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A / B TESTING SAMPLE RATIO MISMATCH content provider's system . Simultaneously , content provid 
SOLVER ers may bring up content delivery networks ( CDNs ) in the 

front - end of their systems to provide for content caching , 
FIELD OF TECHNOLOGY including caching of content experiment variations . 

Simply randomized designs are one type of controlled 
The embodiments described herein pertain in general to experiments used to study causal effects . In one embodi 

an A / B testing service and more particularly to a customi ment , failure of the assignment mechanism , to provide 
zable - decision A / B testing service . proper randomization of units across treatments , or the data 

collection mechanism , when data is “ missing not at ran 
BACKGROUND 10 dom ” , can render subsequent analysis invalid if not properly 

identified . In one embodiment , such practical implementa 
Content variation testing is a type of experiment that tests tion errors may be identified through consideration of the 

changes content against a current version of the cor total unit counts resulting in each treatment group . Based on 
One example of content variation testing is web page this observation , a sequential hypothesis test may be con 
variation testing where an experiment is conducted that tests 15 structed from Bayesian multinomial - Dirichlet families for 
a web page ( or one or more elements on the page ) against detecting practical implementation errors in simply random 
another design of the web page ( or one or more variations of ized experiments , as described herein . By establishing a 
the elements on the page ) . During variation testing of a web Martingale property of the posterior odds under the null 
page , user interaction with a web page or its variations is hypothesis , frequentist Type - I error is controlled under both 
measured ( for example , whether a user clicks on a button or 20 optional stopping and continuation via maximal inequalities , 
a variation of a button ) , and the effects of the modifications preventing practitioners from potentially inflating false posi 
to a web page ( or its elements ) that produce positive or tive probabilities through continuous monitoring . 
negative results are determined . The positive results asso In contrast to other statistical tests , which may be per 
ciated with a particular modification to a web page validates formed once all data collection is completed , the disclosed 
that the modification to the web page should be used in a 25 test is sequential — frequently rejecting the null during the 
production version of the web page . A variety of internal and process of data collection itself , saving further units from 
external platforms may be used in conjunction for variation entering an improperly - executed experiment . The utility of 
testing of a web page . this test is demonstrated in the context of online controlled 

experiments ( OCEs ) , where assignment is automated 
BRIEF DESCRIPTION OF THE DRAWINGS 30 through code and data collected through complex processing 

pipelines , often in the presence of unintended bugs and 
FIG . 1 is a block diagram of an experiment system logical errors . Confidence sequences possessing nominal 

environment , according to one embodiment . sequential frequentist coverage probabilities are also pro 
FIGS . 2A and 2B are example variations of a web page , vided and their connection to the Bayesian support interval 

according to one embodiment . 35 is examined . The differences between the pure Bayesian and 
FIGS . 3A - 3B are transaction diagrams illustrating inter- sequential frequentist testing procedures are finally dis 

actions between an experiment system , a content provider , cussed through a conditional frequentist testing perspective . 
and a client device , according to one embodiment . Randomized treatment assignment may satisfy many pur 
FIG . 4 is a first flow diagram of a method of an A / B poses in controlled experiments . Arguably the least contro 

testing sample ratio mismatch solver , according to one 40 versial justification is the attempt to remove any personal , 
embodiment . systematic , or selection bias in the treatment assignment 
FIG . 5 is a second flow diagram of a method of an A / B mechanism , although this is neither without criticism nor 

testing sample ratio mismatch solver , according to one without alternative . Consider , for example , a medical 
embodiment . researcher who administers a preferred experimental drug to 
FIG . 6 is a block diagram of a computing device , in 45 only the patients most likely to recover . Without explicitly 

accordance with some embodiments of the present disclo- conditioning on this information in the assignment mecha 
nism , causal estimands , such as the average treatment effect , 

The FIGS . depict an embodiment for purposes of illus- may be biased and overestimate the efficacy of the new drug . 
tration only . One skilled in the art will readily recognize Simply randomized experiments attempt to remove the 
from the following description that alternative embodiments 50 possibility of bias by randomly assigning experimental units 
of the structures and methods illustrated herein may be independently to treatment groups . This design may be 
employed without departing from the principles described useful in contexts where units enter the experiment sequen 
herein . tially , as opposed to all being simultaneously available like 

in completely randomized designs , and are often used in the 
DETAILED DESCRIPTION 55 technology industry to run online controlled experiments . 

Formally , let there be d treatment groups , 0 , End be a 
Content providers may run content experiments such as probability vector where element 00 , denotes the probability 

A / B tests ( e.g. , variation testing ) to answer specific ques- of any unit being assigned to treatment group i , and x ; a 
tions regarding which variation of a content item such as a random variable denoting the assignment outcome of the jth 
web page or digital product ( including various features ) is 60 experimental unit . The simply randomized design can then 
more successful . Many content experiments include visitor be summarized by the following probabilistic assignment 
criteria that determines whether a visitor is eligible for the mechanism 
experiment and if so , which variations of the content experi X1,42 · . ~ Multinomial ( 1,0 . ) . ment should be shown to the visitor . The systems that ( 1 ) 

implement these content experiments may be implemented 65 In one embodiment , the statistician may not be personally 
in the backend of the content provider's system or as a involved with the data collection process and may simply be 
separate node that communicates with the back end of the told the assignment mechanism after being presented with 

a 

a 

sure . 

a 
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the data for analysis . The observant statistician has a right posterior odds un - der the null hypothesis , enabling a modi 
for concern , therefore , when they are provided with data fied test to be developed which allows control of the 
which does not support the purported assignment mecha- frequentist Type - I error probabilities under both optional 
nism . For simply randomized experiments , the total unit stopping and continuation . This safely permits the online 
counts assigned to each treatment group can provide evi- 5 testing of hypothesis ( 1 ) after every single observation , 
dence that the model ( 1 ) is not true . Indeed , this is a strong without inflating frequentist Type - I error , with the obvious 
indicator that the experiment has not been conducted as advantage of being able to safely reject the null and discover 
expected ; for example , the assignment mechanism could be a practical implementation error early in the beginning of an 
biased , there could be systematic data loss , or generally experiment preventing experimental units being wasted on 
when the data can be considered “ missing not at random ” 10 a faulty experiment . Instance - specific upper - bounds on 
( MNAR ) . Such observations may occur frequently in OCEs time - to - rejection are provided in terms of the KL divergence 
and are colloquially referred to in the technology industry as between 0 , and the actual generating distribution of the 
sample ratio mismatches ( SRMs ) . samples . This sequential test is then inverted to define 
OCEs automate the assignment mechanism , data collec- confidence sequences which possess nominal frequentist 

tion and data cleaning through code , which often introduces 15 coverage probabilities . A number of simulation studies are 
bugs and logical errors . The engineering architecture presented , illustrating how false positive probabilities are 
required for assignment and data collection in OCEs and dramatically inflated through the repeated significance test 
how SRMs frequently reveal bugs therein are both described ing using a Chi - squared test compared to the guarantees 
herein . A simple example of an experiment to study user afforded by the proposed test . The number of samples 
engagement on an improved version of a web page is also 20 needed to reject the null when the null is invalid is also 
provided . Not all visitors to a web page are human , however , contemplated . The differences between the pure Bayesian 
and data must , in some circumstances , be cleaned to remove test and the proposed test are also contemplated from the 
non - human interactions with the page , such as from web perspective of conditional frequentist testing . 
crawlers and scrapers . Unfortunately , the classification FIG . 1 is a block diagram of a variant testing system 
between human and non - human visitors is performed algo- 25 environment 100 according to one embodiment . Environ 
rithmically , and some users in the treatment group may be so ment 100 includes client devices 102 ( e.g. , client device 
engaged with the new page that they were accidentally 102A and client device 102B ) . In one embodiment , client 
classified as non - human and removed prior to the analysis device 102 A is a device of a first user and client device 102B 
essentially removing units most in favor of the treatment , is a device of a second user . Client device 102A may 
resulting in fewer units than expected being reported in the 30 represent one or more devices of the first user and client 
treatment group . This may not be an issue with the assign- device 102B may represent one or more devices of the 
ment mechanism , but in the data collection . It is an example second user . Client devices 102 are connected to an experi 
of a censoring missing data mechanism , a special case of ment system 105 and a third - party content provider 107 via 
MNAR . a network 109. In one embodiment , experiment system 
An example is contemplated , in which the user identifier 35 includes one or more experimentation platforms to configure 

becomes lost , preventing users from receiving a consistent experiments and / or program management platforms to man 
experience over time , with some users initially assigned to age the experiment system . Although the environment 100 
the treatment becoming exposed to and recorded in the shown in FIG . 1 only includes two client devices 102 , the 
control — an example of noncompliance . Many other prac- environment 100 can include any number of client devices 
tical abnormalities can be revealed by considering the total 40 ( e.g. , thousands of client devices 102 ) . 
counts in each treatment group after collection . For this FIG . 1 and the other figures use like reference numerals 
reason , industry practitioners now consider performing a to identify like elements . A letter after a reference numeral , 
post - experiment Chi - squared test against the null in equation such as “ 102A , ” indicates that the text refers specifically to 
( 1 ) best practice ; such a test may identify a SRM . However , the element having that particular reference numeral . A 
there exist at least two deficiencies of this practice . 45 reference numeral in the text without a following letter , such 

First , one only learns about a problem in the data after as “ 102 , ” refers to any or all of the elements in the figures 
data collection has completed . It is assumed that there is an bearing that reference numeral . 
implicit cost of including a unit in an experiment , and so The network 109 enables communication among the 
ideally one would like to learn about such problems as soon entities connected to it . In one embodiment , network 109 is 
as possible to prevent further units from entering an improp- 50 the Internet and uses standard communications technologies 
erly executed - experiment . Second , the desire to find SRMs and / or protocols . Thus , network 109 can include links using 
early encourages practitioners to incorrectly continuously technologies such as Ethernet , Wi - Fi ( e.g. , 802.11 ) , world 
monitor their experiments through the repeated application wide interoperability for microwave access ( WiMAX ) , 3G , 
of significance tests without any multiplicity correction . Long Term Evolution ( LTE ) , digital subscriber line ( DSL ) , 

In the present disclosure , a sequential test is proposed to 55 asynchronous transfer mode ( ATM ) , InfiniBand , etc. Simi 
identify SRMs that allows for optional stopping and optional larly , the networking protocols used on network 109 can 
continuation . The methods and systems described herein are include multiprotocol label switching ( NIPLS ) , the trans 
inspired by Bayesian methods satisfying the stopping rule mission control protocol / Internet protocol ( TCP / IP ) , the 
principle , which requires that that statistical conclusions User Datagram Protocol ( UDP ) , the hypertext transport 
provided by a hypothesis test should be independent of the 60 protocol ( HTTP ) , the simple mail transfer protocol ( SMTP ) , 
reason for stopping the experiment , which follows from the the file transfer protocol ( FTP ) , etc. The data exchanged over 
likelihood principle . The contributions of this disclosure the network 109 can be represented using technologies 
focus , however , on obtaining frequentist properties of such and / or formats including the hypertext markup language 
a sequential test . ( HTML ) , the extensible markup language ( XML ) , etc. In 

First , the disclosure defines a common Bayesian test 65 addition , all or some of links can be encrypted using 
through conjugate multinomial - Dirichlet models . Second , conventional encryption technologies such as the secure 
the disclosure establishes the Martingale properties of the sockets layer ( SSL ) , transport layer security ( TLS ) , virtual 
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private networks ( VPNs ) , Internet Protocol security ( IPsec ) , ment system 105 conditions and instructions for modifying 
etc. In one embodiment , network 109 may include but is not the single - page web page . A variation test for a single - page 
limited to any combination of a local area network ( LAN ) , web page of a website 119 tests changes to the single - page 
a metropolitan area network ( MAN ) , and a wide area web page against the current variation of the single - page 
network ( WAN ) . In another embodiment , the entities use 5 web page ( e.g. , the original version of the single - page web 
custom and / or dedicated data communications technologies page ) to determine how the variation alters user interaction instead of , or in addition to , the ones described above . with the web page or whether the changes produce a desired Client devices 102 communicate with the third - party result . An example of a desired result resulting from a content provider 107 via the network 109 to receive content change to a single - page web page is an increased interaction 
items such as web pages from the third - party content pro- 10 with the web page such as an increased selection of an vider 107. In one embodiment , each client device 102 is a advertisement ( s ) included in the single - page web page or computer system capable of communicating with the experi increased purchases of a product advertised on a single - page ment system 105 and the third - party content provider 107 . 
Examples of client devices 102 include a personal computer , web page . Thus , variation testing validates a new design of 
a mobile phone , a tablet , a personal digital assistant ( PDA ) , 15 a single - page web page or changes on elements on the 
or a laptop . As shown in FIG . 1 , each client device 102 single - page web page before the new design or changes are 
includes a web browser 103 ( e.g. , web browser 103A and put into production by the content provider 107 . 
web browser 103B ) . The web browser 103 is a computer For a given single - page web page , the content provider 
program stored on a client device 102 that allows the user of 107 may have an associated smart page that includes one or 
client 102 to access web pages on the World Wide Web such 20 more variations of the single - page web page that are used in 
as websites 119 provided by the third - party content provider a variation test for the single - page web page . In one embodi 
107. Suitable web browsers include , but are not limited to , ment , a variation test of a single - page web page involves an 
GOOGLE CHROME? , MICROSOFT INTERNET experiment that tests control “ A ” and a variation “ B ” on 
EXPLORER® , MICROSOFT EDGE® , MOZILLA FIRE- users requesting the single - page web page from the content 
FOX® , and APPLE SAFARI® . In addition to web browsers , 25 provider 107. For ease of discussion , the embodiments 
a client device may process a web page in an environment discussed herein describe a web page having only two 
like NODE.JS , in which an experiment system and other variations : the control and the variant . However , in other 
third - party content providers may execute JAVASCRIPT® embodiments , a single page web page can have any number 
code in an interpreter with support for microtask and mac- of variations . 

FIG . 2A is example " A " ( e.g. , the control ) of a single - page 
As mentioned above , the environment 100 includes a web page 200A that represents the current implementation 

third - party content provider 107. Hereinafter , the third - party of the single - page web page provided by content provider 
content provider 107 is referred to as a " content provider 107. The control of the single - page web page 200A includes 
107 " for ease of description . The content provider 107 may a website name of the website associated with the single 
be an individual , a group of individuals , or an entity such as 35 page web page , a first picture , and a first advertisement . The 
a company . In one embodiment , the content provider 107 website name , the first picture , and the first advertisement 
provides content items to client devices 102. While only one are located in an upper portion 201 of the control of 
content provider 107 is shown , it is understood that any single - page web page 200A according to one embodiment . 
number of content providers are supported and can be in the The control of single - page web page 200A also includes 
environment 100 at any time . 40 textual content located in a central portion 203 of the control 

In one embodiment , the content items provided by the of single - page web page 200A and the control of the 
content provider 107 are included as part of a website 119 single - page web page 200A also includes a second picture 
( e.g. , a dynamic website or application ) . For example , the and a second advertisement located at a lower portion 205 of 
content provider 107 may provide content items such as the control of the single - page web page 200A . 
navigation bars , backgrounds , call to action buttons , links , 45 FIG . 2B is example “ B ” ( e.g. , the variant version ) of a 
CSS styles , pop - ups , video , audio , a combination of video single - page web page 2003. The variant of the single - page 
and audio , still images ( e.g. , JPEG ) , text documents , adver- web page represented by web page 200B includes a change 
tisements , and / or any other types of content . For purposes of ( i.e. , a modification ) to the control of the single - page web 
convenience and the description of one embodiment , the page 200A shown in FIG . 2A . The variant of single - page 
content items provided by the content provider 107 will be 50 web page 200B includes the website name , a first advertise 
referred to as a single - page web pages , but no limitation on ment , a second advertisement , textual content , a first picture , 
the type of content items are intended by this terminology . and a second picture similar to the control of the single - page 
In one embodiment , a single - page web page refers to a view web page 200A shown in FIG . 2A . However , the variant of 
of a website 119. For example , a single - page web page may single - page web page 200B includes the second advertise 
be the initial view of a website 119 when the user first loads 55 ment positioned in the upper portion 201 of single - page web 
the website 119 or the view when the user navigates over a page 200B whereas the second advertisement is positioned 
navigation bar element and a menu is displayed in response in the lower portion 205 in the control of the single - page 
to the navigation over the navigation bar . In other embodi- web page 200A . In one embodiment , the variation test using 
ments , a single - page web page may refer to any other type the control and the variant of the single - page web page is 
of dynamic website or dynamic application . 60 conducted to determine whether the second advertisement 

In one embodiment , the content provider 107 operates in receives more selections when the second advertisement is 
conjunction with the experiment system 105 to perform located at the lower portion 205 of the single - page web page 
variation testing on a website 119 containing one or more as shown in FIG . 2A or when the second advertisement is 
single - page web pages . In one embodiment , the content located at the upper portion 201 of the single - page web page 
provider 107 sends a single - page web page to client devices 65 as shown in FIG . 2B . Noteworthy , any content of 201 , 203 , 
102 together with a client - side experimentation agent 121 , and 205 may be dynamic content that changes in according 
which includes or subsequently downloads from the experi- with a variety of conditions , as discussed herein . 
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Referring back to FIG . 1 , in one embodiment the content the website 119 to viewing users if a condition in the 
provider 107 includes a web server 111. In one embodiment , smart - page is true . If a condition is false , the smart page may 
the web server 109 links the content provider 107 to one or be deactivated if the smart page is currently active or the 
more client devices 102 and the experiment system 105 via smart page may not be activated if not currently activated . 
the network 109. The web server 111 serves websites 119 , as In one embodiment , a smart page for the single - page web 
well as other web related content 123 for the website 119 , page may also include at least one trigger . In one embodi 
such as JAVA® , FLASH® XML , and so forth . The web ment , a trigger defines when to evaluate the condition ( s ) for 
server 111 may include a mail server or other messaging the smart page . That is , a trigger of a smart page is tied to 
functionality for receiving and routing messages between an event on the single - page web page and signals a client 
the experiment system 105 and one or more client devices 10 device 102 to evaluate conditions associated with the trigger . 
102. In one embodiment , a website 119 provided by the web Smart pages may include one or more triggers that can be of 
server 109 may include a client - side experimentation agent different trigger types . When a trigger event occurs , the 
121. The client - side experimentation agent 121 may be smart page evaluates the corresponding conditions associ 
added to the website 119 by the third - party content provider ated with the trigger event . 
107 in one embodiment . The client - side experimentation 15 FIGS . 3A - 3B are transaction diagrams illustrating inter 
agent 121 comprises code that loads experiment variation actions between an experiment system 105 , a content pro 
instructions from the experiment system 105 . vider 107 , and a client device 102. In one embodiment , the 
As shown in FIG . 1 , the variant testing system environ- experiment system 105 may be on the client device 102. In 

ment 100 also includes an experiment system 105. In one another embodiment , the experiment system 105 is separate 
embodiment , the experiment system 105 establishes and 20 from the client device 102 , as shown . A client device 102 
conducts variation experiments for web pages included in requests 305 a website 119 from a content provider 107. The 
websites 119 served by third party providers 107. In one content provider 107 transmits 310 the website 119 to the 
embodiment , the experiment system 105 includes an experi- client device 102. The transmitted website 119 includes a 
ment setup module 113 , an ID assignment module 115 , an ID client - side experimentation agent 121. The client - side 
database 116 , an experiment database 117 , and a content 25 experimentation agent 121 includes instructions that cause 
delivery module 118 , according to one embodiment . As is the client device 102 to retrieve from the experiment system 
known in the art , the term “ module ” refers to computer 105 additional configurations or variations to perform altera 
program logic utilized to provide the specified functionality . tions on the web page or its content ( e.g. , web page 
Thus , a module can be implemented in hardware , firmware , elements ) , including , in one embodiment , the triggers and 
and / or software . In one embodiment , program modules are 30 conditions for one or more smart pages . The client device 
stored on a non - transitory storage device ( i.e. , a computer 102 executes 315 the client - side experimentation agent 121 
program product ) , loaded into a memory , and executed by which causes the client device 102 to request 320 instruc 
one or more computer processors . Additionally , those of tions for executing experiment variants for a single - page 
skill in the art will recognize that other embodiments of the web page of the website 119 from the experiment system 
experiment system 105 shown in FIG . 1 can have different 35 105. The experiment system 105 transmits 325 the experi 
and / or other modules than the ones described here , and that ment variant instructions for the single - page web page of the 
the functionalities can be distributed among the modules in website 119 to the client device 102. The instructions 
a different manner . include the triggers and conditions for the smart pages and 

In one embodiment , the experiment setup module 113 where they are stored in the client - side experimentation 
establishes experiments for websites 119 provided by the 40 agent 121 within the web browser 103. The client device 102 
third - party content provider 107. The experiment setup displays 330 the single - page web page to a user of the client 
module 113 receives input from an affiliate ( e.g. , an device 102 and executes the web browser 103 and the 
employee ) of the third - party content provider 107 to estab- client - side experimentation agent containing the experiment 
lish a variation experiment for a single - page web page of a variant instructions . 
website 119 provided by the third - party content provider 45 The client - side experimentation agent 121 contains 
107. In one embodiment , establishing a variation experiment instructions to allow it to interact with the web browser 103 , 
for a single - page web page of a website 119 includes including instructions to interact with the web browser's 
configuring a smart page for the single - page web page . In APIs . For example , the client - side experimentation agent 
one embodiment , a smart page for a single - page web page 121 contains instructions to interact with the MutationOb 
is a set of instructions that describe when to activate a 50 server API . The MutationObserver API provides the ability 
variation experiment associated with the single - page web to watch for changes being made to the DOM tree by 
page . The smart page may include one or more triggers and identifying a target element . The target element may be a 
one or more conditions configured by the affiliate of the single node in the DOM tree or a subtree including multiple 
third - party content provider 107 that impact when variations nodes . When a change occurs to the identified target ele 
of the associated single - page web page are selected and 55 ment , such as adding , modifying , and removing nodes or 
presented to a client device 102 . node attributes and modifying text data , additional code can 
A smart page for a single - page web page may define one be configured using the MutationObserver API to watch for 

or more conditions . In one embodiment , a condition ( s ) for a changes and transmit them to the client - side experimentation 
smart page is a set of rules related to the state of the agent 121. In another example , the client - side experimen 
single - page web page that must be satisfied before the smart 60 tation agent 121 interacts with a site visitor's web browser 
page for the single - page web page will activate . That is , a session history . In one example , the client - side experimen 
condition of a smart page describes the state of the world of tation agent 121 detects when a URL changes even if the full 
the single - page web page that can be evaluated as true ( i.e. , page does not reload in order to execute experiments . 
valid ) or false ( i.e. , invalid ) . Responsive to a condition being Referring to FIG . 3B , the client device 102 receives 335 
true , a smart page causes the performance of a specified 65 a user's interactions with the website 119 that has been 
action . For example , information included in the smart page loaded onto the browser running on the client device 102 . 
specifies when and how to present experimental variants of For example , the client device 102 identifies a user interac 

a 
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tion of clicking or selecting a menu item of the single - page test before a previously scheduled end of the A / B test ( e.g. , 
web page and passes the user interaction to the browser for when a sample ratio mismatch is determined before the end 
execution by the website 119. In another embodiment , the of the A / B testing period ) . Processing logic may further send 
client device 102 executes 340 an action associated with the an error notification identifying the sample ratio mismatch . 
user interaction in the browser . The action executed by the 5 FIG . 5 is a second flow diagram of a method 500 of an 
client device 102 includes displaying the selected menu item A / B testing sample ratio mismatch solver , according to one 
( e.g. , updating an element of the web page ) . The client embodiment . Method 500 may be performed by processing 
device 102 determines 345 a variation of the single - page logic that may comprise hardware ( e.g. , circuitry , dedicated 
web page to display ( e.g. , including a variation of an element logic , programmable logic , a processor , a processing device , 
to display ) to the user based on the experiment variant 10 a central processing unit ( CPU ) , a system - on - chip ( SOC ) , 
instructions and the user interactions . Responsive to the etc. ) , software ( e.g. , instructions running / executing on a 
client device 102 displaying the determined variation of the processing device ) , firmware ( e.g. , microcode ) , or a combi 
single - page web page , the client device 102 using the nation thereof . In some embodiments , the method 500 may 
client - side experimentation agent may monitor for changes be performed by the components of system 100 of FIG . 1 . 
to the state of the single page web application 119 and 15 Some or all of the steps may be performed by other entities 
transmit 350 data associated with user interactions with the in other embodiments . In addition , other embodiments may 
single - page web page to the experiment system 105. The include different and / or additional steps , and the steps may 
experiment system 105 processes and aggregates 355 the be performed in different orders . 
received data . In general , FIG . 5 may describe a sequential Bayesian 
FIG . 4 is a first flow diagram of a method 400 of an A / B 20 multinomial test for use with the systems and methods 

testing sample ratio mismatch solver , according to one described herein . In one embodiment , sequentially recorded 
embodiment . Method 400 may be performed by processing observations may differ from the null hypothesis , which will 
logic that may comprise hardware ( e.g. , circuitry , dedicated be denoted Mo , if there is an unintended bias in the assign 
logic , programmable logic , a processor , a processing device , ment mechanism or if an unknown missing data mechanism , 
a central processing unit ( CPU ) , a system - on - chip ( SOC ) , 25 as discussed herein . We therefore wish to test the null 
etc. ) , software ( e.g. , instructions running / executing on a hypothesis 0 = 0 , vs. O = A900 . To develop a Bayesian hypoth 
processing device ) , firmware ( e.g. , microcode ) , or a combi- esis test , it is desirable to specify an alternative model for the 
nation thereof . In some embodiments , the method 400 may data , denoted My . Consider the following model . 
be performed by the components of system 100 of FIG . 1 . x ; 10 , My - Multinomial ( 1,0 ) , independently for i = 1 , 
Some or all of the steps may be performed by other entities 30 2 , ... OM -Dirichlet ( do ) . ( 2 ) 
in other embodiments . In addition , other embodiments may In one embodiment , prior mass is concentrated around 0 . include different and / or additional steps , and the steps may by specifying Co. = k0 . , i for concentration parameter ke R * , be performed in different orders . in line with a " Jeffreys - type " testing procedure if the null In one embodiment , the steps of FIG . 4 may be performed were not at least somewhat plausible , then a statistical test by processing logic of experiment system 105 of FIG . 1. For 35 would not be needed . The Bayes factor comparing models example , in one embodiment , processing logic at block 402 M , to Mo is analytically tractable and is given by may configure an A / B test to comprise a first plurality of 
users in a control group and a second plurality of users in a 
test group . In one embodiment , the first plurality of users and ( 3 ) 
the second plurality of users are to be provided two different 40 
versions of a webpage . BF10 ( x1.t ) = Processing logic at block 404 may , while the A / B test is 
executing , determine ( e.g. , by a processing device ) that a 
sample ratio mismatch corresponding to the second plurality 
of users has occurred . In one embodiment , the sample ratio 45 p ( x1 : 1 M ) 

mismatch may be a result of an incorrect preprocessing of p ( x1 : | Mo ) 
( ) data associated with the A / B test . In another embodiment , 

the sample ratio mismatch is a result of the first plurality of 
users or the second plurality of users being virtual users . 

To detect the sample ratio mismatch , processing logic 50 which , when combined with the prior odds , yields the 
may employ a variety of techniques . For example , in one posterior odds of model M , to Mo. It is helpful to consider 
embodiment , processing logic may detect a statistically the posterior odds as computed sequentially through the 
significant departure from a ratio corresponding to the first following recursive definition , 
plurality of users and the second plurality of users , wherein 
a probability that the sample ratio mismatch has occurred is 55 

( 4 ) greater than a predetermined error threshold . I Regarding the time of the detection , in one embodiment , 0 : ( 00 ) = 0-100 ) , the sample ratio mismatch is determined before the A / B test ??? , -1 . ) ?? : ends executing ( e.g. , wherein the determining occurs before 
a first one hundred users , or any other number of users , are 60 
provided the A / B test ) . In one embodiment , the sample ratio 
mismatch may be analyzed after each new data point is where at = a , -1 + x , and 0 ( 0 ) = P ( M ) / p ( M ) ( see appendix 
received . In another embodiment , the possibility of a sample section A ) . In the rest of this disclosure , it may be assumed 
ratio mismatch may be determined based on preselected that the prior odds are unity , and so the posterior odds are 
intervals ( e.g. , time - based , data - based , etc. ) . 65 interchangeable with the Bayes factor . Recursive definitions 

In one embodiment , processing logic at block 406 may , in may require an initial value and for that reason we choose to 
response to the determining , end the execution of the A / B work with the posterior odds . The dependence of 0 , ( 0 . ) on 
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the observed data xi : is implicit in this notation , yet the null Xit The following Theorem exploits the duality between 
value being tested is made explicit to aid the discussion p - values and confidence intervals to derive sequential con 
of confidence sequences in Theorem 3.2 . If do is integer fidence sequences . 
valued , and noting that all but one of the Xqj is 1 with the Theorem 3.2 . ( Confidence Sequences ) 
others 0 , then the recursive definition simplifies substantially 5 Under the assumptions of Theorem 3.1 let I ( u ) = { desd : 
to 0 , ( O ) < 1 / u } , then 

( 9 ) 
d ( C ) : ? l , ( w ) = PA DE n 1 ( 1 > 1-4 

01-1 , j 1 10 = 1 0,16 ) = ? = 02-1 ( Co ) , ( 5 ) 
-?? - 1 , 80 , j 

= 1 ( F10 j = 1 15 

Mooi and 
j = 1 

d 

i = 1 

j = 1 i = 1 ( - ) 1rle , + % * ) ? 
TË 3. ) d d 

+ 

= 1 i = 1 j = 1 

for all ue [ 0 , 1 ] and for all choices of do . Each I_ ( u ) is a 
E [ 0 ; [ X1 : 1–1 ] 1,1 convex subset of sd . Confidence sequences on individual 01-100 ) , ( 6 ) ?? , ? components of a can be found by projecting I , onto indi 

vidual components , which is equivalent to solving the opti 
mization problem 

where the last line follows from the mean of the Dirichlet 
posterior predictive distribution . This multiplicative update 
has some intuitive appeal — it is the expected probability , Maximize / Minimize 0 ; 
based on the current Bayesian belief , divided by the null 20 
probability of the event that occurred . A pure Bayesian Fel * ij subject to ku < analysis could proceed by rejecting the null when 0 , ( 0 . ) > C 
and reporting a posterior error probability of less than 
1 / ( 1 + c ) . Many find the pure Bayesian approach unsettling , 
unable to formulate a prior belief on 0 under the alternative 25 ?? = 1 , 
model . We instead develop a test based on 0 , ( 0 ) which 
controls the frequentist Type - I error under optional stopping where 
and continuation , regardless of the choice of do . 

Theoretical Results 
A time - uniform bound , such as the one presented below 30 

in Theorem 3.1 , controls the deviations of a stochastic k = 

process for all t simultaneously . Time - uniform bounds under ??? ; ) the null hypothesis are essential for proving correctness of 
tests with optional stopping and optional continuation . 
Theorem 3.1 . Let xt - Multinomial ( 1,0 ) for all tinN . Con- 35 The objective is linear , while the constraints defining the sider the sequence of posterior odds Ot ( 0 . ) defined as in feasible set I ( u ) are convex and linear respectively , resulting equation ( 4 ) with 0.100 ) = 1 , then in a convex optimization problem . Let jut , i ( u ) and jlt , i ( u ) be 

N : 0,00 % ) 21/4 ) < u , ( 7 ) the solution to the maximization and minimization of O , over 
for all Ue [ 0 , 1 ] and for all choices of do . I , ( u ) and let J , ( u ) = [ j ' , ( U ) .j " , ( u ) ] , then 40 

The uniform condition in equation 7 suggests to reject the 
null at time t = inf { te N : 0 , ( , ) 1 / u } . Simply stated , a prac ( 10 ) titioner who rejects the null hypothesis as soon as the Pe 0 ; € n 11 , ( u ) , for i = 1 , 2 , ... , d 21 - u . w ) , for i = , d ] 21 posterior odds become larger than 1 / u incurs a frequentist 
type - I error probability of at most u . The proof , based on 45 
Martingale maximal inequalities , can be found in appendix These provide intervals which possess a nominal frequentist 
section B. Furthermore , the posterior odds are equal to the coverage probability for all time t over all components 
Bayes factor under prior odds of unity , and so Theorem 3.1 simultaneously . 
can also be established as a corollary of mixture sequential Control over Type - I error probabilities would be of little 
probability ratio test ( mSPRT ) . The test statistic in the 50 value if the test were to have little ability to reject the null 
mSPRT is formed by integrating the alternative likelihood when 0 = / 0 .. To prove that this test is not trivial , we prove 
divided by the null likelihood with respect to a weight that the test rejects the null when 0 = 10 , almost surely , or that 
function over the unknown parameter , and the hypothesis is the test is asymptotically power one . We first establish the 
rejected as soon as this test statistic exceeds 1 / u in order to following result for the consistency of the posterior odds . 
obtain a Type - I error of at most u . When the weight function Theorem 3.3 . ( Asymptotic Properties of Posterior Odds ) 
is equal to the prior distribution , the mSPRT test statistic is Let xi , be a sequence of Multinomial ( n ;, A * ) random 
simply the Bayes factor , and results of this form can be variables with 0 * = / 0 , and consider the sequence of posterior 
established for other Bayesian simple null vs. composite odds 0 , ( 0 . ) defined as in equation ( 4 ) with 0.0 . ) = 1 , then 
alternative hypothesis tests . In one embodiment , one can 
define a conservative sequential p - value process by 

( 11 ) 
p = min ( Pt - 1,1 / 0 / ( 0 . ) ) , -logo , ( 0 ) + DKL ( p ( 10 ) ll pt | do ) ) a.s. 1090 , ( 6 ) 

Po - oire 

[ , Jr , t = 1 
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55 
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60 

Po = 1 , 
KL 

a which satisfies the following sequential analogue of a con 
servative p - value 

Poe , Jte N : p Su ) su , ( 7 ) 

as too , for all choices of do , where Dkz ( p ( * 10 * ) || p ( * 10 . ) ) is 
65 the Kullback Leibler divergence of a multinomial distribu 

tion index by parameter 0 , from a multinomial distribution 
indexed by parameter A * . = 
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When 4 * = / 8 , we must have Dkz ( P ( * 10 * ) || p ( * 10 . ) ) > 0 , and quentist Type I error probabilities by choosing the condi 
so Theorem 3.3 can be restated as 0 , ( 0 . ) - > almost surely tioning statistic to be a function of the Bayes factor . 
as too , which consequently rejects the null almost surely We note that the confidence sequences described in Theo 
for any choice of Type - I error probability u . The formal rem 3.2 share a connection with other Bayesian intervals . To 
proof is given in appendix section C. Conceptually , the proof see this , it is desirable to express the Bayes factor in terms 
proceeds by expressing the Bayes factor comparing M , to of the Savage - Dickey density ratio as 
M , in terms of two separate Bayes factors . The first com 
pares M * to My , and the second compares M * to M , as 
follows p ( @oM ) ( 13 ) B ( x1 : 10 . ) p ( ox1 : , M ) 

5 
? 

10 

1 1 - ) . t 
= 1 i = 1 

15 

1 ? 

2 

1 

p ( xi | M . ) p ( x ; M. ) logBF10 ( X1 : ) log \ p ( xi | X1 : 1-1 , M ) ) * 72log? This , with 0.0 . ) = 1 , implies that L ( u ) = { 0 € Sd : 0 , ( 0 ) 51 / 
p ( xi | M ) . u } = { des " : POM , Sp ( Olxl : t , M , \ / u } , which may be identi 

fied as a Bayesian support interval . This is proposed as an 
where p ( x - IM * ) is the density of a Multinomial ( n ,, * ) dis alternative to the more commonly reported Bayesian cred 
tribution . When the x ; are independently distributed accord ible intervals , positing that the support interval is based on 
ing to Multinomial ( n ; , 8 * ) , i.e. under model M * , then the evidence in the data ( how the data changes belief ) , whereas 
second term converges to the Kullback - Leibler divergence credible intervals are based on posterior belief directly . 
between models M * and M , by the strong law of large 20 These intervals have some intuitive appeal as they are the 
numbers . To address the first term , note that as t becomes parameter values for which their posterior density has 

increased beyond some factor of their prior density after large the Dirichlet posterior p ( Olxy : t , M , ) concentrates mass observing the data . The present disclosure is the first to on 0 * , consequently bringing the posterior predictive p ( x , + identify the sequential frequentist coverage probabilities , in 
11xy : t , M1 ) = P ( x , + 110 , M ) , p ( Olxit , M , ) de closer to the 25 the sense of Theorem 3.2 , of these support intervals . = p , . " true ” density p ( x , + 1 | M * ) . For t large the logarithm of the Turning now to FIG . 5 , the steps may be performed by 
fraction of densities becomes zero , and these zero terms then processing logic of experiment system 105 of FIG . 1. For 
overwhelm the earlier non - zero terms in the sum . example , in one embodiment , processing logic at block 502 , 
One purpose of this disclosure was to provide for a tool during execution of an A / B test , determines ( e.g. , by a 

that can be used sequentially to detect practical implemen- 30 processing device using a sequential frequentist test ) that a 
tation errors in an experiment , such as identifying biased sample ratio mismatch has occurred . In one embodiment , the 
assignment mechanisms or surfacing missing data mecha- sequential frequentist test comprises one or more Bayesian 
nisms which are frequently observed in online controlled multinomial - Dirichlet families . In another embodiment , 
experiments . The disclosed test permits optional stopping determining the sample ratio mismatch may include estab 
and continuation , allowing experiments to be continuously 35 lishing a Martingale property of one or more posterior odds 
monitored . under a null hypothesis to control a frequentist Type - I error . 

The hypothesis can be tested , advantageously , after every In one embodiment , the sample ratio mismatch is deter 
single data point so as to detect errors as quickly as possible . mined before the A / B test ends the execution . At block 504 , 
While Bayesian in construction , we provided sequential processing logic , in response to the determination , ends the 
guarantees of the frequentist Type - I error probability and 40 execution of the A / B test before a previously scheduled end 
also studied the power of this test through a combination of of the A / B test . In one embodiment , processing logic may 
theoretical results and simulation studies . While our appli- stop the A / B test or continue the A / B test via maximal 
cation of detecting errors in simply randomized experiments inequalities based on the determining ( but in either case may 
focused on a specific Multinomial - Dirichlet test , the same stop of the A / B test before the previously - scheduled end of 
mathematical techniques can be used to generalize these 45 the A / B test ) . 
results to other Bayesian tests . With generalization in mind , In one embodiment , processing logic may repeat the 
there are some remaining comments and concepts contem- determining step after each observation ( e.g. , after each new 
plated herein . data point is analyzed / received ) in the A / B test . Advanta 
We first address the differences in the purely Bayesian geously , the repeating may be performed without inflating a 

approach and the test proposed here . For instance , under the 50 frequentist Type - I error associated with the A / B test . Option 
same stopping rule of rejecting the null when the posterior ally , processing logic may further invert the sequential test 
odds exceed 1 / u , a Bayesian would report a ( Bayesian ) to determine confidence sequences that possess nominal 
Type - I error probability of u / ( 1 + u ) , whereas a frequentist frequentist coverage probabilities . 
would report a slightly larger ( frequentist ) Type - 1 error FIG . 6 is a block diagram of an example computing 
probability of u . One distinction is that the latter does not 55 device 600 that may perform one or more of the operations 
depend at all on the realized data , whereas the former described herein , in accordance with some embodiments . In 
depends on the data actually observed . In this sense , the various embodiments , computing device 600 may represent 
Bayesian answer is a data dependent error probability . The computing devices ( e.g. , servers ) of the experimentation 
intuition that one is less likely to believe an outcome is a platform , third - party content provider client devices , and / or 
false positive as the test statistic becomes more extreme 60 third - party content provider servers . Computing device 600 
leads to the notion of conditional frequentist testing . may be connected to other computing devices in a LAN , an 

In conditional frequentist testing , one reports the data intranet , an extranet , and / or the Internet . The computing 
dependent Type - I error probability a ( s ) = P ( Type I error | S ( X ) device may operate in the capacity of a server machine in 
= s ) for a suitable conditioning statistic S ( X ) . One challenge client - server network environment or in the capacity of a 
in conditional frequentist testing is to find an appropriate 65 client in a peer - to - peer network environment . The comput 
conditioning statistic S ( X ) . It may be shown that Bayesian ing device may be provided by a personal computer ( PC ) , a 
Type I error probabilities are equal to the conditional fre- set - top box ( STB ) , a server , a network router , switch or 
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bridge , or any machine capable of executing a set of storage medium ” shall accordingly be taken to include , but 
instructions ( sequential or otherwise ) that specify actions to not be limited to , solid - state memories , optical media and 
be taken by that machine . Further , while only a single magnetic media . 
computing device is illustrated , the term " computing The methods and illustrative examples described herein 
device ” shall also be taken to include any collection of 5 are not inherently related to any particular computer or other 
computing devices that individually or jointly execute a set apparatus . Various general purpose systems may be used in 
( or multiple sets ) of instructions to perform the methods accordance with the teachings described herein , or it may 
discussed herein . prove convenient to construct more specialized apparatus to 

The example computing device 600 may include a pro perform the required method steps . The required structure 
cessing device ( e.g. , a general purpose processor , a PLD , 10 for a variety of these systems will appear as set forth in the 
etc. ) 602 , a main memory 604 ( e.g. , synchronous dynamic description above . 

The above description is intended to be illustrative , and random access memory ( DRAM ) , read - only memory not restrictive . Although the present disclosure has been ( ROM ) ) , a static memory 606 ( e.g. , flash memory and a data described with references to specific illustrative examples , it storage device 618 ) , which may communicate with each 15 will be recognized that the present disclosure is not limited other via a bus 630 . to the examples described . The scope of the disclosure 
Processing device 602 may be provided by one or more should be determined with reference to the following claims , 

general - purpose processing devices such as a microproces- along with the full scope of equivalents to which the claims 
sor , central processing unit , or the like . In an illustrative are entitled . 
example , processing device 602 may comprise a complex 20 As used herein , the singular forms “ a ” , “ an ” and “ the ” are 
instruction set computing ( CISC ) microprocessor , reduced intended to include the plural forms as well , unless the 
instruction set computing ( RISC ) microprocessor , very long context clearly indicates otherwise . I , will be further under 
instruction word ( VLIW ) microprocessor , or a processor stood that the terms " comprises ” , “ comprising ” , “ includes ” , 
implementing other instruction sets or processors imple- and / or " including ” , when used herein , specify the presence 
menting a combination of instruction sets . Processing device 25 of stated features , integers , steps , operations , elements , 
602 may also comprise one or more special - purpose pro- and / or components , but do not preclude the presence or 
cessing devices such as an application specific integrated addition of one or more other features , integers , steps , 
circuit ( ASIC ) , a field programmable gate array ( FPGA ) , a operations , elements , components , and / or groups thereof . 
digital signal processor ( DSP ) , network processor , or the Therefore , the terminology used herein is for the purpose of 
like . The processing device 602 may be configured to 30 describing particular embodiments only and is not intended 
execute the operations described herein , in accordance with to be limiting . 
one or more aspects of the present disclosure , for performing It should also be noted that in some alternative imple 
the operations and steps discussed herein . mentations , the functions / acts noted may occur out of the 

Computing device 600 may further include a network order noted in the figures . For example , two figures shown 
interface device 608 which may communicate with a net- 35 in succession may in fact be executed substantially concur 
work 620. The computing device 600 also may include a rently or may sometimes be executed in the reverse order , 
video display unit 610 ( e.g. , a liquid crystal display ( LCD ) depending upon the functionality / acts involved . 
or a cathode ray tube ( CRT ) ) , an alphanumeric input device Although the method operations were described in a 
612 ( e.g. , a keyboard ) , a cursor control device 614 ( e.g. , a specific order , it should be understood that other operations 
mouse ) and an acoustic signal generation device 616 ( e.g. , 40 may be performed in between described operations , 
a speaker ) . In one embodiment , video display unit 610 , described operations may be adjusted so that they occur at 
alphanumeric input device 612 , and cursor control device slightly different times or the described operations may be 
614 may be combined into a single component or device distributed in a system which allows the occurrence of the 
( e.g. , an LCD touch screen ) . processing operations at various intervals associated with 

Data storage device 618 may include a computer - readable 45 the processing . 
storage medium 628 on which may be stored one or more Various units , circuits , or other components may be 
sets of mismatch instructions 626 , e.g. , instructions for described or claimed as " configured to ” or “ configurable to ” 
carrying out the operations described herein , in accordance perform a task or tasks . In such contexts , the phrase " con 
with one or more aspects of the present disclosure . Mis- figured to ” or “ configurable to ” is used to connote structure 
match instructions 626 may also reside , completely or at 50 by indicating that the units / circuits / components include 
least partially , within main memory 604 and / or within structure ( e.g. , circuitry ) that performs the task or tasks 
processing device 602 during execution thereof by comput- during operation . As such , the unit / circuit / component can be 
ing device 600 , main memory 604 and processing device said to be configured to perform the task , or configurable to 
602 also constituting computer - readable media . The instruc- perform the task , even when the specified unit / circuit / com 
tions 626 may further be transmitted or received over a 55 ponent is not currently operational ( e.g. , is not on ) . The 
network 620 via network interface device 608 . units / circuits / components used with the “ configured to ” or 

While computer - readable storage medium 628 is shown “ configurable to ” language include hardware — for example , 
in an illustrative example to be a single medium , the term circuits , memory storing program instructions executable to 
“ computer - readable storage medium ” should be taken to implement the operation , etc. Reciting that a unit / circuit / 
include a single medium or multiple media ( e.g. , a central- 60 component is configured to ” perform one or more tasks , or 
ized or distributed database and / or associated caches and is " configurable to ” perform one or more tasks , is expressly 
servers ) that store the one or more sets of instructions . The intended not to invoke 35 U.S.C. 112 , sixth paragraph , for 
term " computer - readable storage medium ” shall also be that unit / circuit / component . Additionally , " configured to " or 
taken to include any medium that is capable of storing , " configurable to ” can include generic structure ( e.g. , generic 
encoding or carrying a set of instructions for execution by 65 circuitry ) that is manipulated by software and / or firmware 
the machine and that cause the machine to perform the ( e.g. , an FPGA or a general - purpose processor executing 
methods described herein . The term “ computer - readable software ) to operate in manner that is capable of performing 
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the task ( s ) at issue . “ Configured to ” may also include users and the second plurality of users are to be 
adapting a manufacturing process ( e.g. , a semiconductor provided two different versions of a webpage ; 
fabrication facility ) to fabricate devices ( e.g. , integrated during an execution of the A / B test , determine that a 
circuits ) that are adapted to implement or perform one or sample ratio mismatch corresponding to the second 
more tasks . “ Configurable to ” is expressly intended not to plurality of users has occurred by utilizing a sequen apply to blank media , an unprogrammed processor or unpro tial frequentist test comprising one or more Bayesian grammed generic computer , or an unprogrammed program multinomial - Dirichlet families , wherein the sample mable logic device , programmable gate array , or other ratio mismatch is determined before a scheduled unprogrammed device , unless accompanied by programmed completion of the A / B test ; media that confers the ability to the unprogrammed device 10 
to be configured to perform the disclosed function ( s ) . in response to the determination , end the executing of 

the A / B test before the scheduled completion of the The foregoing description , for the purpose of explanation , A / B test ; and has been described with reference to specific embodiments . 
However , the illustrative discussions above are not intended invert the sequential frequentist test to determine con 
to be exhaustive or to limit the invention to the precise forms 15 fidence sequences that possess frequentist coverage 
disclosed . Many modifications and variations are possible in probabilities . 
view of the above teachings . The embodiments were chosen 7. The system of claim 6 , wherein to determine the sample 
and described in order to best explain the principles of the ratio mismatch the processor is to detect a statistically 
embodiments and its practical applications , to thereby significant departure from a ratio corresponding to the first 
enable others skilled in the art to best utilize the embodi- 20 plurality of users and the second plurality of users . 
ments and various modifications as may be suited to the 8. The system of claim 7 , wherein a probability that the 
particular use contemplated . Accordingly , the present sample ratio mismatch has occurred is greater than a pre 
embodiments are to be considered as illustrative and not determined error threshold . 
restrictive , and the invention is not to be limited to the details 9. The system of claim 6 , wherein the determination 
given herein , but may be modified within the scope and 25 occurs before a first one hundred users are provided the A / B equivalents of the appended claims . test . 
What is claimed is : 10. The system of claim 6 , the processor further to send 
1. A method of executing an A / B test , the method com an error notification identifying the sample ratio mismatch . prising : 11. A non - transitory computer - readable storage medium configuring the A / B test to comprise a first plurality of 30 including instructions that , when executed by a processor , users in a control group and a second plurality of users cause the processor to : in a test group , wherein the first plurality of users and configure an A / B test to comprise a first plurality of users the second plurality of users are to be provided two 

different versions of a webpage ; in a control group and a second plurality of users in a 
while the A / B test is executing , determining , by a pro- 35 test group , wherein the first plurality of users and the 

cessor , that a sample ratio mismatch corresponding to second plurality of users are to be provided two dif 
the second plurality of users has occurred by utilizing ferent versions of a webpage ; 
a sequential frequentist test comprising one or more during an execution of the A / B test , determine that a 
Bayesian multinomial - Dirichlet families , wherein the sample ratio mismatch corresponding to the second 
sample ratio mismatch is determined before a sched- 40 plurality of users has occurred by utilizing a sequential 
uled completion of the A / B test ; frequentist test comprising one or more Bayesian mul 

in response to the determining , ending the executing of tinomial - Dirichlet families , wherein the sample ratio 
the A / B test before the scheduled completion of the A / B mismatch is determined before a scheduled completion 

of the A / B test ; 
inverting the sequential frequentist test to determine con- 45 in response to the determination , end the executing of the 

fidence sequences that possess frequentist coverage A / B test before the scheduled completion of the A / B 
probabilities . test ; and 

2. The method of claim 1 , wherein the determining invert the sequential frequentist test to determine confi comprises detecting a statistically significant departure from dence sequences that possess frequentist coverage a ratio corresponding to the first plurality of users and the 50 probabilities . 
second plurality of users . 12. The non - transitory computer - readable storage 3. The method of claim 2 , wherein a probability that the medium of claim 11 , wherein to determine the sample ratio sample ratio mismatch has occurred is greater than a pre 
determined error threshold . mismatch the processor is to detect a statistically significant 

4. The method of claim 1 , wherein the determining occurs 55 departure from a ratio corresponding to the first plurality of 
before a first one hundred users are provided the A / B test . users and the second plurality of users . 

5. The method of claim 1 , further comprising sending an 13. The non - transitory computer - readable storage 
error notification identifying the sample ratio mismatch . medium of claim 12 , wherein a probability that the sample 

6. A system comprising : ratio mismatch has occurred is greater than a predetermined 
error threshold a memory to store data of an A / B test ; and 14 . a processor , operatively coupled to the memory , to : The non - transitory computer - readable storage 

configure the A / B test to comprise a first plurality of medium of claim 11 , the processor further to send an error 
users in a control group and a second plurality of notification identifying the sample ratio mismatch . 
users in a test group , wherein the first plurality of 

a 

test ; and 
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