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SYSTEM AND METHOD FOR VISUALLY ANALYZING CLICKSTREAM DATA '

WITH A PARALLEL COORDINATE SYSTEM

FIELD OF THE INVENTION

Thié invention relates to _sho,ppihg over a computer network. More _speeiﬁ_cally, the inveﬂiiqa
relates to thie visuaﬁZaﬁon aad analysis of clickstream data from one or more online stores
where clickstream data is visnalized and analyzed by using an extended parallel coqrdiﬁate |

- system.

BACKGROUND OF THE INVENTION

Commerce over networks particularly e-commerce over the Intemet, has increased
s1gmﬁcantly over the past few years. Part of e-commerce enables users/customers to accees
information of prpducts and to purchase them from various commercial Web sites (i.e. online
| stores). There are numefeua onliae stores currently operating in the Internet .inclu_ding:
Amazon.com, eToys.com, Buy.com, Wal-Mart.com, LLBeancom, and Macys.com. These .

- online stores provide various



custoiner services to make co_mmerce activities possible over Web sites. Some of the

examples ‘of the basic services are éntalogs of merchandise which are both browsable and

- searchable by varions product athibutes (e.g., keyword, name, manufacuu'er, and model .

number), shopping carts, and checkout process. Some online stores also provide advanced -
customer services such as wish lists, gift registries, calendars, custom-configuration of

products, buyer § groups, chattmg, e-mail notrﬁcatlon product evaluauons, product

: recommendatrons and m—context sales

- As shonpmg experience in'the Intemet gets deeper and bro‘ader, it becomes an important task
' for merchants of online stores to understand and analyze the shoppmg behavior of customers
-and to 1mprove the shoppmg expenence in their onlme stores by using this analysis. A basic
- umt for such analysrs is clickstream data from onlme stores. Chckstream isa genenc term to

_ descnbe visitors’ paths through one or more Web sites. A series of Web pages requested by a

v1$1tor in a single v1s1t is referred to as a session. Chckstream data in an online store is a

. collection of sessions on the site. Chekstteam data can be denved from raw page requests
(referred to as hits) and their essociated infermation (such as timestamp, IP address, URL, - o
status, number of transferred bytes, referrer, user agent, and, sometimes, cookre data)

’ recorded in Web server log files. Analysrs of clickstreams shows how a Web s1te is navrgated

and used by its v1s1tors

I_n an e-commerce environment, clickstreams in online stores provide information essential to

understanding the effectiveness of marketing and merchandising efforts, such as how

customers find the store, what products they see, and-what products they buy. (While not all

. this information may be ava_ilable from Web server tog files, it can -be extracted from

associated data sources such as commerce server databases and tied together with HTTP
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retjuest data.) -Analyzing such information embedded in clickstream data is critical to im_prove_

the effectiveness’ of ‘Web ‘marketing and merchandising in online stores. Intérest in

mtefpretmg Web usage data in Web server lo'g.ﬁle_s has spawned an active market for Web

log analysis tools that an‘alyze, summarize, and visualize Web usage patterns. '

PROBLEMS WiTH THE PRIOR ART

B Interest in mterpretmg Web usage data in Web server log files has spawned an active market o
" . for Web log analysis tools that analyze, summarize, and visualize Web usage patterns Wlnle '

useful. to some ex_tent, miost of extstmg tools have the following shortcomings: (1) the . X

summaries they provide'obscure useful’ detail information, (2)' the static displays such as. |
hrstograms and ple charts restnct users to-passive mterpretatron, and (3) the weak (or lack ot) :
connectron between purchase data and nav1gat10n data. hmrts the ability to understand the _

site’s effectweness n terms of return on mvestment

'OBJECTS OF THE INVENTION

An object of this in\fenﬁen 1s an improved system and method for s‘how'ing stei)s in a process -

relative to an indeuen'dent variable.

An object of this invention is an improved system and method for showing sequential steps in

a proees_s, 'specifically the clickstream data of a web site.
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Aﬁ object of this invention is an improvéd system and method for showing click stream data

of a web site that doqs; not obscure detailed information,

Ali object of this invention is an improved system and method for showing click stream data-

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

SUMMARY OF THE INVENTION

_The present invention is a '<_$omputer system and method that providés one or more

visualizations to one or more users of a network application. The ép:hputer executes a

sessionization process that receives oné or more Web server logs from one or more on]me '

stores, and generate’s-'ane session table for each session found from requesfs recorded in Web

- serverlogs. Ina preferred émbodiment, this is a list of requests sorted by Session :

identification and timéstamp. A shoppin_g .step finder process then receives one ormore
session tables anﬂ generates one miéro-'conversion table for each given session table, Finally;

a visualization process receives one or more of the micro-conversion tables and generates one -

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

* embodiment, the,. micro-conversion visualizations are displayed in parallel coordinates.

BRIEF DESCRIPTION OF THE FIGURES
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The 'foregding and other 'objeété, aspects, and advantages will be better undeistood from the o
following non-limiting detailed déscription of preferred embodiments of the invention with

reference to the drawings that include the followi.ng:'

Figure 1 is a block diagram of Qné preferred system architecture.

| Figure 2is a ﬂov.v_ chart of a preferred businéss process.
Figure 3 is an example of an online store structure.

Figure 4 is an ex_émple of a Web server log of an online store.

Flgure 5 is an example of sessioné_inf an online store usedm one preferred embodiment.

Flgure 6 is an example of micro-conversions 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 parallel coordinate system.

Figure 8 is an example of micro-conversion visualization with a parallel coofdi_nate system. .

‘Figure 9 is an example of micro-conversion visualizaﬁon with filters.

Figure 10 is an 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 example of visualizing.sessions visiting more than one online stores.

DETAIl.ED DESCRIPTION OF THE INVENTION

C This invention presents an interaeliv_e parallel coordinate system that can be used to_provide
users w1th greater 'abiliﬁes to interpret and explore clickstream data of online stortes' on. the.
X Web. Para.llel coordinates -are.a visualization method t'or- displaying mulﬁuariate data sets to
1denufy the relatronslnp among the vanahles A parallel coordinate system compnses a senes 3
of parallel hnes that- are plaoed perpendlcular to the x-axis (or y-axrs) of a Cartesian "
| coordmate system, and preferably each ad_]acent axis is eqmdrstant, although equldrstance s
| -not reqmred Each para]lel axis is assrgned a specific dependent variable and dependent.
vanable values are plotted along the respectlve axis. The mdependent vanable is represented
by polygonal lmes whlch connect the correspondmg dependent vanable values relatmg to the .:
_-mdependent variable and illustrating a relatlonshrp between an independent variable and the-

dependent variables appearing on each axis.

The interdctive parallel coordinate system in this i_nvention uses the multiple axes ot' the
system to represent sequential steps "which sessions take durinfg thelr navigation of a Web site,
' and d1splays a large number of md1v1dua1 sessions. as polygonal hnes The sessron is a set of

events (that may be d1v1ded into subsets of events. Each of the axes represents one of the. |
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events in the session. An mdependent variable assomated with the event represented on the
respectlve axis is plotted for one or more of the events in the session. For example the
chckstream of a session is represented hy a polygonal line that intersects its time stamp value

for an event represented by the respective axis for the event:

In an alternative embodiment _sessions can be further classified. For example,- one or more .
- axes of the pacrallel coordmate system can be used to classrfy the sessions by havmg the-
classrﬁer as a vanable of the axis. For example 1f the vanable of the "classifier axis" is-

semee provrder, all sessions initiated from service provider "A" would start from pomt A"

on the classrﬁer axis whtle all sessions-initiated from servrce provider vg" Would start from

'pomt "B" on the class1ﬁer axis. .For mstance with one or more vanables such'as referrers and

host n_ames that categorize sessrons_-a_ssrgned to axes, the system can v1sua11ze the relationshlp.

between session catégories and navigation paths.

'In one embodiment, the sessions do not always have events plotted on all of the axes. By:
arrangmg the axes in time sequence order, a user can determine at whrch pomt in the t1me S
sequence order each of the sessions ended. If a particular axis is chosen as a "terminal step”, -

" eig. product purchase, this invention gives the user a clear yisualindication of how many of

the sessions ended at the "terminal step”, e.g. how many customer sessions ended in a product

purchase. Further, by looking at the axis at which a polygonal line ends, it is straightforward

to see at what point sessions leave the si_te.

In other embodiments, the invention helps tlsers actively explore and interpret data. of -

3 mterest, by provrdmg facxhtles for ﬁltenng color codmg, sub-categorizing, and dynamic -
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Frgure 1 (100) isa block dlagram of one. preferred system architecture showmg one or more

computers used by shoppers (101), an online store on the Internet (103) a computer network

102) wh1ch is used for commumcatlon between the user computers (101) and the onlme store -

(103), the sess1omzat10n process (109) that converts web server log data (400) from the . |
| online store (103) into sessron data (500), the shoppmg step finder process (1 11) that converts .
session data (500) into mrcro-conversron data (600), and the vrsuahzatlon process (113) that
converts mrcro-conversron data (600) into vrsuahzatrons of shoppmg activities (800) by usmg | .

a paraliel coordmate system.

. Whena shopper intends to find certain prot_luct.infonnation and/or purchase one ormore .
products by using the Internet (102), 'he/she starts a Web browser program (105) in hislher : -.‘ :
computer (101) and accesses an onhne store (103) on the Intemet which sells the products of B
- mterest Online stores (103) are 1mplemented wrth a Web server system (104) which receives:
Web page requests (106) from shoppers and sends out requested Web pages (107) baek to
shoppers. For tlns commumcauon between the shopper s computer (101) and the online store R
| (103), the Web browser program (105) and ‘Web server (104) typrca]ly use H’I'I‘P (HyperText |
+ Transfer Protocol), whichis a network protocol defined and 1mplemented for this purpose. A
shopper navigates an online store (103), i.e., requests Web pages over the network (102) and

_ browses Web pages whrch provrde information of one or more products sold in the store

“The Web server syst'em.(lOtﬁ in the online store (103) records shoppers’ navigation of the |
onli_ne store (103) in its Web s_erver log (400). Namely, the Web server system (104) records
all the ret1uests (106) it receives from shoppers in the Web server log (400) along with -

'auxiliary data such as timestamp (401), session ID (402), referrer (403); and links shown in
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' ‘the requested Web page (405) for each request (106). The detarls of these auxiliary data will

be descnbed later in Figure 4 (400). In a preferred embodrment a sess1omzatron process (109)

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

sessions (500)_from the requests. In this embodlment, the sessromzatron process (109)

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

- QOther embodiments are envisioned.

A session is a series of Web page requests (106) by one sho‘pper-in a single visit. The

shopping step ﬁnder process (111) is described in detail in Figure 6A. In general the

a shopping step finder process determmes if thereis a request that matches one of the axes of

the parallel coordinate system and what the value is of  the mdependent varrable to be plotted

- onthe respective axrs For example, the ﬁnder process takes sessions (500) extracted by the

' sessromzat_lon process (109) as input and identifies products seen in each shoppmg step of

each session (500)-in the input. The output of the shopping step finder process 11)is

referred to as mrcro-conversmns (600) and, in thls example, shows how many products seen | '

“inone shoppmg step are converted mto the next shopping step

| Ina non-hmltmg example, one preferred group of shopping steps mcludes product nnpressmn

(604), clickthrough (605), basket placement (606), and purchase (607) and w1ll be. descnbed ;

_in detail in Figure 6 -(600).

‘For a more detailed.description of micro-conversion, refer to U.S. patent application number

. 09/238,861 to J. Lee, L. Morgenstern, M. Podlaseck, E. Schonberg, and D. Wood, entitled “A

System and Method for Collecting and Analyzmg Information About Con'tentl Requestedina

Network (World Wide Web) Environment”, filed on J anuary 27, 1999 and U.S: patent_
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 application number 09/238, 3480 . Lee, L. Morgenstem, M. Podlaseck, E. Schonberg, and
D. Wood, entltled “Aggregaung and Analyzing Information about Content Requested in an

' '.E-Commerce Web -Envxronment to Determme_ Conversion Ra ” file on January 27, 1999,

Finally, the visualization process (113) takes as input the micro-oonversions (600) generated - -
by the_previous proeess (111) and generates as output one or more ylsua]izations of shopping

activities (800) in the online store by using a parallel coordinate system. The visualization

a process_ (l 135' plots the mdependent variable value on the respectiye axis for each request that

B hasa matchmg axis inthe parallel coordinate system. In a prcﬁ'erred embodiment .'the '

. _wsuahzatron process also generates the polygonal line (usmg known techmques) to connect -
: the plotted pomts on each of the respecuve axes In alternative embodxments the

._ V1suahzat10n process (1 13) plots lines of different types (e.g. deferent line thlckness, color,

“type,. etc ) to further sub-categonze the plotted features For example, sessrons started by

different customer classes can be deslgnated by different color hnes Sessions also can be

categonzed by. other cntena such as the type of the vrslted onhne store, and the type and -

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

i Figure 2 (200) isa flow_.ch-'art ofa preferred_business process. '_I'he curr_ent invention which S

provides visualizations of shoppers’ aétivities (800) in an online store'(llB) canbe use_d by -

" merchants of the online store to understand the effectiveness of their store and/or identify one

-ol,'~more bottlenecks of their store. The merchants can use this information to adjust their Web.

design and/or merchandising and marketing strategi¢s to improve the performance of their
store. The ﬁr'st step (i02)_ 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 log (400). _

Then (203), data stored in the Web server log (400) is .peﬁodically, say, daily, and/oron -
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demand, retrieved for analysis. Next (204, 205 and 206, respectively), as explained earlier, .

~ the Web server log data (400) is processed by the sessionization process (109), the shopping |

step finder process (111), and the visnalization process (1 13) to generate one or more- :

visualizations of shoppers’ activities (800) in the onlinie store (103).

In some preferred embodlments the generated visualizations (800) typlcally come w1th
various filters whlch business analysts can mteractlvely use to select and!or deselect one or - k
more groups of-da_ta.fo_r their needs. For example, the busmess analysts can 1dent1fy whereé -
the store los’es'éustomers and how many customers are lost, understand the eﬂ’eeti.veness of‘
different merchandrsmg tactrcs, and understand and compare the shopping behavror of
dlfferent groups of shoppers e.g. shoppers from different referrers (W eb sites which lead the |

shopper to this onllne store), shoppers from dlfferent ISPs (Intemet Servrce Provrclers), and/or

. shoppers-who use dtfferent methods to ﬁnd product mformatron in the store (e. g hierarchical -' )

browsmg keyword search, parametnc search, and/or recommendattons) The use of ﬁlters
with the visualizations (800) will be described in detail in Figures 9 (900), 6 (600), and 6A -

(650).

~Next (ﬁ(ﬂ), by examining the generated VisualiZations ol“ shoppers’ activities (800) in the

online store (103), business analysts understand the effectiveness of their store'andlor

' ~ identify one or more problems w1th thelr store such as a broken lmk to promoted products or

a lengﬂly and cumbersome checkout process. Busmess analysts make recommendauons for

- store 1mprovement based thelr ﬁndmgs

- By using the analysis results from the business analysts, marketers, merchandisers, and Web

designers of the online store (103) develop and/or update their strategies for Web design,
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marketing and merchandising (208), and generate apprdi:riate recommendations for the
new/updated strategies. Finally (209), the tecommendati;ms from the Web designers,
marketers and merchandisers are passed on to the Web programmers and administrators of
the online store (103), w}m implement the recommended changes to the Web appéarance
and/or navigation paths of the online stoi'e (103) and other Web presentation of the store’s
marketing and merchandising efforts such as adveﬁisement banners and other links in portal

sites such as Yahoo!, AltaVista, Lycos, and Excite@Home.

See U.S. Patent Application number 09/653,388 entitled BUSINESS METHOD FOR
VISUALLY ANALYZING CLICKSTREAM DATA WITH A PARALLEL
COORDINATE SYSTEM, filed on the same day as this application, to Juhnyoung Lee

et al., which is herein incorpoi'ated by reference in fts entirety.

Figore 3 (300) is an example of a prior art online store structure showing all the Web pages
shoppérs of the &ore (103) can request. They include Home page (301), Product category A
(302), Product category B (303), Product P1 (304) which is promoted from the Home page
(301), Search (305) and Search Result page (311), Product Al (306) and A2 (307) which
belong to productlategory A (302), Product B1 (308), B2 (309) and B3 (310) which belong
to product category B (303), Shopping basket page (312), Purchase page (313), and Thank
you page (315). An arrowhead 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

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

destination pages which are accessible from this page. For example, Product P1 page (304) is

directly accessible from Home page (301), but not from Product A1 page (306). Also, Home
page (303) contains hyperlinks to four different Web pages, Product category A (302),
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. Product.category B '(363), Product P1 (304), and Search page (305). Product P1 pagé (3'04) -
. contains only one hyperlmk to Basket page (312). Note that Search Result page (31 1) isa

' dynamrc page whose content changes based on the keyword(s ) used iri the Search page (305)
The Search Result page (31 1) can contain zero or more hyperlmks to product pages in

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

Figure 4 (400) is an.example of a Web server tog of an online store showmg anumber of - |
_requests (106) to an_online store (103) whose structure was shown in Figure 3 (300). Each
request comorises several attributes'.including tlmestamp (401), session ID (402), ret‘errer -
(403), mquested pa_ge (404), and links (405). 'i‘imestar_np (401) is the system;generated time -
When'the rcquest-svas made to the'Web server system (104) In this log data (400), requests
are sorted by l:lmestamp in an asoendmg order Séssion ID (402) is a unique 1dent1ﬁcatron o

number for dlfferent sesslons As explained earlier, a sessron is a series of Web page

requested by a shopper in a smgle visit. In thrs log data (400), thete are three sessrons whose

' 1ds are 81, 82 and S3. Requests from these three sessions are interleaved in the log by their -
_' ttmestamp A referrer (403) is the Web page the shopper was on when helshemakes th1s

request. For example, the referrer of the first request of session S1 (made atT1)isRl,an -

' -extemal Web page, while the refetrer of the seeond request of Sl (made at T3) is Home page .

'whrch was the current page (404) of the previous request. Links (405) are hyperlinks
contamed in the current page (404). For example, at T1, the links.(405) of the current page

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

Product P1 (304), and Search page (305). At T9, the links (405) of the current page 40), i.e.,

Search Result page (31 1) are hyperliulrs to three product pages, ie., A2 (307), B1 (308), and

B2 (309) which are dynamically generated by the search function of the online stote. The use

of these hnks (405) in the server log (400) is novel.
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Figure 5 (500) is an example of sessions m an online store showihg three sessiorrs extract'ed

| . from Web server log (400) The sessromzatron process (109) extraets sessions from requests
(106) in Web server log (400) by usmg Umestamp (401) and sessron ID (402). In this

_. example, the process’ (109) extracts three sessions S1 (501), S2 (502) and 83 (503). The
strucmre of each sessioh is the same as that of Web server log (400) havmg timestamp (501)', _
© . sessionID (505), Referrer (506), cun'ent page (507) and hnks (508). The requests in each

| seSsron is the same as those in Web server log (400) except they dre now separated in ‘

 different session tables, one table for_ each session.

‘Figure 6 (600) -is an example of micro-eonv_ersidns in an online s_tore showing con\'rersions of

: dlﬂ'erent sessrons (e., shoppers) (500) among deferent shopping steps The shoppmg step
finder process (111) 1dent1ﬁes products seen in each shoppmg step in consrderatron Ore
, preferred group of shoppmg steps in onhne stores compnses the followmg four steps product
impression (the vrew of hyperlmks to a Web page pnesentmg a product) (604) chckthrough
| . (the click on the hyperlink _and view the Web page of the product)- (605), basket placement
(the plaeenrent of.dre jtem in the shopping basket) (606), and purchase (the purchase of the
: 1tem, ie., completlon of the transactron) (607) Mrcro-eonversron means a shopper movmg to
. a next shopping step for a product. Tn ﬂns example, the shoppmg step finder (111) generates
- one micro-conversion table for each of sessions S1 (601), S2'(602), and S3 (603). For. -
example, 51.(601) has product impressiorrs at five trmes, T1, T3, T10, T12,I and T14. At T1,
st sees an impression of P1. At T3, S1 sees mpressions of Al and A2. At T10, S1 sees-ao :
mpressron of P1. At T12 S1 sees impressions of Bl B2, and B3, At T14, again S1 sees
impressions of Bl B2, and B3. Among these product i 1mpress10ns, only three are converted to

_ chckthroughs, ie., Al at'T3, B2 at T12_, and B3 at T14. Then, two clickthroughs out of these
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~ three are converted to basket placements, Al and B3. Finally, both basket placements, i.e., Al
and B3, are conyert'ed into purchases. The shopping step ﬁnder'process (111) identifies °
micro-conversions of sessions S2 and S3 in a similar way, and generates the

micro-conversion tables (600(b) and 600(c)). -

' Figure 6A (650)_ is a flow chart of a shopping step finder process (111). The process starts .
.with two types ot input: a set of requests.in a session.denoted. as {R}; and a set of (shopping)
_ steps, denoted as {S}, that the process will identify in the requests belongs to {R}. The
elements of {S}, l.e. (shopping‘) s'teps, prov.ide criteria for deeiding ifa .request belongs to
each of the steps For example, arequestin a session belongs to the step of product
' | impressions-(604) if the Web page of the  request (507) contains one or more hyperlmks (508)
to a product page. Also, a request belongs to the step of chckthroughs (605) if the eurrent
page of the request (507) is a product page. A request belongs to the step of basket placement
' (606) 1f the current page of the request (507) is a basket page. Fmally, a request belongs to the.

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

The'shopping step finder process (111 and 650) cheécks which requ'est belongs to what step by

using the decision criteria of each step (6555. ‘When the process finds a request belonglng to a o
_ step, it tags the kquest as ari element of. the step (656). After gomg through _tbls checking'.for |
~ every element in {R}, i.e., every request in the given session, for every step in {S}, the |

' _process outputs another set {C} whose elements.Ci represent micro-conversions oomprising

~ * one or more requests tagged as a perticular step,.Si, of {S} (659). The shopping step finder

process (111 and 650) is executed for every sessron (500) to identify shopping steps-of the

sessions that will be visualized by a paralle] coordinate system (113).
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_ Figure 7 (700)' is an.example ofa prior'art para]lel coordinate system which was developed

. for dlsplaymg multlvanate data sets to identify the relationship among the vanables in the set.

.- \A parallel coordmate system (700) comprises a series of parallel lines (701 702, 703, and

704) that are ‘placed equrd_lstantly.. Each parallel axis is assigned a specr_fic dependent variable -
(e. g.,'X' (701), Y (702), Z (703) and W (704)) and d_ependent variable values (705) are plotted
aleng the respective axis. The independent variable is represented by polygonal lines (766) .
which connect the correspondmg dependent variable values (also referred to -as data points)
(705) and vvhi_c_h illustrate a relationship between an independent variable and the dependent

variables appeaiing on each axis.

- Figure 8 (800) is an éxample of mrcro-conversmn visualization with a para]lel coordlnate

| system In this figure, each polygonal line represents a smgle session (501 502-or 503) and 1ts' '

progressron m an on]me store (103) The first parallel axis (801) represents a session -

, categbnzer in this example, the initial referrer (506) of each session. There are two referrers '

in the ﬁgure,- 1.e;, A (806) and B (807). The next four parallel axes represent shopping steps in

an online store (103), L.e:, product impression (802), clickhrough (803), basket placement

© (804), and purchase (805) For data points in the shopping step axes, timesta'mps of sessions

are used. An advantage of usmg tlmestamps for data points is that because they are unlque to

g md1v1dua1 sessmns, 10 two sessions’ share the same data points in these axes. Using data -
- points umque to mdrvrdual sessions prevents the problem of overlaymg hnes between two

parallel axes, which is serious in parallel coordinate v1sua11zat10ns because it somenmes

obscures the accuracy of visualizations. One disadvantage of using timestamps for data points
is that they do not carry any sense of volume. Namely; the existence of a data pointina

shepping step axis does not tell how many prodncts were viewed, placed in basket, or .

16



rey

purchesed. Rather, it merely says that one or more products were viewed, placed or

. 'pu_rcha'sed.

* In this ﬁgure itis mportant to notice that some polygonal hnes (808, 809 810, 812 and 813) _

stop before they reach the last shopping step, i e, purchase (805). The parallel coordmate

'SYStem in this invehtion does rtot give a session a data point value for the next shopping step. .

and heyond 1f th_e session_ does not convert to th_e next step. Hence, each po_lygonai tine stops

. at the last step the session reached wh1ch mdlcates the pomt the session leaves the store. This

figure (800) shows that the number of lines connectmg two adjacent parallel axes decreases,

- as polygonal hnes go from left to nght up to the purchase line (805). Dropouts of polygonal '

hnes visualize where the store loses its customers

-

_ Another note abont this figure is that each polygonal lineirepresenting asessioncanbe .
- associated with one or more hyperlinks. Clicking_ on these hyperlinks brings up one or fore

. Web peges providing more infonhation about the associated sess_ion.such as information®

about the session owner and products pursued in the session. This feature is referred to as .

hyperlink association.

“Figiire 9 (900) is an example of micro-conversion visualization with filters. The patallel

coordinate system in this invention can have zero or more filters which help users
interactively select and/or de-select one or more gro_ups of sessions and customers in the -

visualizations, A ﬁlter can be also related with the first parallel axis (901) which is a session

categorizer. In this figure, there are two filters, i.e., referrér (910) and product category (920).

* The referrer filter (91 0) has three values, referrers A, B and C. In this example, referrers A’

and B are selected, but C is not. "This referrer filter is also represented with the first parallel
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axis and two vallres, A (906) and B.(907), are displayed. All the sessions visualized mthrs _
parallel coordinate_ system oome from either A or.B Web site. Real-world _examples of
referrers of interest may include portal sites suc':h as Yahoo! ~AltaVista, Lycos, and
. Exclte@Home The.product category ﬁlter has four values, and two values among them
Men s and Women s are selected Namely, all the sessrons visualized in th1s ﬁgure see
| 'pnoducts from either the Men’s or: Women s category. In order to drstmgmsh sessions which
. see Men’ s’products from those which see Women’s products, the parallel coordmate system,
may use differerit colors to display polygonal- lines. For example, it uses blue to display
_ poly_go_naI lines of ‘sessions which see Men’s protl'ucts, while it uses red for sessions which' see

Women’s products.

Frgure 10 (lOOO) is an.example of a session browsing more than one onhne store. When a
shopper tries to find one or more products ol' interest either on the 'Internet or in the physlchl
world, he/she often visits more than one store to browse and compare products sold m o
differént stores By aggregatmg Web server logs (400) from one or more onhne stores (103)

N w1th shoppers session IDs commonly shared across multrple onlme stores an extended - |

' s_ess1omzauor_1 process (109) can construct sesslons browsing multiple online stores. In thls
figure (1000), a session denoted as S3 (1002), visits three stores, first, STH, then, ST2, and
" finally, S'l‘3 (1003). _With the exception of the store_column (10b3), the session table (1000)
contains the same attrihutes for sessions,_. ie., tirhestamp (1001), session ID (1__QOZ), referrer

(1004), current page (1005) and links (1006).

Figure 11 (1100) is an example of micro;conversi'ons of a-session browsing more thzm one
online store. From the extended session table shown in Figure 10 (1000), an extended

shopping step finder process (111) can generate a micro-conversion table for a session
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visiting multiple online stores. This figure (1 100) shows the product impressions (1101), -

o chckthroughs (1 102), basket placemant (1 103), and purchases (1104) of the sess1on, S3,

shown in Figure 10 (1000) Unhke the micro-conversion table for one onhne store (600), th1s :
table has store name, such as STl, ST2, or ST3, in each data entry as .well as umestamp and

product name.

Flgure 12 (1200) is an example of v1sua11zmg sessions v1s1t|ng more than one onhne store.
Th1s ﬁgme visualizes the progressmn of two sessmns, Sessxon X (1210) and Sess1on Y
“(1211), in four stores, Store 1 (1206), Store 2 (1207), Stoxe 3 (1208), and Store 4. (1209). The'
ﬁrstlparallel axis (1201) in‘th‘is p@el coordmate system uses store as the session-
 categorizer. The next four axes (1262, 1203, 1204 and. 1205) are the four shopping steps, i.e.,
-product impressions, clicl-c'thrbug_hs,' basket placeh:leht and purchase, as_befdre.'Nete that the B
. data points in the shopping step axes ere tlmestamps of the corresponding acuvmes The |
visualization llustrates that Session X (1210) firs visited Store 1 (1206) but left the store st
the clickthrough step (1212). Then it (1510) visited Store 2 (1207) and again left the store at .
the clickthrough step (1_213). Then Seésion X (1210) visited Store 3 (1208) and purchased - '
from the store (1215) On the other hand Session Y (121 1)-ﬁrst visited Store 2 and left the
. store at the basket plaCement step (1214) Then it (121 1)-visited Store 4 (1209) but left the :
store at the chckthrough step (1216) Fmally, Sessmn Y (1211) visited Store 1 (1206) and

purchased from the store (1217)
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CLAIMS
We claim:

1. A computer system for providing one or' more visualizations to one or more users, the

system comprising

one or more central processing units (CPUs), one or more mexhories, and one or more °

network interfaces to one or more netwoiks;

a sessionization process that receives one or more Web server logs from one or more online

" stores, and generates one session table for each session found from requests recorded in Web'

L serv&t-'lqgs;

a shopping step finder process that receives one or more session tables, and generates one

inicm.-conirersion table for each given sessidn table; and

a visualization process that receives one or more micro-conversion tables, and generates one

" or more micro-conversion visualizations of one or more micto-conversions. -

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

_ records.

3. A system, as m claim 2 where the Web page request record compnses a timestamp that i is -

. the system-generated time when the request is made, auser ID thatis a umque number
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identifying the usei who made the request, a session ID thatis a unique number identifying -

the session which made the request, a referrer that is the Web page the session sees

immediately before making this request, a current pa_ge that is the Web. page reqmiested, and a

group of hyperlinks that is contained in the current page. .

4. A system, asin'claim 1, whel_'e the session table includes one or more Web page request

records with all the session ID values in a session table being the same.

5.A system as m claim 1, where the micro-conversion table comprises shoppmg steps in an

onlme store and product entnes for each shoppmg step

_6 A system as in claim 5, where the shopping steps mclude a product i 1mpress1on that isthe

v1ew of hypethnk to a Web page presenting a product and/or a semce, a chckthrough that is

the click on the hyperlmk and view of the Web page of the product and/or service, a basket

' placement that is the placement of the item in the shoppmg basket, and a purchase that is the

pm‘chase of the item and the completlon of the transactlon : i

: 7. A s_ystem, as in claim 5, where the prodiict or service entry comprises a product or service

D that isa unique number identifying the ptoduct or service, and a timestamp when the

corresponding shopping activity happens.

- 8. A system, as in claim 1, where the micro-conversion visualization comprises a traditional

parallel coordinate system and one or more extension components.

LI
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9. A system, as in claim 8, where the traditional parallel coordinate system is a parallel -

coordinate system comprising a seriés of parallel lines that are placed éqﬁidistanﬂy, each

parallel line beiﬁg assigned a specific dependent variable and dépendeni variable values being

plotted along the reSpecﬁ{re axis, and an independent variable that is represented by polygonal

lines connectmg the corresponding dependerit variable values (also referred to as data points)
" and illustrating a relationship between an independent variable and the dependent variables :

appearing on each axis.

. 10. A system, as in claim 8, where the extension components include one or more parallel

_ axes of sequential events, one or more dependent variable values of timestamps, one or more

dtopouts of polygonal lines, one or more ﬁlters, one or more categorizers,, and one or more : .

hyperlink association.

11. A system, as in claim 10, '.where the paralle} axes of seqnehtié_ﬂ events is an ass'ignme_nl_: of

| a.series of sequential events to parallel lines ina 'paréllel,coo:_'dinane system.

12. A system, as in claim 11, where the sequential éventé include one or more sieps of

shopping in one or more stores, and-one or more product or service c_levélopment steps..

~13. A system, as in claims 10, where the dependent variable values of timestamps isan-
~ assignment 6f timestamp values as data points to a.se:ies of sequential events that are

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

2
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14. A system, as i claims 10, where the dropout of a polygonal line is disappearance ofa

polygonal line before the line reaches the last parallel axisina parallel coordmate system _

with the parallel axes of sequential events.

15.A system, as in claim 10, where the filter is a means to select ahd/or de-select one or more
groups of polygonal lines viewed in a parallel coordinate system.
16. A system, as in claim 10, wher_e the categon’zer is a parallel axis in a paralle} coordinate

system whose purpose is to categorize polygonal lines in the system

17 A system, as in clarm 15, where the categonzer mcludes one or more of the followmg the

'referrer Web sites of sessions, the ISPs (Intemet Servme Providers) of sessions, the lengths of

sess10ns, the methods used to find product or service information by sess1ons, the geographic

. reglons where sessions come from, the ages, sex, educatlon levels, and i mmme levels of the

owners of sess1ons the sales hrstory of the owners of sesslons the Web page patterns

accessed by sessions or by the owners of sess1ons, elther or not ordered by sessmn or by tlme.

- 18 A system, as in cla1m 10, where the hyperlmk association is the association of one or -
more hyperlmks with the polygonal line representmg a session, chckmg on the polygonal line '

~ opens a Web' page delivering detail mformatton of the session. -

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

receiving one or more Web server logs from one or more online stores’ Web server systems;

_—
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generating one or more session tables from the given Web server log(s);
generating one or more micro-conversion tables from the generated session table(s);

generating one or more micro-conversion visualizations from the generated micro-conversion

~ tables; and

interactively generating one or more vafiations of the genei'ated micro-conversion

. visualizations upon interactive requests from one or more users.

s

20. A cémpute‘r system for visually analyzing clickstream datacompnsmg

" means for receiving one or more Web server logs from one or ino:e online stores’ Web.. server _

systems;
means for generating one or more session tables from thie given Web server log(s);

means for generating one or more aicro-conversion tables from the generated session

tabie(s);

means for generating one or more micro-conversion visualizations from the generated

micro-conversion tables; and

" means for interactively generating one or more variations of the generated micro-conversion

' visualizations upon interactive requests from one or more ixsgrs.
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