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(57) ABSTRACT 

Automated system, methods, algorithms, procedures, and 
computer software programs and computer program products 
for improving and optimizing the performance of messaging 
campaigns, particularly for marketing campaigns in which 
advertisements or other messages are distributed over an 
interactive measurable medium such as the Internet. Analysis 
and Optimization method and procedure, an automated sys 
tem, and system and method that exploit the underlying 
multi-attribute structure, as well as other features and advan 
tages. Optimization procedures allocate the ad alternatives or 
other message to the customer population to optimize busi 
ness objectives such as maximizing the number of positive 
responses received. Procedure for generating message allo 
cations that improve and attempt to optimize the campaign 
performance. Methods ensure that campaign constraints are 
not violated. Methods can be implemented on a computer that 
is programmed to retrieve message performance information 
and to generate recommended message allocations for each 
stage in a multi-stage messaging campaign to achieve mes 
Saging goals. 
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SYSTEMAND METHOD FOR IMPROVING 
THE PERFORMANCE OF ELECTRONIC 
MEDIA ADVERTISING CAMPAIGNS 

THROUGH MULT-ATTRIBUTE ANALYSIS 
AND OPTIMIZATION 

0001. This application is a continuation of Ser. No. 
10/024,449, filed Dec. 17, 2001, now U.S. Pat. No. 7,406,434, 
which application was based on and claimed priority to: Ser. 
No. 60/255,939, filed Dec. 15, 2000, Ser. No. 60/255,949, 
filed Dec. 15, 2000, and Ser. No. 60/318,221, filed Sep. 7, 
2001. 

FIELD OF THE INVENTION 

0002 This invention relates generally to systems, meth 
ods, algorithms, computer program products and operating 
models for improving and optimizing the performance of 
messages, advertisements and other content, and more par 
ticularly to Systems, methods, algorithms, computer program 
programs and operating models for optimizing the perfor 
mance of advertisements, splash pages, landing pages and 
other content and messages in an interactive measurable 
medium such as a global network of interconnected informa 
tion devices and appliances, where an example of Such a 
global network is the Internet. 

BACKGROUND 

0003. When advertising on electronic media, advertisers 
and advertising agencies are able to receive immediate feed 
back as to the performance of their campaigns, based on how 
Successful the creatives are in generating responses (such as 
clicks—visitors clicking on a banner advertisement to visit 
the advertiser's site—or post-click actions, such as making a 
purchase, signing up for a newsletter, joining a club, etc.). 
Further, these advertisers and agencies have significant flex 
ibility in their ability to simultaneously run multiple adver 
tisements (also called creative messages or creatives) within a 
campaign and to introduce new advertisements into an ongo 
ing campaign. In particular, the advertiser or agency can 
exploit the placement allocation capabilities of ad servers to 
adjust the proportion of impressions in a campaign allocated 
to each advertisement. Even when one campaign ends and the 
next begins, the distinction between campaigns is oftentimes 
more contractual than defined by any difference in the cre 
ative messages comprising the campaigns. Therefore, a 
sequence of advertising campaigns can be thought of as one 
campaign in which the set of creative messages evolves as the 
advertiser or agency withdraws creatives that are no longer 
relevant or perform poorly and introduces new creatives. The 
decisions to withdraw old creative and introduce new creative 
are based on business decisions (such as the introduction of a 
new kind of marketing offer) or the performance of the cre 
atives. The flexibility to add and withdraw creative and to 
adjust impression allocation across creatives provides adver 
tisers and agencies with the opportunity to significantly 
enhance the performance of their advertising campaigns by 
diverting impressions to the better performing advertise 
ments at the expense of the poorer performing advertise 
mentS. 

0004 Currently, when making performance-based deci 
sions to withdraw or add creative from or to a campaign, 
advertisers and agencies have very little to guide them. While 
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it is clear which of the existing creatives are performing 
poorly and are thus candidates for withdrawal, it is not clear 
what aspects of the Successful creatives drive their success 
and hence should be considered for replication in new cre 
atives. While long-time advertisers may develop some intu 
ition for the types of creatives that are successful for them, 
this type of knowledge is by nature imprecise, hard to codify 
and maintain, and difficult to use to good advantage. Thus, the 
success or failure of new creative tends to be very much a 
random process. Likewise, the process of determining the 
allocation of impressions to advertisements is manual, 
tedious, imprecise and arbitrary. Typically, the advertiser or 
agency will review the performance of the advertising cam 
paign on an infrequent basis and will adjust the allocations of 
impressions to advertisements in an arbitrary and not well 
founded manner based on ad hoc rules. Even when the rules 
for allocating impressions to advertisements have some rea 
sonable basis, these rules tend not to take advantage of all the 
information available from the performance data and tend to 
be applied only sporadically. These practices result in failure 
to achieve or even approach optimal campaign performance. 
0005. In many campaigns the likelihood that a visitor 
responds to an advertisement is driven by the particular ele 
ments (“attribute values') that comprise that advertisement. 
This insight could be used to provide information about suc 
cessful attributes and values for use in determining which 
advertisements to show in order to increase the overall cam 
paign performance. However, currently advertisers and agen 
cies have no tools or methods that give them access to this 
type of analysis and knowledge, and hence the potential cam 
paign performance improvements are inaccessible. 

SUMMARY 

0006. The subject matter herein provides a system, meth 
ods, and computer software program and computer Software 
program product for describing advertisements in terms of 
the key components, or attributes, of the advertisement. An 
“attribute’ is a distinct element of an advertisement that is 
typically common to several advertisements within a cam 
paign or across several campaigns. For example, attributes of 
banner advertisements include but are not limited to the 
graphic image, the text message, the background color, and 
the degree of animation. The nature of advertisements on 
electronic media dictates that the key attributes be limited in 
number. Each advertisement will take on a “value” for each of 
the defined attributes. An “attribute value' is a particular 
instantiation of an attribute. For example, ifbackground color 
is an attribute, the attribute values of background color might 
be red, green, and blue. While a given attribute value might be 
common to several advertisements in a campaign, the adver 
tisements will typically be distinguished by having different 
combinations of attribute values. The definition of attributes 
and their values and the assignment of attributes and values to 
advertisements is called a “multiattribute system.” 
0007. The subject matter herein provides a system, meth 
ods, and computer software program and computer Software 
program product for reducing any multiattribute system to a 
so-called “standard form.” The process of reducing a multi 
attribute system to standard form may involve the elimination 
of certain attributes or attribute values which implies that the 
multi-attribute system as defined does not support the mea 
Surement of the relative importance on creative element per 
formance of the attributes and values that are removed. 
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0008. Once an advertiser defines a multiattribute system 
and this system is reduced to standard form, the invention 
provides a method for determining the relative impact of each 
of the attributes and attribute values in driving the perfor 
mance of the advertisements. This method uses past perfor 
mance data in the form of numbers of impressions and various 
responses (such as clicks or post-click actions, the choice of 
which depends on the campaign goal as defined by the adver 
tiser) together with the multiattribute system defined by the 
advertiser to derive the underlying drivers of campaign per 
formance. Specifically, this method provides estimates of the 
distributions of future performance of the advertising cam 
paign creative elements assuming the underlying perfor 
mance model implied by the defined multiattribute system 
holds. Advertisers and agencies can use this information 
either on an ongoing basis as a campaign evolves to aid in the 
design of new advertisements or across campaigns to quantify 
and encode knowledge as to which attributes and attribute 
values have Success in generating good advertisement perfor 
mance to aid in designing advertisements for new campaigns. 
0009. The subject matter herein provides system, meth 
ods, and computer Software program and computer Software 
program product for addressing two issues related to the 
process of estimating the relative impacts of the attributes and 
their values from the observed performance data. First, the 
degree of confidence in the point estimates of the relative 
impacts will depend on the nature of the performance data 
itself, particularly on the number of impressions received. 
The invention provides a method for determining confidence 
intervals around the relative impact on advertisement perfor 
mance of the different attributes and attribute values. Adver 
tisers and agencies can use this information to temper the 
aggressiveness with which they act on the reported drivers of 
campaign performance. A narrow confidence interval Sug 
gests a high degree of confidence in the estimate and allows 
for more aggressive action whereas a wide confidence inter 
Val Suggests a low degree of confidence and advocates a more 
cautious approach to, or delaying of any decision-making. 
Second, estimating the relative impacts of the attributes and 
their values involves fitting a model to the observed perfor 
mance data. In some cases the fit can be very poor. The 
invention provides a method for determining when the fit is 
too poor to warrant reporting the relative impacts of the 
attributes and their values. If results are not reported, adver 
tisers and agencies will know that they should not use infor 
mation regarding the defined multiattribute system in making 
decisions regarding new creative. When the fit is good, the 
invention provides methods for reporting the results of the 
multiattribute analysis for assessment by the advertiser or 
agency. 

0010 Because the assumption that the underlying perfor 
mance model holds can be very restrictive, the invention 
further provides a method for updating the estimates of the 
distributions of future performance of the advertising cam 
paign creative elements, so that the assumption that the under 
lying performance model holds is relaxed but the defined 
multiattribute structure still contributes to the estimates. In 
this way the inventive system and method allows the defined 
multiattribute system to provide valuable input into the cam 
paign creative elements performance estimation, without 
requiring that the observed performance data be a perfect or 
near-perfect fit to the underlying performance model implied 
by the defined multiattribute system. 
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0011 Finally, the subject matter herein provides a system, 
methods, and computer Software program and computer soft 
ware program product for allocating future campaign impres 
sions amongst the creative elements to maximize future 
expected campaign performance, where the allocations are 
based on the estimates of the distributions of future campaign 
performance of said creative elements. 
0012. By applying the described methods on a regular 
basis throughout the advertising campaign, the advertiser or 
agency can achieve significant improvements in campaign 
performance. A typical application might be to apply the 
methods every day. Using the ad server reporting capabilities, 
campaign performance data in the form of impressions and 
clicks (or post-click actions as appropriate) is updated every 
day. Using this updated performance data, the methods of the 
invention are applied to recommend allocations of future 
impressions across the creative elements. These allocation 
recommendations are then trafficked to the ad server and the 
process is repeated the following day. 
0013 The described procedure may be applied to various 
messages including, for example, but not limited to: banner 
ads, emails, Splash pages, home pages, jump pages, landing 
pages, pop-up windows, web pages, web layouts, media pro 
gramming, media content, Surveys, sales promotions, politi 
cal campaign messages, polls, news headlines, headlines, 
ballot measures, ballot initiatives, public service announce 
ments, sports scores, sports scores for a local, regional, col 
legiate, oramateur sports team or teams, and combinations of 
these, as well as other content. 

BRIEF DESCRIPTION OF DRAWINGS 

0014 FIG. 1 is a diagrammatic illustration showing an 
exemplary embodiment of a computer system that may be 
used in conjunction with the inventive method, procedures, 
algorithms, and computer programs and computer program 
products. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0015 The subject matter herein provides system, method, 
procedure, algorithms, and computer programs and computer 
program products (software and/or firmware) for monitoring 
and improving the performance of a message campaign com 
municated or conducted over an interactive measurable 
medium, Such as the Internet. 
0016 Sectional headers provided in this document are 
merely for the purpose of assisting the reader in understand 
ing where a primary description of a particular aspect or 
embodiment of the invention is described. It is understood 
that aspects of the invention are described throughout the text, 
drawings, and claims in this document and that the headers do 
not limit the description or scope of the invention in any way. 
0017. In this description, the term “optimizing is used to 
describe the attempt to improve performance. However, those 
workers having ordinary skill in the art will appreciate that 
while there may be only a single “optimum’ which may or 
may not always be attained, there are many degrees of per 
formance improvement that may be obtained. As used in this 
description, optimization means improvement in perfor 
mance as well as the attainment of any single optimum value. 
Put differently, optimization refers to methods, algorithms, 
and other attempts to attain optimum performance and does 
not require that the optimum performance be attained. (The 
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optimization procedure used in this invention is described 
more fully later in this document.) 
0018. The subject matter herein provides optimization 
methods and algorithms that select (or select more fre 
quently) and utilize one or more well performing message 
alternatives and deselect (or select less frequently) poorer 
performing message alternatives from among the available 
message alternatives based on the past performance of at least 
Some of the other message alternatives. However, recogniz 
ing that a particular message alternative's performance may 
change (either improve or degrade) over time, in at least some 
embodiments of the invention even poorer performing mes 
sage alternatives may be allocated Some share of the total 
number of messages to be sent. 
0019. The described procedure tries or attempts to maxi 
mize performance. To achieve these benefits, the inventive 
procedure spreads messages to all or most of the message 
alternatives in the earlier stages, to discover high performing 
alternatives. As more information is available about the per 
formance of these message alternatives, a higher concentra 
tion of messages is sent to better performing message alter 
natives, where better performing describes relative 
performance between the message alternatives sent. The 
inventive procedure can also robustly handle reasonable fluc 
tuations in the underlying performance of a message alterna 
tive without deteriorating performance significantly. This lat 
ter characteristic is beneficial because performance of a 
message alternative may change over time due to seasonal 
fluctuations or other reasons. 

Context for Application 

0020 While the described methods may be applied to 
various message types, the description below for purposes of 
illustration focuses on advertising messages, and web site 
banner ads in particular. The general principles, methods and 
procedures, and parameters described relative to banner ads 
(or banners) apply as well to messages of other types and/or to 
other content types in interactive measurable digital environ 
mentS. 

0021 Message types. The terms “banner ad” or “banner 
or “ad are used more generically for all message types 
including banner ads, where a particular “message' is 
selected from available message alternatives. In an analogous 
manner, an “email is selected from available “email alterna 
tives,” a “pop-up window' is selected from available “pop-up 
window alternatives.” a “web page' is selected from available 
“web page alternatives, and a “web layout' is selected from 
available “web layout alternatives.” Using this syntax, a “ban 
ner ad” or “banner' is selected from “banner ad alternatives' 
or “banner alternatives.” The phrases “message impression.” 
“email impression', and “web page impression' though 
being analogous to "banner impression' have not been 
adopted in the field, rather the terms “email. “message', and 
“web page themselves correspond to the impression. Those 
workers having ordinary skill in the artin light of the descrip 
tion provided here will appreciate that the system as described 
above can be easily extended to be applicable to other mes 
sage types, including, for example, alternatives selected from 
a group consisting of an email, a pop-up window, a webpage, 
a web layout, an ad, a banner ad, a splash page, a home page, 
a jump page, a landing page, media programming, media 
content, a political campaign message, a Survey, a poll, a news 
headline, a headline, a ballot measure, a ballot initiative, one 
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or more sports scores, one or more sports scores for a local, 
regional, collegiate, or amateur sports team or teams, and 
combinations thereof. 
0022 Campaigns. A marketing or ad campaign involves a 
listofadalternatives (a particular type of message alternative) 
and a target customer population. The goal of the marketer is 
to allocate the ad alternatives to the customer population to 
optimize business objectives Such as maximizing the number 
of responses received. In an embodiment of the invention 
directed to advertising, the invention provides methods for 
deriving insight regarding the performance of marketing 
campaigns in which advertisements are distributed over an 
interactive, measurable medium such as the Internet. One 
particular type of ad that is a very popular type of advertise 
ment is the Internet web site banner ad. 

0023 Banners. A banner ad, or more simply “banner is a 
graphic image that announces the name or identity of a site or 
is an advertising image, and that the advertiser wants to have 
displayed at various categories of web sites. A category may 
correspond to a web site, or to different sections within a web 
site, where a section is a specific web page or a set of related 
web pages within the site. A category may also correspond to 
keywords searched by a visitor on a search engine. There will 
typically be a number of banners that an advertiser wishes to 
deploy across the categories at which advertising space has 
been purchased. 
0024 Impressions/click-throughs/post-click actions. The 
term “impression' is commonly used in the industry to refer 
to the occurrence of a banner ad on an Internet web site, i.e., 
an Internet visitor to the web site is shown the banner ad. A 
"click-through' or "click” occurs when a visitor to the web 
site clicks on a banner. This action redirects the visitor to a 
page on the advertiser's web site. A “post-click action' is a 
specific action taken by a visitor having been redirected to the 
advertiser's web site. Such actions might include making a 
purchase, signing up for a newsletter, or registering for the 
site. The impression, click (or lack thereof), and post-click 
action (or lack thereof) are all attributed to the banner ad that 
the visitor was shown. An advertiser will want to maximize 
the response to her campaign as measured by a rate such as the 
click-through rate (the number of clicks divided by the num 
ber of impressions) or the action rate (the number of post 
click actions divided by the number of impressions) or indeed 
even the conversion rate (the number of post-click actions 
divided by the number of clicks). In the sequel we use the term 
“impressions to apply generically to the events counted in 
the denominator of the advertiser's objective and the term 
"clicks' to apply generically to the events counted in the 
numerator of the advertiser's objective. 
0025 Stages. Impressions can occur at any time—when 
ever someone visits the appropriate page of a web site at 
which the banner ads are being displayed. However, the 
reports on banner ad performance are typically updated at 
discrete times. We will call the intermediate time between two 
reports a 'stage'. Among the many features that distinguish 
the inventive system and method from conventional ones, the 
inventive system and method are designed for repeated appli 
cation at intervals of time corresponding to stages. Though 
they may be any arbitrary intervals of time, the stages are 
desirably regularintervals of time. For example stages may be 
6-hour intervals, 12-hour intervals, one per day, one per week, 
or any other interval. It is not uncommon for a stage to 
correspond to a day, although, for example, if the advertising 
campaign is an email campaign, then the appropriate time 
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interval for a stage might be a day or more than a day but more 
typically would be much shorter than a day. The choice for the 
length of a stage represents a trade off. Usually, the intervals 
should be long enough to allow collection of significant per 
formance data, and not so long that important short-term 
trends may be missed. 
0026. In developing its reports and recommendations, one 
embodiment of the described procedure uses the available 
performance or response data from all prior stages in the 
message campaign. In another embodiment, the performance 
or response data from prior stages may be discarded after a 
predetermined number of stages have passed or the perfor 
mance or response data may be weighted to increase the 
contribution for recent data and discount the contribution for 
older data. In either case, the inventive procedure seeks to 
maximize insight and performance. 
0027. In the description that follows, we will view a 
“stage” as a period of time. However, those workers having 
ordinary skill in the art will appreciate that the inventive 
method can also be applied to situations in which a stage is 
defined by a number of visitors (equivalently, number of 
impressions) or some other measure. For example, a perfor 
mance report could be generated after each visitor (equiva 
lently, after each impression) and reports on the relative 
impacts of attributes and attribute values, and optimized ban 
ner allocation for the next visitor could be based on this most 
recent report. 
0028. Targeting. While the description focuses on the 
analysis and optimization of an advertising campaign at an 
individual site, the invention can also learn and optimize 
across the various other parameters that are available for 
configuration of advertising campaigns. While the primary 
relevant information will be the outcomes for each visitor to 
each advertisement, there will often be additional data avail 
able. This information may include, by way of example, but 
not limitation: 

0029 Databased on the current visit. Examples of this 
type of profiling information include the time of the 
visit, the type of browser used by the visitor, the IP 
address, the site where the advertisement was shown and 
the like. 

0030 Databased on an earlier visit. An example is data 
from a registration form that was filled out by the visitor 
on an earlier visit. This may include demographic and 
psychographic information. 

0031 Data from external sources. Examples include an 
external customer database that may provide data on the 
purchase history of the visitor. This may, for example, 
include demographic and/or psychographic informa 
tion. 

0032. The visitor profile space includes and generally con 
sists of a multidimensional space where each dimension cor 
responds to one of the above profiling attributes. Visitors are 
often classified into market segments based on this data. For 
example, segments based on age or income might be defined. 
A visitor segment consists of a portion of the visitor profile 
space. By applying the inventive system and method to each 
visitor segment in turn, for example, by using multiattribute 
optimization to select different advertisements for different 
visitor profiles, the overall campaign performance can be 
improved. The visitor segments can be derived from the 
observed data rather than pre-specified to further enhance 
campaign performance. This can be achieved using the meth 
ods described in U.S. Patent Application Ser. No. 60/255,949 
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filed Dec. 15, 2000 entitled Method, Algorithm, and Com 
puter Program for Targeting Messages Including Advertise 
ments in an Interactive Measurable Medium, which is hereby 
incorporated by reference. 
0033. As the described method is advantageously imple 
mented as a computer program or computer program product 
on a general-purpose computer, Such as for example a com 
puter operating in an Internet or other network server envi 
ronment, attention is now directed to an exemplary computer 
system illustrated in FIG. 1 that may be used in conjunction 
with the inventive methods, procedures, computer software 
programs, and computer program products. 
0034. A computer 102 includes a processor or CPU 104 
coupled to a fast random access memory 106 storing data 108 
and procedures 110. Processor or CPU 104 is also conve 
niently coupled to one or more mass storage device 112 Such 
as one or more hard disk drives of which many types are 
known. The mass storage devices may typically store infor 
mation in one or more databases. In the context of the present 
invention, Such databases may store performance data, allo 
cation data, and other data and/or procedures or algorithms 
that are not currently being processed by the processor 104 or 
memory 106. Input/output devices 114 may also be conve 
niently coupled to the processor or other computer system 
102 components for inputting data to the computer, retrieving 
results from the computer, monitoring activity on the com 
puter or on other network devices coupled to the computer, or 
other operations as are known in the art. A network interface 
116, such as a network interface card (NIC), modem, or the 
like is also conveniently provided. 
0035. Procedures 110 may for example, include an oper 
ating system 120, an optimization procedure 122, a state 
vector update procedure 124, a message allocation procedure 
126, a pair-wise or other message alternative comparison 
procedure 128, as well as other procedures and algorithms 
130. Data 108 may for example include one or more state 
vector 142, results vector 144, allocations vector 146, con 
straints list or constraints items 148, stage discount factors or 
parameters 150, threshold values 152, proportional of 
impressions or trials factors 154, or other data or parameters 
156. 

0036 Those workers having ordinary skill in the art in 
light of the description provided here and in FIG. 1 will 
appreciate that the computer system 102 described here is 
merely exemplary and that various modifications may be 
made, or that other computer system architectures may be 
used in conjunction with the inventive systems, methods, and 
computer Software programs. 
0037 Having discussed the inventive system and how the 
system can be implemented, attention is now directed to the 
details of a particular embodiment of the inventive optimiza 
tion procedure. 

Input Data 

0038 Performance data. The performance data may 
include one or more of for each banner ad in the campaign: 
(1) the number of impressions delivered to date, and (2) the 
number of clicks (or post-click actions) generated to date. 
Typically, in the course of a campaign impression and click 
data is recorded during every stage (such as a day) of the 
campaign. In general, we will be interested in only the cumu 
lative impressions and clicks for each banner ad, but in some 
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cases we may want to adapt the per stage data before com 
bining it, in which case the per stage performance data must 
be available. 
0039 Adapting the performance data—discounting. In 
Some cases, it may be advantageous to use instead of the raw 
performance data itself. Some function of the performance 
data. The major motivation for this is to discount older data. In 
the context of banner ads, experience demonstrates that ban 
ner ad performance may improve or deteriorate overtime. So, 
generally the performance of a banner ad is non-stationary in 
a statistical sense. There are a number of potential reasons for 
a banner to have non-stationary behavior in the underlying 
performance. For example, a banner that promises overnight 
delivery may be quite effective shortly before Christmas, but 
much less effective on the day after Christmas. Even absent a 
particular identifiable event, the performance of ads may 
change over time. For example, Internet visitors may see a 
given banner too many times and beyond some point the 
banner loses all attraction. As the fraction of visitors who have 
seen the ad too many times increases the performance of the 
banner deteriorates. 
0040. A discounting scheme may be implemented in the 
form of a binary step function where data older than a certain 
stage is simply ignored, in the form of a linear or non-linear 
weighting function, or according to any other weighting or 
discounting scheme. In one embodiment, the discount is in 
the form of a geometrical discounting, that is, at the end of 
each stage all data (such as, for example, the number of 
impressions and number of clicks) is multiplied by a one 
stage discount factor beta, B, where beta is a number less than 
one (B-1). Thus, data that is n stages old at the time when the 
procedure is executed will end up being multiplied by beta 
raised to the n' power (B"). In this manner newer perfor 
mance data is weighted more highly than older performance 
data. 
0041 While not true in all circumstances, it is generally 
true that newer performance data provides better guidance as 
to the future performance of a banner than does older perfor 
mance data. In any particular situation where this generaliza 
tion does not hold true, different discounting schemes, 
including for example a discounting scheme that weights 
Some segment of performance data more heavily than newer 
performance data, may be applied. If no discounting is 
desired, beta may be set to 1 (B=1). (Empirical and simulation 
studies have shown that a value of the one-stage discount 
factor (beta) of about 0.9 works well for a range of synthetic 
and real data sets, though values between about 0 and about 1 
may be used, more typically between about 0.5 and 0.99, 
more usually between about 0.8 and about 1.0, and even more 
usually between about 0.85 and 0.95 may be used.) 
0042 Discounting procedures. To describe the discount 
ing procedures, letc.(t) denote the total number of discounted 
cumulative clicks and n,(t) denote the discounted cumulative 
number of impressions for banner i at the end of stage t. Let 
imp, (t) denote the total number of impressions and click,(t) 
represent the total number of clicks and impressions for a 
particular banneri in staget. Then the discounted cumulative 
clicks c,Ct) and the discounted cumulative impressions n, (t) 
are given by the following expressions: 

c(t)=c(i-1)+click, (t), for t21; 

0043 where c,(0)=0 and n,(0)=0. Discounting reduces the 
impact of old data and allows the inventive algorithm to be 
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more responsive to new data that may reflect changes in the 
clickthrough rates or other performance indicators. 
0044) The above expressions are specialized for an 
embodiment in which the performance metrics are based on 
numbers of “impressions” and "click-throughs, where for a 
particular impression the viewer has the binary choice of 
either clicking-though or not clicking through for each 
impression. 
0045. In the set of equations above, the discounting is 
provided by the factor D. The above expressions can be easily 
generalized to arbitrary or generalized discounting functions 
G{ . . . . and G, ...} which use the click-throughs and 
impressions from the previous stages to derive the discounted 
cumulative clicks c,Ct) and the discounted cumulative impres 
sions n,(t) using the following expressions: 

c;(t)=G.{click.(1),....click,(t–1).click, (t).imp, (1),... 
imp, (t–1).imp, (t)}, for t21; 

n;(t)=G, click.(1),....click,(t–1).click,(t),imp, (1),... 
imp, (t–1).imp, (t)}, for t21; 

where c,(0)=0 and n(0)=0. In these generalized discounting 
functions G. ...} and G, {...}, it is noted that none, some, 
or all, of the click,(t) and/or imp, (t) may actually weighted or 
discounted. 
0046. In particular, functions which give more weight to 
more recent values of c, and n, are of special interest. When a 
different binary response performance indicator than click 
throughs such as positive responses or 'successes' are used, 
and a more general term applied to impressions such as "tri 
als' is used, along with generalized discounting functions 
H{...} and H{...}, the general expressions for the total 
number of discounted Successes c,Ct) and the cumulative 
number of trials n.(t) are given by the following expressions: 

c(t)=H. Success,(1),....Success,(t–1). Success,(t), 
trial.(1), ... trial,(t–1).trial, (t)}, for t21; 

n;(t)=H, success,(1), ....Success,(t–1). Success,(t), 
trial.(1), ... trial,(t–1).trial, (t)}, for t21; 

where c,(0)=0 and n,(0)=0. Here, s(t) and n,(t) represent the 
state vector for banner i. As noted above for G{...}, none, 
some, or all, of the success,(t) and/or trial,(t) may actually be 
weighted or discounted by the discounting function H... }, 
though in the preferred embodiment each is discounted. 
0047 Prior information or judgement. When an advertis 
ing campaign is started fresh, a campaign manager may have 
used some of the banners in an earlier campaign or may have 
a prior judgment about the performance of the banners. In this 
case the value of c,(0) and n,(0) for banner i can be set as 
follows. The manager can provide an estimate of the average 
performance, mean, for banner i over the previous cam 
paigns. He/she may decide that the information from the 
previous campaign is worth N, impressions. In this case c,(0) 
can be set to (meanxN) and n,(0) can be set to N. 
0048. The setting of c,(O) and n,(O) as described above can 
be used to incorporate a manager's prior experience or judg 
ment of the performance of the banners. Larger values of N, 
imply that the manager is more confident about extrapolating 
the future performance of the banner based on his prior expe 
rience or judgment. 
0049. Those workers having ordinary skill in the art in 
light of the description provided here will appreciate that 
there are several similar variations of the above basic strategy. 
0050. Updating the performance data. Typically, in the 
course of a campaign the performance data set will be updated 
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during every stage. (Some campaigns may also review per 
formance data and determine that no update is required at a 
particular stage.) The update procedure involves the first and 
possibly (optionally) the second of the following two steps. 
First, the most recent performance data as observed or 
recorded during the latest stage (for example, the clicks and 
impressions for each banner for the previous 24 hours as 
recorded by the ad server serving the campaign) will be added 
to the database of performance data. In general the complete 
performance data set for all banners and all stages through the 
current stage, including any prior information or judgment, is 
the input data set to the inventive system and method. Second, 
optionally in accordance with one specific embodiment of the 
invention, a discounting procedure is applied to the updated 
performance data set to compute the total number of dis 
counted cumulative clicks c,Ct) and the total number of dis 
counted cumulative impressions n, (t) for each banner i at the 
end of the current stage t. In this embodiment the invention, 
the c,(t) and the n,(t) for all banners i and for the current stage 
t comprise a sufficient data set for computation of the multi 
attribute analysis and optimization. 

Multiattribute System 

0051 One construct of the inventive system, method and 
computer program and computer program product is the mul 
tiattribute system, which we now define, although first we 
provide an informal description to explain the concepts. 
0052. The methods described hereintake advantage of the 
observation that in many advertising campaigns the likeli 
hood that a visitor clicks on a banner is driven by the attribute 
values that comprise that banner. This insight can be used to 
provide information about successful attributes and values for 
use in designing new banners for addition to the campaign or 
for inclusion in future campaigns. 
0053 A banner can often be thought of as being composed 
of one attribute value for each of several attributes. It is 
common for a group of banners to share the same combina 
tion of attributes but to be distinguished by having different 
combinations of banner attribute values. It is also possible for 
two (or more) groups of banners to share some common 
attributes but to have some attributes that are not common 
between the two groups. For example, consider a banner 
advertising campaign consisting of 13 banner ads running on 
Internet web sites. For this set of ads, the marketing manager 
identifies three attributes, background color, degree of ani 
mation, and marketing message. The attribute values for the 
attribute background color are red, green, and blue; the 
attribute values for the attribute degree of animation are static 
and animated; and the attribute values for the attribute mar 
keting message are “S10 off and “Free shipping. The mar 
keting manager divides the thirteen banners into three groups 
consisting of six, six, and one banners, respectively. The first 
set of six banner ads has in common the attributes of back 
ground color and animation, the second set of six has in 
common the attributes of background color and marketing 
message, while the thirteenth banner does not share any of 
these attributes. Typically, each set of six banners would 
exhibit the six possible combinations of the two common 
attribute values although this is not necessary and it is pos 
sible to have so-called “duplicate ads' that share the same 
value for each attribute. Table 1 gives an example of attribute 
values exhibited by the thirteen banner ads. A blank entry 
indicates that that attribute is not present for that banner ad. 
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TABLE 1 

Attribute value 
Attribute value for Attribute value for for Attribute 3 

Banner Attribute 1 Attribute 2 Marketing 
ad Background color Animation message 

1 1 = Red 1 = Static 
2 2 = Green 1 = Static 
3 3 = Blue 1 = Static 
4 1 = Red 2 = Animation 
5 2 = Green 2 = Animation 
6 3 = Blue 2 = Animation 
7 1 = Red 1 = “S10 off 
8 2 = Green 1 = “S10 off 
9 3 = Blue 1 = “S10 off 
10 1 = Red 2 = “Free shipping 
11 2 = Green 2 = “Free shipping 
12 3 = Blue 1 = “S10 off 
13 

0054. A multiattribute structure is defined to be a collec 
tion of attributes. In a campaign the marketing manager 
should define multiattribute structures so that each banner ad 
can be assigned in the obvious way to exactly one multiat 
tribute structure. In the example of Table 1, the marketing 
manager defines three multiattribute structures, one consist 
ing of the attributes background color and degree of anima 
tion, one consisting of the attributes background color and 
marketing message, and one containing no attributes (this last 
is called the “singleton” multiattribute structure). Table 2 and 
Table 3 show the multiattribute structure and assignment of 
banner ads for the first two multiattribute structures. 

TABLE 2 

Example 1 of multiattribute structure 

Background color 

Red Green Blue 

Degree of Static Ad 1 Ad 2 Ad3 
animation Animated Ad 4 Ad 5 Ad 6 

0055. In this first example all combinations of attribute 
values for background color and degree of animation are 
represented by the six banner ads assigned to the multiat 
tribute structure. The inventive system and method applies 
even when all combinations are represented by some ad, 
provided that certain conditions are met. The inventive sys 
tem and method provides a method for converting any mul 
tiattribute system to “standard form” (to be defined formally 
below) in which the necessary conditions are guaranteed to be 
satisfied. Table 3 shows an example of an assignment of ads to 
a multiattribute structure Such that two ads are duplicates and 
that one combination of attribute values is not represented by 
any ad. 

TABLE 3 

Example 2 of multiattribute structure with duplicate and 
missing ads 

Background color 

Red Green Blue 

Marketing “S10 off Ad 7 Ad 8 Ad 9 
message Ad 12 
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TABLE 3-continued 

Example 2 of multiattribute structure with duplicate and 
missing ads 

Background color 

Red Green Blue 

Free Ad 10 Ad 11 
shipping 

0056. Identifying such an attribute structure can benefit 
the advertiser in two ways. First, in the context of the current 
campaign, the attribute structure can be used to help the 
advertiser more efficiently optimize the campaign, i.e., allo 
cate the ad alternatives to the customer population to optimize 
business objectives. Second, in the context of both the current 
and future campaigns, the attribute structure can be used to 
help the advertiser to identify ads or elements of ads that are 
Successful in generating customer response, so that the adver 
tiser can more easily and more successfully develop new ads 
for insertion into the current campaign or a set of ad alterna 
tives for future campaigns. 
0057 The methods and procedures of the invention are 
designed to elicit both of these benefits and are applied to a 
defined multiattribute system, which we now formally define. 
0058 Multiattribute system definition. We assume that the 
marketing manager or advertising campaign manager has 
defined a “multiattribute system.” Defining a multiattribute 
system requires that the marketing manager group the ban 
ners in a campaign into one or more multiattribute structures, 
i.e., the marketing manager must define attributes, attribute 
values for each attribute, multiattribute structures, assign 
ment of banners to multiattribute structures, and assignment 
of attribute values to banners, as follows: 

0059 Attributes. An “attribute is a distinct element of 
a banner that is typically common to several banners 
within a campaign or across several campaigns. In the 
context of banner ads in an Internet advertising cam 
paign, examples of attributes of banners (banner 
attributes) include but are not limited to the graphic 
image, the text message, the background color, and the 
degree of animation. 

0060 Attribute values for each attribute. An “attribute 
value' is a particular instantiation of the attribute of 
which it is a value. For example, if background color is 
a banner attribute, attribute values of background color 
might be red, green, and blue. While a given attribute 
value might be common to several banners in a cam 
paign, the banners will typically be distinguished by 
having different combinations of attribute values. 

0061 Multiattribute structures. Each multiattribute 
structure is a collection of attributes. The “singleton' 
multiattribute structure is the null collection, i.e., does 
not have any attributes in it. 

0062 Assignment of banners to multiattribute struc 
tures. Each banner should be assigned to exactly one 
multiattribute structure. A banner that is not assigned to 
any multiattribute structure is by default assigned to the 
singleton structure. 

0063 Assignment of attribute values to banners. For 
each banner, the marketing manager should assign 
exactly one value of every attribute that comprises the 
multiattribute structure of which the banner is a member. 
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0064 Standard form for multiattribute systems. A multi 
attribute system is said to be of “standard form if it satis 
fies the following properties: 
0065 Attributes in multiattribute structures. Every mul 
tiattribute structure, except the “singleton multiat 
tribute structure, consists of two or more attributes. 

0.066 Attribute values for each attribute. Every attribute 
has at least two values. 

0067 Assignment of attribute values to banners. For 
every attribute in each multiattribute structure, at least 
two attribute values are assigned to banners in that mul 
tiattribute structure. 

0068 Assignment of banners to multiattribute struc 
tures. The multiattribute-mapping matrix (see equation 
(3) below) for each multiattribute structure must be of 
full column rank. This will typically be the case if the 
number of “unique' banners (i.e., non-duplicate ban 
ners) assigned to each multiattribute structure is at least 
as many as the number of multiattribute parameters for 
that structure. The number of multiattribute parameters 
is computed as 1+h(attribute values assigned to banners 
in the multiattribute structure)-H(attributes in the mul 
tiattribute structure). However, while this condition is 
necessary, it is not sufficient to ensure that the multiat 
tribute-mapping matrix is of full column rank. A more 
detailed check is required, and can be performed using 
standard matrix manipulation techniques such as Gaus 
sian elimination. 

0069 Reduction of a multiattribute system to standard 
form. Every multiattribute system can be reduced to stan 
dard form through the following steps: 
0070 Remove attributes with too few values. Any 
attribute with fewer than two values is deleted and 
removed from any structure to which it was assigned. 

0071 Remove attributes from structures with too few 
values assigned to banners. Any attribute in a multiat 
tribute structure having less than two values assigned to 
banners is removed from that multiattribute structure. 

0072 Remove multiattribute structures with too few 
attributes. Any multiattribute structure consisting of 
fewer than two attributes, except the “singleton multi 
attribute structure, is deleted. All banners assigned to 
this multiattribute structure are reassigned to the single 
tOn Structure. 

0073 Remove multiattribute structures with multiat 
tribute-mapping matrices that are not of full column 
rank. If the multiattribute-mapping matrix for a multiat 
tribute structure is not of full column rank, the structure 
is deleted. All banners assigned to this multiattribute 
structure are reassigned to the singleton structure. 

0074 The multiattribute analysis and optimization inven 
tion requires that the marketing manager define a multiat 
tribute system and as a first step reduces the defined multiat 
tribute system to standard form. Thus, in the multiattribute 
system defined by the marketing manager we do not enforce 
that there be any particular number of multiattribute struc 
tures, that any multiattribute structure have any particular 
number of member ads, that every attribute be a member of at 
least one multiattribute structure, or that every attribute value 
be assigned to some banner. We do allow “duplicate' banners, 
i.e., two banners that have the same combination of attribute 
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values. The remainder of the description of the invention 
assumes that we are discussing a multiattribute system in 
standard form. 

Application of the Disclosed Invention 

0075. The subject matter herein applies to a multiattribute 
system together with the performance data for the banners of 
the multiattribute system. Here the performance data refers to 
a pair (c., n) for each banner, where c represents the cumulative 
(or some other function) of clicks or post-click actions and in 
represents the cumulative (or Some other function) of impres 
sions. Typically, the inventive system and method is applied 
repeatedly, usually on a stage-by-stage basis as additional 
performance data is gathered and the performance data is 
updated as described above. We describe the application of 
the invention to a multiattribute system in standard form 
because any defined multiattribute system can be reduced to 
standard form as described above. 

Formulation of the Mathematical Model 

0076 Background. For each banner i, let It, represent the 
measure of the performance of the banner along the perfor 
mance dimension that the marketing manager would like to 
maximize. In one embodiment of the inventive system and 
method it, represents the click-through rate of banneri. How 
ever, in general the inventive system and method applies to 
any performance measure: (a) whose value can be computed 
directly from the performance data; and (b) whose random 
variable converges in distribution to a Normal distribution as 
the number of impressions grows. For example, consider the 
embodiment in which It, represents the click-through rate of 
banneri. Assuming that the process of a visitor either clicking 
or not clicking on a banner can be represented by a Bernoulli 
process, the number of clicks observed in a given number of 
impressions has a Binomial distribution. When the number of 
impressions is large, this Binomial distribution is approxi 
mated by a Normal distribution. Because the observed click 
through rate is simply the number of clicks divided by the 
number of impressions, we can conclude that the distribution 
of It, converges to a Normal distribution as the number of 
impressions grows. Application of such limiting distribution 
theory and of the Central Limit Theorem and the delta method 
will ensure that many reasonable functions and transforma 
tions of the performance data satisfy both conditions (a) and 
(b) above, and hence are amenable to application of the inven 
tive system and method. 
0077. Focus for the time being on a particular multiat 

tribute structure (that is not the singleton structure). For any 
attribute m and banneri, let i(m) represent the attribute value 
of attribute m assumed by banner i. The key assumption 
employed by the inventive system and method is that there 
exists a known, continuous, almost everywhere differen 
tiable, strictly increasing function f and there exists a set of 
parameters B" for every attribute m and pair of attribute 
values and k, such that if handi are any pair of banners, then 
(identifying B", 0 for every attribute mand attribute valuej) 
the equation 

f(t)-f(t)-X, B"honion) (1) 

either i) holds as a given; or ii) defines our prior (before 
reviewing the input data) expectation of the differences f(t)- 
f(t). The function f is called the “multiattribute function'. 
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0078. It follows immediately from (1) that for any attribute 
m and pair of attribute valuesjandk, f" -f", and that for 
any three attribute values j, k, and 1 of a common attribute m: 

007.9 Therefore we can re-parameterize in the following 
manner. Arbitrarily select one of theads as the so-called “base 
ad' (suppose this is labeledad 1 and without loss of generality 
suppose that this ad has the first attribute value for each 
attribute). Define B, f(T,) and B" B", for all attribute val 
uesja 1 and attributes m. Then it follows directly from (1) that: 

for all banner ads i. Equation (2) can be rewritten in vector 
notation by creating the column vectors f(t) (with entries 
f(t) for each banneri) and B (with entries B, and B", for each 
attribute m and attribute valuejd 1), 

0080 We call X the “multiattribute-mapping matrix” and 
f3 the vector of “multiattribute parameters'. Define f(t) 
for every banner i, so that the vector 0=f(t). Then 0=XB. 
I0081. As an example, consider Example 1 of a multiat 
tribute structure as defined in Table 2. Let Ad 1 be the base ad. 
The attribute values assigned to the base ad(red and static) are 
called the base values. Multiattribute parameters are assigned 
to the base ad and to every attribute value that is not a base 
value. Thus the number of multiattribute parameters can be 
computed as 1+iattribute values-iiattributes. The B, i=1,2, 
3, 4 in Table 4 are the multiattribute parameters for Example 
1. 

TABLE 4 

Multiattribute parameters for Example 1 

Background color 

Red Green Blue 
Base ad (f) (O) (f) (B) 

Degree of Static (O) Ad 1 Ad 2 Ad3 
animation Animated Ad 4 Ad 5 Ad 6 

(BA) 

I0082 In Example 1, the multiattribute-mapping matrix X 
is 

I0083. Thus, for example: 
0.53+2+3. 

I0084. The situation in Example 2 of Table 3 is similar but 
different because of the duplicate and missing ads. Here let 
Ad7 be the base ad and label the multiattribute parameters B. 
i=5, 6, 7, 8 in Table 5. 
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TABLE 5 

Multiattribute parameters for Example 2 

Background color 

Red Green Blue 
Base ad (35) (O) (f6) (37) 

Marketing “S10 off Ad 7 Ad 8 Ad9 
message (O) Ad 12 

Free Ad 10 Ad 11 
shipping 
(?s) 

0085. Here Ads 9 and 12 are duplicates because they share 
the same combination of attribute values. In this situation the 
multiattribute optimization and analysis invention proceeds 
by combining the performance data (discounted clicks and 
impressions) for all the duplicate ads and proceeding as if 
there were only one suchad. Effectively, the duplicate ads are 
combined into one new ad and the analysis proceeds with the 
new ad but without the duplicate ads. Any conclusions from 
the analysis regarding the new ad are applied equally to all the 
duplicate ads that comprise the new ad. In Example 2, Ads 9 
and 12 are combined into a new ad, Ad 14. Thus the rows of 
the multiattribute-mapping matrix for this multiattribute 
structure correspond to Ads 7, 8, 10, 11, and 14. X is then: 

I0086. The multiattribute analysis and optimization inven 
tion provides methods for estimating the values of the multi 
attribute parameters B and also, via the multiattribute map 
ping matrix, the parameters 0 and the performance metrics at 
of the banner ads. The invention also provides methods for 
determining our confidence in those estimates. The estimates 
and the corresponding confidence intervals of the multiat 
tribute parameters f determine the relative impact on banner 
performance between each pair of attribute values of a com 
mon attribute for each attribute. Therefore, reporting these 
values (or some function thereof) can help the advertiser to 
identify ads or elements of ads that are successful in gener 
ating customer response, so that the advertiser can more eas 
ily and more successfully develop new ads for insertion into 
the current campaign or a set of ad alternatives for future 
campaigns. Likewise, the estimates (and confidence intervals 
around the estimates) of 0 and it can be used to define a prior 
distribution on banner performance. In this way the multiat 
tribute structure helps to determine more refined estimates of 
banner performance, which enables the advertiser to more 
efficiently optimize the campaign by allocating the ad alter 
natives to the customer population so as to optimize business 
objectives. 
0087. Relationship of the outlined approach to the Logit 
Choice Model. Some of the logic underlying the inventive 
system and method is related to the widely used Logit Choice 
Model. In the Logit Choice Model, consumers for products 
are assumed to place utilities on the different values of the 
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attributes of the products. The overall utility a consumer 
places on a product is the sum of the utilities that the con 
Sumer places on values of the attributes. When choosing 
between two products, the consumer is not assumed to always 
choose the one for which she has higher utility. Rather the 
choice is assumed to be probabilistic with the probability that 
the consumer chooses product 1 for which she has utility u 
over product 2 for which she has utility u given by 

I0088. Now an important choice in a consumer's consider 
ation set is not to choose any of the available products, i.e., to 
not make a purchase. This so-called no purchase option can be 
modeled by including an additional attribute with two values, 
purchase and no purchase. Every product takes on the pur 
chase value of this attribute but we must also include a 
dummy product that represents the consumer's choice to not 
purchase any of the products. This product is modeled by the 
no purchase attribute value and arbitrary (but fixed) values of 
the other attributes (we assume these to be the base values for 
each of the other attributes). We set the utility of the no 
purchase attribute value to be 0. Then the utility of the pur 
chase attribute value is the utility of the base product—call 
this u. The probability that the consumer, given a choice 
between purchasing the base product and making no pur 
chase, chooses to purchase the base product is given by 

0089. In the context of banner ads, the banners are the 
products. The visitors viewing a banner do not choose 
between banners, rather they choose whether or not to click 
on the banner. In this context, clicking equates to purchasing 
and the visitor never chooses between two banners, but rather 
always chooses between clicking and not clicking on aban 
ner. If a visitor has utility for a banner, then the probability 
at that that visitor clicks on that banner is 

0090 Thus, represents the logodds for the banner. The 
particular embodiment of the invention in which the perfor 
mance metric of interest is the click-through rate and the 
multiattribute function is the logodds function as defined in 
equation (4) represents a logit choice model. Note that, in this 
embodiment of the invention the click/no click attribute is 
implicitly part of the attribute structure but is not defined 
explicitly. Because of this relationship to the logit choice 
model we will sometimes refer to equation (3) as defining the 
“logistic' model, even when the performance metric of inter 
est is other than the click-through rate of the banners (or 
equivalent). 

Estimation of Multiattribute Parameters 

0091. The multiattribute analysis and optimization inven 
tion provides methods for using the data (discounted clicks 
and impressions for each banner ad) to find B, an estimate of 
the multiattribute parameters 3, and the associated covariance 
matrix V of B. We can use this information to report on the 
relative importance of the values of an attribute, and on the 
relative importance of the attributes themselves. 
0092. We now describe the methods employed by the 
invention for using the data to estimate the multiattribute 
parameters. Let P represent the vector of random variables, 
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one for each banner, of the value taken on in the performance 
data by the chosen performance metric, where n is the total 
number of impressions in the performance data. The inventive 
system and method assumes that: 

(n)(P-71)->N(0, I) (5), 

where I is a diagonal matrix where the i' diagonal element 
may depend on the underlying performance metric J, and the 
number of impressions on banner i in the performance data. 
Let Q' represent the vector of random variables, one for each 
banner, of the value taken on in the performance data by the 
multiattribute function of the chosen performance metric, 
where n is the total number of impressions in the performance 
data. It follows that (by the delta method): 

where again X is a diagonal matrix where the i' diagonal 
element may depend on the underlying performance metric J, 
and the number of impressions on banneri in the performance 
data. We can use equation (6) together with the performance 
data to derive estimates for B, 0, and TL, and confidence inter 
vals around those estimates. The estimation can be achieved 
through standard statistical techniques such as may be found 
in the relevant literature. For example, two alternative 
approaches are maximum likelihood estimation (ML) and 
weighted least squares (WLS). When the logistic model (3) 
holds, both estimators are asymptotically equivalent, both 
being in the class of best asymptotically normal estimators. 
For large samples, the estimators are approximately normally 
distributed around the parameter value, and the ratio of their 
variances converges to 1. The algorithm for computing the 
ML estimates (the Fisher scoring method for generalized 
linear models) is an iterative application of WLS. Given all of 
this the two methods can be expected to perform very simi 
larly, especially when there is a lot of data. The ML is gener 
ally considered more accurate with limited amounts of data 
whereas the WLS is computationally simpler. Because the 
ML approach is iterative, it is not always guaranteed to con 
verge, so the WLS is likely to be computationally more 
robust. 

Multiattribute Analysis—Overview 
0093. The purpose of the components of the inventive 
system and method relating to multiattribute analysis is to 
help the advertiser to identify ads or elements of ads that are 
Successful in generating customer response, so that the adver 
tiser can more easily and more successfully develop new ads 
for insertion into the current campaign or a set of ad alterna 
tives for future campaigns. 
0094 Given a multiattribute system and a campaign 
objective as defined by the advertiser and performance data 
through the current stage, the inventive system and method 
estimates the values of the multiattribute parameters (and 
confidence intervals thereon) for every multiattribute struc 
ture (except the singleton structure) in the standard form of 
the defined multiattribute system. The estimates can be com 
puted using the methods described in the previous section. 
The values of the multiattribute parameters can be interpreted 
as defining the relative impact of the attribute values, and by 
extension of the attributes, on the performance of the banner 
ads. 
0095. The estimates of the multiattribute parameters are 
computed under the assumption that the performance model 
(3) holds. If this is the case, or is close to being the case, then 
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the estimates will provide accurate insight into the relative 
impacts of the attribute values and attributes on the banner ad 
performance. However, if the assumption that the perfor 
mance model (3) holds is far from the truth, then the estimates 
can be very misleading. Therefore the invention provides a 
method to assess the goodness of fit of the underlying perfor 
mance model proposed by (3). If the fit is not close, the 
method recommends rejecting the performance model (3) as 
a good explanation for the observed data and hence not using 
the parameter estimates to draw any conclusions regarding 
the performance of the banners. This test is described in the 
following section. 
0096 Finally, the invention includes methods for report 
ing the estimates and confidence intervals on the multiat 
tribute parameters for easy interpretation by the advertiser. 
These methods are described below as part of a description of 
the typical steps involved in conducting a multiattribute 
analysis using the inventive system and method. 

Multiattribute Analysis Test for Acceptance/Rejection of 
the Performance Model 

0097. The invention provides a method to assess the good 
ness of fit of the underlying performance model proposed by 
(3). Having computed the estimates of the multiattribute 
parameters, this test determines how closely the estimates and 
performance model (3) fit the observed data. If the fit is not 
close, the method recommends rejecting the performance 
model as a good explanation for the observed data and hence 
not using the parameter estimates to draw any conclusions 
regarding the performance of the banners. 
0098. The test employed is a summary deviance or likeli 
hood ratio test. The test statistic is -2 times the logarithm of 
the likelihood ratio between a given model and the saturated 
model and is called the Summary deviance statistic. The basic 
idea in the Summary deviance measure is to assess the dis 
tance between the observed and model values via a function 
of residual measures. The residuals used are called deviance 
residuals. The Sum, over all ads, of the squares of these 
residuals is the summary deviance D. We provide a descrip 
tion of the test for the specific embodiment in which the 
performance metric trepresents the click-through rates of the 
banners and the multiattribute function is the logodds func 
tion so that 0 represents the logodds of the banners. Those 
having ordinary skill in the art will recognize that similar 
goodness of fit tests apply when JL and 0 take on alternative 
interpretations. 
0099 Given our estimate of the multiattribute parameters 
B*, the estimated logodds 0* are computed using (3). Then 
the estimated click-through rates at are simply computed as 
J.-1/(1+exp (-0.*}). For eachadi, the deviance residual is 
given by 

where the sign of d, is the same as the sign of (c-(n 
n>0 and c=0, then 

*)). If isi 

d=-|{2n. In 1-J, ), 

and if n, c, then 
d=}{2c, ln(, )|}. 

The Summary deviance statistic D is given by: 
D=X,(d.)’. 

For large sample sizes (and a couple of other conditions that 
will almost always be satisfied in practice), the statistic Dhas. 
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under the assumption that the model is correct, approximately 
a chi-square distribution with degrees of freedom equal to 
imultiattribute ads-imultiattribute parameters. 
0100 Large values of D represent evidence of lack of fit. 
The proposed threshold (which when exceeded by D causes 
us to reject the hypothesis of logistic fit) achieves three desir 
able properties: stability across simulations; discriminatory 
power over data that is far from logistic; and scalability with 
respect the degrees of freedom and expected number of clicks 
(total number of impressions Xaverage ad clickthrough rate). 
0101 To set the thresholds we ran several simulations with 
different numbers of attributes and levels and average and 
maximum clickthrough-rates. The click-through rates were 
chosen to fit the logistic structure but then a normally distrib 
uted noise term was added to eachad's logodds every day. The 
variance on the noise dictates how far from logistic the data is. 
We ran simulations with no, low and high noise. These simu 
lations showed that with a relatively small number of 
observed clicks (across all the ads), the statistic D does not 
discriminate well between data drawn from a logistic model 
(no noise) and data that we know is far from logistic (high 
noise). In this situation the method will always recommend 
accepting the logistic model. Further, as more and more clicks 
are observed, the discriminatory power of the test becomes 
greater and greater. If we simply set the threshold to be the 
95 percentile of a chi-square distribution with the appropri 
ate degrees of freedom, then the test's ability to reject data that 
is far from logistic (high noise) increases with the number of 
observed clicks. However, we also find that the test will reject 
data that is close to logistic (low noise) more and more fre 
quently as the number of observed clicks increases. Because 
the purpose of the test is to reject data sets that are very far 
from logistic, rather than to tell us we have enough data to 
reject the logistic model even when the data is close to logis 
tic, i.e., we would like to report the results of the multiattribute 
analysis when the data is close to logistic (even when we have 
enough data to reject the logistic model at the 95% confidence 
level), we adjust the threshold so that data drawn from a 
model close to logistic will pass the test 95% of the time, 
regardless of the number of clicks observed or of the number 
of degrees of freedom. 
0102 One exemplary way in which an adjusted threshold 
T might be computed is as follows. Let T'be the 95" percen 
tile of a chi-square distribution with the appropriate degrees 
of freedom. Suppose we have observed C clicks across all the 
ads. Then we choose parameters a, b, d, e, and C and com 
pute 

m=a (exp (bc-1)+d, 

and 

Then 

We reject the logistic model if we have observed at least C* 
clicks across all the ads and DT. 

0103 With a test of the kind just described, data drawn 
from a logistic model will pass the test in nearly 100% of 
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cases. Data that is far from logistic will pass the test with 
decreasing frequency as the number of observed clicks 
increases. 

Multiattribute Analysis—Process Flow 
0104. We now provide more information about the process 
flow involved in conducting the multiattribute analysis. The 
first two steps should happen infrequently; the remaining 
steps might be repeated once during every stage (such as on a 
daily basis) as updated performance data becomes available. 
0105 Advertiser defines Multiattribute System. The 
advertiser defines the multiattribute structures, the attributes 
and their values, assigns attributes and banners to multiat 
tribute structures, and assigns values to banners. 
0106 Reduce Multiattribute System to Standard Form. 
The multiattribute system defined by the advertiser is reduced 
to standard form. 
0107 Advertiser provides Performance Data. The adver 
tiser provides performance data in the form of click and 
impression data (or more generally, Success and trial data) for 
each banner during every stage. 
0.108 Process Performance Data. The performance data is 
processed by a discounting function to produce cumulative or 
weighted clicks and impressions (or more generally, Suc 
cesses and trials) for every banner. 
0109 Advertiser requests Multiattribute Report. The 
advertiser requests a report on the results of the multiattribute 
analysis for one of the multiattribute structures. 
0110. The remaining steps assume a focus on the particu 
lar multiattribute structure for which the advertiser requests 
the report. 
0111 Combine duplicate ads. Duplicate ads are combined 
into one by adding their clicks and impressions. 
0112 Determine whether Multiattribute Structure is 
Appropriate for Conducting Multiattribute Analysis. To 
obtain a unique solution for the values of the multiattribute 
parameters, the multiattribute structure must have a sufficient 
number of ads and in the appropriate configuration. This will 
be the case if and only if the multiattribute mapping matrix X 
has at least as many rows as columns (equivalently, #multi 
attribute parameterssiads in the structure) and has full col 
umn rank. If these conditions are not met, then the advertiser 
is informed that the multiattribute analysis cannot be con 
ducted. Otherwise, the analysis proceeds with the next step. 
0113 Arbitrarily select the base ad. Estimate multiat 
tribute parameters. We arbitrarily select one of the ads to be 
the base ad. The attribute values assigned to this ad will have 
their utilities fixed at 0. The estimates of the multiattribute 
parameters can now be computed using standard statistical 
techniques such as the WLS or the ML approach. 
0114 Set base ad to be worst ad. Re-estimate multiat 
tribute parameters. If any of the parameter estimates turn out 
to be negative, the base ad arbitrarily chosen in the previous 
step is not the worst-performing ad, at least according to our 
estimates. For aesthetic reasons it is preferable to present 
results with all estimates being non-negative, so we repeat the 
parameter estimation except that this time we set the previ 
ously estimated worst ad to be the base ad. This will ensure 
that all the new parameter estimates are non-negative. 
0115 Compute confidence intervals around multiattribute 
parameter estimates. Along with the parameter estimates, 
most estimation techniques (including the WLS and ML 
approaches) will produce a covariance matrix around the 
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parameter estimates that can be used to define confidence 
intervals around the parameter estimates. 
0116 Compute revised parameter estimates and revised 
confidence intervals. Because it is preferable to show reports 
in which the results have some tangible interpretation, it may 
be advisable to revise the parameter estimates and upper and 
lower confidence bounds before reporting them. In the par 
ticular embodiment in which it represents the click-through 
rates of the banners and 0 represents the logodds of the 
banners, this can be achieved as follows. If u is a parameter 
estimate (or associated upper or lower bound), then the 
revised parameter estimate is computed as 100*(exp {u}-1). 
The logic behind this transformation is as follows. Consider 
the background color attribute in the example illustrated in 
Table 2. Here Red is the worst value; it has a parameter 
estimate set to 0. Suppose we compare Ad 1 with Ad 2. Ad 1 
is the base ad. Ad 2 differs from Ad 1 only in that it has the 
attribute value Green rather than the attribute value Red for 
the attribute background color. The underlying logodds of the 
two ads are estimated as q=B and q +3. Thus the under 
lying click-through rates for the two ads are estimated as: 

and 

0117. In general we expect the response to banners to be 
very small. For example, it is commonly accepted that the 
average click-through rate for banner ads on the Web is 
approximately 0.4%. It follows that the exponentiated param 
eter estimates must also be small. So we can approximate the 
underlying click-through rates as: 

and 

The percentage improvement in click-through rate that would 
beachieved by showing Ad 2 rather than Ad 1 is then: 

100* (p-pi) p=100* (p/p-1)=100*(exp B-1), 

which is estimated precisely by the revised parameter esti 
mate for the attribute value Green. (Note that we would also 
get this result if we compared Ad 4 with Ad 5.) Therefore, the 
revised parameter estimate for the attribute value Green rep 
resents the percentage improvement in click-through rate that 
would be achieved by showing an ad with the attribute value 
Green rather than an ad with the worst value of the attribute, 
in this case Red (where the values of all the other attributes are 
shared by the two ads). This then provides a tangible inter 
pretation for the revised parameter estimates. 
0118 Perform Acceptance/Rejection Test. To determine 
whether the observed data supports the assumption of the 
performance model (3), we perform an acceptance/rejection 
test as described above. In the particular embodiment in 
which it represents the click-through rates of the banners and 
0 represents the logodds of the banners, the test involves two 
parts: 1) checking whether the total number of clicks (or more 
generally, post-click actions) exceeds a threshold; and 2) 
checking whether the summary deviance statistic falls below 
a threshold. The results of this test are used to determine what 
or how to report the results of the multiattribute analysis. In 
Case 1, when the first part of the check fails, the reports are 
displayed but a disclaimer is shown indicating that the results 
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are not statistically significant. In Case2, when the first part of 
the test passes but the second part fails, the reports are not 
displayed but a message indicating that the observed data 
does not support the assumption of the underlying logistic 
model is displayed. In Case 3, when both parts of the test pass, 
the reports are displayed with no covering message. 
0119 Report the Results. In the particular embodiment in 
which it represents the click-through rates of the banners and 
0 represents the logodds of the banners, one embodiment of 
the invention includes two types of multiattribute report, one 
comparing the attributes, and one comparing the values of a 
particular attribute. Each report contains both a bar chart and 
a table. The bars in the bar charts indicate the relative impor 
tance of either the attributes or the attribute values. The inven 
tion includes three alternative coloring schemes for the bars in 
the bar charts. 

0120 Coloring Scheme 1. Each attribute is assigned a 
color. Whenever that attribute or a value of that attribute 
appears on a chart, its bar is colored appropriately. 

0121 Coloring Scheme 2. Each bar is one of two colors, 
reflecting whether the results indicate that the difference 
between the best and worst values of the attribute (for the 
attribute report) or the difference between the attribute 
value and the worst value of that attribute (for the 
attribute values report) is significant (say, green) or not 
(say, red). The bar is colored red if the lower confidence 
bound for the best attribute value (for the attribute 
report) or the attribute value (for the attribute values 
report) is less than Zero, otherwise it is colored green. 

0.122 Coloring Scheme 3. Each attribute is assigned a 
color. On the attribute report, whenever that attribute 
appears on a chart, its bar is colored appropriately. Each 
attribute value is assigned a variant of the color assigned 
to the attribute of which the attribute value is a value. 
Whenever that attribute value appears on a chart, its bar 
is colored appropriately. 

I0123 Relative Importance of Attributes Report. This 
report compares the attributes defined in the multiattribute 
structure, and in particular reports on the relative importance 
of each attribute in determining the click-through rates 
achieved by the ads. The report comprises both a chart and a 
table. Details of the chart are: 

Chart-type: Horizontal bar chart 
Title: “Relative Importance of Attributes Report 
y-axis label: Attribute names 
x-axis label: “% improvement in <Click-through Rates (best value vs. 

worst value) where the term “Click-through Rate may be 
replaced by the name of the appropriate post-click metric 

Color: Each bar takes on the color of its associated attribute, so 
each is a different color (assuming Coloring Scheme 1 is 
employed). 

0.124. The length of the bar for an attribute is determined 
by selecting the largest of the revised parameter estimates for 
the values of the attribute. As explained above, this represents 
the percentage improvement in click-through rate that would 
be achieved by showing an ad with the best value of the 
attribute rather thananad with the worst value of the attribute 
(where the values of all the other attributes are shared by the 
two ads). 
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0125. The table contains one row for each attribute. The 
columns of the table are: 

0.126 1. “Attribute name 
0127 2. “Lower confidence bound. This shows the 
revised lower bound for the largest of the revised param 
eter estimates for the values of the attribute 

I0128. 3. “96 improvement in <Click-through Rates 
(best value vs. worst value), where the term “Click 
through Rate' may be replaced by the name of the appro 
priate post-click metric. This shows the largest of the 
revised parameter estimates for the values of the 
attribute 

I0129. 4. “Upper confidence bound. This shows the 
revised upper bound for the largest of the revised param 
eter estimates for the values of the attribute. 

0130 Relative Importance of Values for an Attribute 
Report. This report compares the values of an attribute and in 
particular reports on the relative importance of each attribute 
value in determining the click-through rates achieved by the 
ads. The report comprises both a chart and a table. Details of 
the chart are: 

Chart-type: Horizontal bar chart 
Title: “Relative Importance of Values for <Attribute Name> 

Report 
y-axis label: Attribute value names 
x-axis label: “% improvement in <Click-through Rates (vs. 

worst value) where the term “Click-through Rate may 
be replaced by the name of the appropriate 
post-click metric 

Color: Each bar takes on the color of the attribute of which it is a 
value, so all are the same color (assuming Coloring 
Scheme 1 is employed). 

0131 The length of the bar for an attribute value is deter 
mined by the revised parameter estimate for that value. This 
represents the percentage improvement in click-through rate 
that would be achieved by showing an ad with this attribute 
value rather than an ad with the worst value of the attribute 
(where the values of all the other attributes are shared by the 
two ads). Note the length of the bar for the best attribute value 
will be the same as the length of the bar for this attribute in the 
attribute report described above. 
0132. The table contains one row for each value of the 
attribute. The columns of the table are: 

0.133 1. “Attribute value name 
0.134 2. “Lower confidence bound'. This shows the 
revised lower bound for the revised parameter estimate 
of the attribute value 

0.135 3. “96 improvement in <Click-through Rates (vs. 
worst value), where the term “Click-through Rate' may 
be replaced by the name of the appropriate post-click 
metric. This shows the revised parameter estimate for 
the attribute value 

0.136 4. “Upper confidence bound'. This shows the 
revised upper bound for the revised parameter estimate 
of the attribute value. 

Multiattribute Optimization Overview 
0.137 When running a conventional online marketing 
campaign, a marketing manager might typically employ an ad 
server to deliver the advertisements comprising the cam 
paign. The ad server typically provides the marketing man 
ager with some parameters to configure the delivery and 
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tracking of the campaign. Reports on the performance of 
visitors on or to a site in response to the campaign advertise 
ments are manually analyzed by trained analysis personnel to 
derive new, improved delivery configurations. Typically, 
these configurations consist of allocations of advertise 
ments—the fraction of available visitors that are allocated to 
each advertisement. In particular, some advertisements may 
be turned off (allocated no visitors) when the analysis per 
Sonnel determine them to be underperforming. This manual 
process is tedious and error-prone and has an inherent delay 
between the period of data collection and the time new con 
figurations are implemented because of the large amount of 
data to be analyzed and the potentially large number of 
parameters to be modified. Even if errors are not made and the 
user is able to overcome the tedium of the process, it is 
unlikely to yield optimal or even near-optimal recommenda 
tions for advertisement configurations. This is especially true 
in light of the typical delay—between a day and a week— 
between data collection, analysis, and a new campaign con 
figuration based on the analysis. Campaign reconfiguration is 
in essence a multi-dimensional optimization problem, that 
by-and-large cannot be timely solved using conventional 
tools, methods, or systems. Furthermore, optimizations on 
multiple dimensions are impractical to do manually and exac 
erbate the time delay between data collection and reconfigu 
ration. 

0.138. The inventive system and method overcomes the 
difficulties just outlined by providing an automated method 
ology for optimizing and rapidly and efficiently executing 
allocation parameters. The inventive procedure is advanta 
geously run at the end of each stage of an advertising cam 
paign. It allocates the available banner impressions for the 
next stage among the available banners—that is, it generates 
a strategy or recommendation for displaying banners during 
the next stage of the campaign. In developing this recommen 
dation, the method uses the results from all prior stages. 
(Though in at least one embodiment, a selected range of data 
from older stages may optionally be discarded, and in a dif 
ferent embodiment, not all data from all stages has the same 
weight or value in the recommendation.) One objective is to 
allocate the banners at all stages so that the total number of 
positive results, such as user click-throughs on a web site, 
recorded by all banners during the campaign is maximized. 
Other operations may optionally be performed for 
example, during the ad campaign the client advertiser or 
marketing manager may wish to delete or add a banner. 
0.139 While it is generally intended that performance data 
or results are received for each prior stage before allocations 
are generated for the current or next stage in the campaign, 
and the inventive procedure benefits from such timely receipt, 
the inventive system, method, and procedures do not require 
Such timely receipt. In the event that expected prior stage 
results are not for some reason received as expected, the 
inventive procedures are sufficiently robust that the new allo 
cations are merely based on the previous performance data or 
results. Therefore, when new performance results are not 
available, the old performance results are read or otherwise 
used in the computations. In some instances this may result in 
the same or Substantially the same allocations as the previous 
stage, however, in an embodiment where data is weighted 
according to its date (discounting), the allocations may not be 
the same. The extent of the difference may typically depend 
upon the discounting function and the historical prior perfor 
mance results to which the discounting is applied. 
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0140. Optimization. In this description of the invention, 
the term “optimizing is used to describe the attempt to 
improve performance. However, those workers having ordi 
nary skill in the art will appreciate that while there may be 
only a single "optimum’ which may not always be attained, 
there are many degrees of performance improvement that 
may be obtained. As used in this description, optimization 
means improvement rather than requiring attainment of any 
single optimum value. Put differently, optimization refers to 
procedures, algorithms, and other attempts to attain optimum 
performance rather than requiring that the optimum perfor 
mance be attained. (The optimization procedure used in this 
aspect of the invention is described more fully later in this 
document.) 
0141. Optimizing over stages. Among the many features 
that distinguish the inventive system and method from con 
ventional ones, the invention provides a procedure that rec 
ommends and allocates messages to and among a plurality of 
different message alternatives at intervals of time. These 
intervals of time are referred to here as stages and though they 
may be any arbitrary intervals of time, the stages are desirably 
regular intervals of time. For example stages may be 6-hour 
intervals, 12-hour time intervals, one per day, one per week, 
or any other interval. Usually, the intervals should be long 
enough to allow collection of significant performance data, 
and not so long that important short-term trends may be 
missed. 

0142. In developing its recommendation and allocation, 
one embodiment of the inventive procedure uses the available 
performance or response data from all prior stages in the 
message campaign. In another embodiment, the performance 
or response data from prior stages may be discarded after a 
predetermined number of stages have passed or the perfor 
mance or response data may be weighted to increase the 
contribution for recent data and discount the contribution for 
older data. In either case, the inventive procedure tries to 
maximize performance, which may be indicated by the total 
number of positive responses generated by the message set. 
0143. In the description that follows, we will view a 
“stage” as a period of time. However, those workers having 
ordinary skill in the art in light of the description provided 
here will appreciate that the inventive method can also be 
applied to situations in which a stage is defined by a number 
of visitors. For example, a performance report could be gen 
erated after each visitor and abanner allocation for the current 
visitor could be based on this most recent report. Whether 
stages are measured in time or visitors, the choice for the 
length of a stage represents a trade off. Stages should be long 
enough to permit the collection of significant performance 
data, but not so long that important short-term trends may be 
missed. 

0144 Performance. To achieve these benefits, the inven 
tive procedure spreads messages to all or most of the message 
alternatives in the earlier stages, to discover high performing 
alternatives. As more information is available about the per 
formance of these message alternatives, a higher concentra 
tion of messages is sent to better performing message alter 
natives, where better performing describes relative 
performance between the message alternatives sent. The 
inventive procedure can also robustly handle reasonable fluc 
tuations in the underlying performance of a message alterna 
tive without deteriorating performance significantly. This 
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later characteristic is beneficial because performance of a 
message alternative may change over time due to seasonal 
fluctuations or other reasons. 
0145 Empirical and heuristic evidence, including com 
puter simulation, have demonstrated the effectiveness of the 
inventive procedure in improving performance over that 
achieved by simplistic allocation strategies. Some of these 
simplistic allocation strategies include, for example distrib 
uting the messages uniformly over all the different message 
alternatives or assigning most of the messages to the best 
performing message alternative up to that stage. 

Multiattribute Optimization Parameter Estimation 
0146 The described system and method uses estimates of 
the adjusted message performance 0 (and the covariance of 
those estimates) in order to propose allocations of impres 
sions to message alternatives, as will be described in the next 
section. This section describes the inventive procedures for 
computing 0, the estimate of 0, and C, the associated cova 
riance matrix. 
0147 First, we can use the inventive procedures as 
described above to compute 3* and V, the estimate of Band 
the associated covariance matrix. Then the simplest approach 
to finding 0* and C might be to take the values of B* and V 
together with equation (3) to obtain 0*=XB* and C=XVX'. 
However, this assumes that the performance structure repre 
sented by equation (3) holds. If the data Suggest that the 
performance structure is not valid, then this approach could 
lead to poor estimates of 0 and hence to poor allocation 
decisions. To avoid this scenario, the invention provides a 
method that employs a Bayesian approach in which uses 
(roughly speaking) 0*=XB* and C=XVX' as the prior esti 
mates of and the associated covariance, but allows the data 
to move the Subsequent posterior estimates away from the 
defined performance structure if warranted. 
0148 Bayesian analysis. The inventive system and 
method employs Bayesian variants of the estimation proce 
dures for computing f* and V described above. This allows 
the parameter estimates of 0* and C to fall outside the per 
formance space defined by (3) (so that if the underlying 
performance metric does not fit the performance structure (3) 
and the data reflects this, we are not forced to use estimates 
that do fit the performance structure). So instead of working 
in the performance space (of dimension #multiattribute 
parameters), we work in the larger Saturated space (of dimen 
sion imultiattribute ads). However, we supply some external 
or prior information about the unknown parameters by saying 
that we expect them to fit the performance structure. This 
external information is modeled by a parametric prior density. 
Thus the parameters of the data density are not considered 
unknown constants but random variables. 
0149 Suppose that 0 is a random vector with prior density 
g(0). The posterior density g(0c) of 0 given the data (ob 
served clicks) c is related to the prior density by Bayes’ 
theorem as: 

0150. We could then compute the posterior mean and asso 
ciated posterior covariance matrix in the obvious way. Unfor 
tunately, computing these involves computing integrals for 
which exact analytic solutions do not exist. Therefore, imple 
menting this approach would require numerical or Monte 
Carlo integration, which is a non-trivial task because the 
integrals have the dimension of 0. 
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0151. Accordingly, we pursue an alternative approach 
called posterior mode estimation, which involves maximiz 
ing the posterior density of 0. Because the denominator of (7) 
is independent of 0, maximizing g(0c) is equivalent to maxi 
mizing L(c., 0) g(0), or equivalently the posterior log likeli 
hood (ignoring terms that are independent of 0) 

0152 Suppose we assume a Normal prior density (we 
describe how to determine the prior density below) as fol 
lows: 

0-N(2K), K-0 (9). 

where we drop terms that are independent of 0. This can be 
maximized using standard techniques as described in the 
mathematical and statistical literature. 
0153. For large amounts of data, the posterior mode esti 
mator 0.* becomes approximately Normal, as follows: 

0.*-N(0, F (0°) (10). 
0154 Then the posterior mode and the expected curvature 
F- (0.*) of 1(0c), evaluated at the mode, are good approxi 
mations to the posterior mean and the covariance matrix. 
(O155 Finally, we describe two preferred embodiments of 
the invention for finding the prior for the Bayesian approach. 
Those workers having ordinary skill in the art in light of the 
description provided here will recognize that there are many 
alternatives approaches to finding the prior for the Bayesian 
approach. The fundamental idea underpinning these methods 
is that the prior should reflect our expectation that the ads 
adjusted performance measure D fit the performance struc 
ture (3). We then use the data to find the posterior, which may 
be far removed from the performance structure (3) if the data 
does not fit the performance structure. 
0156 Finding the prior: First method. The prior is speci 
fied by the mean vector (p and the covariance matrix K as in 
(9). We follow these steps to compute the prior: 

0157 1. Choose a parameter A to be a positive integer. 
Obtain the adjusted clicks and impressions by multiply 
ing the observed clicks and impressions by A/n so that 
the total number of adjusted impressions is A. In one 
embodiment of the invention the parameter A takes on 
the value 1000, but may take on other values 

0158 2. Use the adjusted data and one of the approaches 
described above to estimate the multiattribute param 
eters * and their associated covariance matrix V 
assuming the performance structure holds. 

0159) 3. Choose a parameter B to be a positive real 
number. Set (p=X|B* and K=XVX'+BI. In one embodi 
ment of the invention the parameter B takes on the value 
0.01, but may take on other values 

0160 Steps 1 and 3 described above benefit from some 
additional discussion. With respect to step 1, roughly speak 
ing, in the posterior mode estimation the precision of the 
estimate F(0.*) will be the sum of the precision of the 
observations and the precision of the prior. Now the former is 
based on the n observed impressions. So if the prior precision 
represents the equivalent of k observed impressions, then the 
posterior precision is based on n+k equivalent impressions. 
Because we want the estimate to be largely driven by the data, 
we want k to be small relative to n. We fix k to be A (in general 
A should be chosen so that we will observe more than A 
impressions, and usually many more than Aimpressions, over 
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the course of a campaign at any buy-section). Hence, the data 
is desirably adjusted in step 1 above so that the total number 
of adjusted impressions is A. If we simply used the observed 
data in step 1, then the posterior precision would be based on 
2n equivalent impressions and we might then be overstating 
our degree of confidence in the estimates. 
0.161 With respect to step 3, once we obtain B* and V in 
step 2 we essentially have a distribution on 0 in the (#multi 
attribute parameters)-dimensional “logistic subspace' of the 
(#multiattribute ads)-dimensional space. If, in step 3, we sim 
ply set the prior to be (p=XB* and K=XVX', then we would 
likely never be able to move outside the “logistic subspace' 
because the prior density has no (at least in a theoretical 
sense) Support outside this subspace. Accordingly, we desir 
ably add a little independent noise to each coordinate in the 
(#multiattribute ads)-dimensional space. Adding this noise 
gives the prior support outside the “logistic subspace'. We 
arbitrarily set the size of the noise to be B along each coordi 
nate. 
0162 This approach is similar to empirical Bayes analysis 
in which (p and Kare considered unknown constants ("hyper 
parameters') that have to be estimated from the data. 
0163 Finding the prior: Second method. An alternative 
approach for setting the prior is to use a generic prior that has 
(close to) the performance structure (3). In this case we do not 
use the data to find the prior. Because we do not look at the 
data, we have no way of saying that any one ad should per 
form better than any otherad. Thus our prior sets all elements 
of 0 to be equal by setting fB, 0 for all i>1. To find B, we do 
use the data to find the average performance measure of the 
ads, transform this using the multiattribute function and set 3 
to be the resulting value. Likewise, we assume we know 
nothing about the covariance of the multiattribute parameters 
and arbitrarily set the variance of each to be equal to a param 
eter D, i.e., V-DI. Then, p-B, . . . . BI' and K=(D)XIX'+ 
(E)I. In one embodiment of the invention the values of the 
parameters D and E are set such that D=10 and E=0.01. 
0164. One concern with this approach is that the diagonal 
elements of XIX' are not equal. This means that our prior 
places different variances around the estimates (p of different 
ads, even though we have no (formal) reason to assume Such 
a thing. The approach could be modified so that instead of 
arbitrarily assuming that V-DI, we try to chooseV to ensure 
that the variances on cp of each ad are the same. Other alter 
native modifications to the approach may also be considered. 

Multiattribute Optimization Allocation 
0.165. The invention further provides a method for using 
the estimates of the adjusted performance measure for each 
banner and the covariance around these estimates to deter 
mine how to allocate impressions to banners. 
0166 Note that the computation of the estimates of the 
logodds described above focused on a single multiattribute 
structure. In the general case, when the multiattribute system 
includes or consists of several multiattribute structures 
including the singleton multiattribute structure, the methods 
described above can be applied to each multiattribute struc 
ture in turn to produce the estimates 0* and the covariance 
around these estimates C. Note that if two banners are part of 
different multiattribute structures, then the covariance 
between the estimates of those two banners' adjusted perfor 
mance measures will be zero. Further, if two banners i and 
are part of the singleton multiattribute structure, then their 
estimated adjusted performance measures will simply be the 
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observed adjusted performance measures, the variance 
around those estimates will be functions of (n,p) and of (n, 
p.) respectively, and the covariance between the estimates 
will be Zero. 
0167. The allocation method determines for every banner 
whether that banner should be allocated or not. If the method 
determines that M of the N banners should be allocated, then 
those that are allocated will receive the fraction 1/M of the 
available impressions and those that are not allocated will 
receive no impressions. Instructions to an ad server to achieve 
Such an allocation of impressions across banners are easy to 
encode on any ad server of note. 
0168 To determine whether a banner should be allocated 
or not, the allocation method conducts a pairwise comparison 
between every pair of banners. A banner that is “beaten by 
any other banner in Such a pairwise comparison is declared a 
non-contender. The contenders then are those banners that are 
not beaten by any other banner. All contenders are allocated, 
and all non-contenders are not. 
0169 Comparing two banners. The method forestimating 
the adjusted performance measures of the multiattribute ban 
ners assumes that the posterior of the distribution of the 
adjusted performance measures has a multivariate Normal 
distribution. This distribution is used to obtain a probability 
that the (true) adjusted performance measure for one banner 
majorizes the (true) adjusted performance measure of another 
banner. 
0170 Having applied the methods of the previous sections 
Suppose that we obtain adjusted performance measures esti 
mates 0 and covariance around these estimates C. Then as in 
(10), we can assume that the approximate distribution of 0* is 

(0171 Suppose that 0 *>0*. The standard deviation of the 
posterior on the difference between these two adjusted per 
formance measures is: 

s=(1-10... O C1-10... O'). 

(0172. Then the probability that the true difference 
between the adjusted performance measures of these two 
banners is greater than Zero is given by 

(0173 where Z is distributed N(0, 1). We define the test 
statistic for the comparison of these two banners to be ZF 
(0*-0*)/s. 
0.174 Define a threshold C. (typically C. is set to 0.5 but can 
be as high as 1.1). For every pair of banners, compute the test 
statistic for that pair. If the test statistic exceeds C, then 
declare the losing banner a non-contender. After all pairs of 
banners have been compared, any banner that has not been 
declared a non-contender is called a contender. Then every 
contender is allocated and every non-contender is not. This 
pairwise procedure guarantees that at least one contender will 
remain. 

Extension to Handle Non-Stationarity 
0175 One advantageous characteristic about the Bayesian 
posterior mode estimation approach is that it can be easily 
modified to handle non-stationarity in the underlying perfor 
mance metrics. Basically all we do is inflate the posterior 
covariance a little at each step. This corresponds to having the 
parameters of our model drifting around like a Brownian 
motion. The resulting method turns out to have some 
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attributes analogous to those of a Kalman filter. (Though 
different, this has some features that are analogous to our 
current approach of using the performance structure (3) to 
find the prior but weighting the clicks and impressions so that 
the prior represents the equivalent of only A impressions 
worth of data.) 
0176 The method would proceed as follows. In the 
approach outlined above, we combine all of the data for a 
banner across the days (discounting clicks and impressions to 
handle non-stationarity) and then run the Bayesian algorithm 
to find the estimates of the banners adjusted performance 
measures and the covariance thereon. Instead, we maintain 
the current estimate and covariance matrix every day. This 
would be the prior for the next days update using that days 
click and impression data, except that we would inflate the 
covariance matrix by a factor. This is in some ways equivalent 
to discounting the click and impression data (the estimate 
does not change but our confidence in it decreases). These two 
approaches may likely yield somewhat different results. 
0177. The foregoing description, for purposes of explana 
tion, used specific nomenclature to provide a thorough under 
standing of the invention. However, it will be apparent to one 
skilled in the art in light of the description provided that the 
specific details are not required in order to practice the inven 
tion. Thus, the foregoing descriptions of specific embodi 
ments of the present invention are presented for purposes of 
illustration and description. They are not intended to be 
exhaustive or to limit the invention to the precise forms dis 
closed. Obviously many modifications and variations are pos 
sible in view of the above teachings. 
0.178 The embodiments were chosen and described in 
order to best explain the principles of the invention and its 
practical applications, to thereby enable others skilled in the 
art to best utilize the invention and various embodiments with 
various modifications as are Suited to the particular use con 
templated. It is intended that the scope of the invention be 
defined by the following claims and their equivalents. All 
patents, publication, or other references referred to herein are 
hereby incorporated by reference. 
0179 Having described our invention, what we claim is 
set forth below. 

1. A method of identifying a relative performance of a set of 
creatives, wherein a given creative has associated therewith 
two or more attributes, and each attribute has two or more 
values, comprising: 

defining a set of multiattribute data structures and assign 
ing the creatives to the set such that each creative is 
assigned to one and only one multiattribute data struc 
ture; 

receiving data indicative of a performance of the creatives; 
and 

using the performance data, estimating a set of multiat 
tribute parameters (3" for every attribute m and pair of 
attribute values and k. Such that if handi are any pair of 
creatives, then, identifying B"-0 for every attribute m 
and attribute value j, the equation f(t)-f(t)=X, B", 
i(n) either holds as a given or defines an expectation of a 
difference f(t)-f(t): 

wherein at least one or more of the steps are performed by 
one or more electronic processing devices. 

2. The method as described in claim 1 wherein for any 
attribute valuesj, k, and lofa common attributem: f", f" + 
f". 



US 2008/0281627 A1 

3. The method as described in claim 2 further including the 
step of selecting a given creative as a base, defining 3-f(t) 
and B", f", for all attribute values j>1 and attributes m such 
that f(t)=f3+X, f", for all creatives. 

4. The method as described in claim 3 further including 
processing f(t) into vector notation by creating column vec 
tors f(t), with entries f(t) for each creative I, and B, with 
entries B, and 3", for each attribute mand attribute value j-1, 
such that f(t)=XB, where X is a multiattribute-mapping 
matrix and B is a vector of multiattribute parameters. 

5. A method of multiattribute analysis for providing auto 
mated measurements and reporting of an importance of 
attributes and attribute values of message alternatives, com 
prising: 

generating a set of message alternatives, wherein each 
message alternative may be described in terms of the 
attributes and the attribute values, wherein an attribute is 
a component of a message alternative and an attribute 
value is a particular instantiation of the attribute, 
wherein a given message alternative includes two or 
more attributes each of which may be assigned two or 
more attribute values: 

providing the message alternatives in response to requests; 
determining an importance of the attributes and the 

attribute values to performance of the message alterna 
tives provided in response to the requests; 

providing one or more reports describing the performance 
of the message alternatives; 

wherein at least one or more of the steps are performed by 
one or more electronic processing devices. 

6. The method as described in claim 5 wherein the message 
alternatives are described in at least one multiattribute data 
Structure. 

7. The method as described in claim 5 wherein at least one 
report identifies a performance of a particular message alter 
native with respect to at least one other message alternative. 

8. The method as described in claim 5 wherein at least one 
report identifies a performance of a particular attribute of a 
particular message alternative with respect to at least one 
other attribute of the particular message alternative. 

9. The method as described in claim 5 wherein at least one 
report identifies a performance of a particular attribute value 
of an attribute of a particular message alternative with respect 
to at least one other attribute value of the attribute of the 
particular message alternative. 

10. The method as described in claim 5 further including 
the step of using the performance data to optimize campaign 
performance through allocation of message alternatives dur 
ing a multi-stage message campaign. 

11. The method as described in claim 5 wherein a message 
alternative is a markup language page. 

12. The method as described in claim 11 wherein the 
attribute is a portion of the markup language page. 

Nov. 13, 2008 

13. A method of identifying a relative performance of a set 
of creatives, wherein a given creative has associated therewith 
two or more attributes, and each attribute has two or more 
values, comprising: 

defining a set of multiattribute data structures and assign 
ing the creatives to the set such that each creative is 
assigned to one and only one multiattribute data struc 
ture; 

receiving data indicative of a performance of the creatives; 
and 

using the performance data, estimating values of a set of 
multiattribute parameters for each of the multiattribute 
data structures, wherein the values of the set of multiat 
tribute parameters define relative impact of the attribute 
values on performance of the creatives; 

wherein at least one or more of the steps are performed by 
one or more electronic processing devices. 

14. The method as described in claim 13 further including 
the step of reducing the set of multiattribute data structures to 
a standard form prior to the estimating step. 

15. The method as described in claim 13 further including 
the step of processing the performance data by a given dis 
counting function prior to the estimating step. 

16. The method as described in claim 13 wherein the per 
formance data is associated with a prior stage of a multi-stage 
campaign and the estimating step is carried out prior to a next 
stage of the multi-stage campaign. 

17. The method as described in claim 13 wherein the mul 
tiattribute data structure is a collection of attributes and an 
attribute is a distinct element of a creative. 

18. The method as described in claim 13 wherein the esti 
mating step comprises: 

selecting a first creative as a base and setting the attribute 
values associated with the given creative to a given 
value; 

using a given statistical technique to estimate the values of 
the multiattribute parameters; 

if any values of the multiattribute parameters are negative 
values, identifying a previously-estimated worst cre 
ative as the base and repeating the statistical technique 
so that the values of the multiattribute parameters are 
non-negative. 

19. The method as described in claim 13 further including 
displaying a report comparing attributes in a multiattribute 
Structure. 

20. The method as described in claim 19 wherein the report 
identifies a relative importance of an attribute in determining 
a given performance metric achieved by the creative. 

21. The method as described in claim 13 further including 
displaying a report comparing attribute values for a given 
attribute. 

22. The method as described in claim 21 wherein the report 
identifies a relative importance of each attribute value in 
determining a given performance metric achieved by the 
creative. 


