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_SYSTEM"AND METHOD FOR VISUALLY ANALYZING CLICKSTREAM PATA 

WITH A PARALLEL COORDIN~TE SYSTEM 

FIELD OF THE INVENTION 

This invention relates to _shQpping over a computer netwQrk. More sp~cally, the· inventi~~ 

relates to the yisualiZation and analysis {;>f c~ckstream· data :frOm 00.e or more online store~ 

where clickstream datil"is. visualizeci and analyzed by us~ an extended pai:allel co~rdinate 
. . .. 

·system:. 

BACKGROUND OF THE INVENTION 

Commerce over networks, particularly e-commerce over the Internet, has increased . . 

significantly over the past few years. Part of e-commerce enables users/eustomers to aecess 

information of products and to pUrchase ~em from.various commercial Web sites_ (i.e. onlin:e 

stores). There are numerous o~e stores currently operating in the Internet inclu4in.g: 

Amazon.com, eToys.com, Buy.com, W~-Mart.oom, LLBean.~in, and Macys.com. Tl;lese. 

· oliline stoies provide various 
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custo~er services to make commerce a.Ctivitles p0ssible _over Web sites. Some of the 

examples (of the basic services are ea~ogs of merchandise_ which are both browsab~e and .. 
. . 

. · searchable by various prOduct atlributes (e.g., keyword, name, manufacturer, and model -. 

number), shoppiilg carts, and checkout process. So~ online s~res also provide advanced · 

customer serviees such as wish "lists, gift registries, calendars, ctistom-configuration of 

products, buyer's groups, chatting, e-mail n~tification, prod~ evaluatio~. product 

recommendations and in-context sales. 

As shapping experience in the In:temet gets deeper and broader, it becomes an important task 

. . . . 
for merchants of online stores to understand and analyze_ the shopping behavior of customers · 

,~d to improve tli~ shopping experience in their online stoies by using this_ anal~is. A basic 

. . . 

unit for such analysis js clickstre~ data from online stores. Clickstream is a generic term to _· 

. describe visi~' paths through ~ne or more \Yeb sites. A series of W~b pages requested by a 

. -

visitor iil a smgle visit is referred to as~ session. Clickstream-data in an online store is a 
. . 

· .- collection of sessions. on the site. Cli~kstream data can be denved from raw page requests 
o • • I 

. . 

(referred to as hits) and their ~sociated information "(such as timestamp, IP address, URL, -

status, number of transferred bytes, referrer, user agent, and, somethiies, cookie data) 
. . . . . 

~in Web server log files. Analysis of clickstreams ,shows how a Web site is navj.ga~-

and used by its visi~. 

Jn an e-co~erce environmen~. clickstreams m online stores ~vide information essential to 

understanding ·the effectivei:iess of marketing alld merchandising efforts,_ such as how 

customers find the store, what prodqcts they see, and· what produ~ they buy. (While not all 

· this information may be available from W ~b server log files, it can · b~ extracted from 

associated data sources such as commerce server databases and tied together with HTIP 
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request data.) Analyzing such information embedded in clickstream data is critical to impnve_ 

the effectiveness· of··Web ·marketing ~d inerch~dising. in online stores. Interest _in 
. ' 

. . 
·intetpreting Web usage ~ta in Web server log files has spawned an active madcet for ~el;> 

log aUatysi~ tools that analyze, sutn.Jn8rize~ and visuali~ Web usage patterns. 

·PROBLEMS WiTII THE PRIOR ART 

~teres~ ~ interpreting \Yeh usage data in Web server l~g files has spa\ivned an active market . 

. for Wel> log analysis tools that analyze,.SUllllll$e, and visualize Web usage patterns. While 

. . 

.useful t9 some extent, most of existing tools have "the following· sh~Qmings: (1) ~e . 

sumrriaries ·they pro~de. obscure useful· '1etail infoanation, (2) the static displays such aS· 
. . 

histograms and pie c1:'iarts restrict u~ers· .to·passive interpretation, and (3) the weak (or lack of) · 

connection between' purch~· .data and navigation data ·.~ts the ability to· UO:ders~. the 

site's effectiveness in terms of re~ on investment. 

OBJECTS OF THE INVENTION 

An object of this invention is an improyed system an~ method for shoWing steJ,s fu ~process · 

relative to an independent variable. 

An object of this.invention is an improved system and method for showing sequenti~ steps in 

a: process, specifically ~e clickstream data ofa web site. 
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An object of this inv.eni:ion is an improved syste~ and_ method for shQwing click stream ~ta 

of a web site that does not obsclire detailed information. 

~object of ~s inven~on is an improved system and method for showing click stream ~ta: . 

on a web site that includes both pmcbase data and navigation data. 

SUMMARY OF THE INVENTION 

The present invention is a ·coniputer sys~ and method ihat provides. op.e or more 

visuali_zations to one.·or more users 9f .a netw<Jrk appli~on. The ~puter executes a 

sessionization process that receives .one or more Web mer logs from one 0r. more~ . 

stores, ·and generates.one session table for each session f~d from requests recorded~ Web 

. . . 

. ·server logs. In a preferred embodiment, this is a -~st of requests sorted by" ·session . 

identificati~ and timestamp. A shopping step finder process then receives one ormore 

session tables and generates one niiCro-"conversion table for each given session table~ Finally~ 
. . . 

a visualiiation proce8s ~ives ~'1.e or more of the iµicro-conversion tables and generates one· 
. . 

or more micro~conversion visualizations of one or more micro-~nversions. In a preferred . . 

embodiment, th~ micro-conversion visualizations are displayed in parallel coordin~tes. 

BRIEF DESCRIPTION OF THE FIGURES . 
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The foregamg aQ.d other ·objects", aspects, and advantages will be better :understood· from the 

foll~wing non-limiting detailed description of pref~rred embodiments of the inv~ntion with 

referen~ to the drawings that iliclude the following: 

Fi$Ufe 1 is 11 blc>ck diagram of one preferred system ~hitecture. · 

. . 
Figure_ 2 is a flow chart of a preferred bus~ess process. 

Figure 3 is an example of ail on1ine store structure .. 

. . 
Figure 4 is ail example of a Web serier log of 81:1 online store~ 

Figure. 5 ls an exaq>le of sessi~.in: an online _store u~:in one preferred embodiment 

Figure 6 is an example of micro-~versio~. in an online store. 

. . 
.Figure 6A is a flow chart of a shopping step finder process. 

· Figure 7 is an example of a prior art paianel .coordinate system. · 

Figure 8 is ~example of ini~nversion visualization with a parallel coordinate system. 

Figure 9 is ·an example of micro-conversi~n visualization With filters. 

Figure 10 i$ ari example of a session browsing more than one online stores. 
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Figure 11 is an example of micro-conversions of a session browsing more than one online 

· stores . 

. Figure 12 is an ~pie of visuaUzing se~sions visiting more _than one online stores. 

DETAILED DESCRIPTION OF THE INVENTION 

This invention presents an interactive parallel coordinate s~~tein that ~an be used to provide 

users with greater abilities to ~terpi:et and expl0re ~lickstream data of ~e stores· o~ the. 

Web. Parallel coordinates are a vis~alizat:ion method for displayin~ multivariate data sets to 

. . . 
identify the relationship among ~e varia~les. A parallel coordinate system· comprises a series_ 

of parallel lin~ ·that· ·are pl~ perpendi~ar tO. the x-a:Xis (or ·y-axis) of ·a ~~ian · · 

coordinate system, 'and preferably eaeh adjacent axis is equidistant, aJthough-equidistarice is. . . . . 

not required. ~h _parillel axi~ is assigned a specific dependent variable and dependent 

variable values.are plotted along the respeCtlve axis. The ~pendent_vanable is represented 

by.polygonal lines which connect the c~rrespondmg dependent variable values relating to the . 

.-independent v~able and Ulustratiiig a relationship between an indeperid~nt va,riable an!i the· 

. . 
dep~dent variables appearing on each axis. 

The interactive parallel caordinate system in this invention uses the multiple axes of tlie . . . 
' . . 

system to represent sequential steps which sessi<:lns ~e during th~ir navigation of a Web site, 

. ' 

and displays a large nUm.ber of individual_· s.essions. as polygonal line~. The session is a set of 

events (that may be divided into subsets of events. Each of the -axes represents one of the . 
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events iii the session. An independent variable associated with the event repre8ented on the 

respective- axis is plotted for one or more of the even~s in the session. For examp~e, the. 

clickstream of- a session is represented by ·a polygonal line· that intersects its time stamp value . . . - . 

. . 
for an event represented by the·respective axis for the event 

In an. alternative embodiment,· ses&ions can be further classified. For example; ~ne or more . 

axes of the parallel coordinate- system can be used to classify the· sessions by having the 

clas$ifier as a variable of the axis. For. ex~ple, ·if the variable of the "classifier axis" is· 

service provider, all session8 initiated from serVi~e provider "A". would start fro~ point "A". 

on .the clas$ifier axis while all sessions ·initiated from servic::e: J?rov.i,<I« "B" would start. ~m. 

wint ·"B'.' on the classifier -axis .. For instance, with .one or m0re variables Sll:Ch" as refeirers and 

host n~ that categorize sessions_·assigned to axes, the s:Ystem ~an visUaliZe the relationship. 
. . .. 

between session c~tegories and naVigation paths._ 

·In one embodiment, the sessions do n~t always- have events plotted on all of the axes. By· . . . . . . . 

arranging the axes in time sequence order, a user can determine at which. point in the ~e . · : · · 

sequence·order each of the ~ssimis ended. If a·p~cular axis i~ chosen as a "terminal step"~ : 

e~g. product ~tJrchase, this invention gives the user a cl~ visual indication of how many of.° . 

the sessions ended at the "terminal $tep~, e.g. how many customer sessions.ended in a product 

. purch8se. Further, by looking at the axis· at which a polygonal line ends, i,t is straightforward · 
. . 

to see at ·what point sessions _leave. the site. 

In other embodiments, the inven~on helps users actively explore and interpret data. of 

interest, by providing facilities for fil~, .color coding, snb-categorizing, and dynamic · 

quetjing. 

7 



... 
' 

Fj.gure 1 (100) i~ a block diagram ofone·_pref~ system architecture showing-one or more 

·~mputers used by shoppers (101), an Online store on the Internet (103), a computer ne~ork 

. . 
(102) which is used for communicatirin between the u~ computers (101) and the online store ·. 

(103), the sessioniza~onprocess (109) ~converts web serverlogda~ (4()~) fyom the .. 

. . 

onlin~ store (103) into session data (500), the shopping step finder process (111) that converts 

session data (500) into micro-conversion data ( 600), ·and the visualization process (113) that · 

converts micfo-conv~ion 4ata {600) into vis-qalizatioris of sh~pping activities ·(8.00} by .using 

a paninel coordinate system. . 

When a· shapper intends t() find certain:pro~uct infori:nation and/~ purehase one or more 

products by using the ;Internet {102), he/she starts a Web browser program (105) in his/her 

co~pU:ter {101) .and accesses an online .store (103) on the Internet which_se~s the.products of 

interest. Online stores·(103) are implemented with a Web server sys~ (104) which receives ... 

Web page ~nests {106) from shoppers and s~ds out requested Web pa~es {107). back to 
. . 

shoppers. For this communication between the ·shopper's computer (101) and the online store 

{103), the Web browser program {105) ~d Web serv~ (104) iypicall~ use H1TP (JlyperText. 

, Transfer Protocol), which is a network protocol defuied Bn,d :inipleinented for this purpos~~- A 

shoJ?per navigates an online store {103), ie., requests W~b pag~ over the netw~k {1_02) and 

. browses Web pages which provide inf(>l'Jllation of one or more ~ucts sold in the store. 

. . 

·Tue Web server system.(104) in th~ online store (103) records shoppers' navigation of the 

online store (103) in its Web server fog (400). Namely, the Web server system (104) records 
. ' . . 

all the requests (106) it receives from shoppers in the ·we~ server log ( 400) along with . · 

auxiliary data such as timestanip (401), session ID (402), referrer (403); an~ links shown in · 
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. the requested web page "(405) for each request (106). The details of these auxiliary _data will 

' 

be ~ciibed later :iil Figure 4 (400). Jn a preferred enibo~ent a sessionization proces~ (100) 
. . . 

receives a group of requests (106) ·stored in the Web server log (400) as input and. extracts 
. . . 

sessions· (500) from the requests. In this embodiment, the sessionization process (109) . . 

oomprises sorting the Web server log (400) by session ID (402) and then by timestamp (401). 

Other embodiments are envisioned. 

A: session is a series of Web page reques~s (106) by one shopper in a single visit. The 

shopping step finder pr0cess (11.1) is ~escribed in detail hi F~gure 6A. In general, the 

shopping step fin~ process determines if the~ is a reqQ.est that matches one of the axes of 

the parallel ~ordinate system and what the value.is of .the in<l;~ent variable to be plotted 
. I 

on the respective axis. For exampl~. ·_the finder FC>ceS.S_ take_s se8Si~ns (500) extracted by ·the 

· se8sioniZation process (109) as inpu,t and identifies- products seen iri ~h sh<?I>Pil)g step of . . . . . . . . 

each session (500)-in the input the output of the shopping siq> finder process (111) is 
.. .. . . 

referred to as micro-conv~ions (600) and, in this example~ shows how many products ~~, 

. in one shopping step. are ~nverted _into the next shopping step. 

In a non-limiting example, one preferred group of shopping steps includ~s product im~simi 

(604), clickthrough (605), basket placeinent (606); and purchase{607) and will be~cribed 

. in detail in Figure 6 -(600). 

. . 

·For am~ detailed description of micro-conversion, refer~ U.S. patent application number 

091238~861 to J. Lee, L. Morgenstern, M. Podl~eck, E. Schonberg, and D. Wood, entitled. "A 

System and Method for Collecting and ~alyzing furormation About Co0:tent Requested in a . . . . 

Network"(World·Wide Web) Environment"; filed on January 27, 1999 and u.s~ patent 
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_application number 09/238,348·fu J. Lee, L. Morgenstern, M. ~odlaseck, E. Schonberg, and 

. . . . . . 

. D. Wood, ~titled "Aggregating and Analyzing Information about Content Requested ·in an 
E-Commerce Web Environment to D~e Conversion Rates" ,·me on January 27, 1999~ 

Finally, the·yisualization :process·(ll3) takes as input the micro-conversions (600) generated · · 

by the_prev:i~us proce8s (111) and generates as output one or more ~sualizations of shopping 

activities (800) in the Online store by using ~parallel coordinate system. The visualization 

· pn;cess (l 13) plots the indepepdent variable value ~n the respective axis· for each request that 

· has a matching axis in the parallel coordinate system: In a pref~rred emb<:>diment, th~ · 

visUalization process also generates th~ polygonal nlle (using known tecliniques) to _connect 

. th~ pl~tted p:>ints on each of the res~tive ax~." ~ alteinative embodllll.ents, the ·.. : 

visualization p~cess (113) plots lines of djfferent types (e.g. different line thickn~s, color, 

· type,.~.) to further sub-categorize the plotted features. For example, sessiOn.s started by 
. . . . . 

different customer classes can be designated by different eolor lines. Sessions .al~q can be 
. . 

categorized by other cri~eria such as the type of the visi~ onfuie store, and the., type aD.d · 

. version of the used. browser program and/or .operating system. 

. . . 
· Figure 2 (200) is a flow ch8rt of a preferred.business _process.- The ~t invention which 

provides visualizations of shopper8' activities (-800).in an, online store (103) can be u~ by·· 

merchalits of the online store to understand the effectiveness of their stO~ and/or identify one 

· o:rmore bottlenecks of their store. ':file merc~ts can use this information to adjust their Web. 

, design and/or merchandismg and marketing strategies to improve the· performance of their 

store. The firSt step (202) of this business process starts with the Web server system (104) of· 

the Online store.(103) recording all requests (106) from shoppers in itS Web server Ioi(400). ... . . . . . . 

"f1:len (203), data stored in the Web server iog (400) is.periodically, say, daily, and/or on 
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dem.~d, retrieved ftir analysis. Next (204, 205' and 206, respectively), as explained earlier, , . 

. the Web s~rver log data (400) is processed by the sessioniza1;ion .process (109), the shoppmg 

step :finder ~ess (111)~ and the visuaUzation process (113) to generate one. or niore ·. 

visualizations of shoppers' activities (800) in the online store (103). 

Iii some preferred embodiments, the generated visu~ations {800) typically co~e with. 

various filters which business anal~ts can interactively use tc:> select and/or desel~t one or . 

more groups of data f~ their needs. For example, the busln.ess ~ysts can identify whet¢ 

the store loses ·eustomers and how many customers are lost, understand the effeetiven~s of. 

different merehandising _tactics, and understand and compare 1;he shopping behavic>r of _· - . 

different gro-qps of shoppers, ~.g., shoppers from different iyferrers (Web sites which lead the 
. . 

~opper td this online stOre)_, shoppers from different ISPs (Internet Service Providers), and/or. 

shoppers-who use different methods to find prod~ infoi;mation in the store (e.g., hierarchi~ .. 

browsing, keyword search, parametric search, and/or recommendations). The use ~f filters 

with the visualizations (800) will be d~cribed in detill fu Figures 9 (900), 6 (600), and 6..f\. . _ 

(650) . 

. ~ext (207), by .examining the generated visuallzations of shoppers' activities (800) in the 

online store (103), business analysts understand the effectiveness of their store.and/or 
. . 

identify one or more·PJOblems with their store such as a broken link: to promoted products, or 

a lengthy and cumbersome checkout process. Business analysts ~recommendations for 

-store improvement based th~ir findings. 

· By using the analysis results from the.business anatysts, mar~ters, merchandisers,· and Web 

designers of.the online s~ (103) develQp an~or update their strategies for Web design, 
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marketing and merchandising (208), and generare appr0priate recommendations for the 

new/updated strategies. Finally (209), the recommendations from the Web designers, 

marketers and merchandisers are passed on to the Web programme.rs and administrators of 

the online store (103), who implement the recommended changes to the Web appearance 

and/or navigation paths of the online store (103) and other Web presentation of the store's 

marketing and merchandis~ effoJ:ts such as advertisement banners and other links in portal 

sites such as Yahoo!, Alta.Vista, Lycos, and Bxcite@Home. 

See U.S. Patent Application number 09/653,888 entitled BUSINESS METHOD FOR 

VISUALLY ANALYZING CLICICSTREAM DATA WITH A PARALLEL 

COORDINATE SYSTEM, ftled on the same day as tbis appllt.atlon, to Julmyoung Lee 

et al., which is herein incorporated by reference In its entirety • 

Figure 3 (300) is an example of a prior art onllne store stmctme showing all the Web pages 

shoppers of the store (103) can request. 'Ibey include Home page (301), Product category A 

(302), Product cate&ary B (303), Product Pl (304) which is promoted from the Home page 

(301), Search (305) and Search Result page (311), Product Al (306) and A2 (307) which . . . 

l 

belong to product category A (302), Ptoduct Bl (308), B2 (309) and B3 (310) which bel~ 

to product category B (303), Shopping basbt page (312), Purchase page (313), and Thank 

you page (315). An anowhead line between two boxes in the figure mean that there a link 

from the source page to the destination page so that a: shopper can directly access the 
. . . 

· destination page from the source page. That is, a Web paae contains hyperlinks in it to all the 

destination pag~ which are accessible from T)lls page. For example, ProdUct Pl page (304) is 

directly a~sible from Home page (301). but not from Product Al page (306). Also, Home 

page (303) con~s hyperlinks to four different Web pages, Product category A (302), 
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. Product category~ (~03), Product Pl (304), ani Search page (305). Product Pl p~ge (304) 

_ cqn~s only one hyperlink to Basket page (312). Note that Search Result pa~e (311) i~ a 

dynaµllc page w1:1ose cOn.tent changes based on the key"Wont(s ) used· iJi the Seareh page (305). 

The Search Result page (311) can contain zero or more h~links to product pages in 

addition to a hyperlink to ~asket page (312). 

Figure 4 (400) is an.example of a Web server log of an online store showing a number of 
. . . 

requests (106) to an online store (103) whose structtiie ·was shown in.Figure 3 (300). Each 

request comprises several attributeS _including times!Jlmt> ( 401 ), session ID ( 402), referrer 

-(403), requested page (404), and links (405). Timestamp (401) is the s:Ysteni.'."generated time · . . . . . . . 
. . 

when the request-was made to the.Web server sys~m (104). J;n this log data· (400), reques~ 

are Sorted by timestamp in an ~~cling onb-. SessiOn ID ( 402) is a unique identification 

number for different ~es~ions, AB explained earlier, a sess~on is a seri~ of Web page 

~uested by a shopper in a single visit.. In this log. data ( 400); there are three sessic;uis whose 

ids are Sl, S2 and S3. ~que$ts from these~ sessions are .interieaved in the l~g by their. 

timestamp. Aieferrer (403).~ th~ V(ebpagethe s~opperwas on whenhe/shemakes.tbis 

request. For example, the referrer of the ~t request of session Sl (made at-Tl) is Rl,- an 

·external Web page, while the referrer of the second re<iuest of S 1 (made at T3) is-Home page . . . . 

:which was the current pa~e (404) of the previous request. Links (405) ~ hyperlinks 

contained bi the current-page (404). :for example, at Tl, the links.(405) of the current page 

(404), i.e., Home page(301) are Product category A (302), Product category B (303), 

Product Pl (304), and Search page (305). At~, the links (405) of the current page (404), i.e., 

Search Result page (311) are hyperliilks to three Product p~es, i.e., Ai (307), Bl (308), and 

B2 (309) which are dynamically-·generated by the search function of the online store. The hse 

of the8e ~ (405) in tbe server log ( 400) is novet 
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Figure S (500) Is an ~xample of se$sions in an online store showing three sessions ext.ractC<l . . . 

from Web server log (400). The ~ssionization process (100) extracts sessions. from requests . . . . ' .. 
. . 

(106) in Web server log (400) by using timestam.p (401) and session ID (402). In this 

eXaniple, the proeess·(109) extracts three-sessions Sl ~5~1),°82 (502) mi:d_S3 (50~). The 
. . 

structure of each session is the same as that of Web server log (400) having timestaDip (501), 

session ID (505), Reierrei (5~), CUlTeD.t _page (507) and lints .(~0~). The requests in each 

s~sion.is the ~ame ~ ihose in we~ server· log (4oo) except they are now separated.in . 

. different session tables, one table fm; each session. 

. . . . 

·Figure 6 (600) is an example of micro-eony~ons in an online s~ showing conversions ·of . . . . . . . . 

different ~essions (i.e., ~oi)pers) (500) am.Ong different ~opping steps. The shopping step 

~ process (11 ~) identifies products• seen .in each shQPPing step :ip. con8ideration. ~~ . . 

preferred group .of sh(>pping·steps in online stores comp~es the followiD.g four step~:· pi-oduct . . . 

~Si.on (the 'vi~.Of hyperlinks to a Web page p~g a product) (604), clic~ugh 

(tlie click on ihe hyperlink .and vieW the Web page of the pro4uct): (®5)~ basket placement 

(the placement of .the item in the shoPPing basket) (606), and purchase (the purchaSe of the· 

. item, i.e., oompletion of-the~) (607). Micro.:conv~ion means a shoppei mo~·tri 

a next shopping-step for a ~ct In this example, the shopping ·s~ ~.(11 ~) generates 

. · one micro-conversion table for each of sessions Sl (601), Si (602), and S3 (603). For. . . . . 

.. . 

example, Sl (601) has product impressions _at five times, Tl, T3~··T10, T12, and Tl4. At Tl,. 

~1 sees an impression of Pl~ At T3; Sl. see8 ~pressiOJ!S of Al. and A2. At TIO, Sl .sees.an · 

impressiOn of Pl.. At Tl2, Sl sees impressions of Bl, B2, and B3! At Tl4, again Sl sees· . . . . . 

impressions of Bl, B2, and B3. Among these product iJnp,.-essions, only three are convefte(i.to 
~ . . . . 

clicktbrougbs, ~.e., Al. at T3, .B2 at Tl~, ~d B3 at T14. '.fhen_, two clicktbroughs out of these 
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three are converted to basket placements, Al and B3. ·Finally, both basket placements, ~.e., Al 
. . . 

and B3, are converted into purcha8es. The shopping step finder process (111) identifies · . . 

Diicro-convelsions of sessions· S2 and S3 in a ~imilar way, and generates th~ 

nµ.cro-conversion tables (600(b) and 600(c)). -

· Figure 6A (650)_ is_a flow chart of a sh0pping step finder proces~ (111). The process s~ 

with two types of input: a set of requests. in a .session denoted as {R} ~ and a set of (shopping) 

steps, denoted as { s}, that the proeCss will identify in the requests belongs to { R}. The 

·. elemCJ}tS ~f { S}, i.e., (shopping) Steps,. provi<Ie criteria fOJ; deciding if a request belongs _tO 

· ·ea.Ch· of the-steps. For example, a request in a session belongs to the step of product 

impressions·(604)if the Web page of the request (507) contain~ one or ~ore hyperlinks (508) 

to a product page. Also, a re~u~t belon.gs to the step of clicktbrotighs (605) if the current . 

page of the request (S07) is a product page. A request belongs to the step of basket pl~ment 

(606) if the c\Jrrent page of the requ~t (507) is a basket page. Finally, a request ~loogs to the . 
. ' 

step of purchase (607) if the current page of the request (507) is a purchase page. 

The· shopping step finder process (l 11 and 650) cheeks which request belongs to what step by 

using the decision criteria of each step (655). When ~e process finds a request belonging to a . 
. . 

step, it tags the request ~ an element of the step _(656). After~ through this checking for 

·every element in {R}, i.e., e_very request in the given session, for every step in { S}, the 

process outpu~ another set { C} whose elements Ci represent micro-convers~ons oomprising 

· one or _more reques~ tagged as a particular step,. Si, of { S} (659). The shopping step finder 
. . . 

process_ (111 and 650) is executed f~r every session (500) to identify shopping .steps ·of the 

sessions that will be·visualized by a parallel coordinate system (113). 
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Figure 7 (700)" is an example ?fa prior· art parallel coordinate sys~m which ·was d~veloped ·· 

for displaying multivariate data set$. to identify the relationship among ~e v3ria,bles in the set. . 

. , A parallel coordinate system (70Q) comprises a series of parallel lines (701, ?02, 703, and 

704) that are·placed equid_istantly. Each parallel axis is assigned a specific .dependen~ variable 

(e.g.;X (701), Y (702), ·z (703) and W.(704)) and dependent variable values (705) are plotted 
. . 

along the respective· axis. The independent variable is represenied by polygonal lines (706) . 

which conneet the corresponding ~dent yariable values (a_lso refer:re<I: to as data points) 

(705) an~ whi~h ill~strate a.relationship between an independent variable and the dependent 

variables appearing on each axis. 

Figure 8 (800) is an eiample of micro-conversion visualiiation with a parall~l coordinate . . . . . . . 

system. In: this figure, each polygonal line represents a single sessioo (501, 502·or 503) and its · 
. .. 

progression in an oilline store (103). The first parallel axis (801) i:epresents a ~ession · 

. categorizer, in this example, the.initial referrer (506) of each session. There are two re~eri'ers . · 
. . 

in the figQre; i.~~. A (806) and B (807). The next four parallel axes. represent shopping steps in 
. . 

an online store (103), i.e., product imp~siOn (802), clicktbrough (803), basket placement . 

(804), and purch~ (805). For~ points in the shopping step axes, timestamps of 8essions · 

are used .. An advantage of using times~ps for data points is that bCcause they are unique to 

· ~dividual sessions, no two sessions· share the same~ points in these axes. Using ~ta . 

· points uniqueto individual se~sions prevents the problem of overlaying lines between two 

parallel axes, which is serious in parallel· coordinate Visualizations, because it·sometim~s 

obscures the accuracy of visualizations. One disadvantage of usi,ng timestamps for data points . . . . 

is that they do not carry any sense of volume. Namely, the existen~ of a data point in a 
. . . . 

shopping step axis does not tell how many products were viewed, placed in basket, ~. 
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purchased. Rather, it merely says that one Of more productS were viewed, pl~ced or 

purc}lased. 

. . . 

In this figure, it is·important to notice that some polygon;d lines (808; 809, 810, 812, and 813) 
. . . 

stQp before they ~h the 18st shopping step, i.e., purchase ·(805). The parall,el coordinate 

. sf8tem in this invention does not give a session a data point value for the next shopp~g step. . . . . 

and beyond if th~ session does not convert to th,e next step~ Hence~ each polygonal ·line stops 
. . . . . 

. . 
, at the last step the session reached, wbich indicates the pc)int the session leaves the store. This. 

. . 
figure (800) shows that the mµnber of lines connecting two adjacent parallel axes decreases, 

as polygonal lines go from left to .right up to the purchase line (805). ~uts of polygonal 

line8 VisualizC where the store loses its customer8. 

An~ther note about this figure is that each polygonal line:re~ting a session can be 

· . associated with one or more hyperlinks. Clickin~ on tliese: hyper~ brings. up one or inore . 

. Web pages Pr<>viding m~ infonpati<>n about the associ.ataj. s~sion such as informatio~ · 
. : . . . . 

~bout .the session owner and products pursued in. the s~ssion. This feature is referred to as . 

hyperfuik: association. 

· Figtire 9 (900) is an example of micro-coilv.~on visualization with fil~. The·parailel 

coordinate system in this invention can have zero or m~ filters which help users . . . . . 

interactively select and/or de-select one or more groups of sessions 8nd customers in the 

visualiiations. A filt,er can be also related.with the first parallel axis (901) which is a session. 

_categorizer. In this figure~ there are two filters, i.e., referrer (910) .and product category (920). 

The referrer filter (91_0) has three values, referrers A,~ and C. In ~s example, referrers A· 

and B are selected, but C is not This referrer filt~ is-'also represented with the first parallcl . 
. . . 
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axis and two values, A (906) and.B.(907), ~displayed. All the sessions vi~u~zed.in.this 

parallei coordinate. system come from either A or.B Web· site. Real-world .C?xamples of 

referrers of interest mayinClude portal sites such~ Yahoo!,. Alta Vista, Lycos, and· 

Excite® Home. The. product category filter has four values, and two values among them,· 

Men's and Women's are selecte"d. Nainely, all the ~ssions visuallZed in this figure see 

·products from either~e Men's ~-Wo~en's category. Jn order to diStinguish sessions :which 
/. 

, see Men's products from those which see Women's pioducts, the parallel co0rdinate _systei;n 

may use different colors to. display poiygonal lines~ For example, it uses blue to ·display 

polygonal lines of sessions which see Men's products, while it uses red for sessions which see 

Figure ~O (1000) is an.example of a session browsing m~ than one online ·store. When a ' 

shopper tries to mid' one or more products of interest either on the Internet or in the physlcal 
. . . . . . 

world, he/she Often visits more· than one store to browse and compare products sold in 

different stores .. By aggregatilig Web server logs (400) from one or more online store8.(l03) . . . . 

. · with shopp~' session IDs commonly Shared across.multiple o~e stores, an extended · 
. . 

· sessionization process (109) can ·c~truct sessions browsing multiple opline· stores~ In this 

figure (iOOO), a session denoted as S3 (1002), visits threes~.~. STi, then, ST2, and 

finally, ST3 (1003) .. With the exception o{the store column (1003), the session table (1000) 
. . 

con~ the same attributes for sessions,_.i.e., timestamp (1001), session ID (1002), referrer 

(1.004), current page (1005) and links (1006). 

Figure 11 (1100) is an example of micro-conversions of a-session browsing more than one 

online store. From the extended session table .shown in Fi~ 10 (1000), ·an extended 

shopping step finder process (111) can generate a ndcro-conyersion table for a session 
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visiting mliltiple online stores. This figure (1100) shows the product impressil:)nS (1101)! · 

clicktbroughs (1102), basket plaeement (11~3), and purchases (1104) of the session, S3, 
. . 

shown in Figure 1.0 (1.000). Unlike the micro-conversion table for one online store (600), this ·. 

table has sto~ name, such as STl, sri, 0r st3; hi each data entry. as .well as ·tim.estamp and 

produCt name. 

Figure 12 (1200) is an example ofvis~g sessions _visiting more than one online store. 

This figure visualizes the progression of two sessions, Ses~on X (1210) and Session Y 

' 
(1211), iil four stores, Store l (120(i), Store 2 (1207), S~ 3 (1208), and Store 4. (1209). The. 

:first parallel axis (1201) in"tbis parallel coordinate system uses store as the session· 

. . . 

categorizer. The next.four axes (1202, 1203, 12Q4 and.1205) are·the four shopping-steps, i.e., : 

product impressions, clickthrOughs," basket placement and p~~, as before .. Note that the · · 

data points in.the shopping step axes are ~eStamps of the corresponding acti.Yities. The 

visualization illustrates that Session X (1210) first visited StOre 1 (1206) but left the store at 

.the clickthrough st.ep (1212). Then it (1210) visi~ Store 2 (1~07) mid again left the store at. . 

the clicktbrough step (1213). Then Session X (1210) visited St~ 3 (1208) ~d.purchased · 

~m the. store (1215). On the Qther hand, Session Y (12~ 1)-first visited S~ 2 and left the 

. srore at the basket pla.Cement step (1214). Then it (1211).ivisited Store 4 (1209) but left the 
. . . . .· . 

store at.the clicktbrough step (1216). Finally, Session y (1211) visitedStore 1 (1206) and 

purchased from the store (1217). 
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CLAIMS 

We claim: 

1. A eomputer sy~tem fot providirig ~ne otmore visualizations to one or ~Ore us~, the 

systeJ:n comprising 

one or more central processhi~ units (CPUs), one or more memories, and one or mo~ · 

·network interfaces to one or more netivotks; 

. . 

a -ses&ionizati.on pro.cess that receives one or more Web Ser'ver logs from one or ;more online . ·. . 

· · stores, ~d generates one session ~le. for each session found froJ;ll requests recorded in Web: 
. . . . . 

server· logs; 

a shopping step finder process that receives one or :µiore session tables, and g~tes one 

micro.-conversion table for each given session table; and 

a visualization process that receives on~-or more ~cro-conversjon tables, and generates. one 

or more micro-conversfon visualizations of one or more micto-conver8ions. 

2. A -system, as in claim 1, where the Web ·server _log includes one or more Web .page request 

records. 

3. A system, as in claim 2, where the Web page request record comprises a timestamp that is 
. . t . . 

. the system'."generated time when the.request is made, ~user ID that is a wiique n~bet · 

20 
I llllllf.111111 111111111111 1111· ·. 

* c· l M S w 



identifying 1'J.e riset ·'Yho made the· request, a session ID .that is a unique number identifying 

the ·session which made the request, a referrer ~at is th~ Web page the session sees 

immediately before making this request, a. current p~ge that is the Web.page requested, and a· 

group of byperlinks that is oontained m the current p~ge .. 

4. A system, as in-claim 1, where the session table includes one o~ more Web page request 

records with all the session ID values in a session table beiilg the same~ 

5 .. A system, 3$ .in ciaim l_, where the miero~converSion table compris~ shoppllig steps in ail 

online store and product entri~ for each shopping step. 

6. A.system, as in claim 5,_ where the shopping steps include a product impression that is the 
. . 

view of hyperlink: to a Web page.presenting a product and/or a service, a clicktbrough that is . : . . . . . . . . . 
. . .. . 

the click on the hyperlink: and view of the Web pa,ge of the ptQduct ~or_ service, .a basket_ 

· pl~ment :that is the placement of the item. in the shopping basket, and ~purchase· that is the 
. . . . 

pmcbase of the item anci the _completion of the transaction. 

7. A system, as ·in claim 5, .where the prodilct or.serviee entry comprises a product or service 
. . 

ID that is a unique number identifying the product or service, and a timestamp when the 

cotTeSpOnding shopping activity happens. 

8. A system, as in clailn i; where the micro-conversion visualization comprises a traditional 

parallel coordinate system and one or mo~ extension components; 
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. . 
·9. A system, as in claim 8, where the traditional parallel coordinate system is a parallel . 

/ . 

cootdhiate system comprising a series of parallel lines that are placed equidistantly, each . . . . 

. . 

paiallel line being assigned a specific dependerit variable and dependent vari~ble values being 

plotted along the :reSpeciive axis, and an indeJ?endent vari~ble ~t is represented by polygonal 

lines connecting tlle corresponding dependent variable values (also referred to ~s data points) 
. . . . . 

. and illustrating a relationship between an independent v~le and the dependent variabl~ : 

appe8ring on· each axis. 

10. A system, as in claim 8, ~here the ex~lision components include one or more· parallel 

. ax~s of sequential events, one.or more depen~t variable values of timestamps, one or more· 

·dropOuts·of polyg~nal lines, one or more fiI~, _one or more categorizers,, and one or mQi;e : . 

hyperlink association. 

1 l. A system, as in ~laim 10, ·_where the parallel axes of sequenti~ events is an assignmen~ of. 
. . 

a_. series of sequential events to parallel lines in .a parallel. coordinate system. 

. . . 
12. A system, as in claim 11~ where the seqti~~ events include one or more steps of 

shopping in one or more stores, and· one or more product or service development steps .. 

·. 13. A system,_ as in claims 10, where the dependent variable valu~s of timestamps is an. .. 

assignment of timestamp values as data points to a seP.es of sequential events that are 

assigned. to the equal number ~f parallel axes in a parallel coordinate system. 

I If 11111 mlll 1111111111 JJ.-1111 
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14. A system, ~ itl claims 10, where the -~out of a polyg~nal ~e is disappearance of a 

J>olygonal iine bef()(e the line reaches the la8t parauel axis in a parallel coordinate system 

with the parallel axes .of sequential events. 

15. A system, as in claim 10, where the filter is a means· to select an4'or de-select one or more 

groups of polygoiial lines viewed- in a parallel coordinate system. 

- . . 
16 . .(\. system, as in cl~ 1 O,: where th~ categorizer is a parallel .axis in a parallel coqrdinate 

system whose purpose is to categorize polygonal lines _in the sys~m. 

17. A- system, as in claim ~5, w~ere the categorizer includes one or more of the following; the· 
. . 

referrer Web sites of sessions, the ISPs (Internet ~ervice Providers) ~f session&, the lengths of 
. . 

sessions, the method$ used to find product or service information -by sessions, the geographic· 

. -regions where sessions co~e from, the ages, sex, ed,ucatioD: Ie:vels, and income )evels of the 
. . 

owners o~ ses~ions, the sales history of the owners ~f sessions, the Web page patterns 

accessed by sessions or by·~e o~el-s of sess~ons, either ~ 1:1ot ordered by session; or by _t:µlle. 

18. A sySte~ as in claim 10, where the hyperlink: associ~tion is the association· of one or . 

more hyperlinks ~th the polygonal ~e representhlg a session, ~Ucking on the poly~nal line_ 
. . 

opens a Web"page delivenng detail information Qf tlie session. 

19. A method for visually analyzing clickstream data comprising the steps of 

. . . . 
receiving on~ m: more Web serv.er logs froin one or more online stores' Web server systems; 
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generating o~e or more session tables fmiD. the give~ Web serveilog(s); 

generating One or ~ore micr<reonversiQD. tables frOm the ge1l.erated session table(s); . . 

gene~ting one or more micro-conversion visualizations from the geQ.erated mi~-~nyers~on 

tables; and 

interactively g~erating one or more vaiiations of the generated mi~v~on 
. . 

visualizations u~ interactive requests from one or m~ users. 

20. A computer system for visually analyzing clickstfeam data ·comprising: . . . 

:meaD$ for receiving one or more Web server logs fron1one0r more ontfue stores' Web. serv~ 

systems; 

means-for generating one·or more. session tables :from the given Web server log(s); 

means for g~eratmg one or more .micro~version tables" from the generated session 

table(s); 

m~ f~ genera~ one or more micr_o~nversion visualizations. from the generated 

~cro-oonversion tables; and 

m~ for interaCtively generating one or more variations of the generated micro-conversion 

. visualizations upon intei:active ~uests from one or more users. 
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