conversion 
event relating to the content campaign and occurring after the 
deadline. The at least one computing device is further con 
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figured to determine a timing of the conversion event with 
respect to a predetermined period of time associated with the 
impression event and generates a first event data item repre 
senting the impression event. The at least one computing 
device is further configured to represent both the conversion 
event and the impression event within the first event data item 
responsive to the conversion event occurring prior to a lapse 
of the predetermined period of time. The at least one comput 
ing device is further configured to, responsive to the conver 
sion event occurring after the lapse of the predetermined 
period of time, generate either: (1) a second event data item 
having an impression count equal to Zero. Such that a combi 
nation of the first event data item and the second event data 
item counts the impression event only once; or (2) a negating 
data item configured to cancel the impression count of the first 
event data item and a third event data item representing both 
the impression event and the conversion event. The at least 
one computing device is further configured to, based in part 
on at least one of the first event data item, the second event 
data item, or the third event data item, determine a number of 
impression events to which the conversion event is attributed 
and assign the conversion event to one of a plurality of fre 
quency groups based on the determined number of impres 
sion events. 

0015. Another implementation relates to one or more 
computer-readable storage media having instructions stored 
thereon that, when executed by at least one processor, cause 
the at least one processor to perform operations including 
identifying an impression event relating to a content cam 
paign. The impression event corresponds to the provision of 
one or more content item impressions to one or more users. 
The operations further include identifying a conversion event 
attributed to the impression event. The operations further 
include determining a timing of the conversion event with 
respect to a predetermined period of time associated with the 
impression event and generating a first event data item rep 
resenting the impression event. The operations further 
include representing both the conversion event and the 
impression event within the first event data item responsive to 
the conversion event occurring prior to a lapse of the prede 
termined period of time. The operations further include, 
responsive to the conversion event occurring after the lapse of 
the predetermined period of time, generating either: (1) a 
second event data item having an impression count equal to 
Zero, Such that a combination of the first event data item and 
the second event data item counts the impression event only 
once; or (2) a negating data item configured to cancel the 
impression count of the first event data item and a third event 
data item representing both the impression event and the 
conversion event. The operations further include, based in 
part on at least one of the first event data item, the second 
event data item, or the third event data item, determining a 
number of impression events to which the conversion event is 
attributed and assigning the conversion event to one of a 
plurality of frequency groups based on the determined num 
ber of impression events. 
0016. In some implementations, wherein the first event 
data item is defined as having a number of impressions greater 
than Zero, and the second event data item may be generated 
having the impression count equal to Zero. 
0017. In some implementations, the first event data item is 
defined as having a number of impressions greater than Zero, 
and a negating data item configured to cancel the impression 
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count of the first event data item and the third event data item 
representing both the impression event and the conversion 
event may be generated. 
0018. In some implementations, the step of representing 
the conversion event within the first event data item with the 
impression event comprising aggregating the conversion 
event with the impression event and any other impression 
events to which the conversion event is attributed that occur 
within the predetermined period of time. 
0019. In some implementations, for each of the frequency 
groups, a number of users provided with impressions from the 
content campaign a number of times associated with the 
frequency group may be determined. 
0020. In some implementations, the impression event is 
one of one or more impression events, and the conversion 
event may be attributed to the one or more impression events 
by: (1) determining the presence or absence of a click event 
associated with the conversion event, the click event corre 
sponding to a selection by a user of a contentitem impression; 
(2) based on determining the absence of the click event, 
attributing the conversion event to the last attributed impres 
sion event and a first set of Zero or more prior impression 
events occurring before the last attributed impression event; 
and (3) based on determining the presence of the click event, 
attributing the conversion event to the click event and a sec 
ond set of one or more prior impression events occurring 
before the click event. 
0021. In some implementations, the conversion event is 
one of a plurality of conversion events, each of the plurality of 
conversion events may be assigned to one of the plurality of 
frequency groups based on a number of impression events 
attributed to the conversion event, and, for each of the plural 
ity of frequency groups, a number of conversion events 
assigned to the frequency group may be determined. 
0022. Another implementation relates to a method includ 
ing determining, by one or more processors, a conversion 
event for a campaign grouping including a plurality of content 
campaigns. Each of the plurality of content campaigns 
includes one or more content items and has an associated 
campaign identifier, and the conversion event is associated 
with a first campaign identifier. The method further includes 
determining, by the one or more processors, a plurality of 
impression events occurring prior to the conversion event and 
associated with one of the plurality of content campaigns. The 
impression events correspond to the provision of one or more 
content item impressions to one or more users. The method 
further includes attributing, by the one or more processors, 
the conversion event to one or more of the plurality of impres 
sion events. At least one of the one or more impression events 
is associated with a second campaign identifier. The method 
further includes determining, by the one or more processors, 
a number of impression events to which the conversion event 
is attributed and assigning, by the one or more processors, the 
conversion event to one of a plurality of frequency groups 
based on the number of impression events to which the con 
version event is attributed. 
0023 Yet another implementation relates to a system 
including at least one computing device operably coupled to 
at least one memory and configured to determine a conversion 
event for a campaign grouping including a plurality of content 
campaigns. Each of the plurality of content campaigns 
includes one or more content items and has an associated 
campaign identifier, and the conversion event is associated 
with a first campaign identifier. The at least one computing 
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device is further configured to determine a plurality of 
impression events occurring prior to the conversion event and 
associated with one of the plurality of content campaigns. The 
impression events correspond to the provision of one or more 
content item impressions to one or more users. The at least 
one computing device is further configured to attribute the 
conversion event to one or more of the plurality of impression 
events. At least one of the one or more impression events is 
associated with a second campaign identifier. The at least one 
computing device is further configured to determine a number 
of impression events to which the conversion event is attrib 
uted and assign the conversion event to one of a plurality of 
frequency groups based on the number of impressions events 
to which the conversion event is attributed. 

0024. Another implementation relates to one or more 
computer-readable storage media having instructions stored 
thereon that, when executed by at least one processor, cause 
the at least one processor to perform operations including 
determining a conversion event for a campaign grouping 
including a plurality of content campaigns. Each of the plu 
rality of content campaigns includes one or more content 
items and has an associated campaign identifier, and the con 
version event is associated with a first campaign identifier. 
The operations further include determining a plurality of 
impression events occurring prior to the conversion event and 
associated with one of the plurality of content campaigns. The 
impression events correspond to the provision of one or more 
contentitem impressions to one or more users. The operations 
further include attributing the conversion event to one or more 
of the plurality of impression events. At least one of the one or 
more impression events is associated with a second campaign 
identifier. The operations further include determining a num 
ber of impression events to which the conversion event is 
attributed and assigning the conversion event to one of a 
plurality of frequency groups based on the number of impres 
sions events to which the conversion event is attributed. 

0025. In some implementations, the conversion event is 
one of a plurality of conversion events, each of the plurality of 
conversion events is assigned to one of the plurality of fre 
quency groups based on a number of impression events to 
which the conversion event is attributed, and, for each of the 
plurality of frequency groups, a number of conversion events 
assigned to the frequency group is determined. 
0026. In some implementations, for each of the plurality of 
frequency groups, a number of users provided with impres 
sions from the campaign grouping a number of times associ 
ated with the frequency group is determined. 
0027. In some implementations, for each of the plurality of 
frequency groups, a number of selections of content items by 
users provided with impressions from the campaign grouping 
a number of times associated with the frequency group is 
determined. 

0028. In some implementations, the step of attributing the 
conversion event to the one or more impression events 
includes: (1) determining the presence or absence of a click 
event associated with one of the plurality of campaigns 
occurred prior to the conversion event, the click event corre 
sponding to a selection by one or more users of one or more of 
the content item impressions; (2) based on determining the 
absence of the click event, attributing the conversion event to 
a last impression event and a first set of Zero or more prior 
impression events occurring before the last impression event; 
and (3) based on determining the presence of the click event, 
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attributing the conversion event to the click event and a sec 
ond set of one or more prior impression events occurring 
before the click event. 
0029. In some implementations, a first campaign of the 
plurality of content campaigns is associated with a first 
medium, and a second campaign of the plurality of content 
campaigns is associated with a second medium. In some Such 
implementations, the first campaign is associated with one or 
more search content items to be displayed with a search 
results interface, and the second campaign is associated with 
one or more video content items to be displayed within a 
video interface. 
0030. In some implementations, a selection of the plural 

ity of content campaigns to include in the campaign grouping 
is received from a content provider. 
0031. In some implementations, it is determined whether 
the conversion is a duplicate of another conversion based on 
a timestamp associated with the conversion and the other 
conversion. 

0032. Another implementation relates to a method includ 
ing determining, by one or more processors, a plurality of 
campaign groupings, each including two or more content 
campaigns. Each of the content campaigns includes one or 
more content items. The method further includes separating, 
by the one or more processors, the plurality of campaign 
groupings into: (1) a first set of one or more campaign group 
ings including previously defined campaign groupings hav 
ing valid reach and frequency data defining, for each of a 
plurality of frequency groups, a number of users presented 
with a number of impressions associated with the frequency 
group and a number of events attributed to the number of 
impressions associated with the frequency group; and (2) a 
Second set of one or more campaign groupings comprising 
new or modified campaign groupings for which the valid 
reach and frequency data does not exist. The method further 
includes, for each campaign grouping in the first set of cam 
paign groupings, determining one or more impression events 
to which to attribute each of one or more interaction events 
based on the valid reach and frequency data and an updated 
data item reflecting events occurring during a current report 
ing period. The method further includes, for each campaign 
grouping in the second set of campaign groupings, determin 
ing one or more impression events from which to attribute 
each interaction event by performing a backfill operation 
including: (1) retrieving event data items for each of the 
content campaigns in the campaign grouping for a predeter 
mined historical timeframe; (2) for each interaction event, 
determining, based on the event data items, the one or more 
impression events to which to attribute the interaction event; 
and (3) generating updated event data items reflecting the 
attributions. The method further includes, for each of the 
plurality of campaign groupings: (1) determining, by the one 
or more processors, a number of impression events to which 
each interaction event is attributed; and (2) assigning, by the 
one or more processors, each interaction event to one of the 
frequency groups based on the number of impressions events 
to which the interaction event is attributed. 
0033 Yet another implementation relates to a system 
including at least one computing device operably coupled to 
at least one memory and configured to determine a plurality of 
campaign groupings each including two or more content 
campaigns. Each of the content campaigns includes one or 
more content items. The at least one computing device is 
further configured to separate the plurality of campaign 
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groupings into: (1) a first set of one or more campaign group 
ings including previously defined campaign groupings hav 
ing valid reach and frequency data defining, for each of a 
plurality of frequency groups, a number of users presented 
with a number of impressions associated with the frequency 
group and a number of events attributed to the number of 
impressions associated with the frequency group; and (2) a 
Second set of one or more campaign groupings comprising 
new or modified campaign groupings for which the valid 
reach and frequency data does not exist. The at least one 
computing device is further configured to, for each campaign 
grouping in the first set of campaign groupings, determine 
one or more impression events to which to attribute each of 
one or more interaction events based on the valid reach and 
frequency data and an updated data item reflecting events 
occurring during a current reporting period. The at least one 
computing device is further configured to, for each campaign 
grouping in the second set of campaign groupings, determine 
one or more impression events to which to attribute each 
interaction event by performing a backfill operation includ 
ing: (1) retrieving event data items for each of the content 
campaigns in the campaign grouping for a predetermined 
historical timeframe; (2) for each interaction event, determin 
ing, based on the event data items, the one or more impression 
events to which to attribute the interaction event; and (3) 
generating updated event data items reflecting the attribu 
tions. The at least one computing device is further configured 
to, for each of the plurality of campaign groupings: (1) deter 
mine a number of impression events to which each interaction 
event is attributed; and (2) assign each interaction event to one 
of the frequency groups based on the number of impressions 
events to which the interaction event is attributed. 

0034. Another implementation relates to one or more 
computer-readable storage media having instructions stored 
thereon that, when executed by at least one processor, cause 
the at least one processor to perform operations including 
determining a plurality of campaign groupings each includ 
ing two or more content campaigns. Each of the content 
campaigns includes one or more content items. The opera 
tions further include separating the plurality of campaign 
groupings into: (1) a first set of one or more campaign group 
ings including previously defined campaign groupings hav 
ing valid reach and frequency data defining, for each of a 
plurality of frequency groups, a number of users presented 
with a number of impressions associated with the frequency 
group and a number of events attributed to the number of 
impressions associated with the frequency group; and (2) a 
Second set of one or more campaign groupings comprising 
new or modified campaign groupings for which the valid 
reach and frequency data does not exist. The operations fur 
ther include, for each campaign grouping in the first set of 
campaign groupings, determining one or more impression 
events to which to attribute each of one or more interaction 
events based on the valid reach and frequency data and an 
updated data item reflecting events occurring during a current 
reporting period. The operations further include, for each 
campaign grouping in the second set of campaign groupings, 
determining one or more impression events to which to 
attribute each interaction event by performing a backfill 
operation including: (1) retrieving event data items for each of 
the content campaigns in the campaign grouping for a prede 
termined historical timeframe; (2) for each interaction event, 
determining, based on the event data items, the one or more 
impression events to which to attribute the interaction event; 
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and (3) generating updated event data items reflecting the 
attributions. The operations further include, for each of the 
plurality of campaign groupings: (1) determining a number of 
impression events to which each interaction event is attrib 
uted; and (2) assigning each interaction event to one of the 
frequency groups based on the number of impression events 
to which the interaction event is attributed. 
0035. In some implementations, the interaction event is 
one of a plurality of interaction events, and, for each of the 
plurality of campaign groupings: (1) each of the plurality of 
interaction events is assigned to one of the plurality of fre 
quency groups based on a number of impression events to 
which the interaction event is attributed; and (2) for each of 
the plurality of frequency groups, a number of interaction 
events assigned to the frequency group is determined. 
0036. In some implementations, for each campaign group 
ing, an overlap in impressions provided to same users in two 
or more of the content campaigns for the campaign grouping 
is determined. 
0037. In some implementations, a modification to a first 
campaign grouping of the plurality of campaign groupings is 
received, it is determined whether the first campaign group 
ing is awaiting completion of a current backfill operation, the 
current backfill operation is discarded when the first cam 
paign grouping is awaiting completion of a current backfill 
operation, and a new backfill operation for the modified first 
campaign grouping is conducted. 
0038. In some implementations, attributing the interaction 
event to the one or more impression events includes: (1) 
determining the presence or absence of a click event associ 
ated with one of the plurality of campaigns occurring prior to 
a conversion event, the click event corresponding to a selec 
tion by one or more users of one or more of the content item 
impressions; (2) based on determining the absence of the 
click event, attributing the conversion event to a last impres 
sion event and a first set of Zero or more prior impression 
events occurring before the last impression event; and (3) 
based on determining the presence of the click event, attrib 
uting the conversion event to the click event and a second set 
of one or more prior impression events occurring before the 
click event. 
0039. In some implementation, a first campaign is associ 
ated with a first medium, and a second campaign is associated 
with a second medium. In some such implementation, the first 
campaign is associated with one or more search content items 
to be displayed with a search results interface, and the second 
campaign is associated with one or more video content items 
to be displayed within a video interface. In some such imple 
mentations, it may be determined whether an interaction 
event associated with the first medium is a duplicate of an 
interaction event associated with the second medium. 
0040. In some implementations, a selection of the content 
campaigns to include in the campaign grouping may be 
received from a content provider. 
0041 Another implementation relates to a method includ 
ing receiving, by one or more processors, a request to gener 
ate a first report relating to a content campaign based on first 
criteria and a second report relating to the content campaign 
based on second criteria. The content campaign includes a 
plurality of content items to be provided to a plurality of users. 
The first criteria include one or more grouping timeZones. 
The method further includes retrieving, by one or more pro 
cessors, a plurality of events for the content campaign and 
determining, by the one or more processors, a local time and 
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a timeZone associated with each of the plurality of events. The 
method further includes, based on the first criteria including 
the one or more grouping timeZones, generating, by the one or 
more processors, a first event grouping including a first set of 
the plurality of events having timeZones matching at least one 
of the one or more grouping timeZones. The method further 
includes, based on the second criteria, generating, by the one 
or more processors, a second event grouping including a 
second set of the plurality of events based on both the local 
times and the timeZones of the plurality of events. Generating 
the second event grouping includes selecting the second set of 
events from among the plurality of events based on the local 
times of the events in view of the timeZones of the events. The 
method further includes, for each of the first event grouping 
and the second event grouping, determining, by the one or 
more processors, a number of events associated with each of 
a plurality of frequency groups based on a number of impres 
sion events associated with the events. The method further 
includes generating, by the one or more processors, the first 
report based on the determined number of events for the first 
event grouping and the second report based on the determined 
number of events for the second event grouping. 
0042. Yet another implementation relates to a system 
including at least one computing device operably coupled to 
at least one memory and configured to receive a request to 
generate a first report relating to a content campaign based on 
first criteria and a second report relating to the content cam 
paign based on second criteria. The content campaign 
includes a plurality of content items to be provided to a 
plurality of users. The first criteria include one or more group 
ing timeZones. The at least one computing device is further 
configured to retrieve a plurality of events for the content 
campaign and determine a local time and a timeZone associ 
ated with each of the plurality of events. The at least one 
computing device is further configured to, based on the first 
criteria including the one or more grouping timeZones, gen 
erate a first event grouping including a first set of the plurality 
ofevents having timeZones matching at least one of the one or 
more grouping timeZones. The at least one computing device 
is further configured to, based on the second criteria, a second 
event grouping including a second set of the plurality of 
events based on both the local times and the timeZones of the 
plurality of events by selecting the second set of events from 
among the plurality of events based on the local times of the 
events in view of the timeZones of the events. The at least one 
computing device is further configured to, for each of the first 
event grouping and the second event grouping, determine a 
number of events associated with each of a plurality of fre 
quency groups based on a number of impression events asso 
ciated with the events. The at least one computing device is 
further configured to generate the first report based on the 
determined number of events for the first event grouping and 
the second report based on the determined number of events 
for the second event grouping. 
0043. Another implementation relates to one or more 
computer-readable storage media having instructions stored 
thereon that, when executed by at least one processor, cause 
the at least one processor to perform operations including 
receiving a request to generate a first report relating to a 
content campaign based on first criteria and a second report 
relating to the content campaign based on second criteria. The 
content campaign includes a plurality of content items to be 
provided to a plurality of users. The first criteria include one 
or more grouping timeZones. The operations further include 
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retrieving a plurality of events for the content campaign and 
determining a local time and a timeZone associated with each 
of the plurality of events. The operations further include, 
based on the first criteria including the one or more grouping 
timeZones, generating a first event grouping including a first 
set of the plurality of events having timeZones matching at 
least one of the one or more grouping timeZones. The opera 
tions further include, based on the second criteria, generating 
a second event grouping including a second set of the plural 
ity of events based on both the local times and the timeZones 
of the plurality of events. Generating the second event group 
ing includes selecting the second set of events from among 
the plurality of events based on the local times of the events in 
view of the timeZones of the events. The operations further 
include, for each of the first event grouping and the second 
event grouping, determining a number of events associated 
with each of a plurality of frequency groups based on a 
number of impression events associated with the events. The 
operations further include generating the first report based on 
the determined number of events for the first event grouping 
and the second report based on the determined number of 
events for the second event grouping. 
0044. In some implementations, the first event grouping is 
based on a first grouping timeZone, and the second event 
grouping is based on a second grouping time range without a 
timeZone. 

0045. In some implementations, the step of generating the 
first event grouping comprising generating the first event 
grouping based on one or more first characteristics of the first 
set of events, and the step of generating the second event 
grouping comprising generating the second event grouping 
based on one or more second characteristics of the second set 
of events. 

0046. In some implementations, each of the plurality of 
events is associated with one of a first content medium or a 
second content medium. In some Such implementations, the 
step of determining the number of events associated with each 
of the plurality of frequency groups comprising counting 
events associated with both the first content medium and the 
second content medium within the determined number of 
eVentS. 

0047. In some implementations, each of the plurality of 
events comprises one of a click event or a conversion event. 
0048. In some implementations, a selection of one or more 
parameters for use in determining at least one of the first event 
grouping or the second event grouping may be received from 
a content provider. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0049. The details of one or more implementations of the 
subject matter described in this specification are set forth in 
the accompanying drawings and the description below. Other 
features, aspects, and advantages of the Subject matter will 
become apparent from the description, the drawings, and the 
claims. 

0050 FIG. 1 is a block diagram of an analysis system and 
associated environment according to an illustrative imple 
mentation. 

0051 FIG. 2 is a more detailed block diagram of an analy 
sis system according to an illustrative implementation. 
0.052 FIG. 3 is an illustration of click and conversion 
attribution according to an illustrative implementation. 
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0053 FIG. 4 is another illustration of click and conversion 
attribution including frequency values according to an illus 
trative implementation. 
0054 FIG. 5 is a flow diagram of a process for attributing 
interaction events to impression events and assigning events 
to frequency groups according to an illustrative implementa 
tion. 
0055 FIG. 6 is a flow diagram of a process for attributing 
a conversion event to click and/or impression events accord 
ing to an illustrative implementation. 
0056 FIG. 7 is an illustration of click and conversion 
attribution with different time ranges according to an illustra 
tive implementation. 
0057 FIG. 8 is a table illustrating frequency groups to 
which impressions, clicks, and conversions shown in FIG. 7 
are attributed under a first time range according to an illus 
trative implementation. 
0.058 FIG. 9 is a table illustrating frequency groups to 
which impressions, clicks, and conversions shown in FIG. 7 
are attributed under a second time range according to an 
illustrative implementation. 
0059 FIG. 10 is an illustration of click and conversion 
attribution with different sites according to an illustrative 
implementation. 
0060 FIG. 11 is a table illustrating frequency groups to 
which impressions, clicks, and conversions shown in FIG. 10 
are attributed under both sites according to an illustrative 
implementation. 
0061 FIG. 12 is a table illustrating frequency groups to 
which impressions, clicks, and conversions shown in FIG. 10 
are attributed under a first site according to an illustrative 
implementation. 
0062 FIG. 13 is a table illustrating frequency groups to 
which impressions, clicks, and conversions shown in FIG. 10 
are attributed under a second site according to an illustrative 
implementation. 
0063 FIG. 14 is an illustration of click and conversion 
attribution and aggregated logs reflecting the attribution 
according to an illustrative implementation. 
0064 FIG. 15 is a block diagram of log processing reach 
and frequency portions of an analysis system according to an 
illustrative implementation. 
0065 FIG. 16 is another block diagram of a reach and 
frequency portion of an analysis system according to an illus 
trative implementation. 
0.066 FIG. 17 illustrates example data including a list of 
dates upon which impressions are displayed and a table total 
ing the number of impressions per day according to an illus 
trative implementation. 
0067 FIG. 18 is a table corresponding to the data shown in 
FIG. 17 showing a count of identifiers on day X whose last 
impression was exactlyY days ago according to an illustrative 
implementation. 
0068 FIG. 19 is a table corresponding to the data shown in 
FIG. 17 showing a count of identifiers on day X whose second 
to last impression was exactly Y days ago according to an 
illustrative implementation. 
0069 FIG. 20 is a data flow diagram illustrating a process 
for determining a reach for different frequency groups 
according to an illustrative implementation. 
0070 FIG. 21 is a table corresponding to example click 
data showing a count of clicks/conversions on day X whose 
last impression was exactly Y days ago according to an illus 
trative implementation. 
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0071 FIG. 22 is a table corresponding to example click 
data showing a count of clickS/conversions on day X whose 
second to last impression was exactlyY days ago according to 
an illustrative implementation. 
0072 FIG. 23 is a table corresponding to example click 
data showing a count of clickS/conversions on day X whose 
third to last impression was exactly Y days ago according to 
an illustrative implementation. 
0073 FIG. 24 is a data flow diagram illustrating a process 
for determining a number of interaction (e.g., click/conver 
sion) events for different frequency groups according to an 
illustrative implementation. 
0074 FIG.25 is a user interface displaying data for each of 
several frequency groups according to an illustrative imple 
mentation. 

0075 FIG. 26 is a flow diagram of a process for attributing 
conversion events to impression events and assigning the 
conversion events to frequency groups when one or more of 
the conversion events occur after a deadline according to an 
illustrative implementation. 
0076 FIG.27 is a flow diagram of a process for attributing 
interaction events (e.g., conversion events) to impression 
events across a campaign grouping including multiple cam 
paigns according to an illustrative implementation. 
0077 FIG. 28 is an illustration of conversion attribution 
for multiple campaign groupings according to an illustrative 
implementation. 
0078 FIG.29 is another illustration of conversion attribu 
tion for multiple campaign groupings according to an illus 
trative implementation. 
007.9 FIG.30 is a flow diagram of a process for attributing 
interaction events to impression events for different campaign 
groupings using a backfill operation according to an illustra 
tive implementation. 
0080 FIG.31 is a block diagram of a backend pipeline for 
processing attribution for campaign groupings according to 
an illustrative implementation. 
0081 FIG. 32 is a state diagram for processing campaign 
grouping modifications, additions, and activations according 
to an illustrative implementation. 
0082 FIG.33 is a first block diagram for processing attri 
bution and frequency grouping across multiple campaigns/ 
media according to an illustrative implementation. 
0083 FIG. 34 is a second block diagram for processing 
attribution and frequency grouping across multiple cam 
paigns/media according to an illustrative implementation. 
0084 FIG. 35 is a third block diagram for processing 
attribution and frequency grouping across multiple cam 
paigns/media according to an illustrative implementation. 
0085 FIG. 36 is an illustration of a user interface for 
providing incremental reach and frequency information 
according to an illustrative implementation. 
0086 FIG. 37 is an illustration of a user interface for 
providing cross-media de-duplicated reach information 
according to an illustrative implementation. 
0087 FIG.38 is a flow diagram of a process for generating 
reports for event (e.g., campaign/media) groupings based on 
a local time and/or timeZone according to an illustrative 
implementation. 
0088 FIG. 39 is a block diagram of a computing device 
according to an illustrative implementation. 
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DETAILED DESCRIPTION 

I0089 Referring generally to the Figures, various illustra 
tive systems and methods are provided that may be used to 
correctly attribute clicks and/or conversions to impressions 
and determine campaign statistics on a frequency group basis. 
Analysis systems may be designed to determine reach and 
frequency statistics for campaigns. In some such implemen 
tations, a system may determine a reach for the campaign, or 
a number of unique users and/or devices to which impressions 
associated with the campaign have been presented. The sys 
tem may additionally or alternatively determine frequency 
statistics associated with the campaign. For instance, the sys 
tem may determine a number of users who have been pre 
sented with exactly three impressions, exactly four impres 
sions, at least five impressions, etc. Such statistics may give a 
content provider an idea of the impact of the campaign, which 
may help the content providergauge whether the campaign is 
Successful or should be adjusted. However, such systems may 
not be configured to determine campaign statistics Such as 
clicks and/or conversions at a frequency group level. 
0090 According to various illustrative implementations, 
the systems and methods of the present disclosure may 
attribute interaction events, such as clicks and/or conversions, 
to one or more impression events, and may determine statis 
tics for the interaction events for different frequency groups. 
An analysis system may determine one or more interaction 
events, such as conversion events (e.g., purchases of products/ 
services, Submission of requested information by users, etc.) 
and/or click events (e.g., selections of content item impres 
sions), for a campaign. The system may also determine 
impressions of content items from the campaign presented to 
USCS. 

0091. The system may attribute each interaction event to 
one or more of the impression events occurring prior to the 
interaction event. Attribution, in this context, may include a 
direct attribution of an interaction event to a first impression 
event occurring prior to the interaction event, as well as indi 
rect attribution of the interaction event to Zero or more asso 
ciated impression events occurring prior to the first impres 
sion event to which the interaction event is directly attributed. 
In some implementations, a click may be attributed to one or 
more impressions presented to the user prior to the click (e.g., 
directly attributed to an impression occurring prior the click, 
and indicrectly attributed to Zero or more impressions occur 
ring prior to that impression). In some illustrative implemen 
tations, a conversion (e.g., a view-through conversion, or 
VTC) may be attributed to one or more impressions, and may 
be assigned to a frequency group based on a number of 
impressions from the campaign grouping provided to the user 
prior to the conversion. In some implementations, a conver 
sion (e.g., a click-through conversion, or CTC) may be attrib 
uted to a click, or selection, occurring prior to the conversion, 
as well as one or more impressions provided to the user prior 
to the click. The CTC may be assigned to a frequency group 
based on the number of impressions provided prior to the 
click. In some implementations, the system may classify the 
conversion as a CTC when a click occurs prior to the conver 
sion and as a VTC when a click does not occur prior to the 
conversion. In some implementations, the system may assign 
the interaction events to frequency groups based on a number 
of impressions attributed to the interaction events. 
0092. The system may determine, for each of the fre 
quency groups, a number of interaction events assigned to the 
frequency group. For instance, the system may determine a 
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number of VTCs associated with users who were presented 
with exactly one impression, exactly two impressions, at least 
three impressions, etc. prior to conversion. In some imple 
mentations, the system may also determine a number of users 
provided with the number of impressions associated with the 
frequency group, a conversion rate for the frequency group, 
and/or other types of data for the campaign on a frequency 
group level. 
0093. In some implementations, the system may receive a 
timeframe for use in determining the interaction events for the 
frequency groups. For instance, the system may allow a user 
to specify an arbitrary date range. In some implementations, 
the system may attribute the interaction events to only 
impressions falling within the specified timeframe. In some 
implementations, the system may only count interaction 
events occurring within the specified timeframe when deter 
mining the number of interaction events assigned to each 
frequency group. 
0094. In some implementations, the system may be con 
figured to generate different data items to handle events 
occurring before and after a deadline. Events occurring 
before a deadline (e.g., within a same timeframe, such as a 24 
hour period, as one or more impression events to which the 
event is attributed) may be represented within a same data 
item as the impression event(s). Events occurring after the 
deadline may be represented using a separate data item. This 
may allow the system to handle late-occurring events without 
making Substantial changes to the normal data item structure 
for events occurring before the deadline. 
0095. In some implementations, the system may be con 
figured to attribute interaction events to impression events in 
a campaign grouping including multiple campaigns. In one 
illustrative implementation, a conversion associated with a 
first campaign may follow the presentation of two impres 
sions associated with the first campaign and two impressions 
associated with a second campaign in a grouping. In Such an 
implementation, if the system analyzed the campaigns sepa 
rately, the system might determine that the user was presented 
with two impressions prior to the conversion. In one illustra 
tive implementation, the system may determine, in the con 
text of the campaign grouping, that the user was presented 
with four impressions prior to conversion. Even though two 
of the impressions were from a different campaign than the 
campaign associated with the conversion, the campaigns are 
grouped for the purposes of the analysis. The system may 
attribute the conversion in part to the two impressions from 
the other campaign as well as the impressions from the cam 
paign associated with the conversion. In some illustrative 
implementations, a conversion may be attributed to a last 
click prior to conversion, as well as one or more impressions 
and/or clicks occurring prior to the last click. In some imple 
mentations, the campaign grouping may include campaigns 
based in different media, Such as a video-based campaign for 
presenting video content items within a video interface and a 
search-based campaign for presenting content items within a 
search results interface of a search engine. 
0096. In some implementations, the system may be con 
figured to process data relating to multiple campaign group 
ings for use in attributing the interaction events to impres 
sions based on a status of the campaign groupings. If a 
grouping was previously defined and activated and has 
already had previous reach and frequency data prepared, the 
system may utilize that previously prepared reach and fre 
quency data to determine attribution for new events. For 
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instance, the system may update the previously existing data 
with a set of new data, rather than discarding the original data. 
This may be done periodically, such as on a daily basis. If a 
grouping has been modified, is new, or has been activated 
from an inactive state, the system may perform a backfill 
operation to analyze historical data for a particular period of 
time (e.g., last 90 days) and correctly attribute events. Thus, in 
Some implementations, separate processing pipelines may be 
used for active, previously defined groupings that are being 
updated, new, modified, and/or reactivated groupings that are 
processed from scratch to ensure correct attribution of inter 
action events to impression events. 
0097. In some implementations, the system may attribute 
events and/or generate reach and frequency data for different 
event groupings. The system may generate different event 
groupings. For Some of the groupings, the system may utilize 
both a local time and a timeZone when generating the group 
ing. For other groupings, the system may utilize only one of 
the local time and the timeZone. The system may determine a 
number of events associated with each of the frequency 
groups for each of the event groupings. 
0098. For situations in which the systems discussed herein 
collect and/or utilize personal information about users, or 
may make use of personal information, the users may be 
provided with an opportunity to control whether programs or 
features that may collect personal information (e.g., informa 
tion about a user's Social network, Social actions or activities, 
a user's preferences, a user's current location, etc.), or to 
control whether and/or how to receive content from the con 
tent server that may be more relevant to the user. In addition, 
certain data may be anonymized in one or more ways before 
it is stored or used, so that personally identifiable information 
is removed when generating parameters (e.g., demographic 
parameters). For example, a user's identity may be anony 
mized so that no personally identifiable information can be 
determined for the user, or a user's geographic location may 
be generalized where location information is obtained (such 
as to a city, ZIP code, or state level), so that a particular 
location of a user cannot be determined. Thus, the user may 
have control over how information is collected about him or 
her and used by a content server. Further, the individual user 
information itself is not surfaced to the content provider, so 
the content provider cannot discern the interactions associ 
ated with particular users. 
(0099 Referring now to FIG. 1, and in a brief overview, a 
block diagram of an analysis system 150 and associated envi 
ronment 100 is shown according to an illustrative implemen 
tation. One or more user devices 104 may be used by a user to 
perform various actions and/or access various types of con 
tent, some of which may be provided over a network 102 (e.g., 
the Internet, LAN, WAN, etc.). For example, user devices 104 
may be used to access websites (e.g., using an internet 
browser), media files, and/or any other types of content. One 
or more content management systems 108 may be configured 
to select content for display to users within resources (e.g., 
webpages, applications, etc.) and to provide content items 
112 from a content database 110 to user devices 104 over 
network 102 for display within the resources. The content 
from which content management system 108 selects items 
may be provided by one or more content providers via net 
work 102 using one or more content provider devices 106. 
0100. In some implementations, bids for content to be 
selected by content management system 108 may be provided 
to content management system 108 from content providers 



US 2016/0027037 A1 

participating in an auction using devices, such as content 
provider devices 106, configured to communicate with con 
tent management system 108 through network 102. In such 
implementations, content management system 108 may 
determine content impressions to be published in one or more 
content interfaces of resources (e.g., webpages, applications, 
etc.) shown on user devices 104 based at least in part on the 
bids. Users may subsequently interact with the content item 
impressions and/or perform actions after interacting with the 
impressions. Such as clicking through the impressions and/or 
performing a conversion action (e.g., purchase a product/ 
service, provide requested data to a content provider, etc.) 
after viewing and/or clicking through an impression. Data 
reflecting the impressions and/or the interactions after the 
impressions may be stored in log files. 
0101. An analysis system 150 may be configured to ana 
lyze event data 164 relating to interaction events 165, such as 
clicks 166 and/or conversions 167, and attribute interaction 
events 165 to one or more impressions 168. System 150 may 
attribute each of interaction events 165 to one or impressions 
168 based on, for example, the interaction events 165 and 
impressions 168 being associated with a common campaign 
identifier 169 and a timestamp 171 indicating that the impres 
sions 168 were provided before the interaction events 165. 
System 150 may determine a number of impressions 168 
attributed to each interaction event 165, and assign each inter 
action event 165 to one of several frequency groups 182 based 
on the determined number. For instance, one frequency group 
182 may include interaction events occurring after one 
impression, another frequency group 182 may include inter 
action events occurring after two impressions, and so on. 
System 150 may determine a number of interaction events 
165 assigned to each frequency group 182. In some imple 
mentations, this data may be provided to a content provider, 
and the content provider may use the data to make decisions 
about a target number of impressions to display to users/ 
devices. For instance, if the data illustrates a high number or 
percentage of conversions 167 corresponding to a frequency 
of four impressions 168, the content provider may modify its 
campaign with the goal of reaching each user/device four 
times. 

0102 Referring still to FIG. 1, and in greater detail, user 
devices 104 and/or content provider devices 106 may be any 
type of computing device (e.g., having a processor and 
memory or other type of computer-readable storage 
medium), such as a television and/or set-top box, mobile 
communication device (e.g., cellular telephone, Smartphone, 
etc.), computer and/or media device (desktop computer, lap 
top or notebook computer, netbook computer, tablet device, 
gaming system, etc.), or any other type of computing device. 
In some implementations, one or more user devices 104 may 
be set-top boxes or other devices for use with a television set. 
In some implementations, content may be provided via a 
web-based application and/or an application resident on a 
user device 104. In some implementations, user devices 104 
and/or content provider devices 106 may be designed to use 
various types of software and/or operating systems. In various 
illustrative implementations, user devices 104 and/or content 
provider devices 106 may be equipped with and/or associated 
with one or more user input devices (e.g., keyboard, mouse, 
remote control, touchscreen, etc.) and/or one or more display 
devices (e.g., television, monitor, CRT, plasma, LCD, LED, 
touchscreen, etc.). 
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0103 User devices 104 and/or content provider devices 
106 may be configured to receive data from various sources 
using a network 102. In some implementations, network 102 
may comprise a computing network (e.g., LAN, WAN, Inter 
net, etc.) to which user devices 104 and/or content provider 
device 106 may be connected via any type of network con 
nection (e.g., wired. Such as Ethernet, phone line, power line, 
etc., or wireless, such as WiFi, WiMAX, 3G, 4G, satellite, 
etc.). In some implementations, network 102 may include a 
media distribution network, such as cable (e.g., coaxial metal 
cable), satellite, fiber optic, etc., configured to distribute 
media programming and/or data content. 
0104. A content management system 108 may be config 
ured to conduct a content auction among third-party content 
providers to determine which third-party content is to be 
provided to a user device 104. For example, content manage 
ment system 108 may conduct a real-time content auction in 
response to a user device 104 requesting first-party content 
from a content source (e.g., a website, search engine provider, 
etc.) or executing a first-party application. Content manage 
ment system 108 may use any number of factors to determine 
the winner of the auction. For example, the winner of a 
content auction may be based in part on the third-party con 
tent provider's bid and/or a quality score for the third-party 
provider's content (e.g., a measure of how likely the user of 
the user device 104 is to click on the content). In other words, 
the highest bidder is not necessarily the winner of a content 
auction conducted by content management system 108, in 
some implementations. 
0105 Content management system 108 may be config 
ured to allow third-party content providers to create cam 
paigns to control how and when the provider participates in 
content auctions. A campaign may include any number of 
bid-related parameters, such as a minimum bid amount, a 
maximum bid amount, a target bid amount, or one or more 
budget amounts (e.g., a daily budget, a weekly budget, a total 
budget, etc.). In some cases, a bid amount may correspond to 
the amount the third-party provider is willing to pay in 
exchange for their content being presented at user devices 
104. In some implementations, the bid amount may be on a 
cost per impression or cost per thousand impressions (CPM) 
basis. In further implementations, a bid amount may corre 
spond to a specified action being performed in response to the 
third-party content being presented at a user device 104. For 
example, a bid amount may be a monetary amount that the 
third-party content provider is willing to pay, should their 
content be clicked on at the client device, thereby redirecting 
the client device to the provider's webpage or another 
resource associated with the content provider. In other words, 
a bid amount may be a cost per click (CPC) bid amount. In 
another example, the bid amount may correspond to an action 
being performed on the third-party provider's website, such 
as the user of the user device 104 making a purchase. Such 
bids are typically referred to as being on a cost per acquisition 
(CPA) or cost per conversion basis. 
0106 A campaign created via content management sys 
tem 108 may also include selection parameters that control 
when a bid is placed on behalf of a third-party content pro 
vider in a content auction. If the third-party content is to be 
presented in conjunction with search results from a search 
engine, for example, the selection parameters may include 
one or more sets of search keywords. For instance, the third 
party content provider may only participate in content auc 
tions in which a search query for “golf resorts in California 
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is sent to a search engine. Other illustrative parameters that 
control when a bid is placed on behalf of a third-party content 
provider may include, but are not limited to, a topic identified 
using a device identifier's history data (e.g., based on 
webpages visited by the device identifier), the topic of a 
webpage or other first-party content with which the third 
party content is to be presented, a geographic location of the 
client device that will be presenting the content, or a geo 
graphic location specified as part of a search query. In some 
cases, a selection parameter may designate a specific 
webpage, website, or group of websites with which the third 
party content is to be presented. For example, an advertiser 
selling golf equipment may specify that they wish to place an 
advertisement on the sports page of an particular online news 
paper. 

0107 Content management system 108 may also be con 
figured to suggest a bid amount to a third-party content pro 
vider when a campaign is created or modified. In some imple 
mentations, the Suggested bid amount may be based on 
aggregate bid amounts from the third-party content provid 
er's peers (e.g., other third-party content providers that use 
the same or similar selection parameters as part of their cam 
paigns). For example, a third-party content provider that 
wishes to place an advertisement on the sports page of an 
online newspaper may be shown an average bid amount used 
by other advertisers on the same page. The Suggested bid 
amount may facilitate the creation of bid amounts across 
different types of client devices, in some cases. In some 
implementations, the suggested bid amount may be sent to a 
third-party content provider as a Suggested bid adjustment 
value. Such an adjustment value may be a Suggested modifi 
cation to an existing bid amount for one type of device, to 
enter a bid amount for another type of device as part of the 
same campaign. For example, content management system 
108 may suggest that a third-party content provider increase 
or decrease their bid amount for desktop devices by a certain 
percentage, to create a bid amount for mobile devices. 
0108. In some implementations, environment 100 may 
include multiple content management systems 108. For 
example, a first content management system 108 may be 
configured to select content items for presentation via a first 
medium, Such as search-based medium (e.g., a search results 
interface presented by a search engine). A second content 
management system 108 may be configured to select content 
items for presentation via a second medium, Such as a video 
based medium (e.g., video-based content items embedded 
within content from a video service). In various implementa 
tions, content management systems 108 may be configured to 
select content items to present over a variety of different 
media, such as search-based media, video-based media, 
audio-based media, location-based media (e.g., a mapping 
service), application-based media (e.g., interfaces embedded 
within application resources), display-based media (e.g., 
interfaces embedded within resources Such as webpages), etc. 
0109 Analysis system 150 may be configured to analyze 
event data 164 relating to user interactions via user devices 
104 with content items from one or more content campaigns, 
and attribute interaction events 165, such as clicks 166 and/or 
conversions 167 to impressions 168. Based on the attribution, 
analysis system 150 may assign interaction events 165 to 
frequency groups 182 based on a number of impressions 168 
attributed to the interaction events 165. Analysis system 150 
may include one or more processors (e.g., any general pur 
pose or special purpose processor), and may include and/or be 
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operably coupled to one or more memories (e.g., any com 
puter-readable storage media, such as a magnetic storage, 
optical storage, flash storage, RAM, etc.). In various imple 
mentations, analysis system 150 and a content management 
system 108 may be implemented as separate systems or inte 
grated within a single system (e.g., a content management 
system 108 may be configured to incorporate some or all of 
the functions/capabilities of analysis system 150). 
0110 Analysis system 150 may include one or more mod 
ules (e.g., implemented as computer-readable instructions 
executable by a processor) configured to perform various 
functions of analysis system 150. Analysis system 150 may 
include an attribution module 152 configured to analyze event 
data 164 and attribute interaction events 165 to one or more of 
impressions 168 and/or other interaction events 165. In some 
illustrative implementations, attribution module 152 may 
attribute an interaction event 165 to an impression 168 having 
a same campaign identifier 169 and device identifier 170 
(e.g., browser cookie, device serial number, etc.), and having 
a timestamp 171 indicating that the impression 168 occurred 
prior to the interaction event 165. Attribution module 152 
may also attribute the interaction event 165 to one or more 
other impressions 168 provided to a user prior to that impres 
sion 168. Thus, in one illustrative implementation, if a click 
166 (e.g., a selection of a content item by a user) occurred 
after four associated impressions 168, attribution module 152 
may attribute the click 166 to the four impressions 168. 
0111. In some implementations, analysis system 150 may 
include a cross-campaign attribution module 154 configured 
to attribute interaction events 165 to impressions 168 and/or 
other interaction events 165 across multiple campaigns. 
Cross-campaign attribution module 154 may identify one or 
more campaign groupings 184 including multiple content 
campaigns. Campaign groupings 184 may each be identified 
according to the individual campaign identifiers 169 of their 
component campaigns and/or by an aggregate identifier 186 
for the grouping. Cross-campaign attribution module 154 
may be configured to attribute an interaction event 165 having 
a first campaign identifier 169 associated with a first cam 
paign to one or more impressions 168, one or more of which 
may have a second campaign identifier 169 associated with a 
second campaign. In some implementations, the interaction 
event 165 may also be attributed to one or more other inter 
action events 165, such as clicks 166, that may be associated 
with the same campaign or a different campaign as the inter 
action event 165. In some implementations, an interaction 
event 165 associated with one type of media may be attributed 
to impressions 168 and/or other interaction events 165 asso 
ciated with other types of media. 
0112. In some implementations, analysis system 150 may 
include a bucketing module 156 configured to assign interac 
tion events 165 to frequency groups 182 and generate reach 
and frequency data 180. Bucketing module 156 may assign 
each interaction event 165 being analyzed to at least one of 
multiple frequency groups 182 based on a number of impres 
sions 168 to which the interaction event 165 is attributed. For 
instance, a first interaction event 165 attributed to three 
impressions 168 may be assigned to a first frequency group 
182 associated with a frequency of three, and a second inter 
action event 165 attributed to five impressions 168 may be 
assigned to a second frequency group 182 associated with a 
frequency of four or more. 
0113 Bucketing module 156 may generate reach and fre 
quency data 180 based on the assignments. Reach and fre 
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quency data 180 may include a number of interaction events 
165 assigned to each frequency group 182. For instance, 
reach and frequency data 180 may indicate, for a particular 
time period, that a frequency group 182 associated with four 
impressions includes 500 clicks 166 and 75 conversions 167. 
In some implementations, bucketing module 156 may be 
configured to generate data for display to a content provider 
based on reach and frequency data 180, and the content pro 
vider may use the data to evaluate the effectiveness of one or 
more campaigns. 
0114. In some implementations, system 150 may include a 
late event module 158 configured to handle processing of 
interaction events 165 occurring after a deadline. In some 
illustrative implementations, system 150 may process events 
in periodic timeframes, such as using a daily, 24-hour report 
ing period. An interaction event 165 occurring shortly after a 
last impression 168 to which the interaction event 165 is 
attributed (e.g., before a deadline at the end of the reporting 
period) may be represented within a same normal event data 
item 174 as the impression 168. In some implementations, 
some interaction events 165 (e.g., some conversions 167) 
may occur after the deadline. For instance, some conversions 
167 may occur up to thirty days or more after a last impression 
168 is provided to a user. 
0115 Late event module 158 may handle such interaction 
events 165 using one or more separate data items. For 
instance, in some implementations, normal event data items 
174 may be defined as having a positive impression count. If 
a separate normal event data item 174 is used to represent a 
late interaction event 165, it will cause the impression count 
to increase above the amount of actual impressions 168 dis 
played to the user. In some implementations, late event mod 
ule 158 may use a late event data item 176 that is defined as 
having an impression count of Zero to represent the late inter 
action event 165. In some implementations, late event module 
158 may use a negative event data item 178 configured to 
cancel an effect of a normal event data item 174 including the 
last impression 168 and/or one or more other impressions 168 
to which the late interaction event 165 is attributed. Late event 
module 158 may then generate a new normal event data item 
174 including the events reflected in the cancelled normal 
event data item 174 as well as the late interaction event 165. 
Using either of late event data items 176 or negative event data 
items 178 may allow system 150 to preserve a periodic report 
ing structure using normal event data items 174 and still 
handle late events without causing inaccuracies in the impres 
sion counts for those events. 
0116. In some implementations, system 150 may include a 
grouping module 160 configured to generate groupings of 
campaigns and/or events. In some illustrative implementa 
tions, grouping module 160 may generate one or more cam 
paign groupings 184. Each campaign grouping 184 may 
include two or more campaigns, and the campaigns may be 
related to a same medium or different media. In some imple 
mentations, grouping module 160 may generate campaign 
groupings 184 based at least in part on user input (e.g., a 
content provider may select the campaigns to be grouped). In 
Some implementations, grouping module 160 may generate 
campaign groupings 184 based at least in part on character 
istics of the campaigns, such as a content category, bid values/ 
ranges, geographic targets, etc. 
0117. In some implementations, grouping module 160 
may generate event groupings 188. In some Such implemen 
tations, event groupings 188 may be generated based on the 
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events belonging to the same campaign grouping 184. In 
Some implementations, event groupings 188 may be gener 
ated based on characteristics of the events, such as time char 
acteristics 190 (e.g., a time at which the events occurred) 
and/or other characteristics 192 (e.g., based on characteristics 
data 173 of the events, such as a location associated with the 
events, a subject matter or category of the events, etc.). Some 
event groupings 188 may be generated based on both a tim 
eZone (e.g., indicated by a timeZone key 172) and a local time 
(e.g., indicated by a timestamp 171) of the events, and other 
event groupings may be generated based on only one of the 
timeZone and the local time. 

0118 Referring now to FIG. 2, a block diagram of an 
analysis system 200 is shown according to an illustrative 
implementation. System 200 is a more detailed implementa 
tion of system 150, according to one illustrative implemen 
tation. System 200 reach and frequency hub (R&F hub) 220 
that operates as a backend coordination module for functions 
of system 200. R&F hub 220 is configured to communicate 
with a frontend 205 that provides information to and/or 
receives input from content provider devices 106. In some 
implementations, frontend 205 may facilitate a network-ac 
cessible interface. Such as a web portal, through which con 
tent provider devices 106 may communicate with R&F hub 
220. Access for new content providers and/or content pro 
vider devices 106 may be regulated using a registration mod 
ule 210, which may authenticate one or more credentials 
associated with content providers and/or content provider 
devices 106 and determine whether or not frontend 205 
should permit access to each content provider device 106. 
0119. In some implementations, system 200 may include a 
data sharing module 215 configured to communicate with 
content management systems 108. Data sharing module 215 
may receive log information from a content management 
system 108 indicating data such as impressions presented by 
content management system 108, clicks made by users after 
being presented with the impressions, conversion actions 
completed by users, and/or other types of interaction infor 
mation. In some implementations, data sharing module 215 
may also receive information regarding the content cam 
paigns relating to the interactions, such as campaign identi 
fiers, characteristics of the campaigns and/or content items of 
the campaigns, etc. Data sharing module 215 may transmit 
the received information to R&F hub 220, which may store 
the information in a backend datastore 225. 

I0120 R&F hub 220 may provide the log data to an attri 
bution module 230 configured to process the log data and 
generate event data indicative of attributions of events to other 
events, such as impressions and/or other interaction events. 
For instance, attribution module 230 may receive log files 
indicative of a conversion, a click, and three impressions, all 
of which are associated with the same campaign and device 
identifiers (e.g., indicating that the events were all related to 
the same campaign and presented to the same user device 
104). In some implementations, attribution module 230 may 
attribute the conversion to the click and the three impressions 
that occurred prior to the click. In some implementations, 
attribution module 230 may additionally or alternatively 
attribute the click to the three impressions occurring before 
the click. Attribution module 230 may generate event data 
configured to provide an indication of the attribution relation 
ship between the events. 
I0121 The processed event data may be received by an 
event counter 235 configured to compute event counts based 
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on the event data. In some implementations, event counter 
235 may compute event counts over a predetermined time 
frame for each device/user identifier. In some implementa 
tions, event counter 235 may compute the event counts for 
each combination of device/user identifier and timeZone key, 
for example, to preserve different timeZone keys correspond 
ing to different events (e.g., in different media) pertaining to 
the same device/user identifier. The processed event counts 
may be stored in an event table 240. 
0122. In some implementations, the timeframe over which 
event counter 235 counts the events may be relatively long, 
Such as an hour. In Such implementations, multiple events 
may be aggregated together within the same count, which 
may make it difficult to discern the events for the purpose of 
assigning events to different frequency buckets in different 
event groupings. In some implementations, event counter 235 
may use a very short timeframe, such as one second, to 
increase alikelihood that each event will be counted individu 
ally and individually reflected in event table 240. In some 
implementations, event counter 235 may count each event 
individually and may not aggregate event counts over a time 
frame. 

0123. In some implementations, system 200 may include a 
grouping key expander 245 configured to generate various 
grouping keys based on the characteristics of the events. In 
Some Such implementations, grouping key expander 245 may 
receive the event data and/or characteristic data relating to the 
events from event counter 235 and/or event table 240. Group 
ing key expander 245 may analyze the characteristic data of 
the events and determine one or more characteristics and/or 
combinations of characteristics relating to the events. For 
example, different characteristic sets may be identified based 
on combinations of characteristics such as campaign identi 
fiers, campaign groupings, categories (e.g., sports, home, 
food, etc.), geographic location (e.g., country, city, county, 
continent, region, etc.), time data (e.g., timeZone, time range, 
etc.), and/or other types of characteristics. In some implemen 
tations, grouping key expander 245 may identify some or all 
possible combinations of the various characteristics reflected 
in the event data. Each combination of characteristics may be 
reflected within a grouping key, and grouping key expander 
245 may provide the generated grouping keys to a bucketer 
250 for use in assigning events to various frequency buckets 
for various combinations of characteristics. In some imple 
mentations, grouping key expander 245 may allow updates to 
one or more characteristics, such as campaigns in the group 
ings. In some implementations, system 200 may update the 
historical frequency buckets without re-processing the his 
torical logs. 
0.124 Bucketer 250 is configured to assign events to dif 
ferent frequency groups based on the number of events (e.g., 
impressions) to which they are attributed. Bucketer 250 may 
retrieve processed event count data from event table 240, and 
may compute event counts for the different combinations of 
characteristics generated by grouping key expander 245. For 
instance, in one illustrative implementation, bucketer 250 
may compute event counts for each of a first grouping key 
corresponding to a first timeZone, a second grouping key 
corresponding to the first timeZone and a first time range, a 
third grouping key corresponding to the first timeZone, first 
time range, and a first device type, a fourth grouping key 
corresponding to a second timeZone, a fifth grouping key 
corresponding to the second timeZone and a second device 
type, etc. 
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0.125. In some implementations, for each grouping key, 
bucketer 250 may generate one or more tables for use in 
assigning events to frequency groups and determining the 
number of events associated with each frequency group. For 
instance, in one illustrative implementation, for each group 
ing key, bucketer 250 may generate a first table for use in 
determining a reach for each frequency group (e.g., a number 
of users presented with impressions a number of times asso 
ciated with the frequency group), a second table for use in 
determining a number of clicks attributed to a number of 
impressions associated with the frequency group, and a third 
table for use in determining a number of conversions attrib 
uted to a number of impressions associated with the fre 
quency group. The entries of event table 240 selected for use 
in generating each table may be determined based on the 
entries having characteristics that match the characteristics 
associated with the grouping key. In some implementations, 
the tables may be correlated to groups of timeframes (e.g., 
one row per day), such that bucketer 250 may determine event 
totals for arbitrary time/date ranges (e.g., arbitrary ranges 
selected by a content provider). The tables and/or other data 
(e.g., aggregated event total data) may be stored in a bucket 
table 255. R&F hub 220 may access the information stored in 
bucket table 255, for example, for use in reporting the infor 
mation to a content provider device 106 via frontend 205. 
0.126 FIG. 3 illustrates click and conversion attribution 
according to one illustrative implementation. Each event may 
have associated characteristics, such as content group, cam 
paign, account (e.g., content provider identifier), date, time, 
etc., which may be stored in or otherwise associated with the 
event data items. In some implementations, conversions may 
be attributed to either a click, an impression, or both. When a 
conversion occurs, the system may look back for clicks and/or 
impressions to which the conversion should be attributed 
(e.g., look back a predetermined time period. Such as 30 days 
prior to the conversion). If there is an associated click (e.g., a 
click having the same account identifier, campaign identifier, 
and/or device/user identifier), the conversion may be attrib 
uted to the last click. The conversion and/or click may in turn 
be attributed to one or more impressions displayed to the user 
prior to the click. In some implementations, impressions after 
the click may be ignored. Such a conversion may be referred 
to as a click-through conversion, or CTC, because it is attrib 
uted to a click. If there is not a click, the conversion may be 
attributed to a last impression. The conversion and/or last 
impression may in turn be attributed to Zero or more impres 
sions occurring prior to the last impression. Such a conversion 
may be referred to as a view-through conversion, or VTC, 
because it is attributed to a view of an impression, rather than 
a click. If there are no clicks or impressions, in some imple 
mentations, the conversion may remain unattributed and may 
be discarded. 

I0127. In the illustrated implementation, a first CTC 305 is 
attributed to a first click 325, which is in turn attributed to an 
impression335. In some implementations, first CTC 305 may 
be attributed to first click 325 and impression335 because all 
three may share a common campaign identifier and device? 
user identifier, indicating that the events all represent interac 
tions with a particular user pertaining to the same campaign. 
A second CTC 310 and a third CTC 315 may both be attrib 
uted to a preceding click 330, which may also be attributed to 
impression 335. Finally, a VTC 320 may be attributed to 
impression 335 but not to either of clicks 325 or 330 (e.g., 
based on characteristics of VTC 320 and clicks 325 and 330). 
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0128 FIG. 4 is another illustration of click and conversion 
attribution including frequency values according to an illus 
trative implementation. A CTC 405 is attributed to a click 
420, which is in turn attributed to a last impression 425 and a 
prior impression 430. In the illustrated implementation, CTC 
405 is assigned a frequency value of two, despite the fact that 
four impressions, including impressions 410 and 415, were 
displayed prior to CTC 405, because CTC 405 is attributed to 
the last click 420. In this implementation, because impres 
sions 410 and 415 occur after click 420, they are ignored. In 
other implementations, impressions 410 and 415 may be 
counted within the frequency count or otherwise accounted 
for in determining the frequency value associated with CTC 
405. 

0129 FIG.5 illustrates a flow diagram of a process 500 for 
attributing interaction events to impression events and assign 
ing events to frequency groups according to an illustrative 
implementation. While the discussion of FIG. 5 below (as 
well as various other figures) makes reference to both FIGS. 
1 and 5, it should be understood that the illustrative analysis 
system 200 shown in FIG. 2 could also be used to perform the 
operations shown in FIG. 5 and discussed below. 
0130. Analysis system 150 may be configured to identify 
one or more interaction events 165 relating to one or more 
content campaigns (505). Interaction events 165 may include 
any type of events representing interaction of a user with 
content from the content campaign(s). In some implementa 
tions, interaction events 165 may include clicks 166 repre 
senting selections of content item impressions. In some 
implementations, interaction events 165 may include conver 
sions 167. Such as purchases of products and/or services by 
users, Submission of requested information by users, and/or 
other types of user actions desired by a content provider. In 
Some implementations, analysis system 150 may identify 
relevant interaction events 165 within log databased on the 
interaction events 165 having associated campaign identifiers 
169 that match an identifier of a campaign for which analysis 
is to be performed. 
0131 Analysis system 150 may identify one or more 
impressions 168 relating to the content campaign(s) (510). 
Each impression 168 may represent an instance of a content 
item being presented to a user via a user device 104. In some 
implementations, analysis system 150 may identify relevant 
impressions 168 based on the impressions 168 having asso 
ciated campaign identifiers 169 that match an identifier of a 
campaign for which analysis is to be performed. 
0.132. In some implementations, interaction events 165 
and/or impressions 168 may have associated characteristics 
that may be used to identify interaction events 165 and/or 
impressions 168, attribute events to one another, and/or oth 
erwise analyze interaction events 165 and/or impressions 
168. For instance, interaction events 165 and/or impressions 
168 may have a campaign identifier 169 that identifies one or 
more campaigns with which the content associated with the 
interaction events 165 and/or impressions 168 is associated. 
0133. In some implementations, interaction events 165 
and/or impressions 168 may have a timestamp 171 indicating 
a time and/or date associated with the event. In some imple 
mentations, timestamp 171 may provide a local time associ 
ated with the event. In some illustrative implementations, the 
interaction events 165 and/or impressions 168 to be analyzed 
may be selected based on a time range associated with the 
analysis (e.g., a user-selected time range. Such as an arbitrary 
time range). For instance, in Some illustrative implementa 
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tions, the only impressions 168 included in the analysis may 
be those whose timestamps 171 indicate that they occurred 
within a particular date and/or time range (e.g., clicks 166 
and/or conversions 167 may or may not be included in the 
date/time range). In some implementations, only clicks 166 
and/or conversions 167 occurring within the date/time range 
may be included in the analysis (e.g., impressions 168 may or 
may not occur within the date/time range). In some imple 
mentations, interaction events 165 and/or impressions 168 
may have multiple timestamps 171 (e.g., one that indicates a 
time at which the event occurred, and one that indicates a time 
at which the event was logged by a content management 
system 108, analysis system 150, or another system). 
I0134. In some implementations, interaction events 165 
and/or impressions 168 may have a timeZone key 172 that 
provides an indication of a timeZone associated with the event 
(e.g., U.S. Eastern timeZone, British timeZone, etc.) In some 
implementations, timeZone key 172 may include an indirect 
indication of a timeZone, such as a content provider identifier 
that identifies a content provider located in a particular loca 
tion, or a location identifier providing a location associated 
with the event. In some implementations, interaction events 
165 and/or impressions 168 may have other associated char 
acteristic data 173, such as a location associated with the 
event, a category of Subject matter associated with the event 
(e.g., category associated with the content item related to the 
event), etc. 
0.135 Analysis system 150 may attribute each interaction 
event 165 to one or more of impressions 168 occurring prior 
to interaction event 165 (515). Attribution, in this context, 
may include direct attribution of an interaction event 165 to a 
first impression 168, as well as indirect attribution of the 
interaction event 165 to Zero or more impressions 168 occur 
ring prior to the first impression 168. In some implementa 
tions, the associated interaction events 165 and impressions 
168 may be determined based on campaign identifier 169 and 
timestamp 171 of the events. For instance, in one illustrative 
implementation, an interaction event having a campaign 
identifier CampaignID1 and a timestamp indicating the inter 
action event occurred on Jun. 6, 2014 at 12 PM may be 
attributed to a first impression having the campaign identifier 
CampaignID1 and a timestamp of Jun. 6, 2014 at 11:55 AM, 
but may not be attributed to a second impression having a 
campaign identifier CampaignID2 (e.g., because the cam 
paign identifiers do not match) or a third impression having a 
timestamp of Jun. 7, 2014 at 12 PM (e.g., because the impres 
sion occurred after the interaction event). In some implemen 
tations, system 150 may determine the associated interaction 
events 165 and impressions 168 based on other criteria. In 
Some implementations, system 150 may determine the asso 
ciated interaction events 165 and impressions 168 based on 
timeZone key 172. For instance, in one illustrative implemen 
tation, an interaction event associated with the U.S. Eastern 
timeZone may be attributed to a first impression associated 
with the same timeZone, but may not be attributed to a second 
impression associated with the British timeZone. In some 
implementations, system 150 may determine the associated 
interaction events 165 and impressions 168 based on charac 
teristic data 173 (e.g., a category with which the interaction 
events 165 and impressions 168 are associated). 
0.136. In some implementations, analysis system 150 may 
attribute a click 166 to one or more impressions 168. Analysis 
system 150 may attribute (e.g., directly attribute) the click 
166 to a last impression 168 occurring before the click 166 
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(e.g., based on timestamp 171 associated with the click 166 
and last impression 168) that meets the criteria for attribution 
(e.g., campaign identifier 169 that matches a campaign iden 
tifier 169 for the click 166 and/or campaign identifiers 169 for 
the campaigns being analyzed, matches characteristics for the 
analysis, Such as geographic criteria, etc.). The click 166 may 
also be indirectly attributed to Zero or more impressions 168 
occurring before the last impression 168. 
0.137 In some implementations, analysis system 150 may 
attribute a conversion 167 to one or more impressions 168. 
FIG. 6 illustrates a flow diagram of a process 600 for attrib 
uting a conversion 167 to one or more clicks 166 and/or 
impressions 168 according to an illustrative implementation. 
System 150 may determine whether there is a click 166 asso 
ciated with the conversion 167 (605, 610). In some imple 
mentations, system 150 may determine whether conversions 
167 are associated with clicks 166 and/or impressions 168 in 
a manner similar to that described above with respect to the 
attribution of clicks 166. 

0138 If there is a click 166 associated with the conversion 
167, system 150 may classify the conversion 167 as a click 
through conversion (CTC), and may attribute the conversion 
167 to the click 166 and one or more impressions 168 occur 
ring before the click 166 (615). In some implementations, 
system 150 may disregard any impressions 168 provided to 
the user after the last click 166. In some implementations, 
system 150 may attribute the CTC to multiple clicks 166 
and/or multiple impressions 168. 
0.139. If there is not a click 166 associated with the con 
version 167, system 150 may classify the conversion 167 as a 
view-through conversion (VTC), and may attribute the con 
version 167 to a last impression 168 provided prior to the 
conversion 167 (620). The VTC may also be attributed (e.g., 
indirectly) to one or more impressions 168, if any, occurring 
prior to the last impression 168 prior to the VTC. In some 
implementations, if there are no impressions 168 associated 
with the conversion 167, the conversion 168 may remain 
unclassified and may be discarded. 
0140. The process described above with respect to FIG. 6 

is provided for purposes of illustration. It should be under 
stood that, in other implementations, conversions may be 
attributed in othermanners. For instance, a conversion may be 
attributed to any impressions occurring prior to the conver 
Sion, regardless of whether they occurred after a last click. 
0141 Referring again to FIGS. 1 and 5, system 150 may 
determine, for each interaction event 165 being analyzed, a 
number of impression 168 to which the interaction event 165 
is attributed (520). System 150 may determine a frequency 
value for each interaction event 165 based on this determina 
tion. For instance, if a CTC is attributed to a click and three 
impressions prior to the click, the CTC may be determined to 
have a frequency value of three (e.g., based on the three 
impressions. System 150 may assign each interaction event 
165 to a frequency group 182 based on the number of impres 
sions 168 to which interaction event 165 is attributed (525). 
For instance, all interaction events 165 attributed to three 
impressions may be assigned to one frequency group 182, all 
interaction events 165 attributed to four impressions may be 
assigned to another frequency group 182, etc. 
0142 System 150 may determine, for each frequency 
group 182, a number of interaction events 165 assigned to the 
frequency group 182 (530). In some implementations, system 
150 may store the event data, including the attribution infor 
mation, in a format that allows for system 150 to determine 
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event totals for different combinations of criterial dimensions 
and/or time ranges. For instance, in some implementations, 
system 150 may be store the event and attribution data in a 
format, such as a table or set of tables, that allows system 150 
to identify a date and/or time range (e.g., based on input from 
a content provider) and determine the event totals based on 
the time range (e.g., based on the impressions 168 and/or 
interaction events 165 falling within the arbitrary time range 
provided by the content provider). In some implementations, 
system 150 may generate reach and frequency data 180 for 
the different criteria for presentation to a content provider via 
a content provider device 106. In some implementations, 
system 150 may determine the event totals for several differ 
ent types of interaction events, such as clicks, click-through 
conversions and view-through conversions. 
0143. In some implementations, system 150 may addi 
tionally or alternatively determine a reach for each frequency 
group 182, or number of users provided with impressions 
from the campaign(s) a number of times associated with the 
frequency group (535). In some such implementations, sys 
tem 150 may determine, for each of one or more impressions, 
a number of other impressions to which the impression is 
attributed. For instance, if an impression occurs after three 
impressions having a same campaign identifier 169 and 
device identifier 170, the impression may be assigned to a 
frequency group associated with four impressions (e.g., the 
impression and the three prior impressions). For each fre 
quency group, system 150 may determine a number of 
impressions assigned to the frequency group. 
014.4 FIG. 7 provides an illustration of click and conver 
sion attribution with different time ranges according to an 
illustrative implementation. As discussed above, in some 
implementations, system 150 may be configured to adjust 
attribution and event total calculations based on a timeframe. 
In some implementations, system 150 may be configured to 
determine attribution and event totals based on an arbitrary 
timeframe. Such as a timeframe received from a content pro 
vider (e.g., a date and/or time range). In the illustrated imple 
mentation, a first time range 705 includes all of several 
impressions 720,725,735,745, and 750, as well as a conver 
sion 730 and a click 740. A second time range 710 includes 
only impressions 725,735, and 745, as well as conversion 730 
and click 740. 
0145. In the illustrated implementation, for time range 
705, system 150 attributes a conversion 715, occurring after 
both time ranges 705 and 710, to click 740. In turn, both 
conversion 715 and click 740 are attributed to impression 
745. Conversion 715 and click 740 are also attributed to 
impression 750, as impression 750 is within time range 705. 
Impression 730 is also attributed to click 740 and impressions 
745 and 750. Thus, for time range 705, system 150 identifies 
a total of two click-through conversions (715 and 730, attrib 
uted to click 740) with a frequency of two (attributed to two 
impressions 745 and 750) and one click (740) with a fre 
quency of two (attributed to two impressions 745 and 750). 
System 150 also identifies one impression with a frequency of 
five (impression 720, which is attributed to four prior impres 
sions 725,735,745, and 750). These determinations are illus 
trated in table 800 shown in FIG. 8. 
0146 For time range 710, system 150 again attributes 
conversions 715 and 730 to click 740 and impression 745. 
However, system 150 does not attribute conversions 715 and 
730 or click 740 to impression 750, as impression 750 is 
outside of time range 710. Thus, for time range 710, system 
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150 identifies a total of two click-through conversions (715 
and 730, attributed to click 740) with a frequency of one 
(attributed only to impression 745) and one click (740) with a 
frequency of one (attributed only to impression 745). System 
150 also identifies one impression with a frequency of three 
(impression 725, which is attributed to four prior impressions 
735 and 745), as impressions 720 and 750 fall outside of time 
range 710. These determinations are illustrated in table 900 
shown in FIG. 9. 

0147 In some implementations, reports may be sliced 
between multiple sites (e.g., multiple timeZones, geographic 
areas, etc.). FIG. 10 illustrates click and conversion attribu 
tion with different sites according to an illustrative implemen 
tation. In some implementations, attributions may be a con 
stant input to the pipeline and may not be affected by slicing 
in different dimensions/criteria, but reporting numbers may 
be updated to reflect the slicing. 
0148. In the illustrated implementation, a first site 1005 
includes a click 1025 and two impressions 1035 and 1045. A 
second site 1010 includes a click 1040 and impressions 1030 
and 1050. A combined site 1015 includes both sites 1005 and 
1010. 

0149. In the illustrated implementation, for the combined 
site, system 150 attributes a conversion 1020 to click 1025 
and impressions 1035, 1045, and 1050. Click 1025 is attrib 
uted to impressions 1035, 1045, and 1050. Click 1040 is 
attributed to impression 1050. Thus, system 150 identifies a 
click-through conversion (1020, attributed to click 1025) with 
a frequency of three (attributed to impressions 1035, 1045. 
and 1050), a click (1025) with a frequency of three (attributed 
to impressions 1035, 1045, and 1050), and a click (1040) with 
a frequency of one (attributed to impression 1050). System 
150 also identifies one impression with a frequency of four 
(last impression 1030, attributed to impressions 1035, 1045, 
and 1050). These attributions are reflected in table 1100 of 
FIG 11. 

0150. For site 1005 only, system 150 attributes conversion 
1020 to click 1025 and impressions 1035 and 1045, but not to 
impression 1050, as it is outside of site 1005. Click 1025 is 
also attributed to only impressions 1035 and 1040 for the 
same reason. Last impression 1035 for site 1005 is attributed 
to impression 1045. Thus, for site 1005, system 150 identifies 
one click-through conversion (1020, attributed to click 1025) 
with a frequency of two (attributed to impressions 1035 and 
1045), one click (1025) with a frequency of two (attributed to 
impressions 1035 and 1045), and one impression (1035) with 
a frequency of two (attributed to impression 1045). These 
attributions are reflected in table 1200 of FIG. 12. 

0151. For site 1010 only, system 150 attributes click 1040 
to impression 1050 and impression 1030 to impression 1050. 
Conversion 1020 is attributed to click 1025, which is outside 
of site 1010, and, as a result, conversion 1020 is not included 
in the reporting for site 1010. Thus, for site 1010, system 150 
identifies one click (1040) with a frequency of one (attributed 
to impression 1050) and one impression (1030) with a fre 
quency of two (attributed to impression 1050). These attribu 
tions are reflected in table 1300 of FIG. 13. 

0152 FIG. 14 shows another illustrative click and conver 
sion attribution as well as an illustrative representation of an 
aggregated log configured to reflect the attribution according 
to one implementation. In the illustrated implementation, two 
conversions 1405 and 1415 are each attributed to a click 1420, 
which is in turn attributed to an impression 1425. In some 
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implementations, conversions 1405 and 1415 and click 1420 
may also be attributed to impressions 1430. 
0153. Log 1450 is configured to represent each of the 
illustrated events, including the attributions. In the illustrated 
implementation, log 1450 includes an entry corresponding to 
each of three impressions 1410, 1425, and 1430. Each of log 
entries 1455, 1460, and 1465 may include an indication of a 
number of clicks, click-through conversions, and view 
through conversions directly attributed to the impression 
(e.g., such that the impression is the last impression provided 
before the click/conversion). In some implementations, in an 
event countertable, each impression may be represented by a 
triple of integers, with separate integers representing a num 
ber of clicks, click-through conversions, and view-through 
conversions directly attributed to the impression. 
0154 Log entry 1460, corresponding to impression 1425, 
reflects an impression count of one (impression 1425), a click 
count of one (click 1420), and a click-through conversion 
count of two (conversions 1405 and 1415). Log entries 1465 
and 1455, corresponding to impressions 1430 and 1410, 
respectively, include only impression counts, because no 
clicks/conversions are directly attributed to impressions 1430 
and 1410. In some implementations, log1450 may include, or 
have associated therewith, a representation of a time relation 
ship between the impressions (e.g., timestamps for each 
impression). Based on the time relationship, system 150 may 
determine that click 1420 and conversions 1405 and 1415 are 
also attributable to impression 1430, corresponding to log 
entry 1465, because impression 1430 occurred before 
impression 1425. 
(O155 FIG. 15 illustrates a block diagram 1500 of log 
processing and reach and frequency portions of analysis sys 
tem 200, shown in FIG. 2, according to an illustrative imple 
mentation. FIG. 15 provides an illustrative implementation of 
how data may be structured in various components of the log 
processing and reach and frequency portions of system 200. 
0156 System 200 may receive log data 1505 representa 
tive of one or more types of user interaction events, such as 
impressions, clicks, and/or conversions, from one or more 
content management systems 108. In some implementations, 
each log entry may indicate a campaign identifier and/or 
device/user identifier associated with the entry, which may 
allow system 200 to correlate events to determine whether 
they are associated with a same device/user and/or same 
campaign or group of campaigns. Attribution module 230 
may process log data 1505 to identify impressions and deter 
mine events to be attributed to the impressions. 
0157 Attribution module 230 may generate a set of aggre 
gated logs 1510 including data entries indicative of attribu 
tions of interaction events to impressions. In the illustrated 
implementation, each log entry in aggregated logs 1510 rep 
resents an impression and includes an identifier (e.g., a 
devicefuser identifier indicative of a device on which the 
impression was displayed), as well as a number of clicks, 
CTCs, and VTCs directly attributed to the impression (e.g., 
Such that the impression was the last impression provided 
prior to the clickS/CTCs/VTCs). In some implementations, 
fewer, additional, and/or different types of interaction events 
may be represented in aggregated logs 1510 and attributed to 
the impressions. 
0158 Aggregated logs 1510 may be processed by event 
counter 235, which may generate counts of interaction events 
and/or impressions and store the count data in event table 240. 
In Some implementations, event counter 235 may round 
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timestamps and aggregate count data over a particular time 
period. Such as an hour. In some implementations, event 
counter 235 may be designed to count and store entries from 
aggregated logs 1510 on a per-event basis or near-per-event 
basis. For instance, event counter 235 may aggregate count 
data using a short time period, Such as one second. In Such 
implementations, each event may be reflected separately 
within event table 240 unless two events occur within the 
same one second time period. Thus, such an implementation 
may require fairly minimal coding changes while nearly 
always, if not always capturing events individually. 
0159. In the illustrated implementation, each event count 
data entry may be stored within event table 240 with reference 
to an individual device/user identifier (e.g., browser cookie). 
Each event table 240 entry may include an indication of the 
identifier, and a number of impressions, clicks, CTCs, and 
VTCs associated with the identifier. In some implementa 
tions, each event may be stored with reference to a timeZone 
key associated with the event. For instance, ifaggregated logs 
1510 include events for a particular device identifier associ 
ated with different timeZone keys, the events may be logged 
separately in event table 240, with a first entry referencing the 
device identifier and the first timeZone key, and a second entry 
referencing the device identifier and a second timeZone key. 
In some implementations, each event may include two asso 
ciated timestamps (e.g., an event time when the event occurs 
or is handed down within the logs, and a report time at which 
the pipeline becomes “aware' of the event). 
(0160 Bucketer 250 may retrieve the data stored in event 
table 240 and assign the events to frequency groups and 
determine totals of events within each frequency group. In the 
illustrated implementation, bucketer 250 generates a series of 
tables for each grouping key (e.g., each set of characteristics/ 
dimensions to be analyzed). For instance, for each grouping 
key, a first table may be generated for the impressions asso 
ciated with the key, a second table may be generated for the 
clicks, a third table for the CTCs, and a fourth table for the 
VTCs. In some implementations, the tables may provide a 
correlation between particular time periods (e.g., dates) and a 
number of identifiers (e.g., device/user identifiers) whose last 
impression was aparticular time period (e.g., number of days) 
earlier. Such implementations may allow bucketer 250 to 
determine event totals for any arbitrary time range (e.g., user 
selected time range), for example, as described in further 
detail below with respect to the illustrative implementations 
shown in FIGS. 17 through 24. 
0161 FIG. 16 shows another block diagram 1600 of a 
reach and frequency portion of analysis system 200 according 
to an illustrative implementation. Block diagram 1600 illus 
trates that grouping key expander may assign weight vectors 
to the expanded keys, with each weight vector including a 
series of vector parameters corresponding to a set of charac 
teristics/dimensions associated with a key. In some imple 
mentations, each weight vector may represent totals for one 
or more events (e.g., impressions, clicks, conversions, etc.) 
over a particular time period. In some implementations, the 
time period may be made short, Such as one second, so that 
each weight vector is likely to represent a single event. The 
weight vectors may be used by bucketer 250 to generate the 
tables to be stored in buckettable 255 and used in determining 
event totals for the different frequency groups. In some imple 
mentations, a reducer 1605 may perform the summing/total 
ing on the tables to determine event totals for the different 
groups. 
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0162 FIGS. 17 through 24 show illustrative examples and 
frequency computation processes for processing events and 
determining numbers of events associated with each of sev 
eral frequency groups according to illustrative implementa 
tions. In the illustrated implementations, impression and 
click/conversion data is shown for a time period of a 10th 
through a 15th day of a month, with queries run over the 
period R from the 12th through the 15th day. 
0163 Referring specifically to FIG. 17, example data 
including a list of dates upon which impressions are displayed 
and a table totaling the number of impressions per day are 
shown according to an illustrative implementation. Impres 
sion table 1705 indicates the dates on which impressions from 
a particular campaign or campaign grouping were shown to 
users A, B, C, and D. A totals table 1710 indicates the total 
impressions associated with each of the dates. 
(0164 FIG. 18 illustrates an overcount table E. 1800 show 
ing, for each of the dates illustrated in FIG. 17, a count of 
device/user identifiers on the date whose last impression was 
exactly Y days ago (e.g., the same day, one day ago, two days 
ago, etc.). In some implementations, overcount table E 1800 
may be generated by bucketer 250 of FIGS. 2, 15, and 16, 
based, for example, on event data stored in event table 240. A 
separate set of overcount tables may be generated for each of 
multiple grouping keys generated by grouping key expander 
245 (e.g., a separate set of overcount tables for each set of 
characteristics/dimensions). Overcount table E. 1800 also 
includes a column labeled “infinity noting any last impres 
sions occurring more than five days prior to the dates, as well 
as a total column noting totallast impressions for each date. In 
overcount table E. 1800, the bolded values in the day columns 
represents overcounts, or counts associated with identifiers 
that are represented multiple times within the total. The over 
count data may help ensure that the totals generated based on 
the overcount tables are for unique users, and do not overrep 
resent the number of unique users provided with impressions 
in each frequency group. In some implementations, over 
count tables may be described as triangular tables, as their 
data is distributed over a Substantially triangular pattern, as 
shown in FIG. 18. 
(0165 FIG. 19 illustrates an overcount table E, 1900 
corresponding to the data shown in FIG. 17. Overcount table 
E 1900 is similar to overcount table E. 1800, but illustrates, 
for each of the dates, a count of device/user identifiers on the 
date whose second-to-last impression was exactlyY days ago. 
(0166 FIG. 20 illustrates a data flow diagram 2000 of a 
process for determining a reach, or unique number of users 
provided with impressions, for each of several different fre 
quency groups according to an illustrative implementation. 
Block 2005 represents a set of data indicating, for one or more 
days, how many days back a first predecessor (e.g., a last 
impression) was for each identifier (e.g., overcount table E 
1800). Block 2010 represents a set of data indicating how 
many days back a second predecessor (e.g., second-to-last 
impression) was for each identifier (e.g., overcount table E. 
1900). Blocks 2015 and 2020 represent similar sets of data for 
a third predecessor (e.g., third-to-last impression) and fourth 
predecessor (e.g., fourth-to-last impression), respectively. 
Totals for each of E and E based on the illustrative tables 
shown in FIGS. 18 and 19 may be calculated as follows: 
0.167 E: Reached at least 1 time (unique reach) 

E=Totals (4+3+0+2)-Overcount(1+2+1+1)-4{A, 
B,C,D} 

(0168 E: Reached at least 1 to 2 times 
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(0169 Blocks 2025, 2030, and 2035 representa total num 
ber of unique users (identifiers) reached at least two times, 
three times, and four times, respectively. An illustrative cal 
culation of E of block 2025 is presented below: 
(0170 E: Reached at least 2 times 

(0171 E. and E of blocks 2030 and 2035 may be calcu 
lated in a similar manner, with E. E.-E. and E. E. a 
E1.3. 
(0172 Blocks 2040, 2045, and 2050 representa total num 
ber of unique users (identifiers) reached exactly one time, two 
times, and three times, respectively. An illustrative calcula 
tion of R of clock 2040 is presented below: 
(0173 R: Reached exactly 1 time (frequency 1) 

R=E-E-4-3-1{D} 

(0174 R and Rs of blocks 2045 and 2050 may be calcu 
lated in a similar manner, with RE-E and R-E-E. 
0175 FIGS. 21 through 24 provide example overcount 
tables and an illustrative process that may be used to deter 
mine a number of click events for each frequency group. 
While the discussion of FIGS. 21 through 24 references 
clicks, similar tables/processes may be utilized to compute 
other events, such as conversions. FIGS. 21 through 24 make 
reference to the illustrative data below, which shows the same 
list of impressions shown in FIG. 17, but also shows clicks 
attributed to the impressions: 
(0176) 10th: A (a1) 
0177 11th: B (b1), D (d1) 
(0178 12th: A (a2), B (b2), C (c1), A (a3) 
(0179 13th: A (a4), C (c2), D (d2) 
0180 14th: 
0181 15th: B (b3), C (c3) 
0182 FIG.21 illustrates an overcount table C, 2100 show 
ing, for each of the dates illustrated above, a count of clicks on 
the date whose last impression was exactlyY days ago. FIGS. 
22 and 23 illustrate overcount tables C 2200 and C. 2300 
showing counts of clicks whose second-to-last and third-to 
last impression, respectively, was exactly Y days ago. Over 
counted values are shown in bold in tables 2100 through 
23OO. 

0183 FIG. 24 illustrates a data flow diagram 2400 of a 
process for determining a total number of events, such as 
clicks/conversions, for each of several different frequency 
groups according to an illustrative implementation. Block 
2405 represents a total number of clicks that occurred after 
one impression, block 2410 represents a total number of 
clicks that occurred after one to two impressions, block 2415 
represents a total number of clicks that occurred after one to 
three impressions, and block 2420 represents a total number 
of clicks that occurred after one to four impressions. Blocks 
2425, 2430, and 2435 represent a total number of clicks that 
occurred after exactly two, three, and four impressions, 
respectively. An illustrative calculation of C, C, C, C, 
and C is shown below: 
0184 

0185 

C: Clicked after 1 impression 

C: Clicked after 1 to 2 impressions 
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0186 C.: Clicked after 2 impressions 
C=C-C=c2+a3+b3 

0187 C. Clicked after 1 to 3 impressions 
C. Totals-Overcounta2+b2+c1+a3+a4+ 

0188 C.: Clicked after 3 impressions 
C=C-C2a4+c3 

(0189 Similar calculations may be used to determine C. 
0.190 FIG. 25 shows an illustrative user interface 2500 
that may be presented, for example, to a content provider 
according to an illustrative implementation. Interface 2500 
includes information for each of eight different frequency 
groups. The information includes a number of unique users 
presented with impressions, the number of times associated 
with the frequency groups. The information also includes a 
number of clicks, click-through conversions, and view 
through conversions that occurred after users viewed a num 
ber of impressions associated with the frequency groups. 
Interface 2500 also shows a click-through rate for each group 
(e.g., a number of users presented with the impressions who 
clicked through an impression) and a conversion rate for each 
group (e.g., a number of users presented with the impressions 
who performed a converting activity, Such as making a pur 
chase). In various other implementations, other types of infor 
mation may be determined for each frequency group and 
displayed in an interface such as interface 2500. 
0191 In some implementations, system 150 may be con 
figured to aggregate events and impressions to which they are 
attributed within a same data item when they occur within a 
particular time period. For instance, system 150 may utilize a 
single data item to aggregate all impressions and attributed 
clicks, click-through conversions, and view-through conver 
sions that occur within a particular 24 hour time period. 
However, in some cases, events, such as click-through and/or 
view-through conversions, may occur well after the impres 
sions and/or clicks to which they are attributed (e.g., up to 
thirty days or more after the clickS/impressions). In some 
implementations, the normal event data items may be defined 
as having a positive impression count. Thus, if separate nor 
mal data items are used to represent the late conversions, the 
separate items will cause the count of impressions to be 
inaccurate (e.g., the data item for the late conversion will 
include an extra impression that did not actually occur). 
(0192 FIG. 26 is a flow diagram of a process 2600 for 
attributing conversion events to impression events and assign 
ing the conversion events to frequency groups when one or 
more of the conversion events occur after a deadline accord 
ing to an illustrative implementation. In some implementa 
tions, some of the operations of process 2600 may be imple 
mented using features and/or techniques such as those 
described above. 
0193 System 150 may identify an impression event relat 
ing to a content campaign (2605). System 150 may also 
identify a conversion event relating to the content campaign 
(2610). The conversion event may be attributed to the impres 
sion event. 
0194 System 150 may generate a first event data item 
representing impression event (2615). In some implementa 
tions, all related impressions, or all related impressions 
occurring within a particular time period, may be represented 
within the same data item. In some implementations, impres 
sions and/or other related (e.g., attributed) event items may be 
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aggregated over a reporting period. Such as a daily reporting 
period. In some implementations, some or all impressions 
(e.g., the last impression) may be represented within separate 
data items. In some implementations, the data items in which 
the impressions are represented may be "normal data items 
defined as having a positive impression count greater than 
ZO. 

0.195 System 150 may determine whether a timing asso 
ciated with the conversion event is prior to a lapse of a pre 
determined period of time associated with the impression 
event (2620). The predetermined period of time may be a 
reporting period (e.g., 24 hour period) in which a time asso 
ciated with the impression event falls, a threshold amount of 
time after the impression event, or some other period of time. 
In some implementations, system 150 may make this deter 
mination by inspecting a timestamp associated with the con 
version event. If the timestamp indicates a time within a same 
reporting period, for example, system 150 may classify the 
conversion events as an on-time conversion occurring within 
the same reporting period as the impression event. If not, 
system 150 may classify the conversion event as a late-occur 
ring event occurring in a later reporting period. 
0196. If the timing of the conversion event is prior to the 
lapse of the predetermined period of time, system 150 may 
represent the conversion event within the first event data item 
with the impression event (2625). The data item used to 
represent the first conversion event and impression event(s) 
may be a normal data item with a positive impression count 
and a count of Zero or more other events (e.g., clicks and/or 
conversions). 
0197) If the timing of the conversion event is after the lapse 
of the predetermined period of time, system 150 may generate 
at least one separate event data item to represent the conver 
sion event (2630). The first event data item used to represent 
the impression(s) to which the conversion event is attributed 
may be normal data item having a positive impression count. 
If system 150 used a separate normal event item with a posi 
tive impression count to represent the conversion event occur 
ring after the predetermined period of time, this would cause 
the impression count to rise above the actual amount of 
impressions displayed to the user, to which the conversion 
event was attributed. As a result, the conversion event may be 
assigned to the incorrect frequency group (e.g., frequency 
group 5 instead of 4). 
0198 In some implementations, system 150 may address 

this problem using a separate type of data item to accurately 
log the conversion event without causing an inaccuracy in the 
impression count. In some such implementations, system 150 
may record the second conversion event using a pseudo-event 
data item that has an impression count of Zero and, accord 
ingly, does not have an impact on impressions. In some imple 
mentations, the pseudo-event data item may also have a click 
count of Zero to avoid impacting the click count. Such an 
event data item may be represented as PseudoEvent(0,0,ctic 
delta.vtc delta), where the Zeroes represent the counts for the 
impressions and clicks, and the ctic delta and Vtc delta rep 
resent counts for the late-occurring CTCs and VTCs, respec 
tively. In some implementations, the time assigned to the 
pseudo-event may be the time of the last impression to which 
the conversion is attributed. 
0199. In some implementations, system 150 may use a 
combination of a normal event and a negating event to accu 
rately log the conversion event. In Such an implementation, 
the negative event may have a negative count corresponding 
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to parameters (e.g., impressions, clicks, and/or prior conver 
sions) of the first event data item reflecting the impression 
event. The count of parameters from the older, negated first 
event data item may be added to the count of late-occurring 
impressions within a new, normal data item having a positive 
impression count. The negating event may be represented as 
NegatingEvent(imp.click,ctic old, Vtc old), wherein imp, 
click, ctic old, and Vtc old are the number of impressions, 
clicks, CTCs, and VTCs, respectively, reflected in the original 
normal data item. The new normal event may be represented 
as Event (imp.click,ctic new.vtc. new), where imp and click 
are the impressions and clicks negated from the original nor 
mal data item and restored within the new normal data item, 
and cto new and Vtc new are a sum of the CTCs/VTCs, if 
any, reflected in the original normal data item and the late 
occurring CTCs/VTCs. 
0200 System 150 may determine a number of impression 
events to which the conversion event is attributed and assign 
the conversion event to one of a plurality of frequency groups 
based on the determined number of impression events (2635). 
The number of impression events may be determined based 
on the first event data item (e.g., when the conversion timing 
is prior to the lapse of the predetermined period of time), the 
second event data item (e.g., when the conversion timing is 
after the lapse of the predetermined period of time and a 
pseudo-event is used to represent the conversion event), and/ 
or the third event data item (e.g., when the conversion timing 
is after the lapse of the predetermined period of time and a 
negating event and normal event are used to represent the 
conversion event). 
0201 In some implementations, system 150 may be con 
figured to perform attribution and determine event totals asso 
ciated with various frequency groups across campaign group 
ings of two or more campaigns. In some such 
implementations, the campaigns that form the campaign 
grouping may be campaigns within a same medium, Such as 
two search-based campaigns. For instance, a first search 
based campaign relating to an electronic device may be 
grouped with a second search-based campaign relating to 
software for use with the electronic device. In some imple 
mentations, the campaigns of the grouping may be campaigns 
within different media. For instance, the first campaign in the 
grouping may be a search-based campaign relating to the 
electronic device, and the second campaign may be a video 
based campaign relating to the electronic device. Analyzing a 
campaign individually may not account for the effect inter 
actions with respect to other campaigns may have on the 
likelihood of a particular event occurring with respect to the 
campaign. By considering the campaigns together within a 
grouping, system 150 may provide a better indication of how 
the combination of interactions affects the likelihood particu 
lar events occurring, such as conversions and/or clicks. 
(0202 FIG. 27 illustrates a flow diagram of a process 2700 
for attributing interaction events (e.g., conversion events) to 
impression events across a campaign grouping including 
multiple campaigns according to an illustrative implementa 
tion. In some implementations, Some of the operations of 
process 2700 may be implemented using features and/or tech 
niques such as those described above. 
0203 Analysis system 150 may determine a conversion 
event for a campaign grouping of multiple content campaigns 
(2705). Each content campaign may include one or more 
content items to be displayed to users via a content medium, 
Such as a search results interface, a video interface, a mapping 
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interface, etc. The campaign grouping may include two or 
more campaigns associated with a same medium or different 
media. Analysis system 150 may also determine two or more 
impression events occurring prior to the conversion event and 
associated with one of the campaigns in the campaign group 
ing (2710). In some implementations, analysis system 150 
may determine the conversion event and/or impression events 
associated with the campaign grouping based on individual 
account/campaign identifiers associated with the campaigns 
in the grouping. For instance, each conversion and/or impres 
sion event having a campaign identifier that matches a cam 
paign identifier of a campaign in the grouping may be iden 
tified as being associated with the grouping. In some 
implementations, the grouping may be assigned an aggregate 
identifier configured to identify the grouping. For instance, if 
aparticular campaign is involved in three groupings, it may be 
assigned three aggregate identifiers, one for each grouping. In 
Some implementations, the log entries for a campaign may be 
tagged with or otherwise associated with the aggregate iden 
tifiers for the groupings associated with the campaign. 
0204 System 150 may attribute the conversion event to 
one or more of the impression events (2715). In some imple 
mentations and/or for Some conversion events, at least one of 
the impression events may be associated with a different 
campaign (e.g., different campaign identifier) than the con 
version event. In some such implementations, events from 
individual campaigns may be reattributed as if they belong to 
one larger, combined campaign. For instance, in one illustra 
tive implementation, if a conversion with respect to a first 
campaign follows two impressions from the first campaign 
and two impressions from a grouped second campaign, the 
conversion may be attributed to all four impressions, and may 
be assigned to a frequency group of four. 
0205 FIG. 28 is an illustration of conversion attribution 
for multiple campaign groupings according to an illustrative 
implementation. A first group 2805 includes only an Account 
3 (e.g., representing a content campaign or campaign 
account) associated with two impressions and a conversion 
2820. In this group, conversion 2820 is attributed to impres 
sion 2830, and is classified as a view-through conversion with 
a frequency of two, due to impression 2830 and the preceding 
impression in the Account 3 data. 
0206. A second group 2810 includes both Account 3 and a 
second account, Account 2. Under this grouping, conversion 
2820 is again classified as a view-through conversion, as there 
is no preceding click. However, conversion 2820 is now 
directly attributed to impression 2825 of Account 2, which is 
a later impression than impression 2830. Conversion 2820 is 
determined to have a frequency of six, due to impression 2830 
and the five preceding impressions in Accounts 2 and 3. 
0207. A third group 2815 includes Accounts 2 and 3 and 
also includes another account, Account 1. Under this group 
ing, conversion 2820 is now attributed to click 2835 from 
Account 1, and is classified as a click-through conversion. 
Conversion 2820 is assigned a frequency of two, as one 
impression 2840 in Account 2 and another impression in 
Account 1 precede click 2835. 
0208 FIG.29 is another illustration of conversion attribu 
tion for multiple campaign groupings according to an illus 
trative implementation. A first group 2905 includes an 
Account 2 with a conversion 2915, a click 2930, and two 
impressions 2925 and 2940. Under this grouping, conversion 
2915 is attributed to click 2930, which is in turn attributed to 
preceding impression 2940. In this illustrative implementa 
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tion, conversion 2915 is classified as a click-through conver 
sion with a frequency of one. Click 2930 is assigned a fre 
quency of one, as it is attributed only to impression 2940. 
0209. A second group 2910 includes Account 2 as well as 
another account, Account 1. Account 1 includes a click 2920 
and two impressions. In this grouping, conversion 2915 is 
attributed to click 2920, which precedes click 2930. Four 
impressions within the group precede click 2920, so conver 
sion 2915 is classified as a click-through conversion with a 
frequency of four. Three impressions precede click 2930 
within the group, so click 2930 is assigned a frequency of 
three. 
0210 Referring again to FIG. 27, system 150 may deter 
mine a number of impression events to which the conversion 
event is attributed across the campaign grouping (2720). 
Based on the number of impression events to which the con 
version event is attributed, analysis system may assign the 
conversion event to a frequency group (2725). The process 
above may be repeated for several conversions to correctly 
attribute the conversions across campaign groupings and 
assign then to correct frequency groups. In some implemen 
tations, the steps above may be taken to attribute and assign 
other types of events, such as clicks and/or impressions (e.g., 
to determine a reach for different frequency groups across the 
campaign groupings). In some implementations, a number of 
events (e.g., conversion events) associated with each fre 
quency group, and/or reach for each frequency group (e.g., a 
number of users provided with impressions from the cam 
paign grouping a number of times associated with the fre 
quency group), may be determined. 
0211. In some implementations, events (e.g., conversions) 
may be duplicated across different campaigns and/or media, 
and system 150 may be configured to identify and remove 
duplicate events. For instance, in Some implementations, sys 
tem 150 may identify duplicate events based on timestamp 
data, alone or in combination with other characteristics of the 
events. In one illustrative implementation, system 150 may 
identify multiple impressions having timestamp data indicat 
ing that the events occurred on or near the same time (e.g., 
within a threshold time range), and having characteristics 
(e.g., campaign identifier, device/user identifier, etc.) that 
match one another, and system 150 may determine that the 
events are duplicates. In some Such implementations, system 
150 may remove the duplicates such that only one instance of 
the event is stored in the event data. 
0212. In some implementations, groupings may be cre 
ated, modified, and/or activated/deactivated. For instance, a 
content provider may initially define three groupings: (1) 
Group 1, including campaigns A and B; (2) Group 2, includ 
ing campaigns A and C, and (3) Group 3, including cam 
paigns C and D. The content provider may decide that it is no 
longer interested in monitoring a grouping of campaigns. A 
and B, and may instead wish to monitor a grouping of cam 
paigns B and C. The content provider may modify Group 1 to 
include campaigns B and C, instead of campaigns A and B. 
However, as shown above, correct attributions are dependent 
upon the campaign grouping. If analysis system 150 imple 
ments the change by taking the existing data for the previ 
ously defined Group 1 (campaigns A and B) and adds to it 
with new data, or adds together historical data for the indi 
vidual campaigns Band C, the attributions will not be correct, 
and the resultant frequency group data will be inaccurate. A 
similar issue might result if the content provider chooses to 
create a new grouping, or if the content provider deactivates a 
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grouping (e.g., Such that system 150 is not performing attri 
butions/frequency group assignments for the grouping) and 
then later reactivates the grouping. 
0213. In some implementations, system 150 may utilize a 
backfill process to ensure that events for new/modified/reac 
tivated groupings are properly attributed and historical data is 
processed, such that reported frequency group totals are accu 
rate. In some Such implementations, system 150 may utilize 
different pipelines to process groupings that have remained 
the same since a last reporting period, and groupings that have 
been newly created, modified, and/or activated. This may 
help generate reach and frequency data that is deduplicated, 
or avoids incorrectly counting events and/or impressions 
multiple times within the reach and frequency data. 
0214 FIG. 30 is a flow diagram of a process 3000 for 
attributing interaction events to impression events for differ 
ent campaign groupings using a backfill operation according 
to an illustrative implementation. In some implementations, 
some of the operations of process 3000 may be implemented 
using features and/or techniques such as those described 
above. 
0215. Analysis system 150 may determine two or more 
campaign groupings, each including two or more content 
campaigns (3005). In some implementations, analysis system 
150 may determine the campaign groupings based on input 
from a content provider. For instance, system 150 may pro 
vide the content provider with an interface (e.g., via a fron 
tend module) through which the content provider may select 
campaigns to be grouped together for the purpose of gener 
ating reach and/or frequency data. In some implementations, 
system 150 may additionally or alternatively determine cam 
paigns based on characteristics of the campaigns. For 
instance, system 150 may suggest and/or generate groupings 
of campaigns that share similar characteristics, such as cam 
paigns directed to the same or similar product/service catego 
ries, price categories, geographic regions, etc. 
0216 System 150 may separate the campaign groupings 
into two sets of groupings (3010). The first set of groupings 
may include previously defined campaign groupings for 
which a set of valid reach and frequency data (e.g., an up-to 
date set of reach and frequency data) has previously been 
processed. The valid reach and frequency data may define, for 
each of several frequency groups, a number of users presented 
with a number of impressions associated with the frequency 
group and a number of events attributed to the number of 
impressions associated with the frequency group. The second 
set of groupings may include new or modified groupings 
(e.g., groupings where one or more campaigns to be included 
in the grouping have been changed, or groupings that were 
deactivated and reactivated) for which valid reach and fre 
quency data does not exist. For instance, reach and frequency 
data for the second set of groupings may never have been 
processed (e.g., for a new or modified grouping), or prior 
reach and frequency data may have been processed but may 
not be current (e.g., for a reactivated grouping). 
0217 For each of the campaign groupings, system 150 
may attribute an interaction event (e.g., a click/conversion) to 
one or more impression events. For each grouping in the first 
set of groupings, system 150 may determine impression 
events to which to attribute the interaction event based on the 
valid first set of reach and frequency data (3015). For 
instance, system 150 may perform an update operation for 
groupings that are previously defined and unmodified. Such as 
a periodic update (e.g., daily update). System 150 may utilize 
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the previously processed reach and frequency data, and may 
update the databased on daily event information received for 
the grouping. 
0218 For each grouping in the second set of groupings, 
system 150 may determine impression events to which to 
attribute the interaction event by performing a backfill opera 
tion (3020). Using the backfill operation, system 150 may 
analyze historical data relating to the interaction event and 
impression events and determine attributions based on the 
historical data. System 150 may retrieve event data items for 
each of the campaigns in the grouping for a predetermined 
historical timeframe. In some implementations, the time 
frame may be received from a user (e.g., the past week). In 
Some implementations, the event data items may be retrieved, 
for example, from log files stored in a backend datastore. 
Each impression event to be analyzed reflected in the histori 
cal data may be attributed to one or more impression events in 
a manner similar to the cross-campaign attribution described 
above (e.g., with respect to FIGS. 27 through 29). System 150 
may then generate updated event data items reflecting the 
attributions. The updated event data items may be stored, for 
instance, in an event table, as described above. 
0219. In some implementations, system 150 may deter 
mine whether a campaign grouping scheduled to undergo a 
backfill operation is already in the process of a previous 
backfill operation. If so, in some implementations, the current 
backfill operation may be discarded in favor of the new back 
fill operation, so that the data eventually reported to the con 
tent provider is based on the currently selected groupings. A 
new backfill operation may be performed to generate data for 
the new/modified grouping. 
0220. In some implementations, system 150 may identify 
an overlap in impressions provided to the same user in two or 
more of the content campaigns for a campaign grouping. In 
Such implementations, system 150 may modify the reporting 
data to count the user only once when determining a reach, or 
unique number of users presented with impressions, for the 
campaign grouping. 
0221 For each of the campaign groupings, system 150 
may determine a number of impression events to which the 
interaction event is attributed (3025), and may assign the 
interaction event to a frequency group based on the deter 
mined number of impressions (3030). In some implementa 
tions, multiple interaction events may be attributed and 
assigned for one or more of the campaign groupings. 
0222 FIG. 31 is a block diagram 3100 of a backend pipe 
line for processing attribution for campaign groupings 
according to an illustrative implementation. FIG. 31 makes 
reference to several components shown in FIG. 2 and other 
figures, and may utilize various features and/or techniques 
described above. 
0223) In the illustrated implementation, frontend 205 may 
receive one or more commands and/or data from a content 
provider device. The commands may include an AddGroup 
command to generate a new grouping of campaigns. In some 
implementations, the AddGroup command may include as 
parameters a group identifier (e.g., a content provider-created 
identifier used to identify the group, such as an aggregate 
identifier) and/or the campaign identifiers for the campaigns 
to be included in the grouping. In some implementations, the 
command may include a client identifier (e.g., an identifier 
associated with the content provider). The commands may 
include a CheckGroupStatus command to inquire about the 
status of a group/report, in response to which a current status 
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may be returned (e.g., ready, currently in backfill, etc.). The 
commands may include an UpdateCroup command to imple 
ment a change to an existing grouping. The commands may 
also include a StopGroup and/or ReactivateOroup command 
configured to stop and reactivate reporting for a particular 
grouping. The commands may also include a GetReachFre 
quencies command to request retrieval of reach and fre 
quency report data for one or more of the groupings. In some 
implementations, the statistical report data may be returned 
through a statistics module 3100 configured to place the data 
in a format for use by frontend 205 to report the data to a 
content provider device. Frontend 205 may transmit the com 
mands to R&F Hub 220 for processing. 
0224. In the illustrated implementation, the backend 
reporting pipeline includes two main stages: event extraction 
and bucket counting. Campaigns may be associated with 
group identifiers in the bucket counting stage. This may help 
allow dynamic bundling of campaigns without re-extracting 
events and duplicating data in storage. When a group is modi 
fied or newly created, in Some implementations, only the 
association in the bucket counting stage is redone. 
0225. In the illustrated implementation, two separate 
bucketing processes are running in the backend. A daily 
reporting module 3130 pulls out new events and produces 
updated reports for active identifiers each day (e.g., continu 
ously). A backfill reporting module 3135 deletes the reports 
for modified group identifiers in bucket table 255 and regen 
erates all reports for the modified group identifiers. In some 
implementations, both daily reporting module 3130 and 
backfill reporting module 3135 run on a periodic basis (e.g., 
daily). Ifbackfill reporting module 3135 does not finishinone 
day, it may overrun until done, and then start again. In some 
implementations, in one run, it processes all groups that need 
backfill. In one illustrative implementation, for each bucket 
counting job, the following parameters may be specified: (1) 
timeZone keys—list of timeZone identifiers (e.g., customer 
identifiers, associated with the corresponding customer/con 
tent provider for the campaigns); (2) time interval—start 
time; and (3) time interval—end time. The time interval may 
span the current day. For a backfill job, the time interval may 
span the date range to be backfilled. Daily event data may be 
retrieved by a daily event extraction module 3110 and stored 
in event table 240. 

0226. In some implementations, for each timeZone key, 
the mapper of the bucketer may perform Zero or two reads of 
event table 240. First, the mapper may read events specified 
by the start time and end time of the time interval. This may be 
used toward device/user identifier counting. Then, if this read 
is not zero, the mapper may read all of the events for the 
timeZone key to provide a historical timeline for order count 
ing and device/user identifier correction. 
0227. A campaign group dump module 3115 (e.g., run in 
parallel with event extraction) may pull out data dumps from 
backend datastore 225 for the active groups and the backfill 
groups. The data dumps may include campaign identifiers 
mapped to group identifiers and/or client identifiers, and may 
be loaded in the bucket counting stage for online lookup. In 
Some implementations, campaign group dump module 3115 
may also dump the list of customer identifiers for daily report 
ing and backfill reporting, as well as the backfill start date. 
The backfill start date may be determined by the earliest date 
of the group to be backfilled. This may be implemented as 
either an online or offline process. In some implementations, 
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the data may be stored within local tables 3120 and 3125 of 
daily reporting module 3130 and backfill reporting module 
3135, respectively. 
0228. In some illustrative implementations, for any group, 
there may be two possible status indications in backend datas 
tore 225: (1) ACTIVE the group is currently active in the 
backend; or (2) STOPPED the group is pended/terminated 
by the client (previous reports may still be available). For each 
report for the group, there may also be two possible status 
indications: (1) BACKFILL report is for a newly created or 
modified group that requires a backfilling report starting from 
an earlier date (no reports currently available); or (2) 
READY the report is ready for the group. When the group 
is added, modified, or reactivated through the backend API, 
the group status may be set to ACTIVE, and the report status 
may be set to BACKFILL by default. Campaign group dump 
module 3115 may scan through all of the groups and deter 
mine the start date for each BACKFILL group. All the 
ACTIVE& READY groups may be processed by daily 
reporting module 3130, and ACTIVE&BACKFILL groups 
may be processed by backfill reporting module 3135. In some 
implementations, once each job finishes, the validation job, 
which verifies the results and performs some sanity checks, 
may update the report status of the corresponding groups to 
READY. 

0229. The backend may provide a service for clients (e.g., 
content providers) to retrieve reports directly from bucket 
table 255, for example, using any dimensional/characteristic 
combination and/or any arbitrary date/time range. If the status 
of the reportis READY, the service may indicate that previous 
reports are available for the group, and the client can get the 
report from the service. 
0230 FIG. 32 is a state diagram 3200 illustrating another 
set of state indications that may be utilized by a system Such 
as that shown in FIG. 31 according to an illustrative imple 
mentation. In some implementations, if the backfill process 
runs for a long time, it could stall the entire pipeline, causing 
it to miss runs of the daily job. Additionally, in Some imple 
mentations, if a group is modified while it is being backfilled, 
the finished backfill process will still mark is as READY, and 
daily jobs will start computing data for a different definition 
of the group from what is being backfilled. In some imple 
mentations, the first issue may be addressed by having the 
daily job run for all active groups, and the backfilljob run only 
up to the day before the daily job. 
0231 State diagram 3200 illustrates a set of state indica 
tions designed to address both concerns. Diagram 3200 intro 
duces a new independent flag, IN BACKFILL, indicating 
that a group is now scheduled to be part of a backfill run. The 
backfill stages may be separated into an independent, con 
tinuously running process (e.g., backfill stages of clean data, 
backfill data, reset IN BACKFILL status). In some imple 
mentations, the daily and backfill processes may be synchro 
nized via a timestamped input file to the backfill. In some 
implementations, a four valued enum may be used to repre 
sent the states instead of a separate flag. By using a separate 
flag, the API does not need to be aware of the IN BACKFILL 
flag, and the backfill process does not need to be aware of the 
BACKFILL/READY state, so allowing them to be set inde 
pendently may decrease the complexity of the corresponding 
code. In some implementations, the two flags may be placed 
into two separate table columns, possibly in-memory, to 
allow faster independent getting and setting of the flags. 
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0232. In the illustrated implementation, state diagram 
3200 includes four states: (1) BACKFILL (3205) modified 
group; (2) READY (3210) unmodified group (e.g., any pre 
viously requested modifications have been implemented); (3) 
READY, IN BACKFILL (3220) no new modifications 
requested, but group is currently scheduled to undergo back 
fill process to address previously requested modification; and 
(4) BACKFILL, IN BACKFILL (3215) group is current 
scheduled to undergo backfill to address previously requested 
modification, and Subsequent modification has been received. 
0233. In the illustrated implementation, the API only 
changes a group's BACKFILL status, and does so from any 
state. In some implementations, each new update from the 
API may happen at a new timestamp. 
0234. The daily job may update the groups it schedules for 
backfill to IN BACKFILL and change it to the READY (un 
modified) state. There is a race condition here in that modi 
fication should not be allowed to happen between noticing a 
group being in BACKFILL and writing the new state, as that 
would overwrite the modification flag. If the daily job updates 
the READY/BACKFILL state at the same timestamp as it 
read it from, no transaction may be needed. 
0235. In some implementations, the backfill job (e.g., run 
ning independently) may pick up the latest scheduling file for 
each run. If one version is missed due to a particularly long 
run, a later file may be a superset of any missed file. Once the 
backfill is done, the backfill job may update the IN BACK 
FILL state of the groups processed. In some implementations, 
this operation is independent of the READY/BACKFILL 
state and is not in a transaction. 
0236. In some implementations, the analysis system may 
generate reach and/or frequency information across different 
media, and each medium may have its own processing pipe 
line. In Such implementations, the analysis system may be 
configured to utilize a separate, cross-media pipeline portion 
to integrate data from the pipelines of the separate media. An 
integrated report may be provided for cross-media cam 
paigns. In some implementations, the services for the differ 
ent media may not depend on one another to avoid a single 
point failure. As an initial step, the system may de-duplicate 
reach within a same device/user identifier space. Then, a 
device/user-identifier-to-unique-user model may be utilized 
to determine reach associated with unique users across media 
and platforms. 
0237 FIGS. 33 through 35 provide different illustrative 
implementations for processing attribution and frequency 
grouping across multiple media/platforms. Referring specifi 
cally to FIG.33, a first block diagram 3300 includes a display/ 
Video campaign pipeline 3301 associated with processing 
data for an auction-based medium (e.g., where content items 
are selected based on an auction process, Substantially in 
real-time), a reservation campaign pipeline 3302 associated 
with processing data for a reservation-based medium (e.g., 
where content items are selected for reservation in advance), 
and a cross-media pipeline 3303. An account manager 3315 
may create a campaign grouping including at least one dis 
play/video campaign and at least one reservation campaign. 
An indication of the grouping may be stored in a cross-media 
log database portion 3320. Log data for display/video pipe 
line 3301 and reservation pipeline 3302 may be stored in log 
databases 3305 and 3310, respectively. Event extraction mod 
ules 3325 extract event data from databases 3305 and 3310, 
and event count snapshots 3330 are generated for each pipe 
line. Event count snapshots 3330 may be transmitted to a 
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backfill module 3335, which may perform a backfill opera 
tion using the combined event Snapshots to generate reach 
and frequency data for the grouping. 
0238. The illustrative implementation shown in FIG. 33 
retains independent pipelines for each of the media, and may 
avoid complicated integration modifications to those pipe 
lines. The event countertable 240 is regenerated for the cross 
media pipeline, which may increase processing and/or stor 
age requirements (e.g., may be a Sum of the other instances as 
coverage grows). One option is to reuse event counter tables 
of separate instances for the cross-media pipeline. The chal 
lenge of joining two different pipelines is the need to join two 
large event counter tables, because the bucket counting map 
per/reducer may expect to read all the events for one device/ 
user identifier as one row from the event table. 

0239 FIG. 34 illustrates a block diagram 3400 of another 
illustrative implementation. In this implementation, event 
counter data for both the display/video medium and the res 
ervation medium is written to a same event table 3405. This 
may allow each pipeline to generate its own report, and also 
reuse the same code to produce the cross-media report. In 
some implementations, the schema for event table 3405 may 
be designed to store event history for each medium in differ 
ent column families, and an input selected may be added to 
the bucketers to read from the corresponding column fami 
lies. In some implementations, the grouping key expanders 
may be configured to determine aggregate identifiers for the 
cross-media groupings on the fly for cross-platform/media 
reporting. 
0240 FIG. 35 illustrates a block diagram 3500 of another 
illustrative implementation. In this implementation, the dis 
play/video and reservation media have separate pipelines/ 
instances. For cross-media reporting, a separate bucket table 
is included that is populated by a bucketer that reads across 
both the reservation and display/video event counters. In the 
illustrated implementation, a synchronization module 3505 is 
provided for synchronizing between pipelines (this may be 
included in the implementations shown in FIGS. 33 and 34 as 
well, in some implementations). In the illustrated implemen 
tation, each medium has its own specific instance that runs for 
reporting (e.g., daily). This may help simplify resource and 
access management that is instance-specific, may avoid inte 
gration complications, and may require less changes to the 
individual pipelines. 
0241 FIG. 36 illustrates a user interface 3600 for provid 
ing incremental reach and frequency information according 
to an illustrative implementation. In the illustrated implemen 
tation, data is provided for an account "Brand’ and campaign 
“123 over medium “Media 1 on three separate days. Inter 
face 3600 shows incremental reach associated with each day 
(e.g., new users reached), and average frequency group asso 
ciated with the new users reached, and numbers of the users in 
each frequency group. 
0242 FIG. 37 illustrates a user interface for providing 
cross-media de-duplicated reach and frequency information 
according to an illustrative implementation. Interface 3700 
illustrates information for a campaign that crosses three 
media. For each medium, interface 3700 shows a total reach 
(e.g., total unique users reached), an incremental reach (e.g., 
unique users reached when de-duplicated from overlap with 
other media), and a number of users overlapping with the 
other media. 
0243 In some implementations, system 150 may be con 
figured to generate different event groupings for a campaign 
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or campaign grouping based on different criteria. For 
instance, system 150 may generate a first grouping of events 
for a campaign that occur in the U.S. Eastern timeZone, a 
second grouping of events that occur at 8 PM to 10 PM local 
time on a Wednesday (e.g., regardless of timeZone), and a 
third grouping of events that occur within an hour before and 
after a particular event (e.g., a sporting event or television 
broadcast). In some implementations, system 150 may be 
configured to determine the events to include in the groupings 
based on a local time associated with the events, a timeZone 
associated with the events, or both. 
0244 FIG.38 illustrates a flow diagram of a process 3800 
for generating reports for event groupings based on a local 
time and/or timeZone according to an illustrative implemen 
tation. FIG.31 makes reference to several components shown 
in FIG. 1 and other figures, and may utilize various features 
and/or techniques described above. 
0245 Analysis system 150 may receive a request togen 
erate a first report relating to a content campaign (or campaign 
grouping) based on first criteria and a second report relating to 
the content campaign based on second criteria (3805). The 
criteria may include any of a variety of criteria, Such as 
timeZone, time range (e.g., local time), geographic area, time 
with relation to a particular event or group of events, etc. In 
Some implementations, the criteria may include a time-re 
lated component (e.g., specific local time, timeZone, start 
time of an event, etc.). For instance, the criteria may include 
a particular timeZone or group of timeZones, a particular local 
time and/or date range, a time range with respect to one or 
more events, etc. The first criteria includes one or more speci 
fied timezones associated with the first report, and the second 
criteria does not include a specified timeZone for the second 
grouping. 
0246 System 150 may retrieve two or more events asso 
ciated with the campaign (3810) and determine a local time 
and timeZone associated with each of the events (3815). In 
Some implementations, data representing the events may be 
stored in log files and/or in an event table/database. In some 
implementations, each event data item may include or have a 
reference to at least one timestamp 171 (e.g., including a local 
time associated with the event) and at least one timeZone key 
172. TimeZone key 172 may indicate a timeZone associated 
with the data. In some implementations, timeZone key 172 
may directly indicate a timeZone, and in others, timeZone key 
172 may indirectly indicate a timeZone (e.g., may include a 
customer identifier or geographic identifier from which a 
timeZone can be determined, Such as based on a location 
associated with the customer). In some implementations, 
events associated with a same device/user identifier 170 may 
have different timeZone keys 172 (e.g., events associated with 
different types of media). 
0247 Based on the first criteria including one or more 
timeZones for the grouping, system 150 may generate a first 
event grouping including a first set of events associated with 
the timeZone for the grouping (3820). In one illustrative 
implementation, the first criteria may be based on one or more 
timeZones associated with the data. For instance, if the 
request is for a first report providing data for the U.S. Eastern 
timeZone, system 150 may select events for inclusion in the 
generated first event grouping when the events have a tim 
eZone indicator corresponding to that timeZone. 
0248 Based on the second criteria that does not include a 
timeZone for the grouping, system 150 may generate a second 
event grouping including a second set of events based on the 
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timeZones associated with the events (3825). System 150 may 
be configured to retain timeZone information on a per-event 
basis, such that each timeZone associated with a particular 
user/device identifier is preserved and properly accounted for 
in generating the groupings and reach/frequency data. In one 
Such illustrative implementation, if a particular device iden 
tifier is associated with a first event corresponding to a first 
medium, having a timeZone identifier associated with the 
U.S. Eastern timeZone, and a second event corresponding to a 
second medium, having a timeZone identifier associated with 
the U.S. Central timeZone, separate data entries may be stored 
for each event, and the events may not be aggregated under a 
single timeZone identifier, so that the separate events can be 
accurately assigned to different groupings (e.g., timeZone 
specific groupings). For instance, one illustrative grouping 
may include a first campaign A associated with the U.S. 
Eastern timeZone and a second campaign Bassociated with 
the U.S. Pacific timeZone. To generate a report including the 
grouping of campaigns A and B for the date of Jul. 2, 2014, 
system 150 may include events from campaign A occurring 
on Jul. 2, 2014 in the U.S. Eastern timeZone, and events from 
campaign B occurring on Jul. 2, 2014 in the U.S. Pacific 
timeZone. In some implementations, system 150 may corre 
late the local times of the events to a time-related character 
istic of the second criteria based on the timeZones of the 
events, and may select the events for inclusion in the second 
set based on the correlation. In some Such implementations, 
the request may be for a second report including events that 
occur within a particular time range of a live event, such as a 
sporting event or a broadcast (e.g., television broadcast). In 
Some Such implementations, system 150 may correlate the 
local time of events with the time associated with the second 
criteria based on the timeZones of the events to determine 
whether to select events for inclusion in the second set of 
events. For instance, if the request is for a second report 
relating to events (e.g., clickS/conversions) occurring within a 
half-hour on either side of a sporting event occurring from 2-4 
PM U.S. Central time, and an event has an associated local 
time of 8:15 PM and a timeZone key indicating the British 
timeZone, system 150 may correlate the local time to the 
1:30-4:30 PM U.S. Central timeframe associated with the 
request criteria based on the British timeZone of the event and 
determine that the timing associated with the event falls 
within the request criteria timeframe. As a result, system 150 
may select the event for inclusion within the second set of 
eVentS. 

0249. In some implementations, system 150 may generate 
the groupings based on one or more characteristics of the 
events. The characteristics may include, for example, an event 
type (e.g., impression, click, conversion, etc.), one or more 
characteristics of a user and/or device associated with the 
event (e.g., a device type, Such as mobile or desktop), one or 
more characteristics of the content associated with the event 
(e.g., content type or category), and/or other characteristics. 
In some implementations, a content provider user of system 
150 may specify the parameters to be used in generating one 
or more of the groupings. 
0250 In some implementations, system 150 may be con 
figured to generate the groupings based on events occurring 
across multiple media, such as video-based content displayed 
within a video interface and search-based content displayed 
within a results interface of a search engine. Systems that log 
events for different media may be configured to associate 
events with different timeZone indicators and/or timeZones. 
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For instance, a system logging events occurring with respect 
to one medium may log timeZones for the events as corre 
sponding to the current timeZones based on the location of a 
user device, a system logging events for a second medium 
may determine the timeZones to correspond to a timeZone 
associated with the registered user address for the account, a 
system logging events for a third medium may determine the 
timeZones to correspond to a timeZone associated with a 
content provider who provided the content, etc. System 150 
may be configured to retain timeZone information on a per 
event basis, such that each timeZone associated with a par 
ticular user/device identifier is preserved and properly 
accounted for in generating the groupings and reach/fre 
quency data. 
0251 Once the event groupings are determined, system 
150 may determine, for the first event grouping and second 
event grouping, a number of events associated with each of 
several frequency groups based on a number of impressions 
associated with (e.g., attributed to) the events (3830). In some 
implementations, system 150 may determine a number of 
impressions to which each event should be attributed and 
assign the events to the frequency groups based on the number 
of impressions to which the events are attributed. System 150 
may determine total numbers of events associated with each 
frequency group. System 150 may then generate the first and 
second reports based on the determined number of events for 
the first grouping and the second grouping, respectively 
(3835). 
0252 FIG. 39 illustrates a depiction of a computer system 
3900 that can be used, for example, to implement an illustra 
tive user device 104, an illustrative content management sys 
tem 108, an illustrative content provider device 106, an illus 
trative analysis system 150, and/or various other illustrative 
systems described in the present disclosure. The computing 
system 3900 includes a bus 3905 or other communication 
component for communicating information and a processor 
3910 coupled to the bus 3905 for processing information. The 
computing system 3900 also includes main memory 3915, 
Such as a random access memory (RAM) or other dynamic 
storage device, coupled to the bus 3905 for storing informa 
tion, and instructions to be executed by the processor 3910. 
Main memory 3915 can also be used for storing position 
information, temporary variables, or otherintermediate infor 
mation during execution of instructions by the processor 
3910. The computing system 3900 may further include a read 
only memory (ROM) 3910 or other static storage device 
coupled to the bus 3905 for storing static information and 
instructions for the processor 3910. A storage device 3925, 
Such as a solid state device, magnetic disk or optical disk, is 
coupled to the bus 3905 for persistently storing information 
and instructions. 

0253) The computing system 3900 may be coupled via the 
bus 3905 to a display 3935, such as a liquid crystal display, or 
active matrix display, for displaying information to a user. An 
input device 3930, such as a keyboard including alphanu 
meric and other keys, may be coupled to the bus 3905 for 
communicating information, and command selections to the 
processor 3910. In another implementation, the input device 
3930 has a touchscreen display 3935. The input device 3930 
can include a cursor control. Such as a mouse, a trackball, or 
cursor direction keys, for communicating direction informa 
tion and command selections to the processor 3910 and for 
controlling cursor movement on the display 3935. 
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0254. In some implementations, the computing system 
3900 may include a communications adapter 3940, such as a 
networking adapter. Communications adapter 3940 may be 
coupled to bus 3905 and may be configured to enable com 
munications with a computing or communications network 
3945 and/or other computing systems. In various illustrative 
implementations, any type of networking configuration may 
be achieved using communications adapter 3940. Such as 
wired (e.g., via Ethernet), wireless (e.g., via WiFi, Bluetooth, 
etc.), pre-configured, ad-hoc, LAN, WAN, etc. 
0255 According to various implementations, the pro 
cesses that effectuate illustrative implementations that are 
described herein can be achieved by the computing system 
3900 in response to the processor 3910 executing an arrange 
ment of instructions contained in main memory 3915. Such 
instructions can be read into main memory3915 from another 
computer-readable medium, such as the storage device 3925. 
Execution of the arrangement of instructions contained in 
main memory 3915 causes the computing system 3900 to 
perform the illustrative processes described herein. One or 
more processors in a multi-processing arrangement may also 
be employed to execute the instructions contained in main 
memory 3915. In alternative implementations, hard-wired 
circuitry may be used in place of or in combination with 
Software instructions to implement illustrative implementa 
tions. Thus, implementations are not limited to any specific 
combination of hardware circuitry and software. 
0256 Although an example processing system has been 
described in FIG. 39, implementations of the subject matter 
and the functional operations described in this specification 
can be carried out using other types of digital electronic 
circuitry, or in computer Software, firmware, or hardware, 
including the structures disclosed in this specification and 
their structural equivalents, or in combinations of one or more 
of them. 

0257 Implementations of the subject matter and the 
operations described in this specification can be carried out 
using digital electronic circuitry, or in computer Software 
embodied on a tangible medium, firmware, or hardware, 
including the structures disclosed in this specification and 
their structural equivalents, or in combinations of one or more 
of them. Implementations of the subject matter described in 
this specification can be implemented as one or more com 
puter programs, i.e., one or more modules of computer pro 
gram instructions, encoded on one or more computer storage 
medium for execution by, or to control the operation of data 
processing apparatus. Alternatively or in addition, the pro 
gram instructions can be encoded on an artificially generated 
propagated signal, e.g., a machine-generated electrical, opti 
cal, or electromagnetic signal, that is generated to encode 
information for transmission to Suitable receiver apparatus 
for execution by a data processing apparatus. A computer 
storage medium can be, or be included in, a computer-read 
able storage device, a computer-readable storage Substrate, a 
random or serial access memory array or device, or a combi 
nation of one or more of them. Moreover, while a computer 
storage medium is not a propagated signal, a computer stor 
age medium can be a source or destination of computer pro 
gram instructions encoded in an artificially generated propa 
gated signal. The computer storage medium can also be, or be 
included in, one or more separate components or media (e.g., 
multiple CDs, disks, or other storage devices). Accordingly, 
the computer storage medium is both tangible and non-tran 
sitory. 
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0258. The operations described in this specification can be 
implemented as operations performed by a data processing 
apparatus on data stored on one or more computer-readable 
storage devices or received from other sources. 
0259. The term “data processing apparatus' or “comput 
ing device' encompasses all kinds of apparatus, devices, and 
machines for processing data, including by way of example, 
a programmable processor, a computer, a system on a chip, or 
multiple ones, or combinations of the foregoing. The appara 
tus can include special purpose logic circuitry, e.g., an FPGA 
(field programmable gate array) or an ASIC (application spe 
cific integrated circuit). The apparatus can also include, in 
addition to hardware, code that creates an execution environ 
ment for the computer program in question, e.g., code that 
constitutes processor firmware, a protocol stack, a database 
management system, an operating system, a cross-platform 
runtime environment, a virtual machine, or a combination of 
one or more of them. The apparatus and execution environ 
ment can realize various different computing model infra 
structures, such as web services, distributed computing and 
grid computing infrastructures. 
0260 A computer program (also known as a program, 
Software, Software application, Script, or code) can be written 
in any form of programming language, including compiled or 
interpreted languages, declarative or procedural languages, 
and it can be deployed in any form, including as a standalone 
program or as a module, component, Subroutine, object, or 
other unit Suitable for use in a computing environment. A 
computer program may, but need not, correspond to a file in a 
file system. A program can be stored in a portion of a file that 
holds other programs or data (e.g., one or more scripts stored 
in a markup language document), in a single file dedicated to 
the program in question, or in multiple coordinated files (e.g., 
files that store one or more modules, Subprograms, orportions 
of code). A computer program can be deployed to be executed 
on one computer or on multiple computers that are located at 
one site or distributed across multiple sites and intercon 
nected by a communication network. 
0261 The processes and logic flows described in this 
specification can be performed by one or more programmable 
processors executing one or more computer programs to per 
form actions by operating on input data and generating out 
put. The processes and logic flows can also be performed by, 
and apparatus can also be implemented as, special purpose 
logic circuitry, e.g., an FPGA (field programmable gate array) 
or an ASIC (applicationspecific integrated circuit). 
0262 Processors suitable for the execution of a computer 
program include, by way of example, both general and special 
purpose microprocessors, and any one or more processors of 
any kind of digital computer. Generally, a processor will 
receive instructions and data from a read only memory or a 
random access memory or both. The essential elements of a 
computer are a processor for performing actions in accor 
dance with instructions and one or more memory devices for 
storing instructions and data. Generally, a computer will also 
include, or be operatively coupled to receive data from or 
transfer data to, or both, one or more mass storage devices for 
storing data, e.g., magnetic, magnetooptical disks, or optical 
disks. However, a computer need not have such devices. 
Moreover, a computer can be embedded in another device, 
e.g., a mobile telephone, a personal digital assistant (PDA), a 
mobile audio or video player, a game console, a Global Posi 
tioning System (GPS) receiver, or a portable storage device 
(e.g., a universal serial bus (USB) flash drive), to name just a 
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few. Devices Suitable for storing computer program instruc 
tions and data include all forms of nonvolatile memory, media 
and memory devices, including by way of example, semicon 
ductor memory devices, e.g., EPROM, EEPROM, and flash 
memory devices; magnetic disks, e.g., internal hard disks or 
removable disks; magnetooptical disks; and CDROM and 
DVD-ROM disks. The processor and the memory can be 
Supplemented by, or incorporated in, special purpose logic 
circuitry. 
0263. To provide for interaction with a user, implementa 
tions of the Subject matter described in this specification can 
be carried out using a computer having a display device, e.g., 
a CRT (cathode ray tube) or LCD (liquid crystal display) 
monitor, for displaying information to the user and a key 
board and a pointing device, e.g., a mouse or a trackball, by 
which the user can provide input to the computer. Other kinds 
of devices can be used to provide for interaction with a user as 
well; for example, feedback provided to the user can be any 
form of sensory feedback, e.g., visual feedback, auditory 
feedback, or tactile feedback; and input from the user can be 
received in any form, including acoustic, speech, or tactile 
input. In addition, a computer can interact with a user by 
sending documents to and receiving documents from a device 
that is used by the user; for example, by sending web pages to 
a web browserona user's client device in response to requests 
received from the web browser. 
0264. Implementations of the subject matter described in 
this specification can be carried out using a computing system 
that includes a backend component, e.g., as a data server, or 
that includes a middleware component, e.g., an application 
server, or that includes a frontend component, e.g., a client 
computer having a graphical user interface or a Web browser 
through which a user can interact with an implementation of 
the Subject matter described in this specification, or any com 
bination of one or more such backend, middleware, or fron 
tend components. The components of the system can be inter 
connected by any form or medium of digital data 
communication, e.g., a communication network. Examples 
of communication networks include a local area network 
(“LAN”) and a wide area network (“WAN'), an inter-network 
(e.g., the Internet), and peer-to-peer networks (e.g., ad hoc 
peer-to-peer networks). 
0265. The computing system can include clients and serv 
ers. A client and server are generally remote from each other 
and typically interact through a communication network. The 
relationship of client and server arises by virtue of computer 
programs running on the respective computers and having a 
client-server relationship to each other. In some implementa 
tions, a server transmits data (e.g., an HTML page) to a client 
device (e.g., for purposes of displaying data to and receiving 
user input from a user interacting with the client device). Data 
generated at the client device (e.g., a result of the user inter 
action) can be received from the client device at the server. 
0266. In some illustrative implementations, the features 
disclosed herein may be implemented on a Smart television 
module (or connected television module, hybrid television 
module, etc.), which may include a processing circuit config 
ured to integrate internet connectivity with more traditional 
television programming sources (e.g., received via cable, sat 
ellite, over-the-air, or other signals). The smart television 
module may be physically incorporated into a television set or 
may include a separate device such as a set-top box, Blu-ray 
or other digital media player, game console, hotel television 
system, and other companion device. A Smart television mod 
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ule may be configured to allow viewers to search and find 
Videos, movies, photos and other content on the web, on a 
local cable TV channel, on a satellite TV channel, or stored on 
a local hard drive. A set-top box (STB) or set-top unit (STU) 
may include an information appliance device that may con 
tain a tuner and connect to a television set and an external 
Source of signal, turning the signal into content which is then 
displayed on the television screen or other display device. A 
Smart television module may be configured to provide a home 
screen or top level screen including icons for a plurality of 
different applications, such as a web browser and a plurality 
of streaming media services (e.g., Netflix, Vudu, Hulu, etc.), 
a connected cable or satellite media source, other web “chan 
nels', etc. The smart television module may further be con 
figured to provide an electronic programming guide to the 
user. A companion application to the Smart television module 
may be operable on a mobile computing device to provide 
additional information about available programs to a user, to 
allow the user to control the smart television module, etc. In 
alternate implementations, the features may be implemented 
on a laptop computer or other personal computer, a Smart 
phone, other mobile phone, handheld computer, a tablet PC, 
or other computing device. 
0267 While this specification contains many specific 
implementation details, these should not be construed as limi 
tations on the scope of any inventions or of what may be 
claimed, but rather as descriptions of features specific to 
particular implementations of particular inventions. Certain 
features that are described in this specification in the context 
of separate implementations can also be carried out in com 
bination or in a single implementation. Conversely, various 
features that are described in the context of a single imple 
mentation can also be carried out in multiple implementa 
tions, separately, or in any Suitable Subcombination. More 
over, although features may be described above as acting in 
certain combinations and even initially claimed as such, one 
or more features from a claimed combination can, in some 
cases, be excised from the combination, and the claimed 
combination may be directed to a Subcombination or varia 
tion of a subcombination. Additionally, features described 
with respect to particular headings may be utilized with 
respect to and/or in combination with illustrative implemen 
tations described under other headings; headings, where pro 
vided, are included solely for the purpose of readability and 
should not be construed as limiting any features provided 
with respect to Such headings. 
0268 Similarly, while operations are depicted in the draw 
ings in a particular order, this should not be understood as 
requiring that such operations be performed in the particular 
order shown or in sequential order, or that all illustrated 
operations be performed, to achieve desirable results. In cer 
tain circumstances, multitasking and parallel processing may 
be advantageous. Moreover, the separation of various system 
components in the implementations described above should 
not be understood as requiring such separation in all imple 
mentations, and it should be understood that the described 
program components and systems can generally be integrated 
together in a single Software product or packaged into mul 
tiple software products embodied on tangible media. 
0269. Thus, particular implementations of the subject 
matter have been described. Other implementations are 
within the scope of the following claims. In some cases, the 
actions recited in the claims can be performed in a different 
order and still achieve desirable results. In addition, the pro 
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cesses depicted in the accompanying figures do not necessar 
ily require the particular order shown, or sequential order, to 
achieve desirable results. In certain implementations, multi 
tasking and parallel processing may be advantageous. 
What is claimed is: 
1. A method comprising: 
receiving, by one or more processors, a request to generate 

a first report relating to a content campaign based on first 
criteria and a second report relating to the content cam 
paign based on second criteria, the content campaign 
comprising a plurality of content items to be provided to 
a plurality of users, and the first criteria comprising one 
or more grouping timeZones; 

retrieving, by one or more processors, a plurality of events 
for the content campaign; 

determining, by the one or more processors, a local time 
and a timeZone associated with each of the plurality of 
events; 

based on the first criteria comprising the one or more 
grouping timeZones, generating, by the one or more 
processors, a first event grouping including a first set of 
the plurality of events having timeZones matching at 
least one of the one or more grouping timeZones; 

based on the second criteria, generating, by the one or more 
processors, a second event grouping including a second 
set of the plurality of events based on both the local times 
and the timeZones of the plurality of events, generating 
the second event grouping comprising selecting the sec 
ond set of events from among the plurality of events 
based on the local times of the events in view of the 
timezones of the events; 

for each of the first event grouping and the second event 
grouping, determining, by the one or more processors, a 
number of events associated with each of a plurality of 
frequency groups based on a number of impression 
events associated with the events; and 

generating, by the one or more processors, the first report 
based on the determined number of events for the first 
event grouping and the second report based on the deter 
mined number of events for the second event grouping. 

2. The method of claim 1, wherein the first event grouping 
is based on a first grouping timeZone, and wherein the second 
event grouping is based on a second grouping time range 
without a timeZone. 

3. The method of claim 1, the step of generating the first 
event grouping comprising generating the first event group 
ing based on one or more first characteristics of the first set of 
events, and the step of generating the second event grouping 
comprising generating the second event grouping based on 
one or more second characteristics of the second set of events. 

4. The method of claim 1, wherein each of the plurality of 
events is associated with one of a first content medium or a 
second content medium. 

5. The method of claim 4, the step of determining the 
number of events associated with each of the plurality of 
frequency groups comprising counting events associated 
with both the first content medium and the second content 
medium within the determined number of events. 

6. The method of claim 1, wherein each of the plurality of 
events comprises one of a click event or a conversion event. 

7. The method of claim 1, further comprising receiving a 
selection of one or more parameters for use in determining at 
least one of the first event grouping or the second event 
grouping from a content provider. 
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8. A system comprising: 
at least one computing device operably coupled to at least 

one memory and configured to: 
receive a request to generate a first report relating to a 

content campaign based on first criteria and a second 
report relating to the content campaign based on sec 
ond criteria, the content campaign comprising a plu 
rality of content items to be provided to a plurality of 
users; 

retrieve a plurality of events for the content campaign; 
determine a local time and a timeZone associated with 

each of the plurality of events: 
based on the first criteria, generate a first event grouping 

including a first set of the plurality of events based on 
one of the local times or the timezones of the plurality 
of events; 

based on the second criteria, generate a second event 
grouping including a second set of the plurality of 
events based on both the local times and the timeZones 
of the plurality of events by selecting the second set of 
events from among the plurality of events based on the 
local times of the events in view of the timeZones of 
the events; 

for each of the first event grouping and the second event 
grouping, determine a number of events associated 
with each of a plurality of frequency groups based on 
a number of impression events associated with the 
events; and 

generate the first report based on the determined number 
of events for the first event grouping and the second 
report based on the determined number of events for 
the second event grouping. 

9. The system of claim 8, wherein the first event grouping 
is based on a first grouping timeZone, and wherein the second 
event grouping is based on a second grouping time range 
without a timeZone. 

10. The system of claim 8, wherein the at least one com 
puting device is configured to generate the first event group 
ing based on one or more first characteristics of the first set of 
events, and wherein the at least one computing device is 
configured to generate the second event grouping based on 
one or more second characteristics of the second set of events. 

11. The system of claim 8, wherein each of the plurality of 
events is associated with one of a first content medium or a 
second content medium. 

12. The system of claim 11, wherein the at least one com 
puting device is configured to determine the number of events 
associated with each of the plurality of frequency groups by 
counting events associated with both the first content medium 
and the second content medium within the determined num 
ber of events. 

13. The system of claim 8, wherein each of the plurality of 
events comprises one of a click event or a conversion event. 

14. The system of claim 8, wherein the at least one com 
puting device is further configured to receive a selection of 
one or more parameters for use in determining at least one of 
the first event grouping or the second event grouping from a 
content provider. 
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15. One or more computer-readable storage media having 
instructions stored thereon that, when executed by at least one 
processor, cause the at least one processor to perform opera 
tions comprising: 

receiving a request to generate a first report relating to a 
content campaign based on first criteria and a second 
report relating to the content campaign based on second 
criteria, the content campaign comprising a plurality of 
content items to be provided to a plurality of users: 

retrieving a plurality of events for the content campaign; 
determining a local time and a timeZone associated with 

each of the plurality of events; 
based on the first criteria, generating a first event grouping 

including a first set of the plurality of events based on 
one of the local times or the timezones of the plurality of 
events; 

based on the second criteria, generating a second event 
grouping including a second set of the plurality of events 
based on both the local times and the timeZones of the 
plurality of events, generating the second event grouping 
comprising selecting the second set of events from 
among the plurality of events based on the local times of 
the events in view of the timeZones of the events; 

for each of the first event grouping and the second event 
grouping, determining a number of events associated 
with each of a plurality of frequency groups based on a 
number of impression events associated with the events; 
and 

generating the first report based on the determined number 
of events for the first event grouping and the second 
report based on the determined number of events for the 
Second event grouping. 

16. The one or more computer-readable media of claim 15, 
wherein the first event grouping is based on a first grouping 
timeZone, and wherein the second event grouping is based on 
a second grouping time range without a timeZone. 

17. The one or more computer-readable media of claim 15, 
the step of generating the first event grouping comprising 
generating the first event grouping based on one or more first 
characteristics of the first set of events, and the step of gen 
erating the second event grouping comprising generating the 
second event grouping based on one or more second charac 
teristics of the second set of events. 

18. The one or more computer-readable media of claim 15, 
wherein each of the plurality of events is associated with one 
of a first content medium or a second content medium. 

19. The one or more computer-readable media of claim 18, 
the step of determining the number of events associated with 
each of the plurality of frequency groups comprising count 
ing events associated with both the first content medium and 
the second content medium within the determined number of 
eVentS. 

20. The one or more computer-readable media of claim 15, 
the operations further comprising receiving a selection of one 
or more parameters for use in determining at least one of the 
first event grouping or the second event grouping from a 
content provider. 


