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; €3e@TTUTVLBW-X6XT@_k? 1 7 FEB 2005 SYSTEM AND METHOD FOR VI SUALLY
ANALYZI NG CLI CKSTREAM DATA W TH A PARALLEL COORDI NATE SYSTEM FI ELO DFER IR,
LNVENTI ON Thi s invention relates to shoppi ng over a conputer network. Mre
specifically, the invention relates to the visualization and anal ysis of
clickstreamdata fromone or nore online stores where clickstreamdata is
vi sual i zed and anal yzed by using an extended parall el coordinate system
BACKGROUND OF THE | NVENTI ON Cormrmer ce over netvvorks, particularly e-comerce

over the lpternet ed significantl ver th st _few vears.

Part of e SUSARNAND NORISE B TanF Aol 3Rl LS B e S Pt A

products and to purchase them from various commercial Wb sites (i.e.

online stores). There ¥HHAMRABALIFEL I GROBRDINATE SYSaWMy operating in the
I nternet including; Arazon.com eToys.com Buy.com Wal-Mart.com
LLBean.com and Macys.com These online stores provide various 1 -

17 FEB 2005 custoner services to make commerce activities possible over

Wb sites. Sonme of the exanples of the basic services are catal ogs of

mer chandi se which are both browsabl e and searchabl e by various product

attributes (e.g., keyword, name, manufacturer, and nodel nunber), shopping

carts, and checkout process. Sone online stores also provide advanced

custoner services such as wish lists, gift registries, calendars,

custom configuration of products, buyer's groups, chatting, e-nai
notification, product evaluations, product reconmendations and in-context

sal es. AFIELD G THEINYENHQ@MN in the Internet gets deeper and broader, it
beconmes an inportant task for merchants of online stores to understand and

anal yze the shoppi ng behavior of custoners and to inprove the shopping
experience in their online stores by using this analysis. A basic unit for
such ana i I

gener ¢ doRnraRisErbElsgtd SRBpARRe L S, #&%&%ﬁes PSS i
series of Vb s requeste in a le visit is referred to
e B seatsias <D SRuITIAR a5 Y] Dk rendiat B0 $ng of Bre et ar:
sessions on the site. Cickstreamdata can be derived fromraw page

r equest s Whees dioksteeanpdats isrvisunlizethandt dnalyze s erit ganeektended parilelgvofgoath as

ti mestanp, |P address, URL, status, nunber of transferred bytes, referrer,
user agenrysterand, sonetinmes, cookie data) recorded in Wb server log files.

Anal ysis of clickstreans  shows how a Wb site is navigated and used by its

visitors. In an e-conmerce environnment, clickstreans in online stores

provi de informati on essential to understanding the effectiveness of

mar keti ng and nerchandi sing efforts, such as how custoners find the store,

what products they see, and what products they buy. (Wiile not all this
|nfornat|on, , A{b server log files, it can be extracted
from asse¥ts : QY commerce server databases and tied

t oget her mnth HTTP

Commerce over networks, particularly e-commerce over the Internet, has increased
significantly over the past few years. Part of e-commerce enables users/customers to access
information of products and to purchase them from various commercial Web sites (i.e. online
stores). There are numerous online stores currently operating in the Internet including:

Amazon.com, eToys.com, Buy.com, Wal-Mart.com, LLBean.com, and Macys.com. These
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online stores provide various
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2 17 FEB 2005 request data.) Analyzing such information enbedded in
clickstreamdata is critical to inprove the effectiveness of Wb rief IEEBi?605
and nmerchandising in online stores. Interest in interpreting Wb usage data

in Wb seusvaner segyides temakasorimatd ackiAflesgistivie ovey Wab sty SRR Jrag anal ysis
tool s that analyze, sunmmarize, and visualize Wb usage patterns. PROBLEVS

WITH TH \ i.n, i ' ' b
og 111 oo e Atle b Pt AT RY SherDiigl A PO b Doty

anal yze, suc}rm@%ibze .and vil,gcgal i,ﬁg b usage patterns. Wile useful to sone
extent, WELHARE b yaupysRroduct ptribics. (6% ekavaiord amg, BARHAcHBIer Agd mqdel ) ¢ he
summari es the}/ groyi de obscure useful detail information, (2) the static

di spl aysnwokas). 480pning eagisamnsl chackout processr $ame eslineistdrevaar providlepdsaiced
interpretation, and (3) the weak (or lack of) connection between purchase
dat a andcuscomeyativives dadhoas!wish fists, (g repdittiést Yalbrlatt) S@srh 2086 L8HG] 68" S
effectiveness in terns of return on investnent. OBJECTS THE | NVENTI ON An
obj ect  OfroliitS, bu ' [ I QL - oW ng steps
1 8 promeaiih IIMAOHORR. LRy cTRAEHGAHG. SRR o RBISH: RIWR(T

i nvention i .mroved system.,and nethod for show ng sequential steps in
a procesltsgfé)@glggﬁtl c%gﬁl@mﬁ%ﬁe&??%ﬁ%tream data of a web site. 3 * 17 FEB 2005
An object of this invention is an inproved system and net hod for show ng
click streamdata of a web site that does not obscure detailed information.
An object of this invention is an inproved system and nethod for show ng

cl i ck ‘st Aeshmppingexperienceitbthsilbternehgdts deepbuahdsbriviet) ithecomas en apataanesk

navi gati on data. SUMVARY OF THE | NVENTI ON The present invention is a

conput erfos yifekchan@d ofilid@6krel BAindefLidd8d aRd1Pzethe MIpBink LRHA LS SRdtdO ONne
or nore users of a network application. The conputéer executes a

Sessi oni e MpRIVEHSsho h¥YE/ BIE oRine T l%ég\gs[ilgge Elnaly? Sé&)rggll@ oﬁ ne

bek
or nore online stores, gﬁ% generates one session or edcC

found frqjf S recorded in b.server |logs. J.n a preferred enbodi nent,
this is % {logg& ?)]fatn?l aluéss‘flé&g%?%gﬁﬁffog‘e 8ﬁt(’?ec?eﬁila?sfregff‘il%%g%ﬂ?ﬂ‘ctt?%?t anp.
A ShOppL@%’gﬂt@e‘ﬁf'f i nder process then receives one or nore session tables and
gener at 19ry_ Radhnsough Ang epyparerWeb sites A geniesiof Yeelspagss tegubssed by aal |y,
a visualization process receives one or nore of the mcro-conversion tables
and genevisitazdn a smglr visibisaefeired o aonsessien. @icksteanl datain mrsmlind s@peis@r nNor e

m cro-conversions. In a preferred enbodi nent, the m cro-conversion

vi sual i zallectith @sessibinsPhaNesitd. TliBRH3hmataC QA bE IR &SFroh&H ga%tbfcquests _
m cro-conversion visualization conprises a traditional paralTel “coordinate
syst em aRdeQ0EtoNUs hRY SdaHLiE RS ‘ . xtension onents
i ncl udea(o n?a or Omgr e par gﬁ%leP&gggtseﬁ8@2@%’%&3&%%@%&@9 g%dc%?ssm,
dependent_.vari abl e val ues ti nestanps, one or, nore, dropouts_ of polygonal
li nes, 08&1 oM ?reoéltﬁ“tqéfrgggﬁtt‘?% TBIeIIRh MECT @gent i) sametimesnepakifedatd) nor e
hyperlink associ ation. BRI EF DESCRI PTION OF THE FI GURES -4

recorded in Web server log files. Analysis of clickstreams shows how a Web site is navigated

and used by its visitors.

In 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 available from Web server log files, it can be extracted from

associated data sources such as commerce server databases and tied together with HTTP
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1 7 FEB 2005 The foregoi ng and ot her objects, aspects, and advantages w ||
be better understood fromthe following non-limting detail ed desc Z[fdeﬂﬁS
Qf preferred enmbodi nents of the invention with reference to the draw ngs

that inc faQl i.Ng.. Fl ' l, j : d
syat em APdiiey Sy b tle cn e osBodiel P ot BT B o B0 Y iR F
process. Figure 3 is anpl e of an.onlipne store structure. Fgure 4 is
an examghe %?“&Vms s‘%?\)’g‘)?% %@fﬁﬁqn%ﬁngnWWﬁa@%’P&.lnFP@l{ﬂ% SEOTES; er@&aﬁbl e
of sessions in an online store used in one preferred enbodinent. Figure 6
i s an exateppreting Webcusage daadn SVelnseriver lag fides| hag spawmndean witiyamearke fos Welf | ow
chart of a shopping step finder process. Figure 7 is an exanple of a prior
art par dbk @halgQ9todlyabeanalyst eiimndrig s @d8idualizWel asage anérnsli Cr o- conver si on
visualization with a parallel coordinate system Figure 9 is an exanple of
m cro-conversion visualization with filters. Figure 10 is an exanple of a
session browsing nore than one online stores. 5 17 FEB 2005 Figure 11
is an exanple of mcro-conversions of a session browsing nore than one
online stores. Figure 12 is an exanple of visualizing sessions visiting
nore than one online stores. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Thi s
i nvent i OARGBEEMS WITH THERRIOR 4RTpar al | el coordi nate systemthat can be
used to provide users with greater abilities to interpret and explore
clickstreamdata of online stores on the Web. Parallel coordinates are a
visual.ization nmethod for displaying nultivariate data sets to identify the
rel at i onlkirgst Anbyierpretiag \Weeh nisize dataan fehaserear lemBleshantnawapd ae gridvhpaiksbs a
series of parallel lines that are placed perpendicular to the x-axis (or
y-axi s) fot Wetdaptansiysin teudo theht adlpres ywahaagizeamst piswdee Bétyusage pattaina déhile axi s
is equidistant, although equidistance is

useful to some extent, most of existing tools have the following shortcomings: (1) the

summaries they provide obscure useful detail information, (2) the static displays such as
histograms and pie charts restrict users to passive interpretation, and (3) the weak (or lack of)
connection between purchase data and navigation data limits the ability to understand the

site’s effectiveness in terms of return on investment.

'OBJECTS OF THE INVENTION

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

relative to an independent variable.

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

a process, specifically the clickstream data of a web site.



not required. Each parallel axis is assigned a specific dependent wprp;?ﬁl?ﬁog
and dependent variable values are plotted along the respective axis. e
bndependgnihis¢ast @kl igvdnsion epintispnsed shtepainy gesiadd fol sigsvingclitk teamatta ¢he
correspondi ng dependent variable values relating to the independent

var i abl wehmide that dess mat obsguig deailed indeigpitionbet ween an i ndependent vari abl e
and t he dependent vari abl es appearing on each axis. The interactive

paral |l el coordinate systemin this invention uses the multiple axes of the
syst em (@ JghpRl 65BIN inS@Mida s Atimpsbepsyvbincndseabodfos shakieg dlick sigpatrhdita on a
navi gation of a Wb site, and di s%ys a lar gg nunber of i ndividual

sessi onsvehsitpBiay gehdps both pyrchasselatpeandingnigaiondaat of events (that my be
di vided into subsets of events. Each of the axes represents one of the 6
~Y 1 7 FEB 2005 events in the session. An independent variable associ ated
W th t hgUayemMRY e ESBNNYENTIONEe respective axis is plotted for one or
nore of the events in the session. For exanple, the clickstreamof a
session is represented by a polygonal line that intersects its tine stanp
val ue f EREE SRS 4 it lortne QKQRTZatibAs an
al ter na?{ilsgpe(g%gﬂ{eﬁéﬁﬁs i@ﬁ%ﬁsyggﬁ%gg furt hﬂg%ﬁepcrléglggsi (Erigjeod: For exanpl e,
one or PO exasrcakers lbéa pemalk ghpliceordi Tt @nppsdr ereetss dresUerBehios PEPESS f y
t he sessions by having t classifier as a variable of the axis 0

o thit Feceigs 0t oBpis e pateipsisa pné et ok e St Frlliiintie 1)
Sess| On%eéspintthlﬂg &g AFIPRRsSIBh Yduna fRInPYdqHBdts reorde@itl Webtsarver fopONTpOperied” on
the classitfier axis while all sessions initiated fromservice provider "B"
woul d  steatbiodfmamtn thieiing listRT ropesth sortaddysiessierr idantificatipp pnd WgesHaB. Ashopprigge
or nore varjables such as referrers and ho ' i ons
assi gnec?teipcﬁ“zf’é%r,oc?sﬁ eévg“teé‘fﬁsc?ﬁﬁowngﬂeaﬁsszl@Eaﬁgp%rggﬁg%&g%gil ﬁqggth%/\é%ﬁ/% gszi"%i on
cat egor itgse adablaYiveRidseitn B Findily, @Reueliaioh pritess rebvaens oo nirelof thot

al ways have eventsS plotted on all of the axes. By arrangi qg t he es in
tine sequierrceornyeigon tabieyans geagisled 08 PRNRES RICTHRPRIFTPHON HEUHFAHME A iOhe OF
sequence_order each of th i I - nar.t.i : L5 at sen
as a "té?%eﬁgfroé%oéﬁﬁrglogg‘ggl %ﬁg%ﬁg %rpnﬁrgg asntta’,tﬁ? |Q@icheﬁélﬁ%xggy%ggﬁﬁguser
a cl ear gdpsaall it paulaicoomimieshoherstinymato-thevesessiowsizenaechnarisehe

"term nal step”, e.g. how nmany custoner sessions.ended in a product .

pur chas éradptmnﬂh@wllegyocrréwte StgR 4nF QNG QF LIOLE CXEFSLR CQ“H’SP%%@EP %F‘? LTI |

it is Stcroﬂip%n&ﬁ? IR one or more parallel axes of sequestial events, one or more dependent

variable values of timestamps, one or more dropouts of polygonal lines, one or more filters, one

or more categorizers, and one or more hyperlink association.

BRIEF DESCRIPTION OF THE FIGURES




\
to see at what point sessions |eave the site. In other enbodinents, the
i nvention hel ps users actively explore and interpret data of inﬁ?r?ﬂ% ?y
providing facilities for filtering, color coding, sub-categorizing, H@
dynami ¢ gatng and other pbjeEB, ®PESs, kind adeniagés #QDDe beiteRuitdediboi-agr B Of
one preferred system architecture showi ng one or nore conputers used by

shopper sfollowin@ rlon)limiifig @{ail & dSstApGorPSF r#r%%{r{;%%lﬁgéelﬁﬁleﬁts 4)? ﬁlee) in\g%l,ti?)ﬁ L er

network ( 102) which is used for comu ween ters (
101 ) a I : . t sessioni zation process ( 109) that
convertg{é%égﬁg3?4\%?@?‘%lgg%@?gm%@%5hef$@wlpﬁe online store (103) into session
data (500), the shopping step finder process (111) that converts session
data (S00) into mcro-conversion data (600), and the visualization process
(11'3) that converts mcro-conversion data (600) into visualizations of
shoppi ndigeilis @ blesk d8@oAm b onesprofyrrad pestah hehitewaedi nat e system Wen a
shopper intends to find certain product information and/ or purchase one or
nore products by using the Internet ( 102), he/she starts a Wb browser
program ( 105) in his/her conputer ( 101 ) and accesses an online store (

103) on Fisige bt @flaﬁftchmio?@p?e?%%i Méﬁnéﬁ’sﬁ%%e%t s of interest. Online stores
a

(103) are inplenmented with server sys%en1(104) whi ch recei ves Wb
page requests ( 106) from shoppers and sends out requested Wb pages ( 107)
back to shoppers. For this conmunication between the shopper' s conputer (
101 ) a thg.online tore (103), the Wb browser program (105) and Wb
server ?%5%3 {133 S2Mpje ofsan qqfinp sforg gmiciest  Transfer Protocol), which is a
net wor k protocol defined and inplenmented for this purpose. A shopper
navi gates an online store (103), i.e., requests Wb pages over. the network
(102) and browses Wb pages which provide informati on of one or nore
pr oduct §imdimlé;damp&t&raew£fa@w¥ié1!6g%?5ﬂ8m§y %@m( 104) in the online

or t

store ( 103) records shoppers' navi gation € online store (103) inits

Wb server log (400). Nanely, the Wb server system (104) records all ‘the
requests (106) it receives fromshoppers in the Wb server | og (400) along

‘(’“4;[):2) augilggi'ﬁ %skaglaégc%ﬁﬁcqqﬁze%%ignisnn?% 8nr?13ne(s£tl(())rg§ )uéedsi(ralsoii: ([)Jpeftél-rgad(c:éllfl)bzo)d"1m£31§atTc et
Figure 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 coordinate system.

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

Figure 10 is an example of a session browsing more than one online stores.



T —

]
17 FEB 2p05 the requested Wb page (405) for each request (106). hF7
details of these auxiliary data will be described later in Figure 4 (i@gﬂm5
ln a preferred enbodi nent a sessionization process (109) receives a group
of requests (106) stored in the Wb server |log (400) as input and extracts
sessions (500) fromthe requests. In this enbodinent t he sessionization
process ses sQrti t he .\\eb Server 400 sessipn I D
(402) " ankiEPHAH 0% EFATODE BhpiraRep erspRee! it raneeeanye Maoret snite ' A
session is a series of Wb page requests (106) by one shopper in a single
visit. THe¢8hoppi ng step finder process (111) is described in detail in
Figure 6A. In general, the shopping step finder process determnes if there
is a request that nmatches one of the axes of the parallel coordinate system
and what the value is of the independent variable to be plotted on the
respecti M%uﬁaxlzsls afr ka8 OPV RuallA ek QERIviRHRAE RDR thakEf GRS IsRAS. (500)
extracted by the sessionization process (109) as input and identifies
products seen in each shopping step of each session (500) in the input. The
out put of the shopping step finder process ( 111 ) is referred to as '
m cro-conversions (600) and, in this exanple, shows how many products seen
in one shopping step are converted into the next shopping step. In a
non- Ilnltlng exanpl e, one preferred group of shopping steps includes
product DEFAIEEDJPESGRH N INNIBNTEOS basket pl acenent (606); and
pur chase (607) and will be described in detail in Figure 6 (600). For a
nore detail ed description of mcro-conversion, refer to U S. patent
application nunber 09/238,86l to J. Lee, L. Mdrgenstern, M Podl aseck, E.

Schonber i d
sl ot s 1nkon .\é‘éﬁgﬂméﬂﬁ*‘%ﬁ?zﬁnﬁﬂ%ﬂkﬁdﬁ% NelehOfhal i Suselth BT )

Envi ronnent " 27 1 at .17 FEB 2

appl i cat V&R Wﬁt&b%egﬁQ%@ é}{ﬁeg)rﬁt %‘p? re "kJ/B‘?SSS%E dePa Otg odl &8¢ (kh(lje E.
Schonberﬁ% and D.. Wod) entitled Aggregatrn% and Analyzrng Infornatron
about CoWtebn m&é&@r@aa%araﬁ Hseabizagonc@ethed Terdisplaying mul woigke datdsste to
Conversion Rates", file on January 27, 1999. Finally, the visualization
process idedGfy thakai&icmshipraplmgtthmvmadvle@.- Aparalick¢aondin{té Systeny eomprisesd 19yies he
previ ous process ( 111 ) and generates as output one or nore visualizations

of shoppbnga@ibi Vinkd @fat (H0Pladed pdiperiduletos ther -y @B Paxi) paraldagksian
coordi nate system The visualization process (113) plots the independent

vari abl e, o%fﬁﬁte F&{hecoo ?&Bﬁlé%aai(hcgaée‘ﬂf aﬁ@%"e (ﬂk@ﬁtt aﬂ%ﬁ@ﬂgld?stﬁﬁ'&qp' ng

axis in t e para |nat syst erred

vi sual i zation enerates t o n

Vechni quith SPRBRETERR, Frile JREY FCh R P&ﬁ*@ cipenten] aipae Mo, p8Rens
In alternative enbodi nents, the visualization process (113) plots I|nes of
di f f er entaniaplrokalyes g5 platted alongithe respeqting dkie She méereaﬂentt%é‘ale & repyesenyed
further sub-categorize the plotted features. For exanple, sessions started
by di f f ebepolygosd dimes whichsemsect thre doeresiemidngatepehdont dirablervahtes cadhtmg toi thes.
Sessi ons al so can be categorized by other criteria such as the type of the

visited gRpaiRlent irRbledd mbﬁramge RAHoN GNP b&We& art Hﬂe%w&ﬂ@ntbx‘z@%wanﬂrtﬁ@r am
and/ or operating system Figure 200) is a flow char f a preferred

busi ness Vi on whi ch provides visualizations of
shoppersdg&:§|V| gﬁg%%%ﬁ%%ﬁﬁng%mgn #ne store (103) can be used by
merchants of the onllne store to understand the effectiveness of their
store and/or identify one or nore bottlenecks of their store. The nmerchants
can use this information to adjust their Wb desi gn and/ or nerchandi sing
and nar k&he notesicting patiablel tariinpiecsystetthin fey frventiorc asesfthe meultiplet axee .of Tthe
first step (202) of this business process starts with the Wb server system

(104) of sfshn BebRBert sOq RnfidIARps WAEEH skfibnsthke dBREERLIEndVIERbN fof e Wetharper s
inits v@% servg? I%g &% 0 Q%%gn (203), datébggggedl|%\1%§b3Eb server | og

(400) i S abd Elfs(p)l%rsc g l1argé nu gér oq m!h%idu%sessmns as po?ygonal lines. The session is a set of

events (that may be divided into subsets of events. Each of the axes represents one of the



17 FEB 2005 demand, retrieved for analysis. Next (204) 205 and 206,
respectively), as explained earlier, the Wb server |og data (400)17 $EB 2005
processed by the sessionization process ( 109), the shopping step finder

process j henvi &R tVaRibl0 aQGBREd(with te dvenORPRI@IE 61 Shed"
nore Vvi se(t}/aefl%;lg%ﬂiﬂ%ﬁésggg? ?ﬁo%%%@g' &ge}taiﬁvi tiaes (800‘))Vl in ct henonpi I’Sle store (

103). In so referr odi ments, t enerated visualizati 8

typi cal Iﬂ?sﬁ?gﬁﬁg\ﬁ“tgﬁs ‘Pg’gfeg[}b ' PP§ PEFéorMFngg%‘{fgfsn@s e aRalYst s éae%%p{e’ w
interactively use to select and/or deselect one or nore groups of data for
t hei r neditkstrqant ofbasaspipe is tepeesenied biea polyeena) ine thah iteraeckt ity Ymgstamp Yahee
store | oses custoners and how many custoners are |ost, understand the

ef f ect i viopan svalt représented by tiverespratich aiinfprtlecdvients, and under st and and
conpare the shopping behavior of __ different groups of shoppers, e.g.,
shoppers fromdifferent referrers (Wb sites which | ead the shopper to this
online store), shoppers fromdifferent 1SPs (Internet Service Providers),

‘and/ or sho rs o use different nethod ' r ct .l nf.or ' in

t he st ortﬂl Eg()“[(;gﬁéerna m%%@%%% SeB?‘%’Ws?aﬁ‘},e i‘é@’%‘%‘@e@r C lll e%ar gfr?éto g‘?é{ g{e&é‘% ch,
and/ or recommendati ons). The use of filters, w tp t,Fe vi sual i z%t,' ons (tEOO)
will be #€§Qiheparailelgpgrmatesystegl cas bo userh e clagsi{igthis)sessions B bpyag)he Neyy
(207), by exam ning the generated visualizations of shoppers' activities
(800) i nclasséfierrdsi nearsibly of (EOMis. Fos exesplearfdhy yadahle @8 the Selessifies axis” is
effectiveness of their store and/or identify one or nore problens wth
their stgi@icspedvids, Al RisokaNiifiakd romPiepitd Hdvidep AL buldstar floangbdiny "Ahd
cunber sone checkout process. Business anal ysts nake reconmendati ons for

store | e MedRAadh aRRAUAeAl sdsbiBft Rittedl DHlsée?‘?c% PRoVRILRH KO ioul # St iForh | om

t he busi ness anal ysts, eters, nerchandi sers designers of the

online stare,(103) devel.op and/ar. date. their strategi.es for o] siLgn,
o " ar REEE Ry e R SRETIS 15 nsSRy) Vith e G B0 e eSS wisPiog fOES Ik
recommendations for the 1 7 FEB 2005 new updated strategies. Finally (209),
the recoh®stnames BatCaeaomze FRSSIABH aiaNeq HoRES, the FYatere can gistplize thatelptioBEHR ar e
passed on to the Wb programmers and adm ni strators of the online store
(1,03), wtterebmpdseiorcategdriesrand aavigatibmcpatisanges to t he Web appear ance and/ or
navi gati on paths of the online store (103) and ot her Wb presentation of
the store's marketing and nerchandi sing efforts such as adverti senent
banners and other links in portal sites such as Yahoo!) AltaVista, Lycos)

BUs1 NEssThEE R Ryl SR 987 6t PR MER PR ARk BY

COORDI NATE SYSTEM fil.ed on the sane day as thjs application,. hpyqung
Lee et aPtrongfpg EF 3%€S ﬁ%%&ensqqﬁ?f}??ﬁ)ﬁ%t %g‘seﬁycape Ee % e blé%?‘ll #‘%t@%‘g

Figure 3 (300) is an exanple of a prior art online store structure show ng
al | the vemenegudersarshptihe sspsionsendedsy K apaetionlas axisris ghessh avAetrriH §8R > Home
page (301)) Product category A (302), Product category B {303)) Product P
(304) whieghpisiupr mnciiase thisdnvéntien v tiager @30y visBelindicai @061 hawmdn®yafch
Result page (311), Product Al (306) and A2 (307) which belong to product

cat egory ¢fd 39809 endE@HUAE "BridinaBIE)", e.BZhdw3 By aikdorBe: sessléhs epbiedih Pgloang to
product category B (303), Shopping Easket page (312), Purchase page (313),

and Thank u page,(315). An_ arrowhea i ne b . oxes..l jgur e
mean t haPm{Cﬁasreea!g‘rﬁh%ﬁ &’Y%J?%‘%W% ﬁetflgt%lts 8&@5’3‘@ Qogbt)qvé% gﬂgge‘é%d?,axit( ?sosr%} ag%{s%?“sl%ﬂdt hat
a shopper can directly access the destination page fromthe source page.
That is) tasepsh WhabROIROEERPHIeHP IS siftnks in it to all the destination pages
whi ch are accessible fromthis page. For exanple, Product Pl page (30Q is
directly accessible from Hone page (301)) but not from Product Al page
(306). Also, Home page (303) contains hyperlinks to four different Wb

pages, P % A i J Rk pWE tang ahRaey dia (c103) ,
Pr oduct I@"g 304@%5%%%@%@%%%1%(%3%% .ulgér%%c?gct I gage (304) ngnt aians

I . link to, B . .312) . t hat Resul t .1 311
s % dyndPEShabe RPOUBEBRULRT TeraRgte sObaoBHE: RIS b 28R T L
Search page (305). The Search Result page (311) can contain zero or nore

hyper | i nkgewinger oduct pages in addition to a hyperlink to Basket page
(312).
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¥
Figure 4 (400) is an exanple of a Wb server |log of an online store show ng
a nunber of requests (106) to an online store (103) whose struct uy e pESIN0;
ghown in Figure 3 (300). Each request conprises several attributes
including tinmestanp (401 ), session m (402), referrer (403), requested page
(404), and links (405). Timestanp (401) is the systemgenerated tine when
t he request de .to.the Web_server. system (104). In,this |0 ta
(400 - riBgtredk O o R iy RS PR iRV iR bk episgnb Pl oS, (o
(402) is a unique jdentification nunber for different sessions: As
expl ai neepneters gped by shopprars(lOly ag onling geregm the Interaeld(10Dg a sempyfenyetyosdthopper
in asingle visit. Inthis log data (400); there are three sessions whose
i ds are @0R) whizhdasnaseS3or deagusit giohrbetwdehaleusehcaepuas 101N andthe dnhinestoeaved
inthe log by their timestanp. Areferrer (403), is the Wb page the

shopper was), e é@@ﬁ&ﬁ?ﬁ(e’iﬂﬁod’é@i‘?@% haBcdnQEHERED sdrdr 16X AR (400) Flagh thef errer of
the first request of session S1 (made at Tl) is R, an external Wb page,

while the referr f the se guest of S t T3 e
whi b wagatert s neh A6e R TR 0P B Tbating ek BT el 0 HORRLIRST
hyperlinks contained . in the current page 64043. For exanple, at T1, the

i nks (4@391%#&%@0(3amtpmer%%@éer@m&ta, (600)p and thg yisuplizagion BEPesss{l &3)Bheiduct
category A (302), Product category B (303), Product Pl (304), and Search
page (30&nveds miGp-cohveersipmkata (@@D intofvisuhlizations efithoprige a¢tindugs, (800)ehy, usBwar ch
Result page (311) are hyperlinks to three product pages, i.e., A2 (307)) Bl

(308), angaBfel(cdofinabiwtenar e dynanically generated by the search function
of the online store. The use of these links (405) in the server |og (400)
is novel. 13 17 FEB 2005 Figure 5 (500) is an exanple of sessions in an
online store show ng three sessions extracted from Wb server |og (400).

The sess{qni zation process.(1,09) .extract.s.sessions, from,reguests 06) in
veb ser v honts PREGRIE Ay Pt StoiEt Pt R BRSO (s
exanpl e, the process (109) extracts three sessjions S1 (501 S2 (502) and

S3 (503) Profuets by peiag thedntsines §H12) dedibie starts @ Welrbromser pragrerel 0prinisherer ver
| og (400) having timestanp (SA ), session ID (50S), Referrer (506))
current pagputéis(0)) anicacbéssdssan(dmlidy stofdd 08 popuths higtermet which selbstbe produstsofie
sanme as those in Wb server |og (400) except they are now separated in

di ff er enjni§8fSOALind A 61030 AR ifnplintentdd witlns WebaRHied Bysténh gL04$ whidhGOEBivdss an
exanpl e of mcro-conversions in an online store show ng conversi ons of

differen i i 0, diefi fopd ShepPLA& (St eps.
The < hOpBYeﬁ’S"%?F g%h%eétk (o6 fidff &Bﬁﬁ&é at PRYs BIOSheSoli WRLEMges (10FP
shoppers. For this communication between the shopper’s computer (101) and the online store
(103), the Web browser program (105) and Web server (104) typically use HTTP (HyperText
- Transfer Protocol), which is a network protocol defined and implemented for this purpose. A

shopper navigates an online store (103), i.e., requests Web pagés over the network (102) and

browses Web pages which provide information of one or more products sold in the store.

The Web server system (104) in the online store (103) records shoppers’ navigation of the
online store (103) in its Web server log (400). Namely, the Web server system (104) records
all the requests (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



finder process ( 111 ) identifies products seen in each shopping step in
consi‘deration. One preferred group of shopping steps in online std7ekEB 2005
gonprises the follow ng four steps: product inpression (the view of

h i i ' jifit h
ol ok onERee e R R A e rqutry (Gooy " basket

pl acenent (the pl.ace t of 1 jtemin the .shopping basket. , d
pur chas gb? éﬁ&nb‘{ﬁ)irlaﬁ‘?égﬁﬂg‘?mﬁ”‘égﬁ pxiei“eér_e,d e&‘l?r?&"ge[[}’it S%CSS*OHEZI%B)? ﬁj%(r%g%%ég ?gc}n)
(607). Mcro-conversion neans a shopper noving to a next shopping step for
a producteceives 1 piovp ekeagpesss (10Akstered tipthedVeh egsvarilogiehO0] as inpuj stes one
m cro-conversion table for each of sessions S1 (601), S2 (602), and S3
(603) . FedssibRamOOEfromkhé fQldsthakh thisaateidihent the séssionizatiorf proeessi(h@®, Tl, T3,
T10, T12, and T14. At T1l, S 1 sees an inpression of P 1. At T3; S| sees

| npr essi i hODra88 9 timRdtampl4dh2, S
1 sees |%§%S§f§?\%ng%8‘&%b Ségg?ﬂé ((2140%%%}’%&@%??3 (g%agiaﬁa%ﬁé%rbsyges i?p??gssli])ons
of Bl, Bét andeg.. APDn t hese product inpressions, only three are
converte tteaew%eﬁsoaagﬁ%‘?m?*?e&, Al at T3, B2 at T12, and B3 at T14. Then,
two clickthroughs out of these 14 17 FEB 2005 three are converted to
basket placenents, Al and B3. Finally, both basket placenents) i.e., A and
B3) are converted into purchases. The shopping step finder process (111)

i dent i f i Assesdion B-acerivesfSWeh pagef regesti(H06 tBnasboBer ima single visitalhevay, and
generates the mcro-conversion tables (600(b) and 600(c)). Figure 6A (650)
is a flowdphaldlstqf fities PRIZBISNYI Bli€BestiiPslEin deta01Gh Figure 8A1 I genbidl, At OCESS
starts wwth two types of input:-a set of requests in a session denoted as {
R}; and 0 i wi |

i dent i f ygl?oi)%irﬁesft?é%%%g ?é&g%ld%%g‘?ﬁ}eé ﬁ({%ﬂ%’?g‘f‘ egpuést Byl matchgd 8‘%41‘? e ot
(shoppin st , _provide criteria for decidi df a request . bel.ongs,t.0
each' of g{e’r‘?@“g{égﬁ%‘gd‘lgﬁtre systemand what 'lfhgd ﬁ]céjlg {S &H% @Leggpci)eﬁn B@Ta%)hegtg eoéi M st ep
of product inpressions (604) if the Wb page of the request (507) contains
one or monéheepRactivwrds.( Bogiampleg the Bares prosaspdakessessions () sapctebbyihgs t o
the step of clickthroughs (605) if the current page of the request (SO07) is
a produckegspizatidn pegessi0d)ak pys andidehtifiestpepduofs soersinetacip Slzoppingtep @06) i f
the current page of the request (507) is a basket page. Finally, a request

bel ongs &acH £26sish EM0PI B iPhaThe 0BG of the sShéppity stgtindageocess (1he) isequest
(507) is a purséhagseO gage. h%?e sre]op%i ng sfeg@)indeﬁrocgss (111 and 650)

checks "“Péf%xg%‘g%%\f‘}@itgrnJ?ﬁLn‘?z@g?onE gssdsfﬁ'g%x% n s Pﬁ’mﬂﬂ:‘i&,“ oWiGiolEmhs} ABd6dt S&hl a of

each step e proc a request belonging to a step, it

tags the request as an elenment of the step (656). After going through this

checki ng % 8f¢ QPglgéFegr?é?lfquﬁﬂ?cﬂﬁ}Q thF.ng’.“,Sﬂgkgﬁ@P#tF%'quest in the given

session, for every step in { S}, the process outputs another set {C} whose

el enents C represent mcro-conversions conprising one or nore requests

tagged as a particular step,. Si, of { S} (659). The shopping step finder
In a non-limiting example, one preferred group of shopping steps includes product impression

(604), clickthrough (605), basket placement (606), and purchase (607) and will be described

~ 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 Analyzing Information About Content Requested in a

Network (World Wide Web) Environment”, filed on January 27, 1999 and U.S. patent
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process ( 11 | and 650) is executed for every session (500) to ide flfﬁ

shoppi ng steps of the sessions that will be visualized by a parall FEB 2005

goordi nate system (113). 15 1 11 1v 1 7 FEB 2005 Figure 7 (700) is an

exanpl e : ' rydi t i S HeMREPRRE for
ﬂ%hg% o Rl b3k hs &1, 1801 ?\Q@rﬁﬁsﬁﬁ,ﬁ@éﬁm?&@k,‘@%cﬂ )

di spl ayi tivariate data sets t e relati'onshi p anbng the

vari ables in the set. A parallel .coordinate system (700) c rises a series
of paral ﬁewlq()finggltl@évo{tggr%agngﬁg ,Anéi‘)}ﬁl orxinﬁé n gl}og{ éPH BHR%Ftaﬁgl ht1y.
Each parallel axis is assigned a specific dependent variable (e.g., X
(701), YE{Cro@inyrcZ Weto3)vieontheny (o I4grnissdonnspdion Rates™ 4il¢ el anugm A7e$999705)
are plotted along the respective axis. The independent variable is
represented by polygonal lines (706) which connect the corresponding
dependent variable values (also referred to as data points) (705) and which

Lus! ¥ affiafy (Y Akh AN LBELNA) E&S% %gﬁga?ggg{jcrxﬁaohaé}kﬁn@mes Benefigendent

vari abl es appearing on e I's an exanpl e

m cr o-copversion visuali jon, with a paral] el coordinat yste In this
[ qure. - Bu Hsogtmarest {110) i af Bh@pt Ge.SiSR0E ViR Fudfit SinobPink 0o,
and its progression in an online store (103). The first parallel axis (80l)
r epr esenaalivitiesd86G)dn theaandige stopedhy, using & parallel gaprdinate sysieny. nfhe ysualigatigny o
(506) of each session. There are two referrers in the figure; i.e:, A (806)
and B ( 8fprbressThi3)mpdott tHedndeppadent Vaiablexedua @pthe sespectblecyas fogeshepqiestthain
online store (103), i.e., product inpression (802), clickthrough (803),
basket phacLABRRhing3D)in (R P 60RERaRORIm. TPA pAAdrfed@hBEdImbR, thee shoppi ng
step axes, timestanps of sessions are used. An advantage of using _
tinmesta . i ' t . ' tdividual
sessiong?&%%g%&ggégggggﬁéighé?%p?ﬁéggéﬁgagg%g&%@?n(SH?Egt 8%%)gggg¥bﬁking
data points unique to individual sessions_prevents the. problem of

over| ayi ﬂﬁ Hl?tFFé@’%‘gf fR e3FIQfthgyeRacHYs axﬁ'eéd,p alfgrnatiye ieglbggg'il"@?fs %?en paral | el
coordi nate visualizations) because it sonetines obscures the accuracy of

vi sual i zatshaimtiopmcelis< AtR) phatsfnesaff différens typasde gagifferenplineithicknpssi enlar, i s

that they do not carry any sense of volune. Nanely, the existence of a data
poi nt i Neypesttopro figthe wib-cateigbrifhne plidked feathred) Por sxamyplprsoshicisstaseddyvi ewed)
pl aced in basket, or 16 1 7 FEB 2005 purchased. Rather, it nerely says

that one e &M 8stBmeAMELSs MRH dbbigiRel bPhReRGt B8loPHAGNSSRns hikolchi Be f i gure,
it is inportant to notice that so polygonal |ines (808, 809, 810, 812,

and 81 3) stop.hetore they .reagh the |a h o NGy St i r,chase
(805) . TR iR pdlotheh A SFE s S wnf BhooBERY R . it sB'G0T°,
session a data point value for the pext shopping step and beyond if the
sessi on d@§§mﬁgﬂﬁﬁﬁﬁ9éF?”*%P¥W§m% m%ﬂ@ﬁmngéﬁﬁ 1. each pol ygonal |ine stops
at the last step the session reached, which indicates the point the session
| eaves the store. This figure (800) shows that the nunber of |ines
connecting two adj acent parallel axes decreases, as polygonal |ines go from

left to Fgm2epo0)es 4 NewRHE BRS prefdritd buSiasgs. pré¥esf Aliesuatntinvengionathidh nes
vi sualize where the store loses its custoners. Another note about this

figure i : LNe , j . i ci ated
it £ one DIV R RO 90 Rbper ABAUERE AT Bing SRR PR EM BRuASHD. @ -
nore Wb pages pr.ovi ding nore i nformtion.about the,associ at ed .sessi on such
as infor a@ﬁtsgfgélﬁﬁ oqlwg SIE 9 e@%ggrthea%{fc yorst ety 'sgvaeé%ncﬁchr ‘5%“3‘8% &8%i on.
This feature is referred to as Béperlink associ ation. Figure 9Eéagg%wgg an

exanpl e of merchatlemekepisthein stpres TaE meaehiani cap e this informatiqineo sk
coordi nate systemin this invention can have zero or nore filters which

hel p useﬂssi%mmm/aﬁhwﬁwi &t makeing s _@bgﬁ@t@@lhg@ﬂétlﬂpdﬁiblt@a@e&ﬂpﬁeipf
sessions and custoners in the visualizations. Afilter can be also rel ated

wWth the s&)iré.sltheqﬁ‘gtasupe(%%f%hig %Qii?lesmio%gssi Sarfs WS fHeSWeb 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 periodically, say, daily, and/or on

10




Yy .
categorizer. In this figure, there are two Filters, i.e., referrer (910)
and product category (920). The referrer filter (910) has three val q?,FEB 005
referrers A, Band C. In this exanple, referrers A and B are sel ected) ug )

Cis not, This referrer filter is._.al represented. with the first parallel
17 21 Homaidatinted tat s Negal4 Daant 207 sewpctiviy) s Spianedgegler,

di splayed. All the sessions visualized in this parallel coordinate system
cone frofhecVeheaerver log dataidl) 4s processeshby the sesdionicatipl process (i @) ethe shappirg
interest may include portal sites such as Yahoo!, AltaVista, Lycos) and

Exci te @teptimderrocess 0duy,tand dieedQia¥izdtiont R6cd3nsl 1BPUS gMkdt€ Sne adlofawo val ues
anong them Men's and Wonen's are selected. Nanely, all the sessions

vi sual i 2qghubifalihSof hablicy SERIRECANS) A e B BIRET1gahe Men's or Voren' s
category. In order to st i nguil sh” sessi ons iC eé’'Men' s products from
t hose which see Wnen's products, the parallel coordinate system may use

different colors to display polygonal |lines. For exanple, it uses blue to
di spl ay Ergl ygonal lines of sessions which see Men's products, while it uses
red for Sbsdncpretertsrd embedisnopssy e senerptsd yisualizations (890) ypicallp oope withan

exanpl e of a session browsing nore than one online store. Wien a shopper
tries tovéiows fdtees whichibnsingss adalgits caf intepdceivelgtuseiot daket anl/driesdledtenaet or in
t he physical world, he/she often visits nore than one store to browse and

conpar e Riogdgioufs 804t fop thdid HedA€ For StaHpS thEusHRes %%&s’&n%tﬁf rvx)ﬁ%f'e | ogs

(400) fromone or nore online stores , (103) with s ers' session |Ds

commonl y { i stores, an extended sessionization
process ?%gg(grggoasggé%?éﬁwuc dg(Le‘gén %gkg{?%?%ﬁrlssiaﬁeglo%fl’fc%ﬁﬁt@d(‘;tﬁ? Fﬁ CUEBPEST | n
this figyr 000 session denoted as S3 (1002), visits three stores,
first, s#ﬁff%rﬁ&ﬁfg%?%,smﬁﬁ%?“ﬁwa W(f‘er fndpmyparethe shenpingbebapior sh of t he
store col .umig1003), the session table (1000) contains the sane attributes
for sessfigfegent groups of shpppersme.( $hopngrs fropsdifforent gDV eb siefsovhich lepd €@4) |
current page (1005) and links (1006). Figure 11 ( 1100) is an exanpl e of

m cr o- coshoppei tortbis @hlive e} ishopieroftsmnijfferontdSPHdnteaite SeRideoHHOKE andHOM

t he extended session table shown in Figure 10 ( 1000), an extended shopping

step fi nﬁﬁ)&)p&fs QaRSEse diffekdnt GRS ARNE il rétiubl HfRmaRAY B Bk Adrd @Y. Sib@fchftal
session 1 1 7 FEB 2005
browsing, keyword search, parametric search, and/or recommendations). The use of filters

with the visualizations (800) will be described in detail in Figures 9 (900), 6 (600), and 6A

(650).

Next (207), by examining the generated visualizations of shoppers’ activities (800) in the
online store (103), business analysts understand the effectiveness of their store and/or
identify one or more problems with their store such as a broken link to promoted products, or
a lengthy and cumbersome checkout process. Business analysts make recommendations for

store improvement based their findings.

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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visiting nultiple online stores. This figure (1100) shows the prodq'ci]

i mpressions (1101), clickt hrogghs (11 02), basket pl acementwééloti); ah & EB 2005
pur chas esarkdtingandmerchaadising(20%), arggeneratp ARPIORIIAE Forommandaty YNl i ke the
m cro-conversion table for one online store (600), this table has store
nane, sukv/gsladktraBgids. Rinall§T309)i the eacomnteatiations frow the Wiell desigmersi mest anp and
product nane. Figure 12 (1200) is an exanple of visualizing sessions

Vi Si ti NGy ARERrstAAd M BEnaiRkis A Fdseden td kiesWeb piogmmmers ahd administretopy &fgr essi on
of two sessions, Session X (1210) and Session Y (1211), in four stores, '

Store 1{#;% ﬁ?@e s:ékgi@%%&?ﬁnﬁ?ﬁﬁw Reontndrdddechariped tothe Weetlappdd@e. The

first p axi I's parallel coordinate systemuses store as

t he sessiqn cat.egorizer. e t, fOour ; 3205) are
t he foura"gﬁﬁﬁﬁ?”ﬁgt,'@t% ,°fi-mee9'{,lﬁ)ér5t(§)c§étj@t03 rrp%foetﬁsésri%g%os?égel | ck#%?%ﬁ%@? 1}bas ket
pl acement and purchase, as before. Note that the data pai L.t

shoppi n@%@%@%ﬁ"@%ﬁ%s‘“@? 2% %%8"‘?3‘6‘?”?%% ﬁﬂﬁﬁﬁrﬁ&ggﬁ%ﬁ @PHH&& e
visualization illustrates that Session X (1210) first visited Store 1
(1206) baites bedhtast¥aboat, @ Vigta, fyeose pacRxqite Step ( 1212). Then it ( 1210)
visited Store 2 ( 1207) and again left the store at the clickthrough step (
1213). Then Session X ( 1210) visited Store 3 ( 1208) and purchased from
the store ( 121 S). On the other hand, Session Y ( 1211 ) first visited
Store 2 g&dulsePhtenbapplicattoraiuiber (97653888 ehtited BUSINESS NMETHOQD FORen it (
1211 ) visited Store 4 ( 1209) but left the store at the clickthrough step

( 1216) . yidwWALLY ARSISYZING CLICKSTREAM DATASWIFH A PARAIAELNd pur chased
fromthe store (1217). 19 17 FEB 2005 CLAIMS W claim A conputer system

for pr OV{r;gi;dﬁDﬂQKTE Sf*?’i‘ﬁl\/l’,ifﬁgkfhﬁ 7Y daRitsddyQs U aPplidation, tsRilinyollig Ley st em

conpri si one or nore centr processing units E,CPUS), one or nore

menories,, agnd.one. Qr NDLe n j or nore networks; a
sessioni?&ﬁ?3ﬂ“§}83§§§“€W%¥%§§@é¥9}g&gﬁéggﬁﬁﬁﬁggﬂ b server |logs from one
or nore online stores, and generates one session table for each session
found fromrequests recorded in Wb server | ogs; a shopping step finder
process that receives one or nore sessjon tables, d generat one
ni cr o- coRigaresd GO0} issnexpmpleos APrigr 918 ANILESGTS SITYCHE &t °Vé’ﬂ§ aﬁ ﬂgq %B PPE%t i on
process that receives one or nore mcro-conversion tables, and generates
one or nEhoppers©f thecaare €133) oan sequesh Thexinchide Ffomsrage 34y Rroduct cat®gory A

m cr o- conver si ons, where the mcro conversion visualization conprises a
traditi ogsnz),maodic edtegur BABO3) BrosusttRin@e4)dvhickeiserometed fios tha Sogie page
conponents, and the extension conponents include one or nore parallel axes
of s eque(gdlgl,l ScBMANBE5) 280 Sech ekt sipp €310 Frodirt Adl{BEs)wad K2Y(30T) whinkest anps,
one or nore dropouts of polygonal lines, one or nore filters, one or nore

cat egor i B8k te@é}ﬁg@g%agﬁlg}x 0By, PRsdulci 1 BBRP BB nd B3 316y whielvbelang i n

claim1l, ara axes of sequential events is an assignment of a

im 3, e | ntial” n assi g
Syet om - & PR SpieRry B OIS, shEpiiRE Buc fpet P2 HlrRallidy (OO L. e
Cervice deyBRsAbeY AneraRaest o -Syapans e i By ol BB,

vari abl e values of tinmestanps is an assignnment of tinpestanp values as data
poi nts t from thespusse pagede fingtion pagn 39 thafashaprer sadigicty 26555t & equal
nunber of parallel axes in a parallel coordinate system -20 1 7 FEB 2005
S. A sysdt@miompageifrath dhersoficce page. Fhatris, adVelppage containspypsriaksin it ol the
di sappearance of a polygonal line before the |line reaches the | ast parallel
axis in geﬁﬁtﬁ%ﬁ ?ige@ QDI Heh@essitis BBhispagd Fopexaniple PraduesPbbagee@0entsi al
events. 6. A system as in claiml, where the filter is a neans to sel ect

and orde: 6l et QRS Rbm'TRSe BAGBS1) WPuth6l IR Hbact AL Bayd GUBH Ao, Mok al | ol

coor di nafBEys3E

page (303) contains hyperlinks to four different Web pages, Product category A (302),

12



7. A system as in claiml, where the categorizer is a parallel axis in a
paral'l el coordinate system whose purpose i-s to categorize pol ygonal 1I7i FEBSI005
in the system 8. A system as in claim®6, where the categorizer includes

one or [ f the f 1204 err i i - e | SPs
('t or nebrogaftyrledSang (1L 50 PE CAE) S epstfi Bodd (B, PhoEERL BERODEE

met hods used to find product or service information by sessions, the

geogr aphfentaisyenly enghpeslinkte Haskes pagn 12} dinte thaeSeag@sResalhpagefld dtsidon

| evel s, and incone |evels of the owner of sessions, the sales history of

t he ownedmanfic pagesiviens cotittit édigep haedpatthekeysyoad(s ¢ asalinkiye Sewdi pags (305)by
the owners of sessions, either or not ordered by session, or by tine, 9. A
system e S&hréll RedWltlpaghBIN1§ cAl@nbaliP 881b lof kn oS BRfeliRiKs @ ploduédigasimoci at i on

of one or nore hyperlinks wth the polygonal |ine representing a session,
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U& ()- (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 (404), i.e.,
Search Result page (311) are hyperlinks to three product pages, i.e., A2 (307), B1 (308), and
B2 (309) which are dynamically generated by the search function of the online store. The use

of these links (405) in the server log (400) is novel.
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Figure 5 (500) is an example of sessions in an online store showing three sessions extracted
from Web server log (400). The sessionization process (109) extracts sessions from requests
(106) _in Web server log (400) by using timestainp (401) and session ID (402). In this
example, the process (109) extracts three sessions S1 (501), S2 (502) and S3 (503). The
structure of each session is the same as that of Web server log (400) having timestamp (501),
session ID (505), Referrer (506), current page (507) and links (508). The requests in each
session 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-conversions in an online store showing conversions of
different sessions (i.e., shbppers) (500) among different shopping steps. The shopping step
fmder process (111) identifies products seen in each shopping step in consideraﬁon. One
preferred group of shopping steps in online stores compriSes the following four sfeps: prodﬁct
impression (the view of hyperlinks té a Web page pres‘enting a product) (604), clic‘kthrougﬁ

| ~ (the click on fhe hyperlink and view the Web page of the product)- (605), basket placement
(the placement of the item in the shopping basket) (606), and purchase (the purchase of the
iteni, i.e., completion of the transaction) (607). Micro-conversion means a shopper moving to
a next shopping step for a product. In this e){ample, the shopping step finder (111) generates
one micro-conversion table for each of sessions S1 (601), S2 (602), and S3 (603). For
example, S1 (601) has product impressions at five times, T1, T3, T10, T12, and T14. At T1,
S1 sees an impression of P1. At T3, S1 sees impressions of Al and A2. At T10, S1 sees an
impression of P1. At T12, S1 sees impressions of B1, B2, and B3. At T14, again S1 sees
impressions of B1, B2, and B3. Among these product impressions, only three are conveﬁed to

clickthroughs, i.e., Al at T3, B2 at T12, and B3 at T14. Then, two clickthroughs out of these
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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 of 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}, i.e., (shopping) steps, provide criteria for deciding if a request belongs to
each 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) contains one or more hyperlinks (508)
to a product page. Also, a request belongs to the step of clickthroughs (605) if the curreﬁt
page of the request (507) is a product page. A request belongs to the step of basket placement
(606) if the current page of the request (507) is a basket page. Finally, 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) checks which request belongs to what step by
using the decision criteria of each step (655). When the process finds a request belonging to a
step, it tags the request as an element of the step (656). After going through tﬁis 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 comprising
one or more requests tagged as a particular step,.Si, of {S} (659). The shopping step finder
process (111 and 650) is executed for every session (500) to identify shopping steps of the

sessions that will be visualized by a parallel coordinate system (113).
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704) that are placed equidistantly. Each parallel axis is assigned a speciﬁc dependent 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 represented by polygonal lines (7‘06)
which connect the corresponding dependent variable values (also referred to as data points)

(705) and which illustrate a relationship between an independent variable and the dependent

variables appearing on each axis.

Figure 8 (800) is an example of micro-conversion visualization with a parallel coordinate
system. In this figure, each pol}ygonal line represents a single session (501, 502 or 503) and its '
progression m an online store (103). The first parailel axis (801) represents a session
categorizer, in this example, the initial referrer (506) of each session. There are two referrers
in the figure, i.e., A (806) and B (807). The next four parallel axes represent shopping steps in
an online store (105), i.e., product impression (802), clickthrough (803), basket placement

~ (804), and purchase (805). For data points in the shopping step axes, timestamps of sessions
are used. An advantage of using timestamps for data points is that because they are unique to
individual sessions, no two sessions share the same data points in these axes. Using data
points unique to individual sessions prevents the problem of overlaying lines between two
parallel axes, which is serious in parallel coordinate visualizations, be;ca'use it sometimes
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 point in a

shopping step axis does not tell how many products were viewed, placed in basket, or
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stop before they reach the last shopping step, i.e., purchase (805). The parallel coordinate
system in this invention does not give a session a data point value for the next shopping step.
and beyond if the session does not convert to the next step. Hence, each polygonal line stops
. at the last step the session reached, which indicates the point the session leaves the store. This
figure (800) shows that the number of lines connecting two adjacent parallel axes decreases,

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

lines visualize where the store loses its customers.

Another note about this figure is that each polygonal line representing a session can be
associated with 6ne or more hyperlinks. Clicking on these hyperlinks brings up one or more
Web pages providing more information about the associated session such as information’
about the session owner and products pursued in the session. This feature is referred to as

hyperlink association.

Figure 9 (900) is an example of micro-conversion visualization with filters. The parallel
coordinate system in this inveption can have zero or more filters which help users
interactively select and/or de-select one or more groups 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., referrer (910) and product category (920).
The referrer filter (910) has three valugs, 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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Men’s and Women'’s are selected. Namely, all the sessions visualized in this figure see
products from either the Men’s or Women’s category. In order to distinguish sessions which
see Men’s products from those which see Women’s products, the parallel coordinate system
may use different colors to display polygonal 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

Women’s products.

Figure 10 (1000) is an example of a session browsing more than one online store. When a
shopper tries to find one or more products of interest either on the Internet or in the physical
world, he/she often visits more than one store to browse and compare products sold in
different stores. By aggregating Web server logs (400) from one or more online stores (103)
with shoppers’ session IDs commonly shared across multiplev online stores, an extended
sessionization process (109) can construct sessions browsing multiple online stores. In tﬁis
figure (1000), a session denoted as S3 (1002), visits three stores, first, ST1, then, ST2, and
finally, ST3 (1003). With the exception of the store column (1003), the session table (1000)
contains the same attributes for sessions, i.e., timestamp (1001), session ID (1002), referrer

(1004), 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 Figure 10 (1000), an extended

shopping step finder process (111) can generate a micro-conversion table for a session
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Figure 12 (1200) is an example of visualizing sessions visiting more than one online store.
This figure visualizes the progression of two sessions, Session X (1210) and Session Y
(1211), in four stores, Store 1 (1206), Store 2 (1207), Store 3 (1208), and Store 4 (1209). The
first parallel axis (1201) in this parallel coordinate system uses store as the session
categorizer. The next four axes (1202, 1203, 1204 and 1205) are the four shopping-steps, ie.,
product impressions, clickthroug_hs,' basket placement and purchase, as before. Note that the
data points in the shopping step axes are timestamps of the corresponding activities. The
visualization illustrates that Session X (1210) first visited Store 1 (1206) but left the store at
the clickthrough step (1212). Then it (1210) visited Store 2 (1207) and again left the store at
the clickthrough step (1213). Then Session X (1210) visited Store 3 (1208) and purchased
from the store (1215). On the other hand, Session Y (1211) first visited Store 2 and left the
store at the basket placement step (1214). Then it (1211) visited Store 4 (1209) but left the
store at the clickthrough step (1216). Finally, Session Y (1211) visited Store 1 (1206) and

purchased from the store (1217).
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network interfaces to one or more networks;

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 server logs;

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

micro-conversion table for each given session table; and

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

one or more micro-conversion visualization of one or more micro-conversions, where the micro-

conversion visualization comprises a traditional parallel coordinate system and one or more

ext

ension components, and the extension components include one or more parallel axes of

sequential events, one or more dependent variable values of timestamps, one or more dropouts of

polygonal lines, one or more filters, one or more categorizers, and one or more hyperlink

ass

2.

ociation.

A system, as in claim 1, where the parallel axes of sequential events is an assignment ofa

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

3.

A system, as in claim 2, where the sequential events include one or more steps of

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

4.

A system, as in claim 1, where the dependent variable values of timestamps is an

assignment of timestamp values as data points to a series of sequential events that are assigned to

the equal number of parallel axes in a parallel coordinate system.
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7. A system, as in claim 1, where the categorizer is a parallel axis in a parallel coordinate

system whose purpose is to categorize polygonal lines in the system.

8. A system, as in claim 6, where the categorizer includes one or more of the following: the
referrer Web sites of sessions, the ISPs (Internet Service Providers) of sessions, the lengths of
sessions, the methods used to find product or service information by sessions, the geographic
regions where sessions come from, the ages, sex, education levels, and income levels of the
owner of sessions, the sales history of the owners of sessions, the Web page patterns accessed by

sessions or by the owners of sessions, either or not ordered by session, or by time.
9. A system, as in claim 1, where the hyperlink association is the association of one or more

hyperlinks with the polygonal line representing a session, clicking on the polygonal line opens a

Web page delivering detail information of the session.

221 -



