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Raw Event: {
“‘event_name”: “conviva_network_request’,
‘event_data”: {“url”: “conviva.com/movie”,

52 “action”; “Post”,
“code”: 200,
}
}
FIG. 5B

Mapped Event: {
‘event_name”: “clicking_movies”,
‘event_data”: {"url”: “conviva.com/movie”,
53 “action”: “Post”,

“code”: 200,

FIG. 5C
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800\‘

Start

h 4

)'—802
Receive a raw event

l

5—804
Filter the raw event according to a semantic mapping
function

l

;—806
Semantically map the raw event to a mapped event
according to the semantic mapping function

l

End

FIG. 8
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900\‘

Start

h 4

r902
Receive a first mapped event that is generated based on
semantic mapping of a first raw event received at a first time

l

Receive a second mapped event that is generated based )‘904
on semantic mapping of a second raw event received at a
second time subsequent to the first time

l

r906
Determine a stateful metric based on the first mapped event
and the second mapped event

l

End

FIG. 9
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1
SEMANTIC MAPIING

BACKGROUND O TTIE INVENTION

Software applications may be installed on numercus
client computing devices of disparate types, such as mobile
devices, desktop devices, set-top hoxes, etc. Offentimes,
developers of such applications would like o understand the
hehavior that is occurring within such applications. In order
10 do so, developers of the application write sensor code
within the client-side application to cavse events to be sent
1 4 backend lor analytics. owever. wriling and deploying
clicni-side code thal can emil evenls in g manner that s
interpretable for analytics o be compuled laler can he a
challenging process. For example, after the sensor code is
written and deploved, it is frozen and fixed in the sensor of
the application, in which case it cannol be casily changed
later om. 1L would be benelicial il events from sensors in
applications could be flexibly processed in a manner that is
conducive for determining analvtics and insights.

BRIV DESCRIPTION OF TTIE DRAWINGS

Various embodiments of the invention are disclosed in the
following detailed description and the sccompanying draw-
ings.

I'Ir. 1 illustrates an embodiment of a system lor perform-
g semantic mapping and computation of statetul metrics.

FIG. 2A illustrates an embodiment of a user interface for
conflguring semantic mapping functions.

I'ICr. 213 illustrates an embodiment ol a user interlace Tor
conliguring a semantic mapping rule.

FIG. 2C illustrates an embodiment of a user interface for
conflguring a semantic mapping rule,

FIG. 3A illustrates an embodiment of a user interface for 3

conliguring semantic mapping.

IIGr. 313 illustrates an embodiment ol a user interlace for
conflguring semantic mapping.

FIG. 3C illustrates an embodiment of specitving a map-
ping component of a semantic mapping rule.

I'IG. 4 illusirates an embodiment ol specilying a (illering
condition lor a semantic mapping [unction.

FIG. 5A illustrates an embodiment of ingestion-time
semantic mapping.

IIG. 513 illustrales a data struclure example of a raw
evenl.

FIG. 5C illustrates a data structure example of a mapped
event.

FIG. & illustrates an embodiment of unifving semantics of
disparale raw evenls.

I'IG. 7 Mllustrates an embodiment ol splitling a raw cvent
nto multiple mapped events with different semantics.

FIG. 8 is a flow diagram illustrating an embodiment of a
process for perfonming semantic mapping.

IIG. 9 s a [ow diagram illustrating an embodiment ol a =

process for performing stalelul metric computation.
DETAILED DESCRIPTION

The invention can be implemented in numerous ways.
inecluding as a process; an apparatus; a svstelm; a composi-
tion of matter; a computer program product embodied on a
computer readable storage medium; and/or a processor, such
as a processor conligured (o cxecule instructions stored on
and/or provided by a memory coupled Lo the processor. In
this specification, these implementations, or any other form
that the invention may take, may be referred 10 as tech-

3
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niques. [n general, the order of the steps of disclosed
processes may be allered within the scope ol the invention.
Unless staled otherwise. 1 component such as a processor or
a moemory described as being conligured o perlorm a lask
may be implemented as a general component that is tem-
porarily confisured 1o perform the task at a given time or a
specitic component that is manutactured 1o pertorm the task.
As used herein, the lerm “processor’ relers 0 one or more
devices. cireuits. andior processing cores comligured 1o
process dala, such as computer program instructions.

A detailed description of one or more embodiments of the
invention is provided below along with accompanying fig-
vres that illustrate the principles of the invention. The
invention is deseribed in connection with such embaodi-
menis, but the invention is not limited 1o any embodiment.
The scope ol the invention is Timiled only by (he claims and
the invention encompasses numerous alternatives, modifi-
cations and equivalents. Numerous specific details are set

2 torth in the tollowing description in order to provide a

thorough understanding of the invention. These details are
provided [or the purpose ol example and the invention may
be practiced according to the claims without some or all of
these specific details. For the purpose of clarity, technical
material that is known in the technical fields related to the
invention has not heen deseribed in detail so that the
invention is not unnecessarily obscured.

Described lherein are embodiments of techniques for
performing semantic mapping and stateful metrics compu-
tations. In some embodiments. stateful metrics include met-
rics whose computation is dependent on the correlation of
mulliple events that may oceur separated in time.

Defining such stateful metrics, which are dependent on
the occurrence of multiple events in order 10 be computed,
can be complex and dillicult without the user/designer of the
statelul metric having an understanding ol the available
cvenls thal are being capluredfreported by application sen-
sors. For example, raw events that are collected often have
little semantic meaning to vsers, and thus it can be difficult
for users o navigale raw evenls when determining which
ones should be included in a metrics computation {and how
they should be integrated).

As will be described in further detail below, the semantic
mapping techniques described herein tacilitate the applving
or mapping of semanlic meaning o raw cvents. When
metrics designers wish 1o creale a new stalelul metric, they
are then able to navigate the semantically-mapped events 1o
more easily and understandably compute stateful metrics
thal are dependent on the oceurrence of multiple types ol
cvenls separaled in time.

IPurther as will be deseribed in further detail. the semantic
mapping of raw events is pushed to the backend, rather than
being deploved in client-side sensors. The pertorming of
semanlic mapping at the backend provides various benelils.
lior example. this allows the [exible creation of semanti-
cally-mapped events without having 1o deploy client-side
changes to effect modifications tw how raw events are
emitted. Rather, client sensors can continue 1o emit raw
cvenls as 1s.

While examples in the video-streaming/video playback
analyties space are described herein for illustrative purposes,
the techniques described herein may be variously adapted
for capluring and analyzing information from any other Lype
ol application. as appropriaie. Vor example. the semantic
mapping and stalelul computation techniques  deseribed
herein may be used to capture various types of information
within various applications, such as website applications,
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mobile applications, and set-top box applications across
industrics such as ccommerce, healtheare. banking, gaming.
cle.

I'Ir. 1 illustrates an embodiment of a system lor perform-
g semantic mapping and computation of statetul metrics.

In this example, client devices 102, 104, and 106 are
examples of. respeetively, a mobile phone. sel-lop box, and
smard welevision. In the example o[ VIG. 1, the elient devices
include video applications configured to stream audiovisual
content. In this example, the client devices 102, 104, and 106
ineclude sensor libraries (implemented, for example, as soft-
ware development kits (8DKs)). In some embodiments. a
sensor library is conligured 1o colleel raw events aboul video
plavback and transinit them (for example, via a network
such as the Internet) 1o backend or platform 100, which is
conligured 1o lacilitale semantic event mapping and metrics
computation.

Plailorm 1 may be implemented in a variely of ways.
As one example, plattorm 100 is implemented using Scala
or Apache Spark. In some embodiments, platform 100 is
implemented in part using a database, which may be imple-
mented via Clickl louse. 13igQuery, Snowllake, or any other
database as appropriate. For example, plattorm 100 includes
a high-scale analytics database that can be queried. The
database portion may be vsed to support various tunction-
ality provided by platlorm 100, such as navigation ol raw
trallic pallerns o define semantic mapping lunctions, as will
be described in turther detail below.

In the example of FIG. 1, suppose a sensor is installed in
client device 102, The sensor 1s conligured Lo caplure raw
evenls as they oceur lrom the content playback application
running on client device 102, lor cxample, the raw cvenls
ineclude raw events that are emitted with respect to a video
session during which a piece of content is plaved. The
session may be identified by a video session identifier.
Ixamples of raw cvents include system level evenis that
deseribe whal is occurring in the application. Other
examples of evenrs include vser events of user actions. In
some embodiments, as the raw events are emitted, they are
caplured by the sensor and streamed (e.g., In raw cvent
stream 108) (o platform 104,

In this example, the stream of raw events is ingested by
the platform via ingestion engine 110, In the example of
platform 100, raw events 112 that are ingested are then
passed Lo semantic mapping engine 114,

In some embodiments. the scmantic mapping engine is
configured to assign semantics to raw events. For example,
raw events often do not have meaningtul names that are
interpretable lor perlorming analytics. In this example. the

semantic mapping engine includes a sel o scmantic map- s

ping (unctions/rules 116. In some embodiments, cach
semantic mapping function includes two components: a set
of raw event filtering conditions; and a semantic transtor-
mation componenl. In some cmbodiments. a raw cvent 1s

compared against the [ilter conditions ol the semantic map- 5

ping functions. For any semantic mapping functions whose
filter conditions match to the raw event, the semantic trans-
formation component of the matching semantic mapping
[unction is invoked w0 generale a new mapped event objoct
that is derived [rom the malching raw cvent. "The transfor-
mation component includes a function to apply semantics to
the raw event, which in some embodiments includes con-
verling the name of the raw event 1o a mapped event (where
the name conversion conlors new  semantics  thal  are
imparled on the newly created mapped event object). In
some embodiments, semantic mapping functions are con-
figured via semantic mapping configuration engine 122 of
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configuration engine 124, Further details reparding semantic
mapping lunclions/rules and their conligurations  are
described below.

Ag shown in the example ol FIG. 1, the assigning of
semantics to raw events is pertormed in the backend. This is
in contrast to doing so at the client device, For example,
assigning semantics 10 raw evenls al the client side would
involve a developer ol the application writing code in the
client-side application to trigger the events that are sent to
the backend for analyvtics, where, when the events are
triggered, they are given a name or relevant atirilutes (e.g.,
assign semantics Lo those events) thal are meaninglul lor
analytics purposes. Dolng so al the clienl-side can be chal-
lenging. For example, making changes 1o sensor code at the
client-side can be difficult atter the client-side code is frozen,
making it challenging lo make updates al a later time. 13y
pushing such scmantic assignmenl lo raw cvenls lo the
backend, such code need not be written in client-side appli-
cations, and semantic mapping is more easily configured and
deploved. Further, performing semantic mapping on the
client side also requires that the application developer be
aware ol analytical needs, which in many cases is nol a
reasonable assumption. In contrast, performing the semantic
assigiinent at the backend allows the person assigning
meaning to the data to be different from the application
developer.

In contrast. by performing semantic assignment at the
backend, raw events can be sent from the client as is,
however they are structured. The semantic mapping is then
performed at the backend. By doing so, any user ol the
platlorm can access platform 100 o identily raw evenlts thal
have been ingesied. and deline rules 1o map those o a more
semantically clear set of events. As will be described in
turther detail below, generating, from a raw event, a mapped
cvenl with assigned semantics includes. in various embaodi-
ments, renaming events. renaming metadala. or olthorwise
translomming a raw cvenl inle one or more semantically
mapped events. As another example, the semantic mapping
functions are used 1o vnify disparate raw events (e.g.,
versions ol raw events collected from dilferent types ol
devices thal are named dilTerently bul have similar seman-
tics) to mapped events that have a common name. This
provides a form of data cleaning. As another example, a
single raw event may carry a large amount of information
indicating the oceurrence ol multiple types ol events. In such
# cuse, semanlic mapping functions can be writlen that cause
multiple mapped events 10 be generated from the single raw
events. Further examples of semantic mapping transtorma-
tions are deseribed below.

Generaled mapped evenls 118 are passed 1o statelul
melrics computation engine 120, In some embodiments,
stateful metrics computation engine 120 is confipured 1o
compute statefil metrics. In some embodiments, a statetnl
metric s compuled as a Tunclion of (wo or more mapped
cvenls thatl are generated from raw events thal are separated
in time. For example, computation of a statetul metric
involves querving of mapped events, and tracking of events
over time in order tor the metric to be determined. Examples
ol such stalelul metrics include interval/duration melrics,
conversion meltrics, cle. In some ecmbodiments. creation of
vser-defined stateful metrics is configured via statetil met-
rics configuration engine 126 of configuration engine 124,
liurther details regarding conliguration and computation ol
statelul metrics are deseribed below.

In this example, the statelul metries are computed based
ol mapped events. For example, subsequent to semantic
mapping, a raw event is transtormed into a mapped event
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that has a schema and an assigned set of semantics that make
them usable lor analyiics. In some embodiments. statelul
metrics are dependent on the correlation ol multiple events.
lor example. the computation of a slalelul metric may
depend on the occurrence of prior events, which may
provide context about what happened earlier. In statetul
metrics, (hose prior eventls Impact the computation of the
statelul metric based on newer events. xamples of statelul
metrics include video rebuttering time, plaving time, etc. As
will be described in further detail below, users are able to
create statefl metrics off of those mapped events that they
wish (o use for analylics.

The lollowing is an cxample ol a statelul metric. Suppose
an application, where one of the activities in that application
is tor a vser to subseribe to a service that is in the application.
Ay part of capluring all raw cvenls, the stream ol raw evenls
will include events regarding butlon clicks, page loads, and
various other transactions and successes. Suppose thal an
analytics developer would like to create the following state-
ful metrics:

amelric that determines the average (ime that a user lakes
bhelween when the user started subseribing and when the
subscribing completed successfully. This includes the dura-
Tion or time between when a vser starts the subscription form
creation and when the subscription is finished.

a4 melric that delermines the percentage ol users that
slarted the subscriplion service bul never completed the
subscription. This includes the percentage of uwsers that
entered into the subscription page bur never completed the
subscriplion purchase.

Both ol the above examples ol metries are statelul mel-
rics, as they would involve tracking the state of the sub-
scription process over tune, For example, computation of
either of the stateful metrics relies on the identification of

multiple events separated in lime. For example, prior cvenls 3

provide conlextual inlormation aboul what happened carlier
in lime. Those prior events impact the computation or the
metrics based on newer events. The above example of
determining the amount of time taken 1o subscribe is a
slatelul metric, as (he computation involves cventls that
signal start and completion, where one event might have
oceurred several minutes earlier in the event stream. This is
i1 contrast to stateless svstems, in which such durations
could not be computed. In the example of the duration or
time needed lor completion. computation of the metric
involves rocording every slarl subscription event that is
received, and maintaining that information (e.g., the oceur-
rence of that tvpe of event and a timestamyp indicating when
that event oceurred al the client application. when il was

emilled by the client application, when (he cvenl was 5

ingested or received by the backend. ele.) until the success-
ful subscription completion event is recerved (with corre-
sponding timestamp), in order for a ditference to be com-
puted.

In this example, in order 10 construet or conligure the s

aforementioned subscription-related metrics, the metrics-
developer would like 1o be able to identify evens that signal
the start of the subscription process, as well as events that
signal whether the subscriplion process completed. low-
ever. the raw evenls may notl be named or identilied in such
a clear way 1o indicate that they are related to the start and/or
completion of a subscription process. Rather, as described
dbove. the raw evenls may include those regarding butlon
clicks. page loads. cle.

In some embodiments. the semantic mapping processing
described above is nsed 10 apply semantics to raw events that
facilitate their identification, such as when designing the
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example atorementioned statetul metrics. For example, a
designer of semantic mappings can design a semanltic rule
that filiers [or certain occwrrences of cerlain types ol raw
cvenls. such as page loads or butlon clicks that are indicalive
of'the vser starting the process of subscribing 1o the service,
For those raw events that match the semantic mapping, rule,
4 lranslormation component is executed or invoked that
resulls i the generation ol a mapped event that. [or cxample,
is a wversion of the raw event that is renamed 1o be a
“subscription started” mapped event (where renaming is an
example of assigning semantics to the raw event).

In this example, the semantic mapping rules designer can
also design or conligure a scmantic mapping lunction that
filters for raw events whose attributes signal or are indicative
of suecesstul completion of subseription, and generate new
mapped events ([rom the raw events) that are renamed o be
“success[ully subscribed™ mapped cvents. lior example,
various evenls may oceur during the subscriplion process
where a user progresses through various pages. They may,
for example, go through a pavment process, where at the end
ol the payment process. the subscriplion process s com-
pleted  [or example, aller paymoent has completed, the user
receives a page that is indicative of successtul subscription.
In this example case, the semantic mapping desigher can
write g semantic mapping, function/rule that maps the raw
cvenl of the paymenl page o a new mapped cvent thal is
identifiable (c.g.. via a new name or label) as a successul
subscription event.

By applving transtormations that rename the raw events
lo mapped events with interprelable semantics  in this case
“subscriplion  started”  and  “successlully  subscribed™
mapped evenls  a statelul metrics designer can casily query
for mapped events (e.g., based on query terims matching 1o
terms of mapped event names or attributes) that are indica-
live ol subscription starl and successlul subscriplion. with-
oul having 1o alrcady know or have o search through raw
cvenl meladata, which is often inconsistently structured or
formatted, and oftentimes not clearly described in terms of
what the raw event is for.

In this example. the statelul metrics designer can now
casily identify and map those two eventls and creale the
aforementioned metrics. As shown in the above example,
configuration and definition of stateti] metrics is a two-step
configuration process, where semantic mapping rules are
defined (o identily raw cvents ol inlerest and map those raw
cvenls (c.g., name them in oan identiflable manner) 1o
mapped events. Statefil metrics may then be created by
searching for mapped events that are semantically identifi-
able. lior example, the semantic mapping provides inlerpre-
lable meaning (0 raw cvents. which allow them (o he
surfaced in an understandable way (c.g. In previews ol
events, as will be described in further detail below) when
designing user-defined stateful metries.

During ingestion lime processing of streams ol raw
cvenls. there is alse a two-slep process. where mapped
events are generated from raw events based on semantic
mapping. Stateful metrics are then computed off’ of the
mapped events. As shown in this example, statetul metrics
are built and computed oll of server-side translormed events.

In some cmbodiments. the semantic mapping and statelul
metrics computation are pertormed in (near) real-time, as
raw events are ingested by the platform. For example, in real
lime. a raw cvent is received, the raw evenl s transformed
inte a mapped evenl. and (he mapped event is used in
computation of a stalelul metric. In other embodiments, the
stateful metric computations can also be performed as batch
processing at a later time.
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Stateful metrics that are computed can be provided as
outpul or lurther evaluated by data analytlics engine 128. As
one example, statelul metrics are compuled on a per-session
bagis {(an example of a scope ol mapped cvents thal are
identified for computation of a stateful wetric—further
details regarding statetul metrics computation scope are
deseribed below). In some embodiments, the data analytics
engine is conligured (o perform aggregation. such as mulli-
dimensional aggregation. This includes, for example, deter-
mining a dinensional roll-up or an aggregate stateful metric
for a segment of sessions that share one or more dimensional
values in common (e.g., scssions that share a common CDN
(conlent delivery network), ISP (Inlernet Service Provider).
ete.).

In the example of FIG. 1, configuration engine 124 is
conligured to lacilitate configuration ol semantic mapping
[unctions and delinitions ol state[ul metrics. In this example.
the conliguration engine includes semanlic mapping con-
figuration engine 122 and stateful metrics configuration
engine 126. In this example, nsers such as designers nse their
devices, such as devices 138 and 140, 1o conligure semanlic
mapping [unctions andior stalelul metrics via conliguration
intertaces. For example, a vser vses their device 140 to
configure semantic mapping functions via semantic map-
ping configuration interface 130. A statetul metrics designer
uses their device 138 1o conligure statelul metrics via
slatelul metrics configuration interlace 142, lior example.
configuration interfaces 130 and 142 provide trontends (e.g,.,
web trontends) by which vsers can perform the atoremen-

tioned conliguration ol scmantic mapping [unctions and 2

statelul metries. Purther details regarding semantic mapping
conliguration cngine 122 and statelul metrics conliguration
engine 126 are described below,

Semantic mapping configuration engine 122 is configured
o facilitale comliguration ol semantic mapping [unctions.
such as semantic mapping [unctions 116. In some embodi-
ments. lacilitating design ol semantic mapping Tunctions
includes facilitating exploration of raw events so that vsers
can determine what mappings they want to create (e.g., what
Lypes o semantic meanings Lo apply o raw cvents). In some
embodiments, the semantic mapping conliguration engine
includes pattern evaluation engine 132, In some embodi-
ments, the pattern evalvation engine is configured to identity
patterns i raw event streams and present them 1o users to
[acilitate providing meaning (o the raw event data. Iixamples
ol palterns include raw cvent (rallic patterms. such as slalis-
Tics regarding the raw events and their attribute values that
are being ingested and observed by plattorm 100. For
example. users are betler able 1o determine the meaning ol

raw cvenls when they are provided patlerms in the raw event s

data. ‘This includes idenlilying patlerns in global raw dala
received trom multiple devices. This global view supported
by the backend ingestion of raw events from numerous
clients is benelicial as compared 1o performing such patlern

deleciion at the client side, where the local code sensor s

would be limited to the raw event data of that client device.
In some embodiments, the pattern evaluation is performed
using data analyvtics engine 128, For example, the pattern
evaluation engine is implemented by the data analytics
engine.

By identitving and presenting patterns in raw event data,
the user-designer is provided the ability to view patterns that
may be indicative of semaniic meaning. In some embodi-
ments. the patterns in the raw event data are determined by
sampling raw cvenls in streams ol raw cvent data. For
example, raw event sampling engine 134 is configured to
perform sampling of raw event data that is ingested and
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cached or otherwise stored in event data store 136. The
patlerns are then determined based on evaluation of the
sampled raw cvents.

Statelul metrics conliguration engine 126 is conligured 10
tacilitate configuration and creation of statetul metrics. The
following are further embodiments of configurations of
semantic mapping l[unclions. as well as the invoking ol
semanlic mapping [unctions on received raw cvents.

FIG. 2A illustrates an embodiment of a user intertace for
configuring semantic mapping functions. The example of
FIG. 2A illostrates an embodiment of an exploration inter-
lace usable lo explore raw cvenls when a designer is
determining whether o ereale g semantic mapping rule [rom
raw events.

In this example, shown at 202 are examples of raw events.
These include a sampling of raw events delermined using
raw cvenl sampling engine 134, In this example. the shown
raw cvenls (which may be a subset of all the dilferent types
of raw events that are being ingested) are prioritized. For
example, the tvpes of raw events shown are prioritized hased
on how much of a cerlain event has been received. In this
cxample, the amount of the cerlain evenl 1s an estimale
determined based from the sampling. Such statistics are an
example of a pattern for the raw events determined using
pattern evaluation engine 132, By providing such informa-
tion aboul raw cvents. users arc able (o have an overview or
preview ol the raw events that are being ingested and their
volume. Having such a preview of raw events provides a
benefit of aiding the user in better understanding the seman-
lics ol raw cvents.

In this example, lor a surfaced raw cvent, the user can
click on the raw evenl lo view lurther raw evenl data
encapsolated in that raw event. o this example, suppose that
the raw events are in a format such as a JSON (JavaScript
Objection Nolation) [ormal. "The JSON structure for a raw
cvenl includes an evenl name (a8 shown in panel 2023, In
this example, cach raw evenl is assoclaled with event data
which includes, for example, a list of kev-value pairs. At
panel 204, atter selecting a raw event (e.g., event 208), the
cvenl tag keys lor thal type ol raw cvent are shown. This
allows (he user 10 view (e ypes ol lags or atltribules thal are
associated with the raw event. The various tag values
available for tags‘kevs of the event that are acmally
observed (based on samples) are also shown at 206. As
shown al 206. the various observed lag values arc also sorled
or prioritived.

FIG. 2B illustrates an embodiment of a user intertace for
configuring a semantic mapping rule. Shown in FIG. 2B is
an example ol a user conliguring a semantic mapping rule
for a raw evenl. In this example, suppose that the user would
like (o creale a mapped event that is indicative of whether a
vser 15 logging in to a video plaver application. In this
example, the vser will define filtering conditions for raw
cvenls thal are indicative of logging in. lor example, sup-
pose that the user is determined 10 be logging in whenever
the vser is on a plaver screen.

In this example, in order to define such a lopging event
trom raw events, as shown at 212, the user has selected the
sereen view raw cvenl wilh the name “screen_view™ [rom
pancel 202 of UGG, 2A. The wser, lor example, sclects the
event with the name “screen view™ based on it having been
surtaced by the configuration vser intertace according to the
raw cvenl pallern evaluation deseribed above. 'The user alse
selects the “sereen_type™ lag of the raw evenl as shown al
214, The user also seleets the event lag value of “player™ as
shown at 216. In this example, the selection ot the “plaver”

value for the “screen_tvpe” tag of the “screen view™ raw
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event in the Ul corresponds to the nser’s desire to create a
new mapped evenlt that is indicative ol the user logging in
based on detecling, rom raw cvents. that the user is on a
player screen. In this example, the raw event does not have
1ext or labels or valves that explicitly refer to logging in.
Rather, the designer is creating a semantic mapping, function
that will apply, 1o screen view raw events whose screen-
_lype lag wvalue cquals “player,” a scarchable semanlic
meaning or label indicating that a logging cvenl has
vceurred.

In this example, the user’s selections 212, 214, and 216
are also shown at 218 and at portion 220 of the configuration
user interface example of FIG. 2B. For example, at 220 is
shown a configuration ol a [iltering component ol a semantic
mapping lunction being conligured. The (illering component
is used 1o determine the (ilering condition lor identilying
raw events with certain names and attributes (and values) of
interest. In this example, the filtering condition is 1o filter tor
ingested raw events with the event name “screen view™
(222} that have the tag value “player” (226) lor the tag key
“sereen_lype” (224,

FIG. 2C illustrates an embodiment of a user interface for
configuring a semantic mapping rule. In this example,
configuration of a semantic transtormation component of a
semantic mapping lunction is shown. lior example. the
semantic transformation component delines the semantic
mapping to be applied 10 raw events that match the filtering
condition specified in the example of FIG. 2B. In this
example. the user conligures the ransformalion component
by accessing portion 228 of UIG. 213 {reproduced here in the
example ol G, 20 lor selling mapped cventls.

In the example of FIG. 2C, the transformation component
for setting mapped events includes two fields. Field 230 is

lor selecling a category [or the mapped event {that will be 3

goenerated as a resull of the translormation, and that s
derived [rom the raw event thal mects the (iliering condi-
1ions ). In this example, the user has selected that the mapped
event is a custon category of event. In some embodiments,
scleetion of a known category resulls in the presentation ol
candidate defaull mapped event names (hal may be appli-
cable. In this example, at field 232, the vser specifies a
mapped event name, or the name tor the mapped event to be
derived trom the raw event. In some embodiments, gener-
aling a mapped evenl with the mapped evenl name is an
example of applying semantics 10 the raw evenl. where the
mapped event is a nser-readable string or value that provides
semantics describing the event. In this example, the vser has
speeified that the generaled mapped evenls are 1o have the

mapped evenl name “logging In” As shown in this s

example. there was nol a raw cvenl with a name that s
indicative of a uvser logging in. However, the designer has
how created, via configuration of  semantic mapping rule,
a new mapped event (hal maps raw cvents that show the user

heing on a player screen (o a mapped evenl with a user- s

readable and searchable name that is now indicative of'a log
in event. For example, whenever a raw event meeting the
filtering conditions of the semantic mapping function is
identified. a new mapped event is generated with the name
“logging_in.” In some cmbodiments, the translormation
component includes a tunetion that when invoked, performs
a per-event annotation by applying semantics to an instance
ol an ingested raw cvent. "The semantic mapping described
herein aligns the matching raw events with their actual
semanlics.

As will be described in turther detail below, user-defined
statetul metrics that are dependent on the “logging in™ event
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may then nse the “logging in” mapped events (generated
from the ingested raw event) o perlorm the stalelul melric
compulation.

In some embodiments, aller completion of specilying the
filtering and transformation components of the semantic
mapping rule, the user is provided the option 1o save the
semantic mapping lunction. lior example, platform 100
maintaing a sel ol conligured semantic mapping lunctions.
Mapped events may also be shown in the configuration
interface for further analysis.

The following are further examples of configuration of
semanlic mapping rules/Tunctions.

1G5, 3A illustrates an embodiment of a user interface [or
configuring semantic mapping. In this example, suppose that
the confisuration user would like 1o create a new mapped
cvenl called “clicking movice™ that is derived rom raw
cvenls named “comviva_network_roquest” thal have a “lar-
gel_URIL” key whose value containg the string “movie.”” The
creation of a mapped event with the semantically meaning-

20 ol (and searchable) name of “clicking movie™ will more

casily lacilitale the ereation ol state[ul metrics, in contrast 1o
a designer who would have (o perform convoluled matching
ol raw event attributes and names. I the example shown, as
part of determining the filtering component of the semantic
mapping rule, the vser has selected the raw event with the
name “conviva_network_request” (302) and (he evenl lag
key “network_request_target_URIT (304).

FIG. 3B illustrates an embodiment of a user intertace for
configuring semantic mapping. In this example, specifica-
lion ol the [illering component of the new semantic mapping
rule is shown. In this example. a specilication of the raw
cvenl name “conviva_nclwork_request”™ (312) is shown. The
tag kev “network_request_target_url™ is specified at 314. In
the example shown, the filtering condition on the tag valve
for the tag key is specilied at 318.

In some embodiments, the condition on the lag value is
selectable [rom a range ol oplions. In this example. as shown
at 320, the condition on the tag valve is that the tag value for
the tag kev in the raw event contains the string “movies.”
Other examples ol condition types on the tag value include
the tag value equaling a specilic value (specilied by the user,
for example), not equaling a specific value, or not containing
a specific valve.

FIG. 3C illustrates an embodiment of specifving a map-
ping component of a semantic mapping rule. In this
cxample, a semantic mapping o be applicd 1o raw cvenls
matching the filtering conditions that results in generation of
a new mapped event is shown. In this example, the semantic
mapping 1s specilied at 332 by specilying a mapped eventl
name for the new mapped events o be generated. In this
cxample, the mapped evenl name is speeified as “clicking
movies.”

In this example, vpon specification of the mapped event,
the new type ol mapped event (with associaled name) is
stored and maintained in a listing of available mapped
events. A stateful metrics designer may then vse the new
clicking movies event to create a statetul metric, such as a
duration between the vser clicking on a movie to the ending
ol the movie.
lixample of Speeifying Compound lillering Conditions

In the above example of FIG. 3B, a filtering condition on
a single kev/value pair is shown, More complex filtering
conditions may be specilicd lor the [iltering component of
the semantic mapping [unction. For example. logical opera-
lors may be used to specily mulliple filiering conditions 1o
be matched for a raw event 10 meet the filtering component
of the semantic mapping function.
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FIG. 4 illustrates an embodiment of specifving a filtering
condition lor a semantic mapping lunction. As shown in this
example. the user inlerface is conligured o provide options
lor adding OR rules (402) and/or adding ANID rules (404).
Other tvpes of operators for specitving filtering conditions
can be specified. For example, regular expressions can be
conligured Lo delermine clements of an inpul raw evenl.
Other examples ol operators include a determination ol
whether the event (or its event data) contains or does not
contain certain valves, whether an event attribute equals or
does not equal certain values, ete. Multiple operators can be
combined (o express arbitrary [illering logic based on vari-
ous types of wrms.

In the example of FIG. 4, as compared 1o the example of
FIG. 3B, an OR rule has been added, as shown at 406, In this
example. “conviva_nelwork_request”™ cvenls with the lag
key “network_request_url_path”™ that has a lag value that
conlains “serics™ will also malch on the (iltering condition ol
the semantic mapping function and result in triggering of a
new ¢licking movies mapped event.

lor example. il the same selling ol mapped ovent is
conligured as in (he example of VIG. 3C, (hen raw convi-
va_networlc request raw events with either network re-
quest_target_url keys that contain the value “movie,” or
networl request_url_path kewys that contain the valve
“serics”™ will trigger crealion of corresponding “clicking_
movics” mapped evenlts.

Geperation of Mapped Events from Raw Events
The following are embodiments of ingestion-time pro-

cessing in which a streamed raw event { [rom a client device) 2

is scmantically translormed lo a mapped cvenl. As one
example. suppose the semantic mapping rule defined in the
examples of FIGS, 3A-3C is saved and deploved (e.g., to
semantic mapping functions 116 to be vsed by semantic
mapping cngine 114 of FIG. 1)

IIG. SA illustrates an embodiment ol ingestion-lime
semantic mapping. Suppose thal al ingestion lime, a raw
event 502 with the name “conviva_network request™ is
ingested whose key “network_request_target_url” contains
the value “movices.” The raw event is compared against a set
ol semantic mapping lunctions. In this example. the ingested
raw event matehes 1o the filtering component 506 of clicking
movies semantic mapping funetion 504,

According o the transtormation component 508 of the
clicking movies semantic mapping Munction, a new mapped
evenl 510 1s created with the name “clicking_movics.” The
following are embodiments of generating the new mapped
event. As one example, the mapped event is generated as a
copy of the raw evenl with the same structure and event

allributes (c.g.. key-value pairs) that deseribe the evenl. In s

some embodiments, Umestamps assoclaled with (he raw
event (e.g., of when the raw event was generated or trans-
mitted by the client application, received or ingested or
collected by (he platform, cle.) are also carried over and

associaled with the corresponding new mapped event. The s

new mapped event is assigned the new semantics by assign-
g the mapped event name in the semantic mapping fune-
tion 1o the new mapped event. 1o this example, the trans-
lormation component i a function thal creales a new
mapped event with a dillerent name lor all ol the raw evenls
that match the filtering conditions of the filtering compo-
Lent,

In the above cxample, a new mapped evenl object was
created that is a copy ol the malching raw cvenl, bul with a
different name. lior example. as platform 100 runs and
ingests a stream of raw data, any incoming raw event that
matches the conditions of the clicking movies semantic
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mapping function 504 will result in creation of a new
mapped event called “clicking_movies™ (hat inherits all of
the data of the raw event. but with a different name for that
cvenl. lior example, as shown In the inlerface cxample of
FIG. 3A, raw events with the name “conviva_network re-
quest” ineclude a variety of kevs with a variety of values.
Those altribules {c.g.. key-value pairs) will be inherited or
otherwise maintained in the new mapped event objoct cre-
ated according 1o the semantic mapping function. For
example, it an analyst wished to see the response code for
the new mapped clicking movies event, the user would still
be able o access the keysivalues in the original raw cvenl
that the new mapped cvent was generated [rom (as i is
copied over). For example, the vser can see whether the
response code was 200 or 400. By doing so, the user can see
whether the clicking movie request was success[ul (c.g.,
with respornse code 2000 or [ailed (c.g., with response code
4007, That is. the raw event attribules that desceribe the evenl
are carried over in the mapped event. The mapped events are
then stored. In some embodiments, the raw events are stored.
In other embodiments, the original raw events are not stored.
In some embodiments, amapping or relerence Lo the original
name of the raw event is kept or maintained by platform 100
{e.g., by mapped event names and raw event names, which
may be maintained in semantic mapping functions/rules, for
cxample). In some embodiments. whether raw evenls are
kepl or stored is conligurable. For example. a developer may
wish 10 see both the mapped events and the raw events, and
in such case, both raw and mapped events are stored or
maintained.

II1G. 513 illustrates a data structure example ol a raw
cvenl. FIG. 5C illustrales a dala structure example ol a
mapped event. As shown in this example, the mapped event
and the raw event have the same format. The event data is
carried over [rom the raw event Lo the mapped event. The
names ol the mapped evenl and the raw evenl (names 522
and 532} are different, which is the resull ol applying the
semantic transtormation specified in the semantic mapping
function whose filtering condition the raw evemt matched,
and whose transformation component yiclded the mapped
name evenl of FIG. 507

Ag shown in this example, the transformation involved
creating a new mapped event object with the same structure
as the matching raw event, where the semantic transtorma-
tion is the applying of a new name (o the new mapped evenl.
In this example. the mapped event inherits the event data of
the raw event from which it was derived.

Embodiments of the techniques for semantic mapping
deseribed herein provide various benelits lor delermination
ol statelul metrics. or example, the semantic mapping
lechnigques deseribed herein dramatically reduce the com-
plexity for users to navigate through their own raw data. For
example, designers need not go all the way to the client-side
applicalion to apply a semantic meaning'name within the
code of the application, which is dilficult (o include and alse
difficult to change. Rather, the semantic mapping techniques
described herein facilitate efficient and flexible mapping of
semantic meaning to raw events. Further, by performing
semanlic mapping in the backend, designers are able 1o
Mexibly test oul various semantic mappings with case. lor
example, designers can test different semantic mappings 1o
determine how the applications of different types of seman-
lics [acilitate creating stalelul melrics. For example. the
semanlic mapping is used o provide meaning o the data
upon which caleulations are created. That is, there 1s a
separation between providing meaning to data and calcula-
tion of stateful metrics on the data.
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The following are further examples of the flexibility
provided by the semantic mapping lechnigques described
herein. For example, the semantlic mapping lechnigues
deseribed herein [acilitale unilying disparale raw cvents Lo
mapped events that are assigned the same semantics. The
semantic mapping techniques described herein also tacilitate
the splitting or expansion of raw events 1o mulliple mapped
evenls. lior example, some raw cvenls may include a large
amount of event data or attributes, with multiple kev-value
pairs that are in and of themselves indicative of different
events with different meanings. Using the techniques
deseribed herein. semantic mapping functions may be con-
figured that resull in a single raw event yiclding multiple
difterent mapped events with different semantics.

Example of Unitving Semantics

The lollowing are examples of unilying dillerent raw
evenls inlo mapped events with common or unilying seman-
tics. In this example. two dillerent raw cvents that are named
difterently, but refer to the same tvpe event, are vnified such
that the instances of the mapped events resulting from the
lwo raw evenls share the same name. In this way. a statelul
metric can be conligured 1o identily the unilied mapped
event name, rather than having to piecemeal aggregate
together raw events by their disparate names.

FIG. & illustrates an embodiment of unifving semantics of
disparale raw evenis. In this example, suppose (wo applica-
lions. where one is a JavaScripl application running in a
browser and the other application is an iOS mobile appli-
cation. The JavaScript application emits a JavaScript raw
evenl 602 named “page_view™ thal is ingesied by platlorm
100 The 108 application emitls an 0% raw cvenl 604 named
“sereen_view” thal is ingesied by platlorm 100, Suppose in
this example that although the raw events trom the two
different tvpes of client applications are named differently,

they actually reler o the same type of evenl. As will be 3

shown in this cxample, using the lechniques described
herein, the two dillerent raw events will be unificd with
respect O hames or semantics.

The following is an example of facilitating such vnitving
of semantics of dillerent raw cvenls. Relerring o the
example ol FIG. 6. the unilying ol raw cvenl semantics 1s
specified via configuration of a single semantic mapping
function/rule 606, In this example, the filtering component
608 of the semantic mapping tunction includes multiple raw
evenl [filtering rules. For example, the filiering component
includes a first portion lor [illering conditions 1o apply o raw
events from the JavaScript application (raw events with
“event_hame”™ “page_view™ in this example). The filtering
component includes a scecond section Jor [illering conditions

Lo apply 1o raw cvenls [rom the 108 mobile application (raw s

evenls with “evenl_namc™="screen_view™ in this example).
The two portions of the filtering component are connected
via a logical OR so that events that match either of the
(iliering conditions/rules will match Lo the semantic mapping

[unction. The translormation component 610 ol the semantic s

mapping function includes a section for setting mapping
events, where any events that match any of the filtering
sections of the filtering component will result in generation
of new mapped events with the same (common/unilied)
mapped event name o “app_view.” In this example, both the
JavaScript and 108 raw events (602 and 604, respectively)
will match 1o the filtering component of the same semantic
mapping [unction 606. and (wo corresponding mapped
evenls (612 and 614, respectively) are generated. As shown
in this example. the naming space ol the two raw cvenls has
been unified. While the two raw events previously had
different raw event names, after being passed through the
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semantic mapping tunction, the resulting mapped events
have the same unified semantics applicd. That is two new
cvenls wilth the same name were generated from the original
twor events (hat had dilferent names. In this case. evenl name
semantics for two different types of maw events are per-
formed so that the two evenrs will mean the same thing in
later downstream processing. lor example, suppose a slale-
ful metric that is computed based on the duration between
app_view and app pause events. During processing of raw
events, both the i0S and JavaScript events will result in
mapped events with the same name (event semantics),
“app_vicw.” In this case, both of the mapped events derived
from the raw events thal were originally named dilferently
will be used in computing the duration metric,

In other embodiments, multiple semantic mapping func-
lions may be conligured, where one semantic mapping
function includes (ilier conditions lor the JavaScript appli-
cation, the second semantic mapping lunction includes [ilter
conditions for the 108 mobile application, and both semantic

20 mapping functions include a transformation component that

sels the mapped evenl name o the same value (e.g., the
common/unillicd name). In this example, the JavaSeripl raw
event will match to the semantic mapping tonction with
filter conditions tor the JavaScript application, and the 108
raw event will match to the second semantic mapping
funciion that includes [iller conditions for the 108 mobile
application. lach of the semantic mapping [unclions will
result in mapped events with the same (common/unified)
mapped event name.

In the example ol VG 6. two dillerent types ol devices
are sending oul raw events thal are semantically equivalent,
but with different naming conventions. In some embodi-
ments, the semantic transformations via the semantic map-
ping functions described herein allow the two differently
named raw evenls o be inlerpretable by platform 100 {c.g.,
for metrics computation) as the same type ol event. This
prevents the syslem [rom storing muliiple versions ol the
same type of evenr, with them being treated separately.
Rather, semantically equivalent events with different raw
cvenl naming convenlions can be collapsed down so that
they are treated unilormly by the system (rather than dis-
parately, it' the svstem did not have kaowledge that the
events were semantically equivalent). This unifving of
semantics also allows the svstem 1o determine global
insights lor cventls with the same semantics, even il the raw
cvenls [rom which they are derived are collected across
different tvpes of devices (as raw events thom multiple tvpes
of sources are now aggregated or vnified vnder a common
semanlic naming convenlion). where the view ol the raw
cvenls 1s not siloed by the source that it came [rom.
lixample of Splitting Raw Lventls intlo Multiple Mapped
Events

The following are examples of splitting a raw event into
mulliple mapped cvents.

Asingle raw evenl may include numerous altributes. and
thus, potentially contain high dimensional meaning. In some
embodiments, semantic mapping tunctions can be written
that take a single raw event, and split it out into multiple
mapped events. cach with their own semantic mapping
applied. lor example. a single raw cvent with a raw cvenl
name can be used to generate multiple new mapped events,
each with different mapped event names (e.g., different
semanlics).

1G5, 7 illustrates an embodiment of splitling 2 raw evenl
inte multiple mapped events with dilferent semantics. In this
example, suppose a raw event 702 that is ingested. In this
example, the raw event hamed “network_request” includes
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muliple key/value pairs or attributes in its event data. For
example. the event data includes a “url” key with a URI.
{unilorm resource locator) path as its corresponding value in
this raw cvenl instance. The URL. value in this example
contains the string “movie.” The event data also includes a
“code™ tag key with a corresponding value. The code value
in this example is “200.”

While a single raw cvenl 702 15 shown. the aloremen-
tioned keydvalue pairs deseribe two lypes ol events. For
example. (he URLL containing the string “movie” 1s indica-
tive of a clicking movies event. Separately, the code value
being 200 is indicative of another tvpe of event, a successtul
request.

In order o caplure the mulliple cvents that are bolh
encompassed by the single raw cvenl, as one example.
multiple semantic mapping functions (704 and 706 in this
example) are configured. For example, semantic mapping
function 704 is configured with a filtering component 708
that filters for raw events with the name “network request™
whose “url” key conlains the string “movie.” In response o
the raw cvenl 702 maiching (iliering component 708, the
transtormation component 710 of the clicking movie seman-
Tic mapping tunection 704 is configured to generate a mapped
event 712 with the semantic name of “clicking movies.”

Similarly, 1o caplure that the raw event 702 also includes
an indication ol a success[ul request event (that should be
split out as its own event), semantic mapping function 706
is configured with a filtering component 714 that filters tor

raw cvenls with the name “network_request” whose “code”™ 3

key s oqual 10 200, In response 1o the raw event 702 also
malching (iltering component 714. the transformation com-
ponent 716 of the successful request semantic mapping
function 706 is configured 10 generate a mapped event 718
with (he semantic name of “success lul_requesl.”

As one example. both mapping rules 704 and 706 arc
maintained by platlorm 100 {cg., in semantic mapping
functions 116). At ingestion tine, the raw event 702 is
passed to all of the mapping functions. Both mapping rules
704 and 706 would be triggered based on raw event 702
malching their [illering conditions. "The matching ol raw
event 702 to the two mapping rules 704 and 706 triggers the
generation of two new mapped events, That is, the same raw
event has matched to two different semantic mapping rules,
resuliing in the crealion of two mapped events from the
single raw cvenl. In some embodiments. the two mapped
events 712 and 718 have the same format and structure and
event data as the source or original raw event, but with
different mapped names.

The splitting ol a single raw cvent inle two different =

mapped cvents based on the determination of dilferent types
of events (with difterent tvpes of semantics) present in the
original raw event facilitates configuration of statetul met-
rics. Suppose thal a designer ol a stalelul metric would like

Lo design (wo slalelul metrics, where one stalelul metric is 3

based on when clicking movies have oceurred, and the other
stateful metric based on the occurrence of when successtul
requests having oceurred. Without the semantic mapping,
the user would have 0 know (o nol only specily cvenls
named “network_request_event™ ag part of the faclor in their
metric, but would also have to koow 1o delve into specific
kevivalue pairs. In contrast, by using semantic mapping, the
user need only search using a query [or “suceess lul request,”
and the mapped cventls with (he scmantically meaninglul
name “successul_request”™ would be relurned as an option
(where the list of mapped event names is searchable, for
example via platform 100,
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In this example, the single raw event would match 1o the
[iltering component ol both semantic mapping [unctions 704
and 706. In this case, rather (han both the successlul request
and the clicking movic events being lied or bound 1o one
event, their semantics are captured in two different mapped
event objects that are generated from the single raw event.
Compression ol Mapped Lvents

In some embodiments, the generation of mapped events
from input raw events involves the creation of new data. The
creation of new data involves consumption of CTPU (central
processing vnit) cveles and memory space. For example,
generaling a new mapped evenlt thal is a copy ol the raw
cvent (bul with dilferent naming/semantics) imvolves dupli-
cation of data. This includes addition of CPU cyeles, stor-
age, and IO (input/output) for handling the newly generated
inlormation. In some embaodimenis, (o reduce the amount of
storage needed for handling the newly created mapped
cvenls. compression is performed.

The following are examples and embodiments of com-

20 pression. As one example, mapped events are aligned based

on their atiributes. Suppose thal one raw evenl resulled in the
generalion o 10 dillerent mapped events. In this example,
the 10 ditferent mapped events have different names, but the
same event atiribute data that is copied over from the
originating input raw event. In some embodiments, colum-
nar storage 1s ulilived 1o facilitate compression of duplicale
data. in which data {mapped events) with the same column
data or attributes is stored together.

Sampling and Preview Generation for Coofiguration of
Semanlic Mapping I'unctions

In VIG. 2A an example of a semantic mapping [unction
confliguration user inlerlace was shown. In the example of
FIG. 2A, the vser interface is nsed to support exploration of
raw event data to aid the vser in determining what semantic
mapping lunclions or rules should be generated. In this
cxample, the user interlace is conligured o provide insights
aboul pallerns in the raw dala, as well as a navigable
experience (e.g., to search through events). The following
are embodiments of supporting such functionality in the
presence of large volumes ol raw evenl data.

In some embodiments. the plaiform performs sampling
{e.g., using raw event sampling engine 134) 1o facilitate
efficient navigation through raw event data by providing
patterns in the raw event tratlic. In some embodiments,
sampling is perlormed o reduce computational cost. as
compared o perlorming caleulations 1o display all observed
statistics for all attributes in all ingested events.

For example, at 208 in FIG. 24, it is shown that at that
lime. there are approximately 2.01 million network evenls.
In some crmbodiments. the number of events is extrapolated
or caleulated based on the pereentage ol raw event dala
being ingested by platform 100. This is in contrast to, for
example, counting and keeping track of every single net-
work request raw event from (he total events thal are being
ingested.

As one example, suppose that one billion events are
ingested. To generate the exploration and mapping intertace
of FIG. 24, a subset of the events (e.g., a sample of five
million evenlts) is used lo power the exploration and map-
ping interface. That is. the onc billion raw cvenls are
down-sampled to five million events, where what is shown
in the configuration vser interface is based on the sampled
cvenls. (During mapping Ume, the scl of mapping [unctions
is s(l1 applied (o all of the [ull set ol one billion events thal
are being ingested when statelul melrics are ultimalely
computed). In some embodiments, 1o provide the designer/
vser suflicient data 1o explore and vnderstand what map-
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pings to create, the flexible configuration uvser interface of
P15, 2A 1s generaled on a sample ol the input raw evenl data.
In this way, a dynamic conliguration user inlerlace can be
generated and loaded quickly that provides information
about the actual data that is coming in. In this way, the nser
is able to view actual traflic patterns in the raw events that
are being ingested in real-lime. such as viewing information
aboul the actual attribule values that are included in actual
raw events being ingested (the patterns of which may change
over time) so that the user can understand the raw event data.
In some embodiments, the patterns or statistics extracted or
olherwise determined from the sampled raw evenls are
determined by pallern evaluation engine 132 ol platlorm
100. The ability to explore raw events and understand what
raw events are coming in, such as the number of raw events
ol certain types thatl are being ingesied. the ypenumber of
allribules in raw cvents. as well as the different values (and
their volumes) for the lags in ingested raw dala, provides
nsers important information about raw events when config-
uring semantic mapping functions.

Without the trallic preview portion of FIG. 2AC the
designer ol the semantic mapping functions would not know
what tvpe of events are being ingested or collected by the
platform, and would not know what raw events (and what
raw event names, kev-values, etc.) o map to. Further,
without the trallic volume inlormaltion. the designer will not
he able 1o differentiale belween events wilh signilicant use
versus ones with less importance (where the traflic volume
can be indicative of relative importance or significant vse).

Providing ol conliguration user inlerfaces such as that 3

shown in V1G5, 2A by platform 100 provides various benelits.
such ax addressing the issue that configuration users may not
know what raw events are coming from their own client
applications. ¥ia the exploration vser interface of FIG. 24,

users can explore the raw dala, as well as view the evenls 3

and their keys/values. as well as delermine whal raw cvenls
have been semantically mapped or have not yel been
mapped.

Ag described above, providing such explorable tatlic
pallern informaltion perlaining (o ingesied raw cvenis (c.g..
1o see within events at thelr keys and values. as well as
determine whether they have been mapped or not mapped)
can be prohibitive or computational expensive to perform
for a real-time interface. That is, it may be too prohibitive to
support exploration on all possible raw events. As deseribed
dbove. o address this, platlorm 100 s conligured (o sample
raw events.

The following are further embodiments regarding provid-
ing of an cxplorable inlerface Tor conliguring semantic

mapping [unciions. In some embodiments. a random per- s

centage of raw cvents s oblained (e.g. via the sampling
described abowe). The names and attributes of the random
sampling of raw events are deterinined and vsed to generate
the explorable. real-lime view ol raw evenls shown in the

example user inlerface of UG 2AL Vor example, the enu- 5

meration of all of the tags and values for the sampled raw
events is determined and shown. For example, a sampling of
events is taken. For each of the sampled eveurs, the event
name. attributes. and aliribule values are extracted and
recorded. Slatistics on the covenl names. allribules. and
attribute values are also determined (e.g2., the number of'each
ohserved). The statistics for the event names, attributes, and
allribute values arc then provided in a conliguration user
interface such as that shown in PIG. 2A as identified paitems
in the raw evenl traflic. The user may then use the trallic
preview data 1o define semantic mapping fonctions, as
described in further detail above in conjunction with the
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examples of FIGS. 2B and 2C. For example, without being
presented the patierns of the raw event traflic. the user would
have difficully understanding the shape of the raw event data
being ingested, and 1t would be challenging lor a user 1o
define meaningful semantic mappings. The plattorm pro-
vides information about the actual data (e.g., the number of
times certain events with certain names, attributes, and/or
valucs oceur in the actual raw data) so that the user can
determine an understanding ol the raw data. "The pallerns or
stalistics ol the number ol evenis, aliributes. and/or aliribule
values are beneficial for users to assign semantic meaning 1o
the raw tratlic data.

In some embodiments, by performing a sampling, the tull
cardinality (c.g.. all possible lag keys and values) of raw
cvenls is maintained. "The caleulation of how many limes an
cvenl with a cerlain name. a key, andfor value appeared is
computed from the sampled raw events. In some embodi-
ments, the random sampling is vnitorm. n this way, the
statistics of the appearance of certain attributes/valves/raw
cvenl names in ingested raw data are preserved. 3y provid-
ing such inlormation. the user is beller able o understand
and have a sense of their data in order 1o define semantic
mappings, such as the ratio of screen view events to button
click events 1o understand what sorts of raw events are being
cmilled [rom client applications.

In the example of PIG. 2A, an approximalion or estimale
of the observed event names, 1ags, and tag valves provides
a form of curation to facilitate the vser's vnderstanding of
the raw event traflic and lo supporl preparing ol data for
analysis, where the preparation includes confliguration of
semanlic mapping and statelul metries delinition.

By providing such preview data with respect 10 raw traffic
data, configuration and computation of stateful metrics are
lacilitaled. lor example. the semantic mapping deseribed
herein is an inlermediale slep Ina lwo-slage process in
which raw cvents are inputled, and statelul metrics derived
from such input raw events are outputted. The semantic
transformations provide an intermediate step of converting
raw ovenls Lo semantically meaninglul mapped cvenls,
where the stalelul metries are defined oll o mapped events.

Embodiments of the semantic mapping techniques
described herein facilitate the generation of complex statetnl
metrics dependent on numerous events that may be sepa-
raled in time. Vor example, suppose a statelul metric that is
4 [unction of ten dillerent mapped events. Withoul providing
semantically interpretable descriptions or labels 1o the
events, then it becomes intractable for a metrics desigher 1o
grasp whal events are needed o ereale such meirics. As the
number of events needed 10 compule a stalelul meltrics
increases, the complexily of defining the melric increases
exponentially. By facilitating the assigning of semantic
meaning to arbitrary raw events, the links among events can
be surlaced or presented 1o metrics designers so that they can
betler understand those relationships and creale statelul
metrics.

In some embodiments, atter semantic mapping and state-
tul metrics definition has been performed, separate inter-
laces are provided by platform 100 in which users can view
and perform analytics on the [ull-scale ingested raw data. As
obe example, in such an analvtics interface, the user can see
the accurate total values for events.
liurther lmbodiments Regarding Scmantic Transformations

In the above examples, the transformation of raw events
lo mapped cvents included generaling a copy ol the raw
event, including inheriting its event data, and renaming, the
copy of the raw event to have the mapped name event. Other
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tvpes of transformations may be pertormed. Further embodi-
menls of semantic translormations are described below.

In the above examples. applying a semantic lranslorma-
tion included converting the name of the raw cevenl 1o a
mapped event name in the newly generated mapped event
ohject. As another example, semantic transtormation
includes mapping the raw atlribules 10 mapped atiributes.
such as by renaming altribules (c.g. lags or keys) in the
mapped event object. In some embodiments, which artr-
butes are renamed is configurable. For example, suppose
that a raw event has 50 atributes. A designer can confipure
a4 semantic mapping lunclion o rename three ol those
allributes in the mapped event objectl.

The transtormation component supports other types of
transtormation actions as well when generating a mapped
evenl object [rom a raw evenl. One example action is Lo drop
or discard an allribute. In some embodiments, multiple
trans [ormation aclions can be conligured in a trans [ormation
component, For example, one atiribute in the raw event can
be specified 10 be dropped in the mapped event, while
another atiribule is 10 be renamed in the mapped event {e.g..
applying semantics al (he aliribule level). As another
example, the transformation component can be defined to
create a new mapped event with an atiribute value that is the
output of a humerical operation (defined in the transtorma-
tion component) o which an altribute value in the raw cvent
is provided as inpul. As another example. a [ormal of an
attribute value can be changed or converted in the mapped
event as compared 1o the raw event according to the trans-

lormation component {c.g.. [rom a string value Lo an inleger 3

value). Other types ol conversions or translations ol portions
ol a raw evenl when generating a new mapped evenl may be
specified in the transtormation component of a semantic
mapping function,

Ag shown in this example. the [iltering component ol the 3

semantic mapping [unclion delines the events o be treated
by the semantic mapping lunction, where the trans lormation
component of the semantic mapping function defines the
actions that are to be performed to manipulate the raw event
inte a mapped event object with the desired semantics Lo
support building statelul metrics.

In the above examples, for illustrative purposes, raw
events were shown with a data structure that included an
event name and a list of kev/value pairs. In various embodi-
ments. (he semantic mapping functions may be comfligured (o
accommodale other types of raw event data structures, or
example, other tvpes of raw event data structures include a
log line in a log that is in a string tormat. As one example,
the [llering component is conligured o liler lor such events

by parsing log lines [rom a raw evenl lo identily malching s

raw cvenls. lior example, dillerent (illering rules/conditions
are constructed for different tvpes of raw events. [n the case
of a log line string, one example of a filtering component
[unclion is a regular expression rule that exiracls cerlain

fields outl ol a string. The (iltering component can be s

configured to filter based on arbitrary conditions and input
raw event formats.

The transtformation component can be configured 1o also
generate a mapped evenl object with desired semantics that
is In a dala structure lormat different rom the inpul raw
event tormat. As one example, in the above, the filtering
component s configured 1o handle log strings. The trans-
lormation component lor the semantic mapping lunclion can
he constructed o generate a mapped evenl with key value
pairs out o[ the input log line. That is. n some embodiments.
the semantic mapping tunction takes as input a raw event
with a first tvpe of data structure or format, and transtorms

—
Pl

[
[y

40

45

Gl

G5

20

or maps the input raw event into a mapped event with a
dillerent type ol data siructure than the raw cvenl. The
[illering component is conligured to perform [illering based
on the data struclure type ol the inpul raw cvents. lior
example, the filtering is a regular expression to identity a
specitic element within a string. The mapping portion then
trans [omms that clement into a mapped event of another Lype,
such as a key-value pair. In some embodiments. the mapping
component of the semantic mapping function is configured
to provide a schema for the mapped event. In addition 1o
vuifying semantics tor ditferently named raw events (that a
user decides are scmantically equivalent and should be
renamed accordingly), the mapping [unctions can also be
vsed 10 regularize the schema of raw events (that should be
treated as semantically equivalent) into a common or stan-
dardized data Tormal ol mapped events that the system is
able lo then process.
lrurther mboediments of Statelul Metrics

The following are further embodiments of configuration
and computation of stateful metrics based on mapped events
generaled based on semantic translormations applied Lo raw
cvenls.
Configuration of Stateful Metrics

The tollowing are embodiments of building stateful met-
rics. In some embodiments, configuration of a stateful metric
includes specilying a function whose inputs include multiple
mapped cvents. One example of a statelul melric is a
duration metric that computes the time difference between
events (which in some embodiments are associated with
limestamps indicating when they were emilted andfor trans-
mitied by the client-device. or ingested by platlorm 1003,
lior example, the statelul metrie includes a Tunction thal is
based on cross-event sequential relationships or other cross-
event information. In this example, the duration or interval
melric belween two events s caplured by conliguring a
lunction that determines a sequential Ume-wise relationship
between dillerent mapped events. In some embodiments,
when determining mapped events to include as part of the
tunction, the plarform provides the user a search interface by
which 1o query lor mapped events. For example, the plat-
form supports (he ability lo scarch lor mapped events by the
target semantic names or labels that have been specified in
semantic mapping functions, and that are to be applied 10
mapped events. In this way, the metrics designer need not
scarch for events based on (heir raw evenl names. luriher,
the user need not write diflTerent metries lor raw events [rom
different applications that are named differently, but would
otherwise be used in the same way in the function (because
they have the same semantics). lor example. relerring o
IIC3. 6. a single statelul metric can be conligured that reflers
Lo the semantic label of “app_view™ as a component. inslead
of having, 1o write one version of the metric for taking as
input JavaScript versions of the raw event of interest, and a
second version ol the metrie Tor laking as inpul 108 versions
ol the raw cvenl. This is supported by conliguration of a
semantic mapping fonction that is vsed 1o perform per-raw
event semantic annotation 1o generate mapped events with a
vuified semantic/name space. As shown in this example, the
semantic mapping is an intermediate siep ol a two-slage
process thal assisls or lacilitates the creation and computa-
tion of such statetul metrics. For example, consider a statetnl
metric that involves calculating the duration or difference
between two evenls [rom a same video session. One
cxample ol the complexily involved in compuling such a
statelul metric is in localing or identifying or linding the
correct pair of events 1o perform the calculation on. The
finding of the correct pair of events can be difficult 10
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determine if worling directly from raw events. The semantic
mapping described herein [acilitates  identifying ol the
appropriale pairs ol evenls (o compule the desired metrics.
as (they can be identificd by the semantic labels o which they
have been mapped.

Stateful metrics computed from two or more mapped
events cal be of arbitrary complexity. As one example, in the
video space. a stalelul metric can be conligured that relales
1 bullering ratio conneclion into rebullering thal requires
play bullering cvents. seck evenlts, cle., all of which may be
emirted and/or ingested at different times in the raw event
stream.

Asg shown above, in some embodiments, a statetul metric
is conligured to combine mulliple events (thal may arrive Lo
platlorm 100 separated in lime) o compule a melric. In
some embodiments. (he platform T provides a scarchable
data store of mapped event names. Via a metrics configu-
ration vser intertace, a user is able 10 query for various
mapped events by their mapped event names. The user
interface then provides various options [or delining [une-
tions that incorporale mapped evenl names selecled by the
user (e.g.. via selection of mapped event names [rom a user
intertace, as the result of a search query for mapped event
hames that mateh search query criteria, etc.). In some
embodiments, the statelul metrics conligurations are stored.
Al computation lime. statelul metrics computation engine
120 is then conligured 1o delermine stalelul metrics on
mapped events according to the stateful metrics definitions.

In some embodiments, configuration of statetul metrics is 7

facilitated via statefi]l metrics templates. For example, the
platlorm includes (emplates for dilferent types ol statelul
metrics. One example stalelul metrics lemplate 1s an inlerval
metric lemplate that identifies two or more mapped evenls
and computes a difference in time between those mapped
events (e.g., according to associated Timestamps). Another
example statefl metrics template is a conversion metric that
defines a percentage ol video streaming sessions thal had a
first mapped event but not the second mapped event. The
dbove melrics templates are two example stateful metrics
conflgurations.

While embodiments of building statetul metrics vsing
mapped events are described herein, stateful metrics can also
he buill rom raw cvents as well. In some embodiments.
platlorm 100 is conligured 10 present statelul metrics con-
figuration interfaces. In some embodiments, generating the
configuration interface includes determining options select-
able by users as Ul {user interlace) elements. In various

embodiments, the selectable Ul optlions include available s

evenls [rom which o build statelul metrics. For example.
mapped events are made available for selection (e.g., for
querving/being shown in the UI). In some embodiments, raw
evenls are provided as options. In other cmbodiments. raw
evenls are hidden. In some embodiments, whether raw
events are available as options when configuring statetul
metrics is configurable.

In some embodiments, detining a stateful metric includes
defining an operator scope. In some embodiments. the
operator scope provides a delinition or bounds ol mapped
events uvsable to perform computation of the metric. One
example of an operator scope is a video streaming session.
lFor example. the metrics compudation is generaled on a
per-video streaming scssion basis. where the mapped evenls
upon which the stateful metric is compuled are required Lo
be within the same session. For example, the operator scope
is vsed 10 identity the collection of mapped events that
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computation of a stateful metric operates on. In this
cxample, a stalelul metrie is delined based on mapped events
within a cerlain scope.

Computation ol Stateful Melrics al Ingestion Time

The following are forther embodiments of computing
stateful metrics at ingestion time.

Ag shown in the above examples, at ingestion time, the
determination or computation ol a stalelul metric is a
two-stage operation. lirst, 2 semantic mapping is performed
on a raw evenl o generate a mapped event. The mapped
event is then vsed in the computation of the stateful wetric.
In this way, assiphment of semantic meaning is pertformed
prior 1o determination of the actual stateful metric.

In some embodiments, the platform ncludes a pass-
through option, in which a raw cvent is allowed o pass
through 1o being accessible [or statelul metrics compulation,
without having been mapped or gone through a semantic
transformation or manipulation (e.g., because it is deter-
mined that the raw event is semantically meaningtul as is).

1G5, 8 15 a (low diagram illustraling an embodiment of a
process [or perlforming semantic mapping. In some embodi-
ments, process 800 is executed by semantic mapping engine
114. The process begins a1 802, when a raw event is
received. At 804, the raw event is filtered according to a
semanlic mapping lunction. lor example, 1 is determined
that the raw evenl malches Lo a [illering component ol the
semantic mapping funetion. For example, the filtering com-
ponent includes a set of raw event filtering conditions. For
cxample, a raw evenl [illering condition includes a specili-
cation of a raw cvenl and/or any other specilied allribules
andior attribule values used 1o [ller raw cvents. lior
example, filtering conditions may be defined based on any
portion or combinations of portions of a raw event. Further
cxamples of (iltering conditions are described above.

AL 806, the raw evenl is semantically mapped Lo a mapped
cvenl according o the semantic mapping [unction. lior
example, in response to determining that the raw event
matches to the filtering component of the semantic mapping
lunction in 804, a new mapped cvent is generated al least in
part by transforming the raw evenl according 1o a translor-
mation component of the semantic mapping function. As
obe example of performing step 804, the new mapped event
is generated as a renamed copy of the raw event, where the
name (e.g.. semantic label) for the new mapped cvent is
specilied in the translomation component of the semantic
mapping function.

Asg described above, different types of raw events (e.g.,
collected from different client applications) may match 1o
the same semantic mapping [unction. resulling in new
mapped events with the same assigned or unified semantic
space. In some embodiments, a raw event may match 1o
multiple semantic mapping functions, resulting in multiple
new mapped events being derived from (he single originat-
ing raw inpul cvenl.

In some embodiments, the semantic mapping function is
defined or confipured. For example, a configuration vser
interface for defining the semanmtic mapping function is
provided. In some embodiments. (o lacilitale delining ol
semanlic mapping lunctions, the conliguration user interface
is confipured 1o present information pertaining to patterns in
ingested raw event data. For example, as described above,
numerical patlems or stalislics perlaining 10 raw evenls,
such as the number ol observed cvent names. evenl allri-
butes, andfor cvent allribule values are presented. In some
embodiments, the numerical patterns or statistics are deter-
mined from a sampling of raw events taken from collected
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streams of raw event data. Further details and embodiments
regarding  semantic mapping lunction conliguration  are
deseribed above.

IIG. 9 s a [ow diagram illustrating an embodiment ol a
process [or perlorming statelul metric computation. In some
embodiments, process 900 is exceuled by statelul metrics
computation engine 120 of FIG. 1. The process begins at
902, when a first mapped event is received, where the first
mapped event is derived from a first raw event associated
with a [irst time. lior example, the first raw evenl is seman-
lically mapped Lo the [irst mapped cvent, where the (st
mapped event is generated based on applyving a semantic
mapping to the first raw event. At 904, a second mapped
event is received, where the second mapped event is derived
[rom a sceond raw event associaled with a sceond Gime that
is different rom the first time. lior example. the first and
socomd raw cvenls are separaled in time inoa stream ol
ingested raw events (and are associated with different time-
stamps), where the second raw event was received, col-
lected, or ingested at a time subsequent to the first raw event.
The first and sccond raw evenls may be collected [rom a
client device. In some embodiments. the [irst and sccond
mapped cvents are generated using process 800 of P16 8.
For example, the first mapped event is generated based on
the first raw event matching a filtering component ot a first
semantic mapping tunetion. In response 1o the first raw event
malching the fillering component ol the [irst semantic map-
ping [unction. the first mapped event is generaled [rom the
first raw cvenl according (0 a translormation or mapping
component of the first semantic mapping fonction that
defines a mapping between the first raw event and the first
mapped event. Similarly, the second mapped event is pen-

crated based on the second raw event maiching o a scecond 3

semantic mapping lunction.

In some embodiments. the first and second mapped events
are grouped logether in a shullling stage. Vor example.
mapped events are grouped together according 1o a scope.
For example, mapped events having a common or shared or
same session identifier are grouped together (so that mapped
evenls belonging (o the same session are grouped logether).
lor example, raw cvents ingested by a sysiem such as
platlorm 100 may come [rom many active sessions. In some
embodiments, 10 perform stateful metrie computation (as
well as the semantic mapping of the two events), events
belonging 1o the same session (based, for example, on a
shared or common identifier) are idenlified. lor example, at

904, the second mapped cvent 1s received lor the same s

session as the first mapped event.

ALY06. a statelul metric is computed based on the first
mapped event and the second mapped event. In some
embodiments, the statetul metric is computed in real-rime,

as raw evenls are ingested and semantically mapped. In -

some embodiments. (he statelul metric is delined according
1o & stalelul metrics template. [urther details of which are
deseribed above. Lxamples ol a statelul metric include an
terval or duration between the first and second mapped
events,

Althovgh  the foregoing embodiments have been
deseribed in some detail Tor purposes ol clarity ol under-
standing. (he invention is not limited to the details provided.
There are many allernative ways ol implementing the inven-
tion. The disclosed embodiments are illustrative and not
restrictive.
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What is ¢laimed is:

1. A syslem, comprising:

a processor configured o

receive a [irst mapped event that is generated based on
semantic mapping of a first raw event associated
with a first time, wherein the first mapped event is
generaled according o a [irst semantlic mapping
function conligured via a user interface, and

wherein a preview of raw event tratlic is presented via the

user intertace;

recetve a second mapped event that is generated based
on semantic mapping ol a second raw evenl associ-
aled with a second time that is subscquent 1o the first
time; and

determine a statetul metric based on the first mapped
cvenl and the second mapped evenlt thal are gener-
aled from the [irst and second raw events that are
separaled in time; and

a memory coupled 1o the processor and configured 1o

provide the processor with instructions.
2. The system ol claim 1, wherein the [irst semantic
mapping lunction comprises a [illering component and a
semantic transtformation component.
3. The svstem of claim 2, wherein the first raw event is
determined to match 1o the filtering component of the first
semanlic mapping [unction.
4. The system ol claim 3. wherein in response (o the first
raw event matching 1o the filtering component of the first
semantic mapping tunction, the first mapped event is gen-
crated at least in part by applying 4 semanlic transormalion
Lo the first raw event according 1o the semantic transforma-
tion component of the lirst semantic mapping [unction.
5. The svstem of ¢claim 4, wherein applyving the semantic
transformation comprises applving a semantic label 1o the
first mapped event.
6. The system ol claim 5. wherein the first mapped event
comprises & copy ol the (irst raw event thal 1s renamed with
the semantic label.
7. The svstem of claim 5, wherein a specification of the
statelul metric refers (o (he semantic label.
8. The system ol claim 1. wherein determining the statelul
metric comprises determining a duration between the first
time associated with the first raw event and the second time
associated with the second raw event.
9. "T'he system ol claim 1. wherein the statelful metric is
conligured according (o a metrics lemplale.
10. A method, comprising:
receiving a first mapped event that is generated based on
semantic mapping ol a [irst raw event associaled with
a [irst time. wherein the (irst mapped event is generated
according 1o a (irst semantic mapping function conlig-
ured via a vser interface, and wherein a preview of raw
event trathic is presented via the user interface;

receiving a sceond mapped event thal is generaled based
on semaniic mapping ol a sceond raw evenl associated
with a second time that is subsequent to the first time;
and

determining a statetul metric based on the first mapped

event and the second mapped event that are generated
[rom the first and sceond raw events thal are separaled
in time.

11. The method of claim 10, wherein the first semantic
mapping lunction comprises a [illering component and a
semanlic transformation componernl.

12, The method of claim 11, wherein ihe [irsi raw evenl
is determined to match to the filtering component of the first
semantic mapping fonction.



Us 12,136,003 Bl

25

13. The method of claim 12, wherein in response to the
first raw cvenl matching o the (liering component ol the
first semantic mapping lunction, the first mapped cvenlt is
generated at least in parl by applying a semantic transfor-
mation to the first raw event according to the semantic
transtormation component of the first semantic mapping
function.

14. The method of claim 13. wherein applying the seman-
Lic trans[ormaltion comprises applying a semantic label 1o the
first mapped event.

15. The method of claim 14, wherein the first mapped
event comprises a copy of the first raw event that is renamed
with the semantic label.

16. The method ol claim 14, wherein a specification ol the
statelul metric relers o the semantic label.

17. "The method ol claim 10, wherein determining the
statetul metric comprises determining a duration between
the first time associated with the first raw event and the
second time associated with the second raw event.

[

—
1

26

18. The method of claim 10, wherein the stateful metric
i conligured according (o a metrics wemplate.
19. A compuler program product embodied in a non-
transitory computer readable medium and comprising com-
puter instructions for:
receiving a lirst mapped event that 1s generaled based on
semantic mapping ol a [irst raw event associaled with
a first time, wherein the first mapped event is generated
according 1o @ first semantic mapping tunction config-
ured via a user interface. and wherein a preview of raw
event (rallic is presented via the user interlace:

receiving a second mapped event that is generated based
on semantic mapping of a second raw event associated
wilh a second time that is subsequent (o the st time;
and

determining a stateful metric based on the first mapped

event and the second mapped event that are generated
from the first and second raw events that are separated
in time.
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