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SYSTEM, METHOD AND COMPUTER 
PROGRAMI PRODUCT FOR PROCESSING 
AND VISUALIZATION OF INFORMATION 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application claims the benefit of the earlier 
filing date of, and contains subject matter related to that 
disclosed in U.S. Provisional Application Ser. No. 60/328, 
107, filed Oct. 11, 2001, the entire contents of which is incor 
porated herein by reference. 

COPYRIGHT NOTIFICATION 

0002 Portions of this patent application contain materials 
that are Subject to copyright protection. The copyright owner 
has no objection to the facsimile reproduction by anyone of 
the patent document, or the patent disclosure, as it appears in 
the Patent and Trademark Office, but otherwise reserves all 
copyright rights. 

COMPUTER PROGRAM LISTINGAPPENDIX 

0003. A computer program listing appendix is included 
with this application and the entire contents of the computer 
program listing appendix is incorporated herein by reference. 
The computer program listing appendix is stored on two sets 
of identical compact discs, each set of discs comprising one 
compact disc, containing the files identified in Appendix 1. 
The computer program listing and the files contained on the 
compact discs are subject to copyright protection and any use 
thereof, other than as part of the reproduction of the patent 
document or the patent disclosure, is strictly prohibited. 

BACKGROUND OF THE INVENTION 

0004. 1. Field of the Invention 
0005. The present invention relates, generally, to systems 
and methods for processing and reporting information and 
data, such as business information, and more particularly, to 
systems, Software, hardware, products, and processes for use 
by businesses, individuals and other organizations to collect, 
process, distribute, analyze and visualize information, 
including, but not limited to, business intelligence, data visu 
alization, data warehousing, and data mining. 
0006 2. Discussion of the Background 
0007 Business analytics is focused on deriving actionable 
intelligence from transactional or other process automation 
systems, content distribution systems, and databases. The 
proliferation in the use of such transactional and other process 
automation and content delivery systems has created a Sub 
stantial need for efficient and effective analytical systems. 
The Internet has emerged as a global medium that allows 
millions of users to more efficiently obtain information, com 
municate, and conduct business. As Internet usage has grown, 
companies have increasingly come to rely on Web-based 
systems, Internet and intranet sites as important business 
channels. 
0008 Through the Internet, a company can establish and 
maintain large numbers of direct relationships and reduce 
costs in traditional infrastructures such as retail outlets, dis 
tribution networks, and sales personnel. Both traditional and 
Web-based companies use the Internet to communicate mar 
keting and other important information to customers, and 
manage relationships with vendors, partners, and employees. 
Increasingly, companies are using the Internet to generate 
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revenue through the sale of goods and services, as well as 
through the sale of advertising. 
0009. However, managing, evaluating, monitoring and 
optimizing online transactions, and providing for personal 
ized customer relationships are highly complex processes. In 
part, as a consequence of the Internet technology gap between 
what works in theory and what works in practice, a crisis in 
web usability exists as evidenced by numerous research stud 
ies: 
0010 Forrester research revealed that: 
0011 50% of potential online sales are lost when online 
users cannot find what they are looking for; 
0012 40% of online users do not return to a site when their 
first visit resulted in a negative experience; and 
0013 75% of all shopping carts are abandoned. 
0014 Research by Jakob Nielsen shows that: 
(0015 Worldwide, the cost of poor intranet usability will 
grow to about S100 billion by the year 2001; and 
(0016 90% of commercial Web sites have poor usability. 
0017. This research data provides an objective view on the 
seriousness of the usability crisis. It is becoming increasingly 
clear to companies that their web-based systems are not as 
effective as they need to be, and that current analytical tools 
are not delivering the information required to address these 
problems. 
0018 Companies pay millions of dollars to operate their 
e-business web sites, yet have little or no direct visibility into 
their operations. Reporting systems for Enterprise Resource 
Planning (ERP) applications are woefully inadequate in giv 
ing business managers cogent information in time to make 
changes. Companies buy millions of dollars of software and 
services for business systems that they cannot monitor or 
optimize at a business level, and information is either not 
delivered to executives or it is delivered in a form that lacks 
continuity, interactivity, timeliness and transparency. For all 
of the dollars that have been spent on automating business 
systems, no one has been able to provide to the person who is 
paying for the systems an ability to interactively visualize or 
analyze the operations of the system and optimize return on 
their investment. These and other deficiencies divert millions, 
if not billions, of dollars from the bottom lines of companies 
worldwide. 
(0019 Millions of web sites have been developed by busi 
nesses, however many of them are ineffective or sub-effec 
tive, and some are even damaging to their enterprises. Man 
agers and executives have little visibility into the ongoing 
operations of their sites, regardless of their purpose. In many 
cases, millions of dollars have been spent to build these sites, 
many of which are intended to Support business critical, if not 
mission critical, business processes, such as sales and distri 
bution. Yet executives and managers do not have the tools to 
stay on top of their operations, let alone optimize them. In the 
best of cases, managers get reports once a week or once a 
month that give them a Snapshot of their site's performance. 
Put plainly, the people with checkbooks, decision-making 
authority, financial experience and authority are locked out of 
the site optimization process, and are expected to act blindly 
with poor information, through other people. 
0020. With the advent of the Internet, companies, their 
customers, Vendors, partners, distribution channels, and 
employees now have the means to more efficiently share 
information, automate business processes, and conduct busi 
ness on a global scale. With the user/customer's ability to 
change providers at the click of abutton, companies must find 
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ways to differentiate their offerings and personalize their 
business transactions to meet customer needs. Additionally, 
companies must ensure that the user experience is satisfying 
and that their sites’ design does not inhibit the user's desired 
outcome (purchasing, enrolling, retrieving information, etc.) 
or loyalty ratios will Suffer, driving up customer acquisition 
costs. The bar for doing it right is rising each day. 
0021. With almost all web-based applications, business 
managers do not have the ability to react to market conditions 
with real-time control. Tools that provide managers with 
accessible and useful insights into their Internet/intranet pro 
cesses are desperately needed. Real dollars are being spent, 
and the investments that they are Supporting need to be man 
aged and monitored with tools that make the automated sys 
tems and sites “real' to managers. 
0022. Business systems in general have suffered through 
lack of reporting facilities that are accessible, usable, and 
understandable to key managers and executives. This lack of 
visibility costs companies worldwide an incalculable amount 
of wasted expenditure and lost opportunity. 
0023 Human beings have an incredible facility for visual 
pattern recognition that far transcends their ability to glean 
the same patterns from data formatted in textual reports. 
When they are visually enabled, they can explore vast 
amounts of data, rapidly to identify patterns and opportunities 
that were previously unnoticed. Typical reports and periodic 
updates that pervade conventional decision Support and 
executive information systems, however, are tabular, static 
and difficult to interpret. 
0024 More recently, On-Line Analytical Processing 
(OLAP) has become available as a tool for providing c-busi 
ness analytics. OLAP is a category of Software technology 
that enables analysts, managers and executives to gain insight 
into data through fast, consistent, interactive access to a wide 
variety of possible views of information that has been trans 
formed from raw data to reflect the real dimensionality of the 
enterprise as understood by the user. OLAP functionality is 
characterized by dynamic multi-dimensional analysis of con 
Solidated enterprise data Supporting end user analytical and 
navigational activities including: calculations and modeling 
applied across dimensions, through hierarchies and/or across 
members; trend analysis over sequential time periods; slicing 
subsets for on-screen viewing: drill-down to deeper levels of 
consolidation; reach-through to underlying detail data; rota 
tion to new dimensional comparisons in the viewing area. 
OLAP is typically implemented in a multi-user client/server 
mode and offers consistently rapid response to queries, 
regardless of database size and complexity. OLAP helps the 
user synthesize enterprise information through comparative, 
personalized viewing, as well as through analysis of historical 
and projected data in various “what-if” data model Scenarios. 
Typically, OLAP is facilitated by an OLAP Server that pro 
cesses the data for a client application that presents data and 
helps users define queries. 
0025. As noted above, OLAP enables a user to easily and 
selectively extract and view data from different points-of 
view. For example, a user can request that databe analyzed to: 
(i) display a spreadsheet showing all of a company's beach 
ball products sold in Florida in the month of July; (ii) compare 
revenue figures with those for the same products in Septem 
ber; and then (iii) see a comparison of other product sales in 
Florida in the same time period. To facilitate this kind of 
analysis, OLAP data is typically stored in a multidimensional 
database. Whereas a relational database can be thought of as 
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two-dimensional, a multidimensional database considers 
each data attribute (such as product, geographic sales region, 
and time period) as a separate “dimension.” OLAP software 
can locate the intersection of dimensions (all products sold in 
the Eastern region above a certain price during a certain time 
period) and display them. Attributes such as time periods can 
be broken down into sub-attributes. 
0026 Notwithstanding the enhanced querying, calcula 
tion, and indexing functionality of OLAP Systems, and their 
multidimensional access to data, Such systems still lack the 
capability to efficiently and effectively measure, manage, 
evaluate, monitor, and optimize current transactional, process 
automation, content distribution, web-based type business 
systems. Presently available OLAP systems are incapable of 
providing the required business intelligence information in a 
form that is effectively usable and meaningful, and in a time 
frame that enables effective utilization of the information. 
Moreover, such systems do not have the capability to inter 
actively visualize or analyze the business information and 
data collected, and to process, distribute, analyze, and visu 
alize Such business information in real-time. 
0027 Consequently, there is a need for a business analyt 
ics system that is capable of interactive visualization and 
analysis of business information and data, that can collect, 
process, distribute, analyze, and visualize such business 
information and data in real-time. There is a need for Such a 
system that is capable of providing reports that are visual, 
interactive, and easy to understand, thereby taking advantage 
of human beings natural ability for visual pattern recogni 
tion. There is a need for providing actionable intelligence 
from transactional or other process automation systems, con 
tent distribution systems and databases. More specifically, 
there is a need to allow users to visually explore vast amounts 
of data in real-time by pointing and clicking to make queries, 
and to select data in, and present it through, multi-dimen 
sional graphical representations. In addition, there is a need to 
provide actionable intelligence to a user to allow the user to 1) 
evaluate the usability of the site; 2) assess modifications to the 
site; 3) improve conversion rates; 4) improve site perfor 
mance; 5) improve customer satisfaction; 6) optimize mar 
keting campaigns; 7) reduce customer session loss; and 8) 
forecast the potential return on a campaign or site change and 
prioritize investments. 

SUMMARY OF THE INVENTION 

0028. The primary object of the present invention is to 
overcome the deficiencies of the prior art described above by 
providing a system, method, and computer program product 
for processing and visualizing information, which is capable 
of interactive visualization and analysis of information and 
data, that can collect, process, distribute, analyze, and visu 
alize such information and data, Such as business informa 
tion, in real-time. 
0029. Another key object of the present invention is to 
provide a system, method, and computer program product for 
processing and visualization of information, which can pro 
vide actionable intelligence from transactional or other pro 
cess automation systems, content distribution systems, and 
databases, thereby optimizing the usability and performance 
of such systems, including Internet and intranet applications, 
and providing enhanced utility to end-users and more profits 
for businesses. 
0030. Another key object of the present invention is to 
provide a system, method, and computer program product 
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that can assist in the analysis and optimization of e-business 
processes, such as marketing, sales, content delivery, cus 
tomer service, purchasing and others. 
0031 Yet another key object of the present invention is to 
provide a system, method, and computer program product 
enabling the measurement, monitoring, exploration, evalua 
tion, and optimization of critical business systems, assets, and 
investments 
0032. A key object of the present invention is to provide a 
system, method, and computer program product that allows 
users to monitor, analyze, control and optimize their invest 
ments in customer relationships, marketing campaigns, 
operational systems, and automated business processes. 
0033. Another key object of the present invention is to 
provide a system, method, and computer program that facili 
tates improved process conversion rates including: retail sales 
transactions, content distribution, purchasing, shopping, cus 
tomer service, registration, application, status checking, 
research, and others. 
0034. Yet another key object of the present invention is to 
provide a system, method, and computer program product 
that can take advantage of Scientific processes, such as 
enabling controlled experimentation with users interactive 
Systems and marketing campaigns. 
0035 Another key object of the present invention is to 
provide a system, method, and computer program product 
that provides visibility into automated business processes, 
historically and in real-time. 
0036 Yet another object of the present invention is to 
provide a system, method, and computer program product 
that provides accountability by tracking objectives verses 
actual results on an ongoing basis. 
0037 Another object of the present invention is to provide 
a system, method, and computer program that provides 
enhanced customer and market knowledge and insight, 
thereby enabling higher average sales per customer, reduced 
customer session loss, and the ability to personalize customer 
interaction based on facts, not guesswork. 
0038 Yet another object of the present invention is to 
provide a system, method, and computer program product 
that enables the optimization of site and marketing campaign 
results, and increased yield from marketing and advertising 
campaign spending. 
0039. Another object of the present invention is to provide 
a system, method, and computer program product that facili 
tates increased enrollment, registration and data collection 
rates. 

0040. Yet another object of the present invention is to 
provide a system, method, and computer program product 
that enables improved site performance (improved naviga 
tion, reduced load, increased loading speed, etc.), resulting in 
lower infrastructure expenses. 
0041 Another object of the present invention is to provide 
a system, method, and computer program product that pro 
vides for processing and visualization of business informa 
tion, thereby facilitating improved customer satisfaction, 
resulting in increased site loyalty, greater visitation fre 
quency, larger percentage of repeat visitors, reduced cus 
tomer acquisition costs, and longer user sessions. 
0042. Yet another object of the present invention is to 
provide a system, method, and computer program product 
that provides an ability to forecast the potential return on a 
campaign or site change, and to prioritize investments. 
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0043. Another object of the present invention is to provide 
a system, method, and computer program product that pro 
vides reduced customer Support expenses and reduced off 
line sales and Support expenses. 
0044 Still another object of the present invention is to 
provide a system, method, and computer program product 
that more efficiently utilizes customer information to provide 
actionable intelligence to the user. 
0045 Another object of the present invention is to provide 
a system, method, and computer program product that 
reduces the amount of data that needs to be transmitted to the 
client application. 
0046 Yet another object of the present invention is to 
provide a system, method, and computer program product 
that performs statistical sampling in order to permit process 
ing of a large amount of data in an extremely short period of 
time. 
0047 Still another object of the present invention is to 
provide a system, method, and computer program product 
that is fault-tolerant, highly scalable, extensible, and flexible. 
0048. Another object of the present invention is to provide 
a system, method, and computer program product that pro 
vides more comprehensive, higher quality information to 
business people so that they can make better business deci 
sions faster and more effectively, while requiring less manual 
effort and company expense. 
0049 Still another object of the present invention is to 
provide a system, method, and computer program product 
that provides highly graphical, point-and-click interactive 
access to vast amounts of data, at very high access speeds, 
providing the needed informationina way that can be quickly 
and visually understood. 
0050 Yet another object of the present invention is to 
provide a system, method, and computer program product 
that permits users, in real-time, to actively analyze vast 
amounts of business information in task oriented workspaces, 
or to passively monitor performance through dashboard 
views alone or in collaboration with their teams. 
0051. The present invention achieves these objects and 
others by providing a system, method, and computer program 
product for processing and visualization of information com 
prising a Visual On-Line Analytical Processing (VOLAP) 
Platform comprising one or more Visual Workstations, a 
Visual Server, and one or more Visual Sensors. 
0.052 The Visual Sensor is a processing module that com 
municates with, and may execute on the same computer sys 
temas, an automated processing system, such as a web server. 
The Visual Sensor collects information and data, such as 
information and data relating to customers, marketing cam 
paigns, operational systems, and/or automated business pro 
cesses from the automated processing system. The collected 
data is stored in a queue, referred to as the Visual Sensor 
queue, which communicates with the automated processing 
system. 
0053. The Visual Server retrieves the collected data from 
the Visual Sensor queue and processes that data, which may 
include statistical sampling, for use by the Visual Worksta 
tion. The Visual Server stores the information indefinitely and 
continually updates the Visual Workstations with the newly 
processed data. 
0054 The Visual Workstation executes client specific 
applications and provides an interface for performing admin 
istrative functions to the system. The Visual Workstation 
includes high-speed graphics capabilities for fast multi-di 
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mensional graphic presentations of e-business analytics to the 
user. In addition, the Visual Workstation provides a user inter 
face for manipulating data, performing queries, and other 
wise interacting with the resident application. The Visual 
Workstation provides a complete application framework by 
Supporting multiple types of visualization, the organization of 
visualizations into workspaces and dashboards, and the abil 
ity to collaborate with other users of Visual Workstation. 
0055. A client application module is the means by which 
data is processed for presentation to the user on the Visual 
Workstation. The client application interfaces with the 
VOLAP platform and, more specifically, the information and 
data processed by the VOLAP platform, through its imple 
mentation on the Visual Workstation. The client application 
may process sample data or unsampled data depending on the 
amount of information collected. The processed data is then 
presented to the user through the Visual Workstation. 
0056. The system, method, and computer program prod 
uct of the present invention takes advantage of the user's 
inherent pattern recognition capacity, allowing his or her 
mind to quickly identify trends, changes, opportunities, cor 
relations, and problems through the use of the advanced visu 
alization techniques and real-time online analytical process 
ing enabled by the present invention. 
0057 The present invention extends and modifies the typi 
cal definition of OLAP in the following ways, amongst oth 
CS 

0.058 1. queries are executed in milliseconds, rather 
than in seconds, minutes or hours; 

0059 2. enables metrics and dimensions to be con 
stantly updated on the user's visual desktop as the fact 
data changes, in real-time, due to ongoing data collec 
tion; 

0060. 3. does not create aggregations or “cubes' from 
fact data as a pre-processing step required before users 
are able to query the data. The present invention is 
capable of building multi-dimensional arrays and other 
data structures on the fly, from the fact data in the data 
base, in milliseconds, for interactive drilling and slicing, 
as required; 

0061 4. permits users to define selections or queries 
through interacting with visualizations that depicts met 
rics and data dimensions; 

0062 5. does not require that the client application be 
connected to a back-end OLAP server for a user to use 
the application; and 

0063 6. provides a robust interactive, multi-dimen 
sional visualization interface that is intuitive and easy 
for users to explore data. 

0064 Multi-dimensional graphical displays require more 
data to be accessed from data Subsystems or databases than do 
the other reporting displays, and even today’s best OLAP 
decision Support and business intelligence Software products 
produce Such reports in seconds or minutes. The present 
invention provides the data in milliseconds so that the user 
can enjoy a graphical display that is responsive and capable of 
interactively animating business intelligence information. In 
addition, this data can be interactively displayed in a myriad 
of visual manners that assist users in recognizing important 
business patterns, problems, opportunities and trends. 
0065. The present invention has the ability to take advan 
tage of Scientific processes, such as enabling controlled 
experimentation with users interactive systems and market 
ing campaigns. Users can form a hypothesis about how a 
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marketing campaign and internet site may be changed, test 
market the hypothetical change on a Subset of potential visi 
tors and actual visitors, study the results, and either iterate 
further with another test, or roll the campaign out to abroader 
market to capture the benefits proven likely in the market test. 
0.066 Further features and advantages of the present 
invention, as well as the structure and operation of various 
embodiments of the present invention, are described in detail 
below with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0067. The accompanying drawings, which are incorpo 
rated herein and form part of the specification, illustrate vari 
ous embodiments of the present invention and, together with 
the description, further serve to explain the principles of the 
invention and to enable a person skilled in the pertinent art to 
make and use the invention. In the drawings, like reference 
numbers indicate identical or functionally similar elements. 
0068 A more complete appreciation of the invention and 
many of the attendant advantages thereof will be readily 
obtained as the same becomes better understood by reference 
to the following detailed description when considered in con 
nection with the accompanying drawings, wherein: 
0069 FIG. 1 is a functional block diagram of the architec 
ture for a system for processing and visualization of informa 
tion according to the present invention. 
0070 FIG. 2 is a more detailed functional block diagram 
functional of the architecture for a system for processing and 
visualization of information according to the present inven 
tion. 
0071 FIG. 3 is a functional block diagram of the architec 
ture for a system for processing and visualization of informa 
tion of FIG. 1 showing examples of different configurations 
of the system. 
0072 FIG. 4 is a functional block diagram of the architec 
ture for a system for processing and visualization of informa 
tion of FIG. 1 showing an example of the system implemented 
with the Visual Site application. 
0073 FIG. 5 is an illustrative workspace window gener 
ated by the system for processing and visualization of infor 
mation of the present invention including multiple visualiza 
tion windows showing a Color Ramp Metrics workspace. 
0074 FIG. 6 is an illustrative workspace window gener 
ated by the system for processing and visualization of infor 
mation of the present invention including multiple visualiza 
tion windows showing a Customer Retention Analysis 
workspace. 
0075 FIG. 7 is an illustrative workspace window gener 
ated by the system for processing and visualization of infor 
mation of the present invention including multiple visualiza 
tion windows showing an Individual Mapped Sessions 
workspace. 
0076 FIG. 8 is an illustrative workspace window gener 
ated by the system for processing and visualization of infor 
mation of the present invention including multiple visualiza 
tion windows showing an Intraday Analysis workspace. 
0077 FIG. 9 is an illustrative workspace window gener 
ated by the system for processing and visualization of infor 
mation of the present invention including multiple visualiza 
tion windows showing a Metrics and Timeline workspace. 
0078 FIG. 10 is an illustrative workspace window gener 
ated by the system for processing and visualization of infor 
mation of the present invention including multiple visualiza 
tion windows showing a Process Analysis workspace. 
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007.9 FIG. 11 is an illustrative workspace window gener 
ated by the system for processing and visualization of infor 
mation of the present invention including multiple visualiza 
tion windows showing a Referrer all Metrics workspace. 
0080 FIG. 12 is an illustrative workspace window gener 
ated by the system for processing and visualization of infor 
mation of the present invention including multiple visualiza 
tion windows showing a Referrer Analysis workspace. 
0081 FIG. 13 is an illustrative workspace window gener 
ated by the system for processing and visualization of infor 
mation of the present invention including multiple visualiza 
tion windows showing a Registered Customer Geography 
workspace. 
0082 FIG. 14 is an illustrative workspace window gener 
ated by the system for processing and visualization of infor 
mation of the present invention including multiple visualiza 
tion windows a Retention and Duration Timing workspace. 
0083 FIG. 15 is an illustrative workspace window gener 
ated by the system for processing and visualization of infor 
mation of the present invention including multiple visualiza 
tion windows showing a Return What-if More Visitors to 
Pages workspace. 
0084 FIG. 16 is an illustrative workspace window gener 
ated by the system for processing and visualization of infor 
mation of the present invention including multiple visualiza 
tion windows showing a Return What-if Visitor Metrics 
workspace. 
0085 FIG. 17 is an illustrative workspace window gener 
ated by the system for processing and visualization of infor 
mation of the present invention including multiple visualiza 
tion windows showing a Returning Customer Analysis 
workspace. 
I0086 FIG. 18 is an illustrative workspace window gener 
ated by the system for processing and visualization of infor 
mation of the present invention including multiple visualiza 
tion windows showing a Returning Customer Value 
Segmentation workspace. 
0087 FIG. 19 is an illustrative workspace window gener 
ated by the system for processing and visualization of infor 
mation of the present invention including multiple visualiza 
tion windows showing a Site Traffic Conversion and Value 
Analysis workspace. 
0088 FIG. 20 is an illustrative workspace window gener 
ated by the system for processing and visualization of infor 
mation of the present invention including multiple visualiza 
tion windows showing a Status and Metric Legend. 
0089 FIG. 21 is an illustrative workspace window gener 
ated by the system for processing and visualization of infor 
mation of the present invention including multiple visualiza 
tion windows showing a Visit Timing Return What-if 
workspace. 
0090 FIG. 22 is an illustrative workspace window gener 
ated by the system for processing and visualization of infor 
mation of the present invention including multiple visualiza 
tion windows showing a Visitor Session Duration Analysis 
workspace. 
0091 FIG. 23 is an illustrative workspace window gener 
ated by the system for processing and visualization of infor 
mation of the present invention including multiple visualiza 
tion windows a Visitor Session Detail workspace. 
0092 FIG. 24 is an illustrative workspace window gener 
ated by the system for processing and visualization of infor 

Nov. 20, 2008 

mation of the present invention including multiple visualiza 
tion windows showing a Visits Conversion and Value 
workspace. 
0093 FIG. 25 is an illustrative workspace window gener 
ated by the system for processing and visualization of infor 
mation of the present invention including multiple visualiza 
tion windows showing a What-if More Visitors from Referrer 
workspace. 
0094 FIG. 26 is a flow diagram representing the process 
and/or data flow through the system for processing and visu 
alization of information according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0095. In the following description, for purposes of expla 
nation and not limitation, specific details are set forth, Such as 
particular networks, communication systems, computers, ter 
minals, devices, components, techniques, data and network 
protocols, sampling techniques, communication protocols, 
storage techniques, Software products and systems, enterprise 
applications, operating systems, enterprise technologies, 
middleware, development interfaces, hardware, etc. in order 
to provide a thorough understanding of the present invention. 
However, it will be apparent to one skilled in the art that the 
present invention may be practiced in other embodiments that 
depart from these specific details. Detailed descriptions of 
well-known networks, communication systems, computers, 
terminals, devices, components, techniques, data and net 
work protocols, sampling techniques, communication proto 
cols, storage techniques, software products and systems, 
enterprise applications, operating systems, enterprise tech 
nologies, middleware, development interfaces, and hardware 
are omitted so as not to obscure the description of the present 
invention. 

I. General Design Concepts 

0096 A. Conversion 
0097. Many sites have been built and made accessible on 
the Internet and through intranets to allow customers or end 
users to interact with companies. At a high-level, a business 
process is any set of pages in a site with a first and a last page, 
where if users complete the process, they have established 
Some type of value for the company, such as making a pur 
chase, registering for a promotion, applying for a loan, etc. 
Customerself-service decreases the costs of alternative busi 
ness processes, such as call center processing, and drives 
revenue through sales, referrals, advertising and other mecha 
nisms. The tasks that the customers or end-users can complete 
at a site vary dramatically by the type of business implement 
ing the site and its processes, as illustrated by the following 
two examples. 
0098. A retail bank implements customer self-service 
business processes for, amongst other purposes: reviewing 
financial product offers, taking consumer applications for 
accounts, allowing the consumer to access credit card account 
information, mortgage applications, comparing rates and 
terms, etc. 
0099. An e-commerce site implements customerself-ser 
Vice business processes that allow consumers or business 
representatives to shop for products, configure orders, enter 
orders, check order statuses, register, login, get customer 
Support, make payments, participate in promotions, etc. 
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0100. In each case the customer begins a process when 
they have made clear that they wish to complete a given task 
by selecting a specific URL served by the site. The comple 
tion of that task, such as completing a payment, or registering 
as a new customer, is a “value event for the site owner and the 
fulfillment of the site owner's objective in building the busi 
ness process and presenting it to customers. There may be 
many steps, pages and forms presented to the customer in an 
Internet business process before the process is complete and 
the site receives value. Alternately, completion of process 
may require accessing only a single page. A "process conver 
sion rate' is the rate at which a certain customer or type of 
customer completes a business process that produces a value 
event after they have expressed an initial interest in complet 
ing the business process or task. The higher the process con 
version rates get, the more profitable the process will be, and 
the higher the return on the company's investment in building 
it and operating will get. The present invention assists in 
improving process conversion rates. 
0101 B. Metric 
0102. A metric is a numerical value set representing and 
relating a measurement or a derived and calculated measure 
ment. For instance, the present invention can monitor the 
following metrics amongst others: 

(0103 1. Visits—These are the measurements and cal 
culations derived from the web server's data about when 
a user comes to the site, how long they stay and when 
they leave; 

01.04 2. Value Events. This is a calculated metric that 
is derived from visits and simple user input that delin 
eates when a visitor has done something that created 
value for the site; 

0105 3. Conversion. This is a calculated metric that 
depicts a measurement of the rate at which visits result in 
value events; 

0106 4. Return. This is a calculated metric that 
depicts the financial return of a particular value event; 

01.07 5. Other Metrics- There are numerous other 
metrics that are both directly based on external measure 
ments and in other cases calculated based on those met 
rics and user input through the client application; 

0.108 6. Custom Metrics Users of the present inven 
tion can create certain types of custom metrics to depict 
important information particular to their business; and 

0109 7. Temporary Metrics—Additionally, temporary 
metrics are created and play a part of certain types of 
analysis tasks. 

0110. C. Data Dimension 
0111. A dimension is a structural attribute of a data analy 
sis system that is a list of members, all of which are of a 
similar type in the user's perception of the data. For example, 
all months, quarters, years, etc., make up a time dimension; 
likewise all cities, regions, countries, etc., make up a geogra 
phy dimension. A dimension acts as an index for identifying 
values within a dimensional array. If one member of the 
dimension is selected, then the remaining dimensions in 
which a range of members (or all members) are selected 
defines a sub-dimension. If all but two dimensions have a 
single member selected, the remaining two dimensions define 
a spreadsheet (or a "slice' or a “page'). Ifall dimensions have 
a single member selected, thena single cell is defined. Dimen 
sions offer a very concise, intuitive way of organizing and 
selecting data for retrieval, exploration and analysis. Some 
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examples of data dimensions that are available in one 
example client application (Visual Site) and used to visualize 
metrics include, amongst others: 

0112 1. Clicks—These are the instances of visitors 
Selecting URLs during their visits to view pages. 

0113 2. Referrers. This is the dimension of instances 
of referral of a visitor visiting. 

0114 3. Zip Code This is the dimension of zip codes 
of visitors. 

0115 4. Page This is the dimension of pages that that 
any visitors may have selected in their visits. 

0116 5. Custom Dimensions—Users may create cer 
tain types of custom data dimensions to depict important 
information particular to their business; and 

0.117 6. Temporary Dimensions—In some cases tem 
porary dimensions may be created as a part of a certain 
types of analysis tasks. 

0118. In addition, there are numerous other data dimen 
sions that are either continuously managed by the VOLAP 
platform or are created in the process of data display and 
analysis. 
0119) D. Selection, Filter or Query 
0.120. The terms selection, filter or query are generally 
used interchangeably. A selection, filter or query defines the 
search terms and conditions used by Visual Workstation to go 
to the database and retrieve data as defined by that selection, 
filter or query and present it to the user. 
0121 E. Visualization 
0122. A well-done visualization is a graphical representa 
tion of data that allows a person to more rapidly and com 
pletely understand patterns that exist in data as well as com 
pare the relative magnitudes of data values versus their peers. 
There are many types of visualizations: 

0123 1. One-Dimensional Graphs and Histograms— 
One dimensional (1D) graphs depict a metric (e.g., a 
business metric) over one data dimension Such as time. A 
histogram groups data values into buckets along that 
dimension Such as, by week, or Mondays. 

0.124 2. Two-Dimensional Graphs and Histograms— 
Two dimensional (2D) graphs depict one or two metrics 
over two data dimensions. For instance visitors to a site 
and their conversion rates to purchase as the metrics over 
the dimensions day of the week and hour of the day. 

0.125 3. Multi-Dimensional Graphs and Histograms— 
Multi-dimensional (MD) graphs depict multiple metrics 
over multiple data dimensions. For instance visits, con 
version rate, and benchmark visits over the dimensions 
hour of the day, day of the week, referrer, campaign, etc. 

II. Structure and Architecture of System and Modules/Com 
ponents 

0126. As shown in FIGS. 1-4, the VOLAP Platform 
includes at least one Visual Sensor component 101a-101C, a 
Visual Server 103 and at least one Visual Workstation 105, 
201. Together they provide the underpinning technology plat 
form required for VOLAP applications. The VOLAP Plat 
form enables VOLAP applications that can be built to support 
different data domains, business needs and user requirements. 
The VOLAP application which is described as an example 
application herein is referred to as Visual Site, which is built 
for the owners and operators of Internet business sites. How 
ever, as will be evident to those skilled in the art, other 
applications for other automated processes may be designed 
to run on the VOLAP Platform as well. The software modules 
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and components of the example embodiment of the present 
invention are written in C++, although any suitable language 
could be used. 
0127. The Visual Workstation is a desktop application that 
provides its users with a robust desktop operating environ 
ment that enables very fast multi-dimensional data analysis, 
robust data visualization, and an interactive method of defin 
ing queries of the fact data. Visual Workstation provides a 
complete application framework by Supporting multiple 
types of visualization, the organization of visualizations into 
workspaces and dashboards, and the ability to collaborate 
with other users of Visual Workstation. Visual Workstation 
obtains data from the Visual Server and provides the operat 
ing environment for the application (e.g., Visual Site) and can 
be implemented on a desktop or notebook computer, or other 
suitable device. 
0128. The Visual Server is a real-time data integration and 
processing server that collects data from remote systems and 
databases, manages that data, transforms that data into a form 
that can be used by Visual WorkStations, and manages the 
distribution of that data to Visual Workstations. The Visual 
Server can be configured to make requests of external systems 
to get data that can be integrated for analysis purposes. Visual 
Server is designed to require minimal maintenance and can be 
peered with other servers and data collection products to get 
data prepared for users of Visual Workstation. The Visual 
Server may operate on a stand-alone computer, or may share 
a computer with other applications. 
0129. The Visual Sensor is the measurement, collection 
and transmission Software application. Visual Sensor is 
capable of interacting with its host (e.g., a web server) and is 
able to collect data, filterunnecessary data, queue the data for 
transmission, and ensure that the data is delivered to Visual 
Server. Visual Sensor may be customized for different sys 
tems. The Visual Sensors described in the example embodi 
ments herein operate with Microsoft's Internet Information 
Server or Apache's Web Server. The Visual Sensor is resident 
on the web server computer in the embodiments described 
herein. As will be apparent to those skilled in the art, the 
Visual Sensor may be implemented on a computer other than 
the web server computer or computer on which the automated 
processing system is running, and may be adapted to operate 
with servers other than Microsoft's Internet Information 
Server and Apache's Web Server. 
0130 AVOLAP application is an application that uses the 
VOLAP Platform to provide certain business value to a cer 
tain type of company with certain needs. For instance, Visual 
Site, an example of a client application for the VOLAP plat 
form, is built to provide business value to owners and opera 
tors of internet properties that automate certain business pro 
cesses, marketing efforts and interact with the company's 
customers. The Visual Site application satisfies the following, 
amongst other user needs: 1) gaining visibility into the 
dynamics of their electronic business that is difficult to moni 
tor today; 2) improve the profitability of marketing cam 
paigns; 3) improve the return on investment in infrastructure 
systems; 4) improve the experience of customer relationships 
and monetize their value to the company. 
0131 A. Visual Sensor 
0132) The Visual Sensor gathers the desired information 
and data directly from the automated business processing 
system (e.g., the web server Software in this embodiment). 
The data is then queued up for transmission to a Visual Server 
that is addressable on the network. The transmission channel, 
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which uses the http protocol, is encrypted with SSL to protect 
the data from being intercepted. A Visual Sensor is installed 
on each web server that is a part of the same site and directed 
to send the collected data to the same Visual Server. Visual 
Sensor requires little or no oversight, unless configuration 
changes are made to the web server or network. 
0.133 As discussed, each Visual Sensor captures data from 
the web server software and then writes it into a memory 
mapped file on the web server that serves as a storage queue 
for the periodic instances when Visual Sensor cannot contact 
Visual Server. 

I0134. The data that is collected in the storage queue is 
forwarded to the Visual Server as fast as network conditions 
will allow. The connection to Visual Server is made to its port 
443, the same as a standard web server using HTTPS. The 
connection is encrypted using SSL to ensure that the data is 
protected en route to the Visual Server. The Visual Server 
receives the data and begins its processing and storage tasks. 
If the connection between Visual Sensors and Visual Server is 
broken for some external reason, Visual Sensor will queue up 
all data from the web server and transmit it when the connec 
tion is reinstated. The time that this information can be 
queued is based on the activity of the web server, but is usually 
1 to 10 days. If the connection to Visual Server is not restored 
before the queuing disk space that is allocated on the web 
server is used up, data will be lost. 
I0135) In the present example embodiment, the Visual Sen 
sor is designed to support a web server (HTTP) data source. 
However, the Visual Sensor can be designed to support other 
types of data sources (other than HTTP) and transmit the data 
it collects and measurements it takes to Visual Server for 
processing and further transmission to Visual WorkStation. 
0.136 Visual Sensor is capable of additional services in 
addition to collecting and forwarding log data. For example, 
the Visual Sensor may take on additional system roles Such as 
rewriting URLs or implementing an experiment on the HTTP 
server as is discussed below in detail. 

I0137 The Visual Sensor can be configured to log HTTP 
traffic from an IIS or Apache server without performance 
impact on the server. In addition, a Visual Sensor API pro 
vides a standard for the creation of Visual Sensors for other 
systems. 
0.138. The Visual Sensor software uses minimal resources 
of the web server. Under normal conditions the amount of 
processor power that is used is extremely difficult to measure. 
If the connection to Visual Server is for some reason severed, 
Visual Sensor will begin using its allotted data storage on the 
web server to prevent data loss. This queue size can be set 
from 1 MB to multiple GBs. Each visitor "click” requires 
approximately 300 bytes of storage space. For a server that 
receives 1,000,000 clicks in a day, the queue size would reach 
300 MB in a day. In the case that a queue fills up with 
megabytes of data and the connection to Visual Server is then 
restored, Visual Sensor will as rapidly as possible transmit the 
queued data to Visual Server. In this “burst' mode Visual 
Sensor could take as much as 5% of the web server's proces 
Sor power, which is generally insignificant as there is typi 
cally well more than 5% of excess processor power available 
from web server hardware. 

0.139. In the present embodiment, the Visual Sensors are 
configured during installation. 
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0140 B. Visual Server 
0141. The Visual Server is installed on the user's network 
and collects data from the Visual Sensors. After receiving the 
data, the Visual Server does the following with the data: 

0.142 1. integrates the data from each of the Visual 
Sensors; 

0.143 2. stores a copy of the data to disk in a compressed 
file format that can be re-read or used by other applica 
tions; 

0144 3. runs its transformation and data integration 
algorithms on the data that is collected; 

0145 4. transmits the transformed data to any autho 
rized and available Visual Workstations; and 

0146 5. maintains a database of the transformed data in 
order that it can be re-transmitted to a Visual Worksta 
tion or transmitted to a new Visual Workstation. 

0147 The Visual Server application may be installed on 
any suitable computer system. The table below provides 
examples of two computer systems that are Suitable for run 
ning the Visual Server application. 

Vendor 

Dell IBM 

Model Poweredge 2550, 
2SOOSC 

UFactor Towerf2U 2U 
Processor >=1 Ghz >=1 Ghz 
Screen 1S' RGB LCD 15' RGB LCD 
Random Access Memory S12 MB S12 MB 
Hard Disk Drive 80 GB 80 GB 
Graphics Card 
USB Ports 

Ethernet Ports (100BaseT) 1 1 
CD-ROM 
Tape Back-up 
DVD-ROM 
Screen Resolution 
Floppy Disk Drive 1.44 1.44 
Link to Product Lit. 
Pointing Device 
Operating System 
Microsoft Excel 

Microsoft Optical 
Windows 2000 Pro 

Excel 2000 

Microsoft Optical 
Windows 2000 Pro 

Excel 2000 

0148 Visual Server receives data from all Visual Sensors, 
combines it with other external data, processes it, and trans 
mits it to Visual Workstations. Multiple Visual Sensors may 
provide data to one Visual Server Visual Server then pro 
cesses the data coming from all of those servers. In the present 
example embodiment, there is preferably one Visual Server 
for each Web site. There may be many Visual Sensors, as each 
Web site may have multiple Web servers. 
0149. The Visual Server includes a Server Receiver (HT 
TPS Server) and a Processing Server. The Server Receiver 
provides communications with the Visual Sensors and also 
serves the purpose of processing requests from Visual Work 
stations. 

0150. The data collected by Visual Sensor is stored by 
Visual Server by date in compressed form, and can be 
exported to common log formats for use by other applica 
tions. In addition, Visual Server takes the stream of incoming 
log data and additionally processes it for use by a client 
application, Such as Visual Site. This processing includes 
many types of processing, such as sessionizing the data, pars 
ing URLs, and others. 
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0151. In general, when a click gets added to the sample 
database by the Visual Server, some analysis or processing is 
performed. Information like whether this click starts a new 
session, or is part of an existing one, the duration of the click 
prior to this one (if any), and total session duration can be 
calculated. Furthermore, relevant dimensions are built up, 
Such as target URL or Referrer. A dimension is a single vector 
of data points, into which a click or session has a reference. 
Clicks are inserted into the sample database by generating 
transactions. 
0152 The data is then organized into the data structure that 
Supports Visual Workstation and the client application, and 
allows multi-dimensional analysis. The database that is cre 
ated and updated by Visual Server is a custom relational 
database structure. The database resides in server memory 
with a persistent backup to disk in the form of a file, the 
current state of the Processing Server, and a transaction log of 
all transactions that have been generated to date for the data 
base. The database is optimized for performance by allowing 
columns to be scanned very rapidly by indexing the actual 
location and order of the data in relation to the rest of the 
column of data. 
0153. The database has tables that have columns and rows. 
There is no hard binding between the tables. The order of the 
row in the column is the identifier of the position of the data 
in that column. In the present example embodiment, the data 
base has the following tables for storing the following infor 
mation: 
0154 Referrers 
O155 Pages 
0156 Clicks 
0157 Sessions 
0158 Visitors 
0159 Visitor Sessions 
(0160 Zip Codes 
0.161 Time Ranges 
0162 User Agents 
Additional Dimensions add additional tables or columns. 
0163 At the top level, the database has the above tables. 
Each table defines the columns (fields) that are in it. The 
Sessions table has a click index column which points into the 
Clicks table identifying where the clicks from this session 
start, and has a click count to indicate how many of the next 
rows contain clicks from that session. 

0164. The Session tables have the following additional 
fields: 

0.165 A Visitor|D which has a reference to the row in 
the visitor table; 

0166 The timestamp for the session start: 
0.167 A pointer to the appropriate row in the referrer 
dimension; 

0168 A duration column that gives the length of the 
session; 

0169. A pointer to the appropriate row in the zip code 
dimension; 

0170 A pointer to the appropriate row in the user agent 
dimension; and 

0171 A field that is used to store intermittently pro 
duced value projections on the client. (The value 
model in Visual Workstation computes a dollar value for 
each session based on the pages visited in the session and 
processes used by other sources when Supporting other 
applications. This value is stored back into a column in 
the database for fast access.) 
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0172. The Click table has a special allocator for perfor 
mance reasons. It allocates memory for storage of clicks to 
improve resource usage and performance. It stores a list of 
free blocks inside its free blocks and assigns blocks based on 
order natural log(n). The Click table has references to the 
page dimension and the duration of the click. References exist 
as pointers to the row of the page dimension column. 
0173. One primary difference between this and a rela 
tional database is that relationships are built based on the 
allocation of space and position of the referenced element in 
the columns and, in the some cases, groups sets of clicks, for 
instance, keeping them in order so that you can start scanning 
at one point and just take the next N rows and know that you 
have the right data. 

Operational 
System Database 
Software Storage 

Requirements Requirements 
(MB) (GB) 

100 10 

0.174. A statistical sample of the data is taken that repre 
sents the larger data set. This sample allows users to look at 
very large amount of data without transmitting all of the data 
to the Visual Workstation as is described in more detail below. 
Fact data that is left out of the sample can be retrieved from 
Visual Server at a later time if it is requested by a user. Fact 
data is the log data collected by Visual Sensor, provided to the 
Visual Server, processed and sampled to create the sample 
database. In the present example embodiment, the fact data 
would include all the information relating to particular ses 
sions, users, and clicks, URL requests, etc., while the sample 
database would include a random sample of the fact data. 
0.175. The Visual Server includes fault tolerant data queu 
ing. Data is transmitted from collection points (e.g., Visual 
Sensors) across the Internet to Visual Server for combination, 
processing and distribution to Visual Workstations. The 
Visual Server queuing system can Support system and net 
work downtime without losing data. If a Visual Workstation 
or Visual Sensor is temporarily disconnected from the Visual 
Server, the Visual Server will resume transmitting (or retriev 
ing in the case of Visual Sensor) once the connection is 
reestablished. 
0176). In addition, the Visual Server provides real-time 
data throughput including individual measurements, which 
become available to Visual Workstations while a customer 
session is still in progress. The Visual Server provides auto 
matic updates to the Visual Workstations when connected to 
the network and no external database servers are needed to 
support Visual Workstation. The Visual Server scales to any 
size site with a single server. 
0177 Complete detailed records of collected data are 
compressed and stored indefinitely for future use. Visual 
Server's data store may be backed up through the use of a 
third-party secured and automated backup service. An agent 
runs on the Visual Server and incrementally backs up system 
Software, operational databases and long-term input data stor 
age to a secure data center. This backup service is optional as 
in-house corporate serverbackup procedures and systems can 
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be used to accomplish the same backup procedure. No other 
administrative maintenance tasks are necessary for the Visual 
Server. 
0.178 Visual Server's capacity for storing web server data 
in days is determined in the following manner: 

0.179 1. System software requires approximately 100 
MB of disk space. 

0180 2. The example client application (Visual Site) 
database requires approximately 10 GB of disk space. 

0181 3. The compressed web server log input files 
require storage space based on the number of web site 
visits and ratio at which Visual Server is able to com 
press the data for storage. The following is a typical 
example and Summary for a mid-sized web site: 

Annual Total 
Compression Storage Storage 

Web Ratio of Compressed Web Requirements 
Server Web Storage Days of Server (1 
Data Per Server Per Day Storage data Year) 
day (MB) Data (MB) Allocated (MB) (GB) 

1OO 0.4 40 365 146OO 24.7 

0182. The Visual Server includes a configuration file that 
permits the user to adjust the Visual Server settings. 
0183 C. Visual Workstation 
0.184 The Visual Workstation is an integrated executive 
graphics workstation that allows users to immediately access, 
visualize and analyze up-to-the-minute information from a 
data source or set of data sources (such as HTTP or web sites 
with the Visual Site application). The Visual Workstation 
includes specific graphics hardware and RAM configurations 
to provide its highly graphical, high resolution interface. The 
Visual Workstation provides an underlying facility for run 
ning applications like Visual Site and receives data from the 
Visual Server. In addition, the Visual Workstation includes 
Software for general operation of the workstation, such as 
operating system Software and other Software products nec 
essary for utilization of the workstation hardware and soft 
Wa. 

0185. The Visual Workstation includes generic function 
ality that is used to Support numerous applications (e.g., 
Visual Site) such as: 

0186 1. The ability to generate multiple visualizations 
in a user's interface. 

0187 2. The ability to group multiple visualizations 
into workspaces that scope queries. 

0188 3. The ability for a user to select parts of the 
visualizations to generate a query that the WorkStation 
query engine and data analysis facility understands. 

0189 4. The ability to save visualizations with their 
selections to persisted files that can be reloaded or mes 
Saged to others with the same dataset. 

(0190. 5. The ability for the workstation to connect to the 
server to gain access to incoming data that would update 
its local database. 

0191 The Visual Workstation includes a graphics engine 
that generates the user interface including hundreds of differ 
ent graphical representations of data in the form of one 
dimensional, two dimensional, three dimensional, and multi 
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dimensional visualizations as well as spreadsheet like tables, 
line graphs, skatter plots, and others identified above. 
0.192 Visual Workstation also includes a query engine that 
allows users to click on elements of visualizations that rep 
resent underlying data to Subset or query the data that they are 
viewing. Users can select multiple elements in multiple visu 
alizations to define advanced queries easily. 
0193 The Visual Workstation may include any suitable 
computer system. The table below provides examples of two 
desktop computer systems that are Suitable for operation as 
the Visual Workstation. 

Vendor 

Dell IBM 

Model Dimension 8100 
Processor >1 Ghz >1 Ghz 
Monitor-Screen 17' RGB LCD 17' RGB LCD 
RDRAM S12 MB S12 MB 
Hard Disk Drive 40 GB 40 GB 
Graphics Card 32 MB NVidia 32 MB NVidia Gforce 

Gforce 2 MX 
USB Ports 2 2 
1394 (Firewire) Ports 1 1 
Ethernet Ports (100BaseT) 1 1 
CD-ROM 1 1 
DVD-ROM 1 1 
Screen Resolution 1600 x 1200 1600 x 1200 
Floppy Disk Drive 1.44 1.44 
Link to Product Lit. 
Pointing Device Microsoft Optical 
Operating System Windows 2000 Pro Windows 2000 Pro 
Microsoft Office Standard Standard 
Color of Unit Black Black 

Microsoft Optical 

0194 Alternately, the Visual Workstation may be com 
prised of a notebook computer. The table below provides 
examples of two notebook computer systems that are Suitable 
for operation as the Visual Workstation. 

Vendor 

Dell IBM 

Model Inspiron 8100 
Processor >=1 Ghz >=1 Ghz 
Screen 15' RGB LCD 15' RGB LCD 
Random Access Memory S12 MB S12 MB 
Hard Disk Drive 40 GB 40 GB 
Graphics Card 32 MB NVidia NVidia Gforce 2 GO 

Gforce 2 Go 
USB Ports 2 2 
1394 (Firewire) Ports 1 1 
Ethernet Ports (100BaseT) 1 1 
CD-ROM 1 1 
DVD-ROM 1 1 
Screen Resolution 1600 x 1200 1600 x 1200 
Floppy Disk Drive 1.44 1.44 
Link to Product Lit. 
Pointing Device Microsoft Optical 
Operating System Windows 2000 Pro Windows 2000 Pro 
Microsoft Office Standard Standard 
Color of Unit Black Black 

Microsoft Optical 

0.195 The Visual Workstation in conjunction with the cli 
ent application provides visualization and multi-visualization 
including rich, graphical presentation of multivariate data in 
high quality and frame rates. An arbitrary set of visualizations 
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can be combined to visualize more variables. Visualization 
types include 1 and 2D bar graphs, tables, cross tabs, line 
graphs, histograms, timelines, site maps, geographic maps, 
terrain maps, fish eye lists, scatterplots, directed graphs, sales 
funnels, customer value pyramids, process flow, process per 
formance plot, spaghetti plot, Surface maps, 3D volume maps, 
3D scalar fields, 3D vector fields, etc. Examples of such 
visualizations are shown in FIGS. 5-25. 
0196. The information can be presented using numerous 
presentation techniques such as benchmarks, confidence 
intervals, color ramp metrics, dynamically filtered dimen 
sions, scales and legends, trellis graphics, Smooth transitions, 
moving average and kernel Smoothing for line graphs, and 
others. 
0197) The Visual Workstation also provides a user inter 
face with numerous interaction techniques such as data range 
selection, sliding window selection, normalize to series, 
water leveling, selection by water level, choice of series 
dimensions, move camera, drag, Zoom and spin camera, 
mouse over to display values, context dialogs and menus, axis 
Zooming, axis drilling, and others. Each visualization pro 
vides interactive selection techniques to filter the others 
allowing the user to visually slice and dice the data set. 
0198 The Visual Workstation also provides real-time 
remote viewing to remotely view and monitor (like cameras 
in a store) a business process and customers interaction with 
them. In addition, the system provide real-time response as 
filtering and other user interface operations complete in about 
100 ms or less allowing for animation of multiple on-screen 
visualizations. 
0199 The Visual Workstation also provides trend analysis 
allowing the use to view the complete history of any value by 
combining the timeline visualization with others. Derivative 
indicators (an arrow indicating consistent up or down trend of 
a particular value in a visualization) highlight values that 
appear to be following a consistent trend. The user may also 
annotate the timeline to cross-reference “real' world events, 
campaigns, outages, etc. that correspond with site activity to 
maintain accurate history. 
0200. One Visual Workstation can subscribe to multiple 
Visual Servers allowing its user to monitor and analyze mul 
tiple distinct sites or other data services (permitting multi 
Source data merging). As an example of the multi-source data 
merging of the present invention, data from a site can be 
merged with data from Nasdaq to allow the users of Visual 
Workstation to explore correlations between their operations 
and the movements of the markets. In addition, the user can 
perform a specification search for a selection to locate dimen 
sions in which the current selection is unusual, thereby lead 
ing to the identification of causal events. 
0201 Clustering is implemented based on clickstream 
feature extraction. A large number of variables are generated 
and clustering techniques are used in the Visual WorkStation 
to identify the important predictors. The objective is to clas 
Sify sessions into groups so that the groups are (1) descriptive 
or (2) predictive of some variable or (3) both. The steps for 
implementing this feature include: 
0202 1. Feature extraction—a variety of metrics are cal 
culated about each session, e.g., 

0203 a.. number of clicks; 
0204 b. number of different pages hit; 
0205 c. number of different sections hit; 
0206 d. duration; 
0207 e. search used: 
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0208 f. number of product view pages hit; 
0209 g. number of information pages hit; 

0210 2. Cluster generation—a data mining algorithm is 9. g alg 
used to reduce the set of variables and then to identify a set of 
descriptive or predictive clusters. Each cluster becomes an 
element in a new dimension; 
0211 3. Session clustering Each session is assigned to a 
cluster according to the definition of the clusters; 
0212 4. Investigation. The analysis features of worksta 
tions are used to examine the resulting clusters, decide how to 
name them descriptively, etc. 
0213. The Visual Workstation provides regression analy 
sis modeling relationships between metrics (e.g., QoS. con 
version rates, etc.). In addition, the user can explore models 
by creating decision trees, association graphs, scatter plots 
with trend lines for regressions, and other methods. Using 
logistic regression provides precise predictions of how 
changing page load times will change the probability of pur 
chase. 
0214) Visual Workstation displays the English language 
equivalent of a complex query made by selecting points and 
areas on visualizations in a window on the screen, if so 
desired. It is easy to see from the English language descrip 
tions of the actual selections that users are able to much more 
rapidly and effectively define queries or selections through 
pointing and clicking on well labeled visualizations than 
through any other method that does not require years of 
training. 
0215 Multiple Visual Workstations can be connected to 
Visual Server (in the method discussed below). In essence, 
once initial data is delivered to all Visual Workstations, only 
update information needs to be sent to them on an ongoing 
basis. This updating process puts a minimal load on the server 
and allows Visual Server to support many Visual Worksta 
tions. Specific calculations, which are well known in the art, 
can be run to determine this number based on a particular 
VOLAP platform configuration. 
0216. When the Visual Site application and the Visual 
Workstation that it is running on are disconnected from the 
network, the user can access all of the data that has been 
loaded into Visual Workstation up to that point. This enables 
the user to do perform the vast majority of tasks that he or she 
needs to, or would like to, do without being connected at all. 
The user, of course, will not receive incremental updates or 
real-time data feeds again until reconnected to the network. 
0217 
0218. A Workspace is an interface construct developed 
into Visual Workstation and is the basic unit of user activity in 
Visual Workstation—like a document or file in other appli 
cations. A Workspace allows multiple visualizations to be 
organized into one larger window to depict multiple related 
views of data that help a user understand and evaluate, in the 
case of Visual Site, a business process, a campaign, a segment 
of customers or some aspect of system performance. Each 
workspace belongs to a specific application (such as Visual 
Site) although multiple workspaces from different applica 
tions can coexist on the same Visual Workstation. Workspaces 
provide customizability, since a workspace can be created 
and saved to Support Some specific analysis task and Work 
spaces help to amortize the work of choosing and arranging 
visualizations over several uses. Thus, there is a tremendous 
amount of flexibility in how a Workspace may be organized 
and laid out on the screen. 

1. Workspace 
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0219 A Workspace can contain any number and type of 
windows, including visualizations, other workspaces, and 
other objects such as text editors. In this sense, the Workspace 
acts like the “desktop' in a GUI operating system, except that 
there can be any number of them and they can be loaded and 
saved. 
0220. A novel interface technique is used to make arrang 
ing windows within a workspace easier. In most cases it is 
desirable to arrange a number of visualizations so that they do 
not overlap, but without wasting space. This is best achieved 
by having them (nearly) touch at edges A uniform spacing 
between windows is also aesthetically pleasing. The “smooth 
Snap” technique makes this easy to do this without extreme 
dexterity with the mouse, but without restricting the set of 
window placements. 

S 

0221. This technique makes use of a mapping between a 
“placement space' which is 1:1 with the movement of the 
mouse, and the screen space in which windows are arranged 
A small box of pixels centered on a point or line the window 
Snaps to is mapped to that point A somewhat larger box 
centered on the same point or line is mapped to itself. Points 
in between are mapped linearly; each pixel of distance in 
placement space is two in Screen space. Sketch lines are 
displayed between windows to help the user see where win 
dows will Snap. 

0222. A workspace is also responsible for integrating all 
the visualizations placed within it. Each visualization is con 
trolled by two filters, "slice' and “benchmark', and provides 
a third filter “selection.” In the preferred example embodi 
ment, the following selection policy is used: 
0223 1. Each visualization's benchmark is the workspace 
benchmark; and 
0224 2. Each visualization's slice is the intersection of 
each other visualization's selection, and the workspace 
benchmark. 
0225. There is an efficient (O(N)) algorithm for comput 
ing this selection using bitfilters. Conceptually, this algorithm 
counts the number of visualizations selecting each row in the 
bitfilter table. It only needs to count to two, so it uses two bits 
rather than an integer per row: 



US 2008/02883 06 A1 

filter one = slice; if 0 if at least one widget doesn't select it 
filter two = slice; if 0 if at least two widgets don't select it 
for(int v-0; v-visualizations.size(); v++) { 
two &= selectionsv; 
two = one: 
one &= selectionsv; 

one = ~One: || 1 if at least one widget doesn't select it 
for(int v-0; v-visualizations.size(); v++) 
if (changing vis!=v) { 
filters = selectionsvil: 
s = one; 

visualizationsv->setSlice(s): 

0226. Alternatively, another O(N) algorithm is available 
that will work on algebraic filters orbitfilters: 

static inline intparent(int x) { return (x-1)>>1; } 
static inline int left(int x) { return x+x+1; } 
static inline intright(int x) { return x+x+2; } 
void updateSlices(int changing vis) { 
if (selections.size() <= 1) return; 
int leaves = 1 << int( ceil(log(selections.size()) log(2))); 
vector-filters tree(leaves - 1); 
i? see parent(), left( ), right() functions for indexing 
if Build bottom level of tree 
for(int i=0; iCselections.size(); i=2) { 
if (i+1==selections.size()) { // Second visualization doesn't exist 
tree parent(tree.size() + i) = selections i; 
else { 

tree parent(tree.size() + i) = selections i & Selections i+1; 

if Build other levels of tree 
for(int i=parent(tree.size()-1); is 0; i--) { 
tree i = tree left(i) & tree right(i); 

f. We've built all the intermediate results, now we have to traverse them 
if to generate the actual slices 
int output = 0; 
traverseSlice(tree, output, slice, O); 
assert (output == Visualizations.size()); 

void traverseSlice(vector-filters & tree, int& output, const filter& f, 
int node) { 

if (output < visualizations.size()) 
visualizations output++->setSlice(f); 
else { 

int leftchild = left(node); 
intrightchild = right(node); 
if (rightchild < tree.size()) 
traverseSlice(tree, output, f& tree rightchild, leftchild); 
else 
traverseSlice(tree, output, f& selections rightchild-tree.size(), leftchild); 
if (leftchild < tree.size()) 
traverseSlice(tree, output, f& tree leftchild, rightchild); 
else 
traverseSlice(tree, output, f& selections leftchild-tree.size(), rightchild); 

0227 Other selection policies are also possible. For 
example, a left-to-right selection policy could be used in an 
alternative embodiment of the Visual Workstation. In this 
alternative embodiment, the visualizations were arranged in a 
definite order in the interface. Each visualization's bench 
mark is the slice of the visualization to the left and each 

12 
Nov. 20, 2008 

visualization's slice is the intersection of the slice and the 
selection of the visualization to the left 
0228. Another alternative selection policy is to let the user 
construct an arbitrary Boolean expression out of visualiza 
tions; for example by editing a directed acyclic graph with 
visualizations as nodes and Boolean operators (and, or, not) 
as edges. 
0229 Workspaces may also serve other functions. For 
example, they may act as "rooms' in a collaboration environ 
ment. Two users opening the same workspace on different 
workstations may use it together (with selections and other 
changes to the workspace being mirrored over the network on 
the other user's Workstation.) 
0230. In addition, Workspaces “scope' selections of data. 
All of the visualizations in a workspace are updated by selec 
tions made through interacting with one or more visualiza 
tions in that workspace. More specifically, in Visual Worksta 
tion a selection or query is scoped by the workspace, and any 
selections made by pointing and clicking on the visualiza 
tions to identify points and ranges on the visualization that 
represent parameters to be added to the query or selection. 
When a selection is made Visual Workstation immediately 
finds the data that matches the query and updates the other 
visualizations in the workspace with that data. The visualiza 
tions that are in other workspaces on a Visual Workstation 
screen are not updated by interactive selections made of visu 
alizations within another workspace. WorkSpaces can also be 
saved and re-opened later. All of the visualizations, selec 
tions, notes, annotations and other information depicted 
within a workspace may be saved and returned to later for 
continued monitoring, exploration and evaluation. 
0231. Template Workspaces are resident on the Visual 
Workstation and provide a convenient starting point for a user 
to create Workspaces. Template workspaces lay out all of the 
visualizations and instructions for using them to accomplish 
a certain business task. Template WorkSpaces that are updated 
by the user can be saved and returned to later or used as a 
Template themselves. 
0232 Workspaces can be communicated between users 
for collaborative decision making. A Workspace can be 
e-mailed to another user that has the same database and be 
opened by that user and worked on. This allows a user to point 
out a correlation, insight, problem, or otherwise that they 
discover when monitoring, exploring or evaluating their busi 
ness processes, campaigns, customer or system performance 
in the case of Visual Site to their team. 
0233 2. Visualizations 
0234 All visualizations in Visual Workstation support a 
simple but powerful protocol that enables them to be used 
together with other visualizations. The first of these principal 
components of this interface is “filter getSelection(datat 
able& over).” 
0235. This function returns a filter describing the selection 
made by the user in the visualization. Every visualization 
provides a selection interface, which gives the user the ability 
to select some of the elements displayed by the visualization. 
The visualization uses the query engine to generate an appro 
priate filter from this selection and the given fact table. 
0236. The second principal component is “void setSlice 
(const filter& slice).” This function sets the slice of the visu 
alization, a filter describing a subset of the data which is to be 
rendered by the visualization. The visualization may render 
only this data, or it may highlight this data so that it can be 
distinguished from data not in the slice. 
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0237. The third function is “void setBenchmark(const fil 
ter& benchmark). This function sets the benchmark of the 
visualization, a filter describing a set of data to be compared 
to the slice. A visualization may disregard the benchmark 
data, or it may renderitina way that can be compared with the 
slice data. 
0238 Visualizations also implement the drawable inter 
face of the window system, so that they can be rendered as 
part of workspaces. 
0239. As discussed, the Visual Workstation provides an 
ever-expanding set of visualizations. Some of these can be 
and used with many different types of data, while others are 
specific to certain data as is well-known in the art. 
0240 1D Bar graphs 
0241 2D Bar graphs 
0242 1D Tables 
0243 Crosstabs 
0244 Line graphs 
0245 2D site maps 
0246 3D site maps 
0247 2D process conversion maps 
0248 Geographic maps 
0249 Session and click detail tables 
(0250) 3D terrain maps 
0251 Fish eye lists 
0252 Scatter/bubble plots 
0253) Directed graphs 
0254 Sales funnel visualization 
0255 Customer value pyramid visualization 
0256 Spaghetti plot 
0257 Surface maps 
0258 3D volume maps 
0259 3D scalar fields 
0260 3D vector fields 
0261 Page thumbnail sequences 
0262 Metric tables 
0263 Legends 
0264 Tree views 
0265 Certain presentation techniques are used across a 
variety of visualizations such as benchmarks. Benchmarks 
are a presentation technique designed to permit comparison 
of the slice and benchmark data described above. Essentially, 
the benchmark data is treated like another series of data, and 
displayed accordingly, except that it is automatically rescaled 
to highlight differences in distribution rather than in scale 
between the slice and benchmark sets. It is preferable to use a 
consistent presentation for benchmarks to aid the user in 
recognizing them. The figures show various screenshots to 
demonstrate use of benchmarks in different visualizations. 
0266 Confidence intervals are another presentation tech 
nique used across a variety of visualizations. Confidence 
intervals are an intuitive way of expressing statistical uncer 
tainty. When a poll result is quoted as 54%+/-3%, this is a 
confidence interval. Confidence intervals are easier to under 
stand than hypothesis testing (i.e. P-values) and do not require 
the user to articulate a hypothesis to the program. Visual 
Workstation displays confidence intervals so as to protect the 
user from inadvertently accepting results that have low sta 
tistical validity. The figures show various screenshots to dem 
onstrate use of confidence intervals in different visualiza 
tions. 
0267 Color ramp metrics are still another presentation 
technique used across a variety of visualizations. Extra metric 
information can be displayed across almost any visualization 

Nov. 20, 2008 

by mapping it to color values. Visual WorkStation maintains 
color ramp metrics at the Workspace level. Color ramp met 
rics are enabled by adding a special “Color Legend' visual 
ization to a Workspace, which provides control over which 
metric to use. It is preferable to assign different color ramps to 
different metrics, so that it is easier to tell even without 
looking at the legend, what data is being represented as what 
color. In addition, the user may interactively threshold the 
metric by selecting ranges on the color legend. The figures 
shown various screenshots to demonstrate use of color ramp 
metrics in different visualizations. 
0268 Another presentation technique used across a vari 
ety of visualizations is dynamic filtering. Dynamic filtering is 
used to display data at the highest resolution that is statisti 
cally significant, but not permit it to degenerate into noise (or 
an impulse train). 
0269. Selection is a technique used across a variety of 
visualizations. Most Workstation visualizations support a 
common selection interface. Clicking on an element (with the 
user input device Such as a mouse) selects it and deselects 
others. Clicking and dragging selects a range of elements and 
deselects others. Holding down the CTRL key modifies these 
behaviors to be “union' (other elements are not deselected). 
Holding down the SHIFT key modifies these behaviors to be 
“difference” (the chosen elements are deselected instead of 
selected). Holding down the ALT key and dragging “slides’ 
the selection in any direction while maintaining its shape and 
S17C. 

(0270. 3. Query Model 
0271 The query model provides an abstraction between 
visualizations and other ways of presenting or using data, and 
various ways that data may be stored and accessed. The key 
abstractions in the query model are dimensions, metrics, and 
filters. 

0272. As discussed above, a dimension represents a way 
of grouping data. Web log data, for example, can be grouped 
by month, by page, by visit, etc. Each 'group' within a 
dimension is called an “element.” For example, a “Month’ 
dimension would have elements “January”, “February', etc. 
0273 A dimension represents only a conceptual grouping; 

it may or may not have anything to do with the physical 
representation of the data. This is in contrast to cube systems, 
where the term “dimension' is used in a similar way but a 
particular set of dimensions are a property of the structure of 
a cube. 

0274. It is not required that each piece of data fall into a 
single element. For example, a single sessionin web data may 
touch many pages, and so would fall into multiple elements in 
the page dimension. 
0275. It is possible to take the Cartesian product of any two 
dimensions to yield a third dimension. The number of ele 
ments in the third dimension is the product of the number of 
elements in the two dimensions. The Cartesian product opera 
tion can be visualized as a two-dimensional bargraph. 
0276 A discussed, a filter represents a subset of data. 
Filters support the Boolean (or set algebra) operations of 
union, intersection, and complementation. A filter may be 
represented algebraically, as an expression built up from Sub 
sets of dimension elements and boolean operations (e.g., 
Month=January and Hour-4:001 
0277. A filter may also be represented as a subset of rows 
in a table. This is sometimes called a bitfilter, since one bit is 
used for each row in the table (if the bit is one, the row is in the 
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filter; if it is Zero, it is not). This representation is very useful 
for fast evaluations over that table. Boolean operations on 
Such filters are also quick. 
0278 A metric represents a function or calculation, which 
can be evaluated over a dimension and filter. Evaluating a 
metric over a given dimension and filter returns a result set of 
one floating-point value per element in the dimension. A 
result set might be returned as a table of tuples (element, 
value) instead of an array of values if many of the values are 
expected to be zero. 
0279 Any function of scalar values can be applied to 
metrics instead to yield another metric. For example, if f(x,y, 
Z) is a function of three variables, and A, B, and Care metrics, 
then D=f(A,B,C) is also a metric, and can be evaluated by 
evaluating A, B, and C, and applying f to each triple of 
elements in their result sets. 
0280 More specifically, arithmetic operators such as addi 

tion, Subtraction, multiplication, and division can be applied 
to metrics just as to ordinary numbers. For example, a “con 
version rate” metric can be defined as (Purchases/Visits), 
where Purchases and Visits are metrics already defined. 
0281 Another operator available over metrics is filtering, 
applying an extra filter to an existing metric. For example, 
Purchases could be defined as Visits Revenues 0 (pro 
nounced “Visits where Revenue is greater than 0'). 
0282. The evaluation of a filtered metric is simply: 

M1F1.eval (dim, filter)=M1...eval (dim, F1&filter) 

(0283 More generally, any Boolean operation might be 
applied to a filter rather than intersection. 
0284 Metrics in the query model also have properties such 
as a name and a format (a format is a function that turns a 
numerical result into a usefully formatted String). Metrics can 
cache the results of previous evaluations, returning cached 
results unless the dimension, filter, or metric has changed. 
Any well-known caching algorithm could be used to cache 
results. 
0285. The abstract operations provided by dimensions, 
metrics, and filters are insufficient by themselves, because 
they provide no access to data. Operations to create primitive 
dimensions, metrics, and optionally filters are provided by a 
query engine. Visual WorkStation can Support many query 
engines including cubes, A-D trees, adapters to access other 
OLAP systems, as well as others. These primitive dimensions 
and metrics are used to create more Sophisticated dimensions 
and metrics, and to create filters. Primitive and compound 
dimensions and metrics are different only in their implemen 
tation as they appear indistinguishable to the user and no 
explicit differentiation is made between them in the code. 
0286 The opchains Query Engine (an abbreviations for 
“Operation Chains') is a technique for multiple polymor 
phism that combines the advantages of “expression tem 
plates' (a well-known technique) with those of multiple 
dynamic dispatch techniques. Specifically, it permits the 
compiler to instantiate and optimize generic code for a par 
ticular situation (like expression templates), while allowing it 
to choose a code path at run-time (like dynamic dispatch) A 
sample algorithm is set forth in the Appendix. 
0287. This is possible because the compiler is caused to 
generate a large (but finite) number of different instances of 
the generic code, each optimized for a different case. It then 
chooses a code instance at run-time using dynamic dispatch. 
The compiler is induced to generate instances through a tem 
plate metaprogramming technique. 
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0288. In the preferred implementation, the set of items 
(“atoms) to be dispatched on form a linked list or “chain.” 
This chain is built one atom at a time by the use of a function 
doubly dispatched on the type of the atom and the (arbitrarily 
complex) type of the chain: 

struct opchain base : refcounted { 
if Atoms to be composed 
virtual opchain base V cons(structop node&a) = 0; 
virtual opchain base V cons(structop node distinct&a) = 0; 
virtual opchain base V cons(structop link&a) = 0; 
virtual opchain base V cons(structop link distinct& a) = 0; 
virtual opchain base V cons(structop columndim& atom) = 0; 
virtual opchain base V cons(structop count& atom) = 0; 
virtual opchain base V cons(struct op Sum& atom) = 0; 
virtual opchain base v cons(struct op bitfilter&a) = 0; 
virtual opchain base V cons(struct op makefilter&a) = 0; 
if Other members also... 

Once built, a chain has a type such as 
op< A1, op< A2, op< A3, nil->>> 
where 
A1, A2, A3 are the types of the atoms in the chain 
template<> op<Atom,Chains is a Subclass of opchain base 
nil is a Subclass of opchain base 

0289. The implementation of V cons makes a decision 
(which can be decided at compile time) whether to extend the 
type of the chain or fall back on a dynamic implementation. 
This decision controls the set of chains generated by the 
compiler. For example (in this implementation): 

constbool use dynamic = 
T::dynamic || 
f/ Max 1 op bitfilter, and it must be at the left 
T::nFilters || 
if Exactly 1 metric in an expression 
(X::nMetrics--T:nMetrics = 1) || 
if Dimensions must precede metrics 
(X::nMetrics &&. T:nDims) || 
if Max # dimensions--metrics 
(X::nDims+T:nDims+X::nMetrics--T::nMetrics >3); 

0290 The op<Atom, Chaind template implements the 
operations to be composed by calling functions of atom tem 
plated on Chain. These functions can be inlined and statically 
optimized by the compiler, since they involve no dynamic 
dispatches or indirection. 
0291 Visual Workstation uses opchains to implement a 
query engine that works on data organized in tables with 
contiguous columns, Supports several types of primitive 
dimensions including “column dimensions' represented by a 
column of integer keys mapping rows to dimension elements. 
Another type of primitive dimension Supported includes 
“node dimensions' represented by an index' and a count 
column of integers referencing spans of rows in a second 
table, a column of integer keys in the second table, and an 
array mapping these keys to dimension elements. Still 
another is “link dimensions” using the same representation as 
node dimensions, but mapping consecutive pairs of nodes to 
dimension elements instead of single nodes. In addition, 
alternative embodiments include modifications to Support 
other types of dimensions which are represented over rows of 
a fact table. 
0292 Visual Workstation uses opchains to implement a 
query engine that Supports several types of primitive metrics, 
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including “count', which counts the number of rows in a table 
falling into each dimension element, and “Sum, which sums 
the value of a given column over the rows falling into each 
dimension element. In addition, alternative embodiments 
include modifications to support other types of metrics, which 
operate over rows of a table. 
0293 Visual Workstation uses opchains to implement a 
query engine that can evaluate any combination of dimen 
sions, metrics, and bitfilters and can generate bitfilters from a 
dimension and Subset of elements. 
0294 The query engine uses several atomic operations 
including op columndim, which implements column dimen 
sions and op node, and op node distinct, which implement 
node dimensions. op node is used when the metrics being 
evaluated are in the secondary table and op node distinct is 
used when metrics are in the fact table. Others include 
op link, and op link distinct, which are used to implement 
link dimensions; and op count, which implements count 
metrics. Still other atomic operations include op Sum, which 
implements Sum metrics over integer columns, op bitfilter, 
which applies a bitfilter to the evaluation of metrics, and 
op makefilter, which creates a bitfilter from a set of elements 
identified in a dimension. 
0295 The atomic operations used in the query engine 
contain additional architecture-specific optimizations such 
as, for example, cache warming and prefetching operations. 
0296 4. Data Model 
0297 Data is organized hierarchically into databases con 
taining tables containing columns containing rows. Tables 
contain some operations on rows (such as copying one row 
over another), which are automatically replicated across all 
columns All columns in a table always have the same number 
of rows. 
0298 Each column is represented as a contiguous array of 
homogenous type, with each element of the array containing 
the value of that column in one row. A column may contain 
elements of any type, but all of the elements in a column have 
the same type. This organization makes it very efficient to 
evaluate queries, which use only a few columns out of many. 
0299 The data stored in the data model may logically 
represent references between tables, such as that between a 
dimension column in a fact table and the corresponding col 
umn of strings naming the dimension elements, or the more 
complex relationship between the primary and secondary fact 
tables in a node dimension. However, these relationships are 
not explicit in the data model; they are understood only by the 
query engine. This means that operations at the data model 
level. Such as the synchronization of databases across the 
network (transaction engine), need not be concerned with 
them. 
0300 5. Metric spreadsheets 
0301 As explained above, metrics can be used like ordi 
nary numbers in arithmetic expressions and functions. They 
can also support a variety of other useful operations such as 
filtering. It is therefore possible to create a spreadsheet which, 
in place of formulas involving numbers, contains formulas 
involving metrics. Each cell in Such a spreadsheet may be 
blank, contain a label, contain an ordinary number, or contain 
a formula. 

0302) A formula in such a spreadsheet may reference 
named metrics from the query engine, may reference other 
cells, and may contain ordinary numbers. The result of any 
formula is a metric. Any metric can be evaluated over the null 
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dimension to yield a number. This number may be displayed 
as the result of a formula in an ordinary spreadsheet would be 
displayed. 
0303 Selecting any cell (exceptablank or label cell) in the 
spreadsheet yields a metric, which could be exported for use 
in any visualization or other client of the query engine. For 
example, one could graph any single cell over time. 
0304. Here is an example metric spreadsheet, showing 
formulas and labels: 

A. B C 

1 Search process 
2 Searches Visits Page = "search.asp 
3 Search results B2. Page = "search results.asp' B3/B2 
4 Resulting sales B3 Revenues0 B4, B2 
5 Revenue from search Revenue Page= "search.asp' and B5/B2 

Page= "search results.asp 

0305 a. Here is the same spreadsheet showing values: 

A. B C 

1 Search process 
2 Searches 28,200 
3 Search results 18,500 84.1% 
4 Resulting sales 2,200 7.8% 
5 Revenue from search S77,000 2.73% 

0306 Any of the cells containing a value could be used as 
a metric in other visualizations. For example, it might be very 
useful to see how revenue from search breaks down overtime, 
over referring site, or other over dimensions. 
0307 The entire spreadsheet can easily be sliced by a 
given filter, simply by using the filter when metrics are evalu 
ated to yield values that are displayed. This means it can 
support the visualization protocol described above and fit into 
workspaces as an ordinary visualization. 
(0308. The usability of the spreadsheet could be further 
enhanced by providing automated functions for embedding 
tables overdimensions into the spreadsheet. For example, one 
could automatically insert a table into the spreadsheet giving 
Revenue from Search (B5) by Month. 
(0309 6. What-If Analysis 
0310. Visual Workstation’s “What-If Analysis technol 
ogy helps a user answer a wide variety of speculative ques 
tions such as: 
0311 1. “If 10,000 more people came to my site from 
yahoo.com, what would they do at my site?’ 
0312 2. “Would they generate enough additional revenue 
to justify a S5000 marketing expenditure at Yahoo’?” 
0313 3. “How much is improving the effectiveness of my 
product search process worth to me?” 
0314. 4. “What would happen if twice as many people 
looked at the special of the month?’ 
0315. The analysis of past data can reveal correlations 
which, preferably augmented with human common sense, are 
useful in making predictions. What-IfAnalysis helps to auto 
mate this process. 
0316 a. Assumptions 
0317 All predictions are based on assumptions. What-If 
Analysis makes a single, broad assumption, which is referred 
as the uniformity assumption. In statistical language, this 
might be articulated as follows: All the records in any iden 
tifiable group are sampled randomly from the same popula 
tion. 
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0318. This means, for example, that if 45% of the mug 
worts in the database are feep, then 45% of all mugworts, or 
at least all the mugworts that can ever be in the database, are 
feep. 
0319. The uniformity assumption is not always correct. 
Consider questions one and two above. It may be that the 
people sent to the site by a marketing campaign at Yahoo will 
not be at all similar to the people who have visited the site 
from yahoo in the past, and there is no way for the program to 
know. The calculations made by What-If Analysis are only 
absolutely correct if both the past visitors from Yahoo and the 
visitors generated by the marketing campaign are chosen at 
random from the same set of yahoo's customers. 
0320. It is also important to realize that What-If Analysis 
does not distinguish correlation from causation. For example, 
there is a strong correlation between Smoking and lung can 
cer. Consider this question: “If there were 10% more cases of 
lung cancer, how many Smokers would there be?” 
0321) What-If Analysis would examine a suitable data 
base and report that there would be an increase in Smoking, 
since lung cancer cases are more likely to be Smokers than the 
general population. This is, depending on how you look at it, 
a misleading conclusion: lung cancer doesn't cause Smoking. 
0322. A simple way to think about this is that, given a 
what-if scenario, what-If Analysis calculates both the likely 
causes and effects of that scenario, but it is up to the user to 
distinguish one from the other. 
0323 b. Simple What-If Calculations 
0324 Consider question two above. Suppose it desired to 
answer this question by hand. One might reason as follows: 
0325 To date, 4000 people have been referred from Yahoo 
0326. The 4000 visitors generated S1000 in revenue 
0327 Each visitor, on average, generated S1000/4000-$0. 
25 in revenue 

0328. Since one assumes the 4000 previous visitors and 
the 10,000 hypothetical visitors are drawn from the same 
population, one expects each of the 10,000 visitors to gener 
ate S0.25 as well 
0329 10,000 visitors will 
SO.25*1 OOOO=S2500 in revenue 
0330. Thus, a $5000 investment is not justified 
0331 Note the importance of the uniformity assumption 
in this reasoning. Also note that if no one had ever been 
referred from Yahoo in the past, there would be no data on 
which to base this calculation. 

0332 The calculations used by Visual Workstation to per 
form the What-If Analysis are equivalent to those above, but 
they do not proceed in the same way. The method actually 
used generalizes better, requires less semantic understanding 
of the data, and is very efficient even for complex scenarios. 
0333 
0334 Visual Workstation visualizations permit the user to 
describe a What-If scenario interactively in a variety of ways. 
For the purposes of analysis, these scenarios are represented 
as a collection of “hypotheticals’ each having the form (X.G). 
where X is a number and G is a group. Each hypothesizes 
(X-1)*100% more records in group G. The scenario in the 
above example would be represented by a single hypothetical 

generate an additional 

c. Scenario Model 

(3.5, Referrer yahoo.com) 

0335 because in that scenario 14000/4000–3.5 times as 
many people came to the site from yahoo.com. 
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0336 d. Record Weights 
0337. From the above scenario model, it is simple to com 
pute a “weight' associated with each record. Initially all 
sessions have weight 1.0; each hypothetical (X,G) multiplies 
the weight of the sessions in G by X. Put another way, the 
weight of a session Sunder scenario H is defined as the set 
product 

0338. From these weights W it is in turn possible to com 
pute metrics such as counts and Sums under the scenario, by 
replacing metrics as follows: 

count->sum (W) 

0339. These can be efficiently evaluated by the Visual 
Workstation query engine. Count metrics become simple Sum 
metrics, and Sum metrics become dot products or Sums of 
derived columns already multiplied by session weights. 
0340 e. Incremental Hypothesis Changes 
0341. In support of Visual Workstation's highly interactive 
user interface, it is important to be able to adjust just one 
hypothetical out of several and immediately recalculate the 
session weights. An operation is define: 

changeWhatlfWeiglits(X1,X2,G) 

0342 which is defined to replace the hypothetical (X1,G) 
with the hypothetical (X2,G). The former must already be 
present in the scenario, unless X1=1.0. 
0343. The obvious implementation of this operation 
would be to multiply the weights of all the records in G by 
X2/X1. Unfortunately, because of the limited precision of 
machine arithmetic, a large number of Such operations 
applied successively will not be reversible it will be impos 
sible to return exactly to the “null scenario' where all weights 
are 1.0. 
0344) This problem is currently solved by Visual Worksta 
tion by replacing multiplication and division with addition 
and subtraction of integral logarithms of weights, base 1.01. 
Since the numbers being added and Subtracted are integers, 
commutativity is preserved and it is always possible to get 
back to the null scenario. 
(0345 7. Dashboard 
0346 A Dashboard is an interface construct developed 
into Visual Workstation. A Dashboard, is essentially a Work 
space that allows real-time monitoring of multiple visualiza 
tions, metrics and dimensions to be organized into one larger 
window that is constantly updated with the latest information 
to depict progress toward key success factors. Dashboards 
allow managers, consultants and executives to monitor their 
business processes, campaigns, customer relationships and 
general site performance on a minute to minute basis. 
0347 Dashboards require no user interaction and allow 
for passive monitoring of critical business information. A 
default dashboard can be displayed automatically when a user 
is not actively working with a client application, to allow for 
the ongoing oversight of the business. 
0348 Dashboards can be saved and re-opened later All of 
the visualizations, selections, metrics, notes, annotations and 
other information depicted within a dashboard may be saved 
and returned to later for continued monitoring, either when 
selected or when other activity stops for a period of time. 
0349 Template Dashboards provide a convenient starting 
point for a user to create custom Dashboards Template dash 
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boards lay out metrics, data dimensions, visualizations and 
instructions for what users might watch to understand their 
incremental progress toward key Success factors Template 
dashboards that are updated by the user can be saved and 
returned to later or used as a Template themselves. 
0350 Dashboards can be communicated between users 
for collaborative decision making A dashboard can be 
e-mailed to another user that has the same database and be 
opened by that user for monitoring, this allows a user to point 
out a correlation, insight, problem, or otherwise that they 
discover when monitoring their business processes, cam 
paigns, customer or system performance in the case of Visual 
Site to their team. 
0351 Printing visualizations is currently enabled by using 
screen shot-like capabilities. Data from visualizations can be 
printed by exporting it to Microsoft Excel, which is included 
with Visual Workstation 
0352. A saved workspace or visualization can be sent to 
another user of Visual Site via e-mail as long as they have the 
same site database updating on their Visual Workstation. The 
data behind most visualizations can be exported to Microsoft 
Excel to be printed in numerical report formats or for other 
analysis. 
0353 8. Site and Process Maps 
0354 Site and process maps are used to display the session 

traffic, conversion rate, and potentially other metrics at each 
of a number of “nodes' (each a set of pages) and at each “link' 
between two nodes. 
0355 Maps can be created which (for example) display 

traffic over individual pages in a particular process, display 
traffic over the different sections of a site, or display traffic 
over the different subsections in a site section, by using dif 
ferent sets of pages to define nodes. In Visual Workstation, 
maps can be edited by the user using the following operations: 

0356 Drag and drop allows the user to position nodes 
on a map, and to add nodes to the map by dragging them 
from a hierarchical display of the available pages 

0357. A node containing multiple pages can be 
expanded to one node for each page 

0358. Two or more nodes can be collapsed to a single 
node containing the union of the pages in each 

0359 Maps can also be created by using a metric to deter 
mine the position of a node in one or more dimensions. For 
example, a “Process Conversion Map” positions each of its 
nodes at a horizontal position determined by the conversion 
rate from that node to the end of the process A node with 
100% conversion is positioned at the right of the map, and a 
node with 0% conversion is positioned at the left. The vertical 
position of the node is determined by the user. 
0360 Once the set of nodes is determined, the program 
calculates the value of each metric for each node, and for each 
ordered pair of nodes (each link). For example, for each node 
the program calculates how many sessions visited any page in 
that node. For each ordered pair (n1, m2) of nodes, the pro 
gram calculates how many sessions navigated from a page in 
n1 to a page in n2 without visiting any other page in any node 
of the map. Using the Visual Workstation query model, all of 
this is done by evaluating each metric (Sessions, Conversion) 
over a single “link dimension' having one element for each 
node and one element for each ordered pair of nodes. This 
evaluation is always filtered by the "slice' filter assigned to 
the visualization by the workspace. 
0361. The metrics for each node are rendered by modify 
ing the representation of that node. For example, in Visual 
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Workstation's 3D maps, the metric Sessions is typically dis 
played as the height of a 3D bar (box) rising from the position 
of the node on a 2D plane. In 2D maps, the same metric is 
typically displayed as the area of a circle rendered at the 
position of the node. The metrics for each ordered pair of 
nodes are displayed using a representation stretching between 
the representations of the nodes in question. For example, in 
3D maps, the metric Sessions is typically displayed as the 
cross sectional area of a "pipe' arching between the first and 
second nodes in the pair. In 2D maps, the same metric is 
typically displayed as the thickness and brightness of an 
arrow pointing from the first to the second node. In both 2D 
and 3D maps, Conversion or another metric is typically dis 
played by coloring each node's and each link's representation 
according to a legend mapping values to colors. (For example, 
a conversion of 0 might be drawn in yellow and a conversion 
of 1 in green, with intermediate values of conversion being 
indicated by colors intermediate between yellow and green). 
Additionally, metric values can be labeled textually over 
nodes and/or links. 
0362 9. Value Model 
0363 Visual Workstation enables the user to analyze the 
Value of pages, processes, marketing campaigns, and other 
entities in dollars even when a web site generates value indi 
rectly through cost savings or offline transactions. The user of 
the Software can identify actions on the site which generate 
value, and calculate the average value generated by a trans 
action of each type (for example, the user might assign a value 
of S50 each time a visitor uses a feature on the web site for 
finding an offline store, based on the marketing budget for 
bringing new visitors to the store). The user then specifies the 
urlorurls corresponding to this transaction by dragging pages 
from a hierarchical display of pages into the “Value Model 
visualization, and then enters the value (S50 in this case) 
assigned to the transaction. 
0364 The user can also quickly select a subset of the 
defined value events to make up the value model at any given 
moment. This makes it easy to analyze specific sources of 
value, or to view the data without a specific source of value. 
0365 Visual Workstation then defines a metric, Value, as 
the total of the assigned value of all the distinct selected value 
events that occurred in each session. This metric can be evalu 
ated as a sum over the value of each session, where the value 
of each session is calculated in advance from the value model 
provided by the user. These values can be updated quickly by 
iterating over the distinct selected value events that occur in 
each session and Summing their value. 
0366 Visual Workstation also defines a metric, Value 
Events, as the number of sessions in which any selected value 
event occurs. This can be implemented by a filtered count of 
sessions (for example, sessions where Value is nonzero). 
0367 Visual Workstation also defines a metric, Conver 
sion, as Value Events/Sessions, where "Sessions” is a metric 
counting the number of Sessions. Conversion is expressed as 
a percentage (e.g. 13.2% of sessions had at least one value 
event). 
0368 10. Path Browser 
0369. Like a site map, path browser analyzes traffic and 
other metrics over a set of nodes (each one or more pages). 
The set of nodes also includes an “entry' node, which con 
tains no pages but is considered to be visited just before the 
first page visited in a session, and an “exit node, which 
contains no pages but is considered to be visited just after the 
last page visited in a session. 
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0370. The path browser displays a currently selected 
"path’ consisting of an ordered list of one or more (not nec 
essarily distinct) nodes. This path is represented using a rep 
resentation for each node (such as a text label, an icon, etc), 
with each consecutive pair of nodes connected by a represen 
tation of a link, such as a line or arrow. 
0371. The sessions which visited each of the nodes in the 
path in sequence, without visiting any node not in the path in 
between two of the nodes in the path, are considered the 
sessions selected by the visualization. InVisual Workstation, 
the visualization makes this set of sessions available to the 
workspace as its selection filter. 
0372 Unless the first node in the path is the “entry' node, 
which is not preceded by anything in a session, each occur 
rence of the selected path in a session will have a “previous’ 
node: the last node that occurs in the session before the 
occurrence of the path. The program calculates the number of 
occurrences for each previous node, and may calculate other 
metrics over the set of occurrences or sessions. The set of 
nodes is sorted by the number of occurrences of each as a 
previous node, and the top N Such nodes are displayed. Typi 
cally the previous nodes are represented in a manner similar 
to the way the nodes in the currently selected path are repre 
sented, except that since they are alternative rather than 
sequentially visited nodes they should preferably be dis 
played at intervals orthogonal to the intervals between nodes 
in the selected path. For example, if the selected path is 
displayed horizontally, with earlier nodes in the sequence to 
the left and later nodes to the right, the most frequent previous 
nodes might be displayed to the left of the leftmost node in the 
sequence, with the most frequent node at the top, the next 
most frequent node below it, and the least frequent node at the 
bottom. 
0373 The next node is displayed in a similar fashion. 
Unless the next node in the selected path, which is never 
followed by anything in a session, each occurrence of the 
selected path will have a next node: the first node that occurs 
in the session after the occurrence of the path. The program 
calculates the number of occurrences for each next node, and 
may calculate other metrics over the set of occurrences or 
sessions. The set of nodes is sorted by the number of occur 
rences of each as a next node, and the top N Such nodes are 
displayed. If the selected path is displayed horizontally, with 
earlier nodes in the sequence to the left and later nodes to the 
right, the most frequent next nodes might be displayed to the 
right of the rightmost node in the sequence, with the most 
frequent node at the top, the next most frequent node below it, 
and the least frequent node at the bottom. 
0374. A link representation similar to the links between 
consecutive nodes in the path may be used to connect the first 
node in the path to each of the previous nodes, and the last 
node in the path to each of the next nodes. 
0375. The program may display metrics for each previous 
and each next node. For example, it might display the number 
of occurrences of each as a previous or next node, or the 
fraction of occurrences of the path in which each occurs. It 
may also display metrics for the selected path as a whole. 
0376 To actually calculate the numbers of occurrences for 
each previous or next node, the program may use a path 
dimension having one element for every possible path (every 
possible list of nodes—this is an infinite number of elements). 
A derived dimension may be created from Such a dimension 
(by taking a Subset of elements) having one element for every 
possible path which consists of any single node followed by 
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the currently selected path (which is also one element for each 
node, so this is a finite number of elements). Evaluating a 
metric over such a dimension yields the value of the metric for 
each previous node. 
0377 Similarly, evaluating a metric over a dimension hav 
ing one element for each possible path which consists of the 
selected path followed by a single node yields the value of that 
metric for each next node. 
0378. Alternatively, metrics such as the “number of occur 
rences' metric may be evaluated directly from a list of pages 
visited in each sessions. First the list of pages is transformed 
to a list of nodes visited in each session using the definition of 
the set of pages for each node. Then, for each session, the list 
of nodes is searched for a sublist equal to the currently 
selected path (using any string search algorithm). The number 
of occurrences, the number of occurrences for each previous 
node, and the number of occurrences for each Subsequent 
node can then be counted directly from the set of occurrences 
found by the string search. 
0379 These steps may all be performed in one pass over 
the list of pages visited, by looking up each page in a table to 
yield the corresponding node as the list is traversed by the 
search algorithm. 
(0380. The user should be enabled to interactively edit the 
list of nodes in the path. An easy way for the user to add nodes 
to either end of the path is to select one of the previous or next 
nodes (for example, by clicking it with the mouse). If the user 
selects a previous node, the program can insert this node at the 
beginning of the list of selected nodes. If the user selects a 
next node, the program inserts that node at the end of the list 
of selected nodes. The user must also be able to remove anode 
from the list if more than one node is present (leaving the 
order of the other nodes unchanged). The user should also be 
able to add arbitrary nodes to the list (for example, by choos 
ing them from a list of all nodes, or dragging them from 
elsewhere in the interface). Whenever any change is made to 
the selected path, all of the calculations and displays above 
must be updated to take into account the change. 
0381 A path browser needs to be initialized with a cur 
rently selected path of at least one node. This node can be the 
entry node (in order to show the behavior of visitors begin 
ning with their arrival at the site), it can be the exit node (in 
order to show the behavior of visitors before they leave the 
site), or it can be another node selected by the user from 
another visualization Such as a site map or list of pages. 

III. Operation of System Components 

0382 A. Visual Sensor 
0383 Visual Sensor, which is comprised of a plurality of 
Software modules being run on (or in communication with) 
the web server, collects information about each click from 
web users accessing the web site. For IIS, the collection 
mechanism used is an ISAPI filter. For Apache, it is a dynami 
cally loaded module. Identical information is collected on 
each platform by Visual Sensor's Logging process and placed 
in a circular disk queue. 
0384. In the present example embodiment, when a user 
clicks a URL in a web browser the request is transmitted to the 
web server. The web server reads the request and processes it 
by serving back pages, static or dynamic. When that request is 
registered by the web server, Visual Sensor's Logging process 
capture the requests, stores it and a circular queue, and Visual 
Sensor's TXLog process transmits the request to the Visual 
Server. 
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0385. The following are examples of two sets log data that 
might be stored by the Visual Sensor. 

Example 1 

0386 

CLogEntry Dump: 
Status: 200 
TrackingFlags: 1 
Tracking ID: 4306072366534025577 
ServerTime: Mon Oct 08 20:00:00 2001 
URI Stem: Default.asp 
URI Query: 
Client Host: 63.78.56.226 
Server Host: 172.16.0.2O 
Referrer: 
Cookie: 
User Agent: WhatsUp Gold 6.0 

Example 2 

0387 

CLogEntry Dump: 
Status: 2OO 
TrackingFlags: O 
Tracking ID: 4306065223.016891024 
ServerTime: Mon Oct 08 20:00:00 2001 
URI Stem: clirect.asp 
URI Query: idpage=bnk 
Client Host: 64.210.241.103 
Server Host: www.everbank.com 
Referrer: http://www.everbank.com/v24topnav.asp?IdPage=pro bill t1 
Cookie: 
eb=firstVisit=no&IDBranch=1&ReferID=1307&IDAffGroup=1&ccs= 
1&replD=&IDAff=1&bFreeSourceID= 
00379007964559282166&IDAffAlias=eb&version=v24; 
ASPSESSIONIDQQGGGWSO=KLIHDONDMHIMPAHPMBLENAJN: 
y1st-3BC237817D95C290 

User Agent: Mozilla/4.0 (compatible:MSIE 5.5; MSNIA: Windows 98: 
Win 9x 4.90) 

0388 Most of the information in the above examples of 
log data is convention log data and, therefore, not repeated 
here. Further examples of log data are provided in the Appen 
dix. 
0389. The circular queue is a fixed size file on disk that is, 
logically, a circular list that wraps around on itself and over 
writes itself when full. More specifically, after data about the 
click is collected it is pushed onto the back of the circular 
queue Stored on disk. The queue uses a fixed amount of disk 
space with each new entry being placed at the end of free 
space. When the end of free space is reached, it wraps around 
and the next entry is placed at the beginning of the queue. This 
is important because it prevents unbounded growth of the 
queue. It is important the Visual Sensor be unobtrusive and 
cause no difficulty for the web server. A disk queue that has 
the potential to grow without bounds could use all free disk 
space and bring down the web server. Another advantage of 
the fixed size is that there is never any need to acquire and 
release free storage space. This acquire/release cycle that is 
typical of queues and lists can be the most computationally 
expensive aspect of the program. 
0390 This queue also requires no synchronization 
between a writer and reader. Usually, when there is a writer 
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and reader of a common piece of shared storage there is 
inefficient synchronization that must occur between the two 
processes to insure that the writer does not overwrite data that 
has not been read and that the reader does not read data that is 
incomplete. This synchronization typically involves one pro 
cess sitting idle until the other has completed its task. The disk 
queue of the present invention does not require this ineffi 
ciency. 
0391 The web server and Visual Sensor are done with the 
data after it has been pushed onto the queue. Next, the click 
data is ready to be picked up by the TXLog process that will 
transmit it to the Visual Server for permanent storage and 
analysis. The TXLog process pulls entries from the queue, 
wraps them up as an SSL encrypted HTTP request, and sends 
them over the network to the Visual Server. 
0392 The TXLog process constantly looks for data in the 
memory mapped file that stores the logged data (collected 
from web server by the Logging Process) and if there is any, 
makes a request of Visual Server and sends the data to the 
Visual Server. The TXLog process attempts to send 8Kbyte 
packets, although if there is more data to be sent, it sends 
larger packets. The TXLog process can be throttled as an 
overall process to limit the amount of bandwidth when trans 
mitting data to the Visual Server. This TXLog process is 
completely independent of the web server and continuously 
monitors the queue for new entries. In addition, the TXLog 
process can transmit data placed there by any cooperating 
process. 

0393 As discussed, the ISAPI filter for IIS and module for 
Apache use different mechanisms but log the same data. In 
addition to logging data, each places a cookie, as is well 
known in the art, on the customer's computer system (cus 
tomer refers to the visitor accessing the web site) so that 
customer will be recognized in the future. In the present 
example embodiment, the cookie stores an identifier that 
uniquely identifies the customer's computer and, in some 
alternative implementations, identifies the computer being 
used by the customer. 
0394 Visual Sensor also provides a mechanism that 
allows the web developer to submit user specific data for 
analysis. This data may be static or dynamically generated by 
the processing logic on the web page. However, there are 
limited facilities available for communicating between the 
logic of a web page and our web server hooks for logging. In 
one embodiment, a custom object or service allows Submis 
sion of additional logging information. There are, however, a 
number of drawbacks with approach. First, the web develop 
ers must learn and use yet another interface. Second, the 
approach requires additional installation and configuration 
procedures. Third, the process can only be invoked in a script 
and there is no way to statically log information through links 
or Universal Resource Locator's (URLs). 
0395. The preferred approach is to permit add logging data 
to the URL query string. As is well-known in the art, the query 
string is the string of name/value pairs that is after the “?” in 
a URL (i.e., http://www.foo.com/mypage. 
asp?firstname=dylanklastname=ginsburg). The web devel 
oper uses the facilities of the web development environment 
to add additional name/value pairs to the query string. This 
avoids the problems associated with the first approach dis 
cussed above. Specifically, the first and second problems are 
avoided because this solution requires no additional Software 
other than what is already available in the web development 
environment. In addition, the approach provides a consistent 
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solution to third problem because it allows information to be 
added to the query string dynamically from page processing 
logic as well as allowing data to be collected from static links. 
0396. In operation, when data is sent to the Visual Server 
the query strings following the ? in the URL are parsed and 
separated into <Name=Valued pairs or tuples. Each unique 
combination of query strings names and values along with the 
base URL can be considered a separate page by Visual Site. In 
the majority of cases a relatively small number of these com 
binations may actual be pages in the site. These dynamic 
pages can be treated as unique logical pages for analysis in 
Visual Site and can be collapsed together or expanded into 
different logical groupings. 
0397. This ability to capture user specific data through the 
normal process facilitates providing actionable business 
intelligence to the user in almost any specific area. For 
instance, Zip codes data could be added to the log data (pro 
vided the customer’s zip code was provided by the customer). 
The name of a page that is dynamically generated could be 
added. The amount of a purchase could be stored in the log 
file. The items referenced on pages that a visitor viewed or 
added to their shopping carts could be stored. This data is not 
normally available through logs. However, once stored, Sub 
sequent processing would permit removing this data from the 
logs and adding it to the dimensions kept in the database or 
performing whatever other processing is desired by the user. 
0398. One example of capturing user specific data will 
now be described for the Microsoft IIS platform. Microsoft's 
ASP platform permits the use of the "Response. Append 
ToLog' command, which modifies a query string transmitted 
by a browser as is well-known to those skilled in the art. As 
discussed, Visual Sensor captures the query string, and logs 
the name/value pairs in the URI Query field for subsequent 
transmission to Visual Server, which parses and filters the 
query strings. 
0399. The following is an example implementation of a 
method of capturing user specific data as described above for 
ASP pages. The following code is placed at the top of an ASP 
page (or anywhere in the page if buffering is enabled, which 
is the default for IIS): 

<% Response. AppendToLog “page=' & Server. U 
RLEncode(page name) 96 

04.00 where “page name' is a variable containing the 
name of the actual page being served. Response. Append 
ToLog actually appends information to the query string that is 
used for logging. Preferably, the file.asp page always receives 
POSTs so that the query string is always initially empty. 
04.01 To capture product information by appending prod 
uct identifying information to the end of the URL, the follow 
ing code is added for each product on the first page of the 
purchase process after the user checks which products they 
Want: 

<% Response. AppendToLog “&select prod=& 
Server. URLEncode(product)%> 

0402 where “product” is the name or other identifying 
information of the product that the user has selected for pur 
chase, but for which the purchase process has not yet been 
completed. 
0403. In addition, it is preferable on the checkout page to 
add similar code, but with a different variable name such as: 

<% Response. AppendToLog “&purchase prod= 
&Server. URLEncode(product)%> 
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0404 By capturing the “selected product and the “pur 
chased product, it is easy to compute and collect data relat 
ing to products that were selected, but were not purchased by 
the customer. 
04.05 To capture zip code data, the following code should 
be added to the appropriate appwizard process: 

Response. AppendToLog “&zipcode=' & Server.U- 
RLEncode(zipcode) 

0406. The techniques used for permanent logging of the 
data in the present embodiment are well-known in the art and 
are, therefore, not repeated here. The communication link 
employed between the Visual Sensor and the Visual Server in 
this embodiment is the well-known HTTP protocol and, 
therefore, is not detailed here. The HTTP protocol is used to 
frame the present embodiment's internal data transmission 
format. HTTP is most commonly used to send HTML text 
that is rendered by a browser. However, the HTTP protocol is 
flexible enough to serve as a frame for any arbitrary data. 
There are several benefits realized by using HTTP instead of 
a proprietary protocol, which could be used in an alternative 
embodiment. First, HTTP protocol is firewall and proxy 
friendly. Second, the Visual Server is a web server that can 
communicate with a browser for data collection. This means 
that, if necessary, the Visual Server could communicate 
directly with the customers web browsers via HTML image 
tags or cookies. In addition, if necessary, an agent could be put 
on the customer's computer that will communicate with the 
Visual Server using HTTP and standard ports. Third, HTTP 
protocol permits easier interoperability with other systems. 
Future applications that wish to submit to or receive data from 
the Visual Server should be easier to implement since HTTP 
is a ubiquitous protocol. Web browsers can be served directly 
allowing for a thin client. SOAP and XML are easily inte 
grated to allow the present embodiment to present a standard 
Web Service interface for accepting data. 
0407 What makes this architecture atypical is the inherent 
fault tolerance provided by it’s disconnected and loosely 
coupled nature. The system is comprised of a series of col 
lection points separated by persistent disk storage (the Visual 
Sensor disk queue, the Visual Server database, and the Visual 
Workstation database). Each process can be ignorant of the 
other and only cares that it can pick up data from a known 
location on disk. This architecture prevents permanent dam 
age and loss of data is lost should a component go down or the 
network link is unavailable. 
0408. As discussed above, the Visual Sensor may take on 
additional system roles such as rewriting URLs or imple 
menting an experiment on the HTTP server. To accomplish 
either of these tasks, the Visual Sensor first takes a URL that 
is requested by a browser of the site and replaces that URL 
with a different URL that is then process by the web server. 
For example, if a customer requests home page version one, 
Visual Sensor could give the web server the URL for a dif 
ferent home page—home page version two—to process for 
the browser. Visual Sensor can provide a different URL for 
any percentage ofrequests for a page (for example, providing 
a different URL every third request for a particular URL). 
Regularly providing an alternative URL after every a fixed 
number of requests for page (e.g., 3), allows the user to test a 
new page on a limited number of customers to determine if 
the new page performs statistically better than the existing 
page. 
04.09 Through this periodic substitution process (substi 
tuting an alternative URL every X pages), Visual Sensor 
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permits the user to experiment with new pages to refine and 
improve the automated processes. In addition, this periodic 
Substitution process may be repeated for multiple pages that 
are a part of a customer's session. For example, the periodic 
substitution process would allow the user to test Checkout 
Process number two (which includes multiple web pages) to 
see if it performs statistically better than Checkout Process 
number one. By allowing users to test a new process, (e.g., 
showing it to one of every 1000 visitors) the user can deter 
mine if the tested process performs better than the existing 
process(es). 
0410. In one method of performing the periodic substitu 
tion process, each customer is assigned to a different experi 
mental group (e.g., the test process group or existing process 
group) at random, using given weights for what percentage of 
visitors fall in each group. Each customer stays in the same 
group for each experiment, but is assigned independently to 
different experiments. Capturing this information in the logis 
accomplished by hashing the visitor ID together with the 
experiment ID to get a pseudo-random number, which is then 
compared against the percentage weights. 
0411. As discussed above, the Visual Sensor of the present 
example embodiment captures data from a web server. How 
ever, rather than taking log data from a web server, the Visual 
Sensor could take log data from a telecommunications 
Switch, a network router, a database, an application's logging 
facility or other source by customizing the collection element 
of the Visual Sensor for that other data source. The other 
functionality of the sensor including the ability to queue and 
transmit securely the data remainlargely unchanged structur 
ally, although different data would be collected, stored, and 
transmitted. 

0412 
0413. The Visual Server is an HTTP server that logs clicks 
sent by the Visual Sensor as well as any other HTTP requests 
of interest. These log entries are picked up asynchronously by 
a Processing Server that statistically samples the data and 
transforms it into a form palatable for the Workstation. 
0414 Visual Server receives the data that is being trans 
mitted to it by each Visual Sensor that is installed. Visual 
Server receives the data, combines it chronologically with the 
data from otherVisual Sensors, then stores it off to disk in the 
form of compressed files and continues to use it for real-time 
data processing. The compressed files are stored to disk by 
date and named so that they can be easily re-used. The files 
can be exported to standard log file formats that might be used 
by other applications. Periodically the files that are stored on 
Visual Server are backed up to tape or long-term network 
Storage. 
0415 
0416) The processing service is configured to read a 
sequence of log files. Thus, with two web servers, two 
sequences of files would be generated by the Visual Sensors 
and Server Receiver. 

0417. The Server Receiver is a proprietary HTTPS server, 
which is a part of Visual Server. Visual Sensor transmits data 
to the Visual Server by making a request of the HTTPS server 
and transmitting data along with that request. It can be located 
at a customer location or otherwise. It requires network acces 
sibility, but it could be anywhere on the Internet as long as 
enough bandwidth is available. 

B. Visual Server 

1. Log Sources 
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0418. The two sequence files would look like this: 

20010818-24.168.212.55.log 
20010819-24.168.212.55.log 
20010820-24.168.212.55.log 

20010818-24.168.212.57.log 
20010819-24.168.212.57.log 
20010820-24.168.212.57.log 

0419. The Processing Server is configured with a list of 
filename masks. Using the example above the following 
entries would be found in the config.Vsc file: 

SequenceMask=-24.168.212.55.log 

SequenceMask-24.168.212.57.log 

0420 Each sequence of files is treated as a source and 
there is always at least one source corresponding to at least 
one web server. In the case of multiple sources, clicks are 
popped off of each source in chronological order across all 
Sources. That is, assuming clicks c1 c2, c3, and c4 are in 
chronological order, and that c1 and c3 are in Source 1 and c2 
and c4 are in source 2, the clicks will be processed in the 
correct order of c1 c2, c3, and c4 through processing by an 
algorithm. 
0421 
0422 The Visual Server processes each click by discard 
ing HTTPerror clicks or saving save them (depending on if 
they are listed as needing to be saved in the configuration 
files). Next, the click is checked against a (configurable) list 
of robot user agents (crawler, sitemonitor, etc). If the click is 
recognized as that of a robot based on a table of definitions of 
Such parties in the configuration files, then it is discarded. 
Next, clicks corresponding to particular URL paths, which 
have been specified in the configuration file, are discarded. 
0423. Next, the click is first checked to see if it is a new 
(first time) visitor to this site by looking at the new visitor tag 
generated by the Visual Sensor, which determines if it is a new 
visitor based on whether or not the cookie matches a cookie 
previously received. 
0424. If the visitor is a new visitor, the actual number of 
visitors that have visited the site is incremented. In addition, 
if the visitor was a new visitor, then statistical sampling 
OCCU.S. 

0425. If the sample is not full (as specified by a size limit 
based on the number of visitors in the configuration file) the 
sampling process adds the click data to the sample database. 
If the sample is full it executes, a statistical random sampling 
algorithm is executed to determine whether or not to replace 
an existing entry in the sample with that visitor data. 
0426 Once a sample is full, the chance that any new visitor 
click gets put into the sample is the same as any other new 
visitor click. A new visitor click that is put into the sample 
replaces a random one that was already in the sample, in this 
case. The number of visitors in the sample is configurable in 
the configuration file (as is shown in the sample below). 
0427. If the click is a returning visitor, then the sample is 
checked to see if this visitor is in the sample yet. If the 
returning visitor is already in the sample, then this click is 
added to the sample. If the returning visitor is not already in 
the sample, the click is discarded. 
0428 Next, the click is sessionized so that if the visitor 
does not have an already and existing visitor session in 

2. Click Processing 
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progress, then the process create a new visitor session. If a 
new session is created, then the process parses the referrerand 
creates a transaction that updates the referrer dimension. If a 
visitor session does already exist for the visitor, then the 
process determines if the received click data belongs to that 
session by looking at the time difference between the received 
click data and the last click (the duration for the time between 
clicks to be in the same session is defined in a configuration 
file entry) by that visitor and by checking to see if the referrer 
of the click is an internal (to the site) referrer. 
0429 Next, the URL that the user clicked is parsed out to 
build the page dimension. If the page already exists in the 
page dimension then the process references that page to the 
click and if the page does not already exists in the page 
dimension, then the process creates a transaction that adds 
that page to the page dimension. 
0430. When parsing the URL and the query string that is 
included in the URL, the process determines whether any 
name value pairs in the query string were present where the 
name matches a name defined in our configuration file. If one 
is found that matches, the process determines if that value 
already exists in the target dimension as defined by the name 
and the configuration file. If that value exists in the target 
dimension, then the process gets the key to the element in the 
dimension. If that value does not exist in the target dimension, 
then the process creates a transaction to add the value to the 
target dimension in the database. If the element has already 
been bound to the target dimension at a session level then 
nothing need be done. If the element has not been bound to the 
target dimension, the process creates a transaction that binds 
the click to that dimension. 

0431 
0432 Data collected from web servers is very significant 
in size, for instance, if a site served one million (1,000,000) 
page requests a day over 3 Gigabytes of data would be col 
lected, over a year's time that would mount to over 1 Terabyte 
of data. The multiple gigabytes and terabytes of data in an 
operational database are expensive, both from the financial 
point of view and from the system point of view. An opera 
tional database that could store and search that amount of data 
would cost in the millions of dollars. Even if companies chose 
to make Such expenditure, searches against that data would 
take minutes if not hours to run, making it impossible for data 
consumers to rapidly explore the data they have collected, or 
do any significantanalysis on it without letting a query run for 
hours and then produce its result. The present invention per 
mits analysis of these large amounts of data where the laws of 
physics and the state of database, system and network tech 
nology will not presently allow. In fact, the present invention 
permits users to analyze these vast amounts of data interac 
tively, in real-time. 
0433. This problem (the management of terabytes of web 
data) is solved by building a random sample of the entire 
population of visitors that visit the web site and incrementally 
updating that random sample overtime. The main idea behind 
the statistical inference enabled by Sampling is to take a 
random sample from the entire population of visitors to the 
site and then to use the information from the random sample 
to make inferences about particular population characteristics 
Such as the mean (measure of central tendency), the standard 
deviation (measure of spread) or the proportion of units in the 
population that have a certain characteristic. Sampling saves 
money, time, and effort. Additionally, a sample can, in some 

a. Sampling 
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cases, provide as much or more accuracy than a correspond 
ing study that would attempt to investigate an entire popula 
tion-careful collection of data from a sample will often pro 
vide better information than a less careful study that tries to 
look at the whole population. In general, the larger the sample 
is in relation to the overall population, the higher the prob 
ability that a selection of the sample or a calculation based on 
the sample would correspond to that selection of calculation 
done against the entire population. The typical sample size 
used by the Visual Site application is one million visitors, 
including all of their sessions, and activities. For some sites 
this is a very large sample and for others, just a large sample. 
0434 Because a sample examines only part of a popula 
tion, the sample mean will not exactly equal the correspond 
ing mean of the population. Thus, an important consideration 
is the degree to which sample estimates will agree with the 
corresponding population characteristic. Understand that 
estimates are expected to differ from the population charac 
teristics that are trying to be estimated, but that the properties 
of sampling distributions allow quantification, probabilisti 
cally, of how they will differ. In other words, the sample or 
Sub-sample used to infer information about the entire popu 
lation is slightly less accurate than a count of the entire popu 
lation would be and the probability that a sample's inference 
is a correct representation of the whole population falls within 
a known probability range. When very small selections are 
made of the sample, the probability that they will correspond 
to the entire populations decreases. In the present invention, 
users are informed about where the sample lacks statistical 
confidence by a “Confidence Interval display provided on 
the Visual Workstation, which lets users know were they 
should lack confidence in the results they are shown. 
0435 The following example illustrates the potential error 
factors or “accuracy of the statistical sampling techniques 
used: 

0436 1. For the purposes of this example, assume that 
the size of the random Sample of visitors is fixed at 
1,000,000 (N) of the total visitor population of site 
which is at up to this time, 100,000,000 or (V); 

0437 2. Assume that the user of the application Site 
selects 100,000 (X) visitors in the sample or (10%) of the 
sample's visitors to analyze or view by clicking on visu 
alizations; 

0438. 3. Sampling allows one to multiply (X) by (V/N) 
or 100 to infer the number of visitors (Y) or 10,000,000 
in the overall population that have selection criteria 
equivalent to (X) in the sample; 

0439 4. Given these assumptions, there would be a 95% 
chance that the 10,000,000 visitors (Y) selected through 
the sample as (X) and multiplied by (V/N) or 100 to infer 
into the total population of visitors, are representative of 
between 99.4% and 100.6% of (XV), or the Actual Set of 
Visitors in entire population that meet the criteria of 
selection (X). 

0440 5. Further, selections of visitors of the following 
sizes, and the inferences based on that sample about the 
overall population would have the below listed potential 
percentage errors and accuracies in relation to the actual 
entire population: 
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There is a 
95% 

Chance 
That 

The the 
Percentage Inferred Set Error 

of the of Visitors in This 
Visual Based on Inference 
Site Selected Selected Set (Y) 

Sample Set of in Sample is Less 
Selected Visitors (X), if Than + 

Sample by User Represented Visitor O - 
Visitor Size Used of Visual in Population this 

Population. By Visual Site Sample is (V) is (%), 
of Site (V) Site (N) (P) (X) (Y) and 

100,000,000 1,000,000 100.000% 1,000,000 100,000,000 O.00% 
100,000,000 1,000,000 50.000% 500,000 50,00,0000 O.14% 
100,000,000 1,000,000 33.000% 330,000 33,000,000 O.23% 
100,000,000 1,000,000 10.000% 100,000 10,000,000 O.S6% 
100,000,000 1,000,000 1.OOO% 10,000 1,000,000 1.94% 
100,000,000 1,000,000 O.100% 1,000 100,000 6.19% 
100,000,000 1,000,000 O.O10% 1OO 10,000 19.60% 
100,000,000 1,000,000 O.OO190 10 1,000 61.98% 

0441 Client applications, such as Visual Site, depict the 
accuracy level of the data that is displayed in visualizations by 
showing a confidence interval through making the value in the 
display “fuzzy” or diluted in color, in proportion to the poten 
tial for error in the inference made by a selection of the 
random sample. 
0442. It is clear from the example above that the data 
inferred by client applications, such as Visual Site, is very 
highly accurate with larger selections and becomes less accu 
rate and the depictions of the data become more fuzzy as the 
user's selected part of the sample (X) becomes very small. In 
other words, client applications, such as Visual Site, are 
highly accurate until the selection sizes become less than 
0.1% of the sample. A major exception to this lies in the fact 
that client applications can be configured to create large 
samples of smaller parts of the full population of data to allow 
for analysis at very high accuracy levels for Smaller popula 
tions of visitors, though this is not the default configuration. 
0443. It is important to understand that inaccuracies intro 
duced by other factors into the collection of the entire popu 
lation of data my any known means make it unclear as to 
whether inaccuracies introduced by random sampling are not 
outweighed by others that would be experienced in doing 
lengthy queries of all of the fact data, or are already existent 
due to data collection process limitations. Clearly, applica 
tions such as Visual Site are not designed to replace a rela 
tional database that helps you get detailed information about 
individual users in your visitor population, Support your 
transactional systems, or replace your accounting system for 
the tracking or revenue and expenditure. These applications, 
such as Visual Site, are built to allow you to analyze your 
customers, campaigns, business process and system perfor 
mance over time and other dimensions so that you may 
observe patterns, trends, and changes that help you optimize 
your profitability and your return on investment. The sam 
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There is a 95% 
Chance That 
The Distinct 
Set of Visitors 

(XV) in 
Population (V) 

that are 

Inferred by 
Selection Set 

(X), is in this 
percentage There is a 95% Chance 
range of the That The Distinct Set of 
Number of Visitors (XV) in 
Visitors Population V that are 

Inferred From Inferred by Selection Se 
the Sample as (X), as (Y), is Between 

(Y), or These Absolute Number 

100.0% 100.0% 100,000,000 100,000,000 
99.9% 100.1% 49,930,704 50,069,296 
99.8% 100.2% 32,924,562 33,075.438 
99.4%. 100.6% 9,944,217 10,055,783 
98.1% 101.9% 980,596 1,019.404 
93.8%. 106.2% 93,808 106,192 
80.4%. 119.6% 8,040 11,960 
38.0% 162.0% 380 1,620 

pling technology of the present invention allows users to 
rapidly query the equivalent otherwise unapproachably vast 
amounts of data injust milliseconds. Other significant factors 
also contribute to VOLAP's ability to visually explore data so 
rapidly. 
0444 Incremental sampling is accomplished in the 
present example embodiment according to the following 
description. Given: 

0445 a sequence of visitor ID values V(i) 
0446 a desired sample size "size” 
0447 a hash function “H”, such that 0<=H(v)<1 
0448 a function “distinct”, such that distinct(x)=the 
number of distinct V(i) where i-X. 

0449. The algorithm: 

for i in range(1, infinity): 
if H(v(i)) < size f distinct(i) and v(i) never in sample: 

add V(i) to sample. 

0450 (1) This Produces a Random Sample of v, Assuming 
there are No Duplicates in V 
0451. After values have been processed, the probability 
that item V(i) is in the sample (i- ) is given by size/distinct 
()=size? (if v has no duplicates, then clearly distinct(x)=x) 
0452. This is proved by induction onj. 
0453 When ji, item V(i) was just added to the sample 
with probability size?, so it is in the sample with probability 
size? by definition. 
0454 Ifat time j-1 V(i) was in the sample with probability 
size/(-1), then at time j. With probability A=1-size/(-1), 
V(i) was not in the sample before, and is still not in the sample. 
0455 With probability B=(size/(i-1))*(size?i)*(1/size), 
V(i) was in the sample before, and was just evicted. 
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0456. Otherwise, V(i) is in the sample at time j. This has 
probability 

1 - (A + B) = 1 - (1 - size f (i-1)+ 
(size f (i-1)): (size fi): (1 f size))) 

= size f (i-1) - (size f (i-1)): (size fi): (1 f size) 
= size f (i-1) - size f (i-1) fi 
= (i: size - size) fif (i-1) 
= size: (i-1) fif (i-1) 
= size fi 

OED 

0457 (2) Duplicates in the V(i) List have No Effect 
0458 Given a V list with duplicates, find the first pairi and 
such that V(i)=V() and i-j. By removing V(i) from the list, a 

list v' is constructed that contains one less duplicate pair. This 
shows that the algorithm produces the same results on V and 
on v'; by induction it produces the same results on a list v" that 
contains no duplicates. 
0459. Either V(i) is added to the sample or it is not. In either 
case, it shows that V() is not added to the sample, since in v 
V() is not present and therefore cannot be added to the 
sample. 
0460) If V(i) is added to the sample, then by definition “v(i) 
never in sample' is false, and since V(i)=V(i) “v(j) never in 
sample' is false. Therefore V() is not added to the sample. 
0461) If V(i) is not added to the sample, then H(V(i))<size/ 

distinct(i). Since i-, distinct(i)<=distinct(). Therefore: 

0462 
0463 

distinct(x)=x 

and therefore V() is not added to the sample. 
(3) For a Sequence of V(i) with No Duplicates: 

v(i)never in sample=true 

0464 Optionally, H(v(i))=FRAND(). Since each v(i) is 
only seen once, random numbers and hash functions are 
indistinguishable. Be careful not to usefloat (rand())/RAND 
MAX, since RAND MAX is too low for adequate precision. 
0465. The database is periodically saved as a backup pre 
caution. The time between saves is configurable in the con 
figuration file. 
0466 3. Transactions 
0467. The sampling process of the Visual Server generates 
a queue of transactions composed of a transaction for each 
discrete change that it intends to make. A list of the currently 
defined transactions is: 

InsertVisitorTrans 
InsertReferrerTrans 
InsertSessionTrans 

Adds a new visitor to the sample database 
Adds a new referrer to the referrer dimension 
Adds a new session to a visitor's clickstream in 
the database 
Adds a new page to the page dimension 
Adds a new click to a session 
Removes a visitor from the sample (so that it 
can be replaced) 
Special transaction - see VSTP discussion 
below. 
Special transaction - see VSTP discussion 
below. 

InsertPageTrans 
InsertClickTrans 
DeleteVisitorTrans 

UpdateTotalSeenTrans 

DatabaseSnapshot Trans 
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0468. As a transaction is generated by the processTrans 
action() function, the transaction is placed on the end of a 
circular transaction log, which then executes the transaction 
against the server database. The same transactions are 
requested by all Visual Workstations connected to that visual 
server once they have been created, this serves to keep the 
database on the server and the database on each of the clients 
synchronized. 
0469. The circular transaction log is the log of transactions 
that are being created by Visual Server for insertion into the 
database on Visual Server and the databases that are auto 
distributed and updated wherever Visual Workstation is 
installed. The transaction queue is the queue of Web Server 
transaction information or "log data” that is queued up for 
secure transit to the Visual Workstation. 
0470 The size of this log is also configurable in the con 
figuration file. The processing server builds up its database by 
executing these transactions. The transaction log works in 
conjunction with the Visual Server Transmission Protocol 
(VSTP) to synch up Visual Workstation databases. The spe 
cial transaction UpdateTotalSeenTrans is placed in the log 
periodically to inform the workstation of the total number of 
visitors seen so far by the sampling process. This transaction 
is never executed on the server side, only on the workstation. 
The DatabaseSnapshotTrans is never placed in the log nor 
executed on the server side. Instead it is generated in special 
circumstances (see VSTP discussion below) on the server, 
transmitted to the workstation, and executed there. 
0471. 4. Visual Sciences Transmission Protocol (VSTP) 
and the Transaction Log 
0472 Visual Workstation connects to port 443 on Visual 
Server as if the Visual Server was a web server running 
HTTPS. A connection is maintained and reconstructed if lost. 
Visual Server uses the connection to push incremental 
updates from its database to the database on Visual Worksta 
tion. Visual Server continues to push these updates incremen 
tally until the databases are synchronized. If a Visual Work 
station is disconnected for a period of time and then 
reconnected to the network, Visual Server will begin sending 
all updates since the time when Visual Workstation was con 
nected to the Visual Workstation upon reconnection. Data 
being send to Visual Workstation is represented in a binary 
format that provides a first level of data security. The connec 
tion between Visual Workstation and Visual Server is also 
encrypted using SSL. 
0473 When an application (e.g., Visual Site) running on a 
Visual Workstation connects via HTTP/SSL to the processing 
server, the application transmits a database identifier and a 
pointer into the transaction log. If it is the first time the 
application is run, then it sends a pair of Zeros. The Visual 
Server checks that the database identifier to determine if the 
transmitted database identifier identifies the database on the 
Visual Server. If the transmitted database identifier does not 
correspond to the database present on the Visual Server, then 
the Visual Server treats the situation as if it were the first time 
the application were run. 
0474 If the transaction log has wrapped, causing the 
pointer to be invalid, a DatabaseSnapshotTrans transaction is 
generated, and transmitted back to the application. The appli 
cation then executes the transaction, giving it a Snapshot of 
the database at the time it was taken and updating the trans 
action log pointer. 
0475 When a valid transaction pointer is sent to the Visual 
Sever, the transactions in the transaction log up to that pointer 
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are sent to the application every Xmilliseconds. The value of 
X is configurable in the configuration file. As each transaction 
is executed, it gets closer and closer to matching the database 
on the server, until it is running in real time, at which point 
transactions come in as they are generated on the server. 
0476. In certain cases, the whole database is sent to the 
client again as a single transaction to refresh the client data 
base, this is generally done when something structurally sig 
nificant is done to change the server database. 
0477 The following are sample contents of an a configu 
ration file (config.V.Sc): 
0478 SampleSize=200000 
0479 TLogSize=40000000 
0480 BackupDelay=240000 
0481 Transmission Delay=1000 
0482 SiteList-everbank.com, mids.com 
0483 WorkingDirectory-cd:\Visual Sciences\ETL\Logs 
0484 SequenceMask=-24.168.212.55. log 
0485 SequenceMask=-24.168.212.57. log 
0486 C. Visual Workstation/Applications 
0487 Visual Site is an example application that runs on the 
Visual Workstation and that is focused on providing business 
value from the data that can be collected about customers, 
campaigns, and business processes that exist on the Internet. 
For large sites the amounts of data can be larger than almost 
any other set that is routinely collected in the business world, 
for instance if a site is receiving 100 million visits a day and 
each visitor makes an average of 10 clicks on URLs in a visit, 
then 1 billion transactions would be logged each representing 
approximately 300 Bytes of data each or 300 Gigabytes of 
data per day or approximately 110 Terabytes (109.500,000, 
000,000) of data in a year. Because Visual Site as an applica 
tion is focused in the domain of web transaction data, the 
above discussed statistical sampling is the only cost-effective 
way to analyze such vast quantities of data and still present 
that data to the user in Sub-second response times. Today a 
system does not exist that could process the entire 110 Ter 
abytes of data to analyze one year interactively at Sub-milli 
second query response times. 
0488 However, many application areas that the VOLAP 
technology are Suitable for may not have enough data to 
warrant or require random statistical sampling to be used by 
VOLAP to provide the application and maintain sub-second 
data access performance. 
0489 VOLAP does not use cubes, aggregations or multi 
dimensional arrays in the same way that they are used by 
“cube or aggregation Vendors. “Cube or aggregation’ ven 
dors have relatively longer-term processes that aggregate data 
into multi-dimensional arrays and then queries are performed 
against those arrays. VOLAP technology allows very fast 
access to its database and allows the rapid location of data in 
that database. The data that VOLAP queries each time is the 
fact data, not an aggregation of the data into multi-dimen 
sional arrays that needed to be prepared in advance. VOLAP’s 
tremendously fast data access abilities allow it to create multi 
dimensional arrays and multiple other types of data structures 
on-the-fly in milliseconds if they are needed for a particular 
type of analysis. 
0490 AVOLAP Application implies the following: 
0491 1. The work has already been done to get data from 
primary systems that relate to the application (web servers in 
this case) into a data model for the applications, into the 
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VOLAP technology platform and generally available for 
application functionality to use in serving information to the 
user of Visual Workstation; 
0492 2. Interactive visualizations have been developed to 
illustrate the dynamics of the data to the user; 
0493 3. Types of analysis functionality, including infer 
ence models, have been added to the Visual Workstation to 
help the user evaluate their options and optimize their busi 
ness value; and 
0494 4. Workspaces and dashboards have been custom 
ized that tailor the user interface of the application to the 
particular needs and tasks of its users. 
0495 D. Visual Site 
0496 Visual Site is designed to allow its users to recognize 
trends, correlations, and gain insights into the dynamics of 
their business processes, marketing campaigns, customer 
relationships and system performance over time. Visual Site 
uses advanced Statistical methods to allow its users to search 
the vast amounts of data collected by their servers in milli 
seconds, fast enough to allow for visualizations that represent 
tens of thousands of data values, in ways that can be easily 
understood and rendered in real-time when user's select the 
data that they want to view through Visual Workstation's 
advanced interactive graphical query building interface. 
0497 Visual Site is best defined as the application that 
runs on the set of data that includes that collected from Web 
servers and related applications and databases, but is oriented 
aroundVisitor Sessions to such systems. A number of specific 
visualizations have been defined for Visual Site such as 3D 
Site Map, which shows visitor traffic across the pages in a web 
site and shows the conversion, retention or duration metrics 
across those pages. 
0498 Visual Site supports a number of primary metrics 
including: 

0499. 1. Visits Visitor Sessions: 
0500 2. Conversion. The rate at which a user at point 
X converts to point Y that has business value to a site 
(such as a purchase); 

0501 3. Value The value of Nevents completed by the 
Selected customers on a site; 

0502. 4. Exits. The points at which customers leave 
the site; 

0503 5. Exit Value The cost of the loss of a customer 
at a certain point in the site based on what others who had 
made it to that point created in terms of value in the 
remainder of their sessions; 

0504 6. Duration. The amount of time that a customer 
session persists; and 

0505 7. Retention. The rate at which a customer 
returns to the site. 

0506 Visual Site supports a number of dimensions 
0507 1. Time Can view metrics over all types of time 
dimensions: Day, Week, Month, etc.; 

0508) 2. Referrers Can view metrics over by referrer; 
0509. 3. Page Can view at metrics by page 

0510 Additional applications can be written to run on pp 
Visual Workstation. These applications would look at other 
types of data. 
0511. The systems, processes, and components set forth in 
the present description may be implemented using one or 
more general purpose computers, microprocessors, or the like 
programmed according to the teachings of the present speci 
fication, as will be appreciated by those skilled in the relevant 
art(s). Appropriate Software coding can readily be prepared 
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by skilled programmers based on the teachings of the present 
disclosure, as will be apparent to those skilled in the relevant 
art(s). The present invention thus also includes a computer 
based product which may be hosted on a storage medium and 
include instructions that can be used to program a computer to 
perform a process in accordance with the present invention. 
The storage medium can include, but is not limited to, any 
type of disk including a floppy disk, optical disk, CDROM, 
magneto-optical disk, ROMs, RAMs, EPROMs, EEPROMs, 
flash memory, magnetic or optical cards, or any type of media 
Suitable for storing electronic instructions, either locally or 
remotely. 
0512. The foregoing has described the principles, embodi 
ments, and modes of operation of the present invention. How 
ever, the invention should not be construed as being limited to 
the particular embodiments described above, as they should 
be regarded as being illustrative and not as restrictive. It 
should be appreciated that variations may be made in those 
embodiments by those skilled in the art without departing 
from the scope of the present invention. 
0513. While a preferred embodiment of the present inven 
tion has been described above, it should be understood that it 
has been presented by way of example only, and not limita 
tion. Thus, the breadth and scope of the present invention 
should not be limited by the above described exemplary 
embodiment. 
0514 Obviously, numerous modifications and variations 
of the present invention are possible in light of the above 
teachings. It is therefore to be understood that the invention 
may be practiced otherwise than as specifically described 
herein. 

1-3. (canceled) 
4. A system for real-time processing and visualization of 

business data, comprising: 
a sensor configured to receive real-time data relating to 

interactions with an information system, and to log said 
data; 

a server device adapted to receive at least a portion of said 
log data from said sensor, including a first data processor 
and a first computer readable memory having computer 
readable instructions encoded therein that, when 
executed by said first data processor, processes said 
received log data into processed data, and stores said 
processed data; and 

a client device connected to said server device through a 
communication medium to receive at least a portion of 
said processed data from said server device, including a 
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display device, a second data processor and a second 
computer readable memory having computer readable 
instructions encoded therein that, when executed by said 
second data processor, processes said received pro 
cessed data to provide on said display device a multidi 
mensional visual presentation of said business data. 

5. A system as set forth in claim 4, wherein said business 
data processing system is a web-based system. 

6. A system as set forth in claim 5, wherein said web-based 
system comprises a web server. 

7. A system as set forth in claim 6, wherein said sensor is 
resident on said web server. 

8. A system as set forth in claim 6, wherein said multidi 
mensional visual presentation includes a visual presentation 
of at least one of the following data: 
number of access sessions by a visitor, business value 

conversion rate, value of completed visitor events, 
points at which visitors exit said web server, cost asso 
ciated with visitor loss at exit points, duration of visitor 
sessions, and rate at which visitors return to said web 
server for additional sessions. 

9. A method for real-time processing and visualization of 
business data, comprising the steps of 

receiving real-time data relating to interactions with an 
information system, and logging said data; 

receiving in a server device at least a portion of said log data 
and processing said received log data into processed 
data, and storing said processed data; and 

receiving in a client device at least a portion of said pro 
cessed data and processing said received processed data 
to provide on a display device a multidimensional visual 
presentation of said business data. 

10. A computer program product for processing and visu 
alization of business data, comprising a computer-readable 
storage medium containing computer-executable instructions 
thereon for: 

receiving real-time data relating to interactions with an 
information system, and logging said data; 

receiving in a server device at least a portion of said log 
data, processing said received log data into processed 
data, and storing said processed data; and 

receiving in a client device at least a portion of said pro 
cessed data and processing said received processed data 
to provide on a display device a multidimensional visual 
presentation of said business data. 

c c c c c 


