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Abstrack— Web usage mining exploits data mining
techniques to discover valuable information from naigation
behavior of World Wide Web (WWW) users. The requirel
information is captured by web servers and storedn web
usage data logs. The first phase of web usage migiiis the
data processing phase. In the data processing phadest,
relevant information is filtered from the logs. After that,
sessions are reconstructed by using heuristics thaelect and
group requests belonging to the same user sessitihwe are
processing requests after they are handled by theels server,
this technique is called "reactive" while in "proactive"
techniqgues the same (pre)processing occurs duringhg
interactive browsing of the web site by the user. &ctive
session reconstruction uses "time" and “navigation”
oriented heuristics. We propose to combine these inéstics
with "site topology” information in order to increa se the
accuracy of the reconstructed sessions. In this wigrwe have
implemented an agent simulator, which models behami of
web users and generates web user navigation as wa#l the
log data kept by the web server. By this way we kmwo the
actual user sessions and we can accurately evaluaamd
compare the performances of alternative
reconstruction heuristics (which will use only theweb server
log data). To the best of our knowledge, this papas the first
work that uses such an agent simulator, and therefe, is
able to accurately evaluate different session recstruction
heuristics. By using the agent simulator, we attentgo show
that our new heuristic discovers more accurate sesss than
previous heuristics.

Index Terms— Web mining, web usage mining, session
reconstruction, agent simulator and web topology.

1. Introduction
As in classical data mining, in web mining [5] thien is

to discover and retrieve useful and interestingepas
from a large dataset. In web mining, this datasethée

session

In web content mining, web documents, such asasgt
multimedia, are used. Web content mining is simitar
other text mining problems. Categorization or
classifications of documents are typical appligadio
These systems are usually built on top of existegrch
engines and facilitate the web users’ search for
information.

In web structure mining, web structure data, sush a
HTML and XML tags are used. Web structure data
describes the organization of the content on thé.we
Inter-page relationships are the most importanta dat
related to web structure. Also in web structuraing,
the graph structure of the web is analyzed in otder
discover the model underlying the link structuretioé
web. This information could be used to -calculate
organization and/or popularity of web pages andeme
the web users with intelligent guidance, or foedting an
advertiser to web sites that are more likely toviséed by
potential customers.

Web usage mining (WUM) [5, 13] can be defined as th
application of data mining techniques to web lotada
order to discover user access patterns. Web usemgegm
has various application areas such as web preifgtch
link prediction, site reorganization and web
personalization. Most important phases of WUM dre t
reconstruction of user sessions by using heuristics
techniques, and discovering useful patterns froeseh
sessions by using pattern discovery techniques like
apriori or similar ones. WUM data is related to nhai
users’ navigation on the web. The most common agaifo
the web user is navigation through web pages biygusi
hyperlinks. A web page can be accepted as related t
another web page if they are accessed in the saete u

huge web data. Web data contains different kinds of Session; also, similarity expectation increaséwdf pages

information,
structure data, web log data, and user profilea. dslt of

including, web documents data, web are accessed in the same session of a user. Howee

HTTP protocol is stateless and connectionless,

these data can be mined mainly in three different discovering the user sessions from server logoisan
dimensions, which are; Web content mining, Web easy task. For reactive strategies, all users Hehiproxy

structure mining, and Web usage mining.

server will have the same IP number and will benseea
single client machine and all of these users’ legords
will contain the same IP number in the web log dAtso,



caching performed by the clients’ browsers and prox
servers will make web log data even less reliableese
problems can be handled by proactive strategiassing
cookies and/or java applets. However, cookies gpiets
could have been disabled by some clients for pyiza
security considerations. In this case such solstifor

proactive strategies would also become unusable. In

previous works on reactive strategies, mainly sessare

Reactive strategies are mostly applied on statib we
pages. Because the content of dynamic web pagegebha
in time, it is difficult to predict the relationghibetween
web pages and obtain meaningful navigation path
patterns. Therefore we restrict our work to statieb
pages.

reactive

As mentioned above, previously designed

reconstructed by using page access timestamps andtrategies [2] for session reconstruction use types of

navigation constraint heuristics [2].

heuristics. In time-oriented heuristics [12, 6]ssen data
is reconstructed by analyzing the session durdtia or

The data source for web usage mining can vary with the time between consecutive web page request® (pag

respect to the methods used. In proactive stratddie,
9], the raw data is collected when client requastsbeing
processed by web server,. Proactive strategiesnare
appropriate for dynamically created server pagéso,An
proactive strategies, association of an agent avébssion
is determined during the interaction of user witsbvsite.
However, in reactive strategies [12, 6, 7], theilabte
raw data is mainly server logs containing informati
about client requests. In this work, we only coasid
reactive strategies because mining a huge colleatio

stay time). In navigation-oriented approach, se&ssio
reconstruction is performed by analyzing the hypksl
among the pages user requested [6, 7]. This higumsist
estimate (speculate) browser movements by providing
path completion. In this work, we propose a novel
approach, which combines time-oriented and nawgati
oriented approaches in order to obtain more aceurat
sessions and do this more efficiently. As in natitga
oriented heuristic, our technique also uses the sith
topology and includes path completion with a difer

access data captured by web server can be moramethod. It is a reactive strategy designed foralisdng

convenient after the interaction since it doesdd &xtra
load on the web server while it is busy servingerdi
requests. Comparison of
proactive ones is not meaningful because of differe
input sets they use. Since web server logs are fmed
reactive processing, raw data has the same adesntagl
disadvantages for reactive heuristics

When a user agent (Internet Explorer, Mozilla, Nage,
etc.) hit an URL in a web server's domain, the
information related to that operation is recordedthat
web server’s access log file. An access log filetaims its
information in Common Logfile Format (CLF) [4]. In
CLF, each client request for any URL corresponds: to
record in access log file. Each CLF record is aetup
containing seven attributes that are given below:

e Client machine’s IP address

e Access date and time

¢ Request method (GET or POST),

¢ URL of the page accessed

e Transfer protocol (HTTP 1.0, HTTP 1.1))
e Success of return code

¢ Number of bytes transmitted

For the session reconstruction, IP address, redinest
and URL are the only information needed from therus
web access log in order to obtain users’ navigapiatis.
Therefore, other attributes from the log data greied.

user session patterns on static web pages. Becegise
assume a static web, the target web site to bedhiaa

reactive approaches withbe easily modeled as a static web graph [1, 8, Tb&

adjacency matrix of this graph represents theicglships
among the web pages. We compare our heuristicsalith
three previously studied reactive strategies. Wea'tdo
perform any comparison with proactive strategieshay
would definitely use more information (e.g. cookies
instead of using only the web log data, and any
comparison would be unfair to reactive strategies.

This paper is organized as follows. The next sactio
summarizes previously proposed reactive strategies,
namelytime andnavigationoriented heuristics. Section 3
introduces our heuristic technique for session
reconstruction. Section 4 introduces the agent lsitmu
that we have developed in order to evaluate andhaoen
different session reconstruction heuristics. Sect®
compares the performance of our new heuristic, with
respect to previous heuristics. Finally, we give
conclusions.

2. Previous Heuristics for Session Reconstruction
2.1 Time-oriented heuristics

Time oriented heuristics [12, 6] are based on time
limitations on total session time or page-stay tifleere
are two types of time-oriented heuristics. In thst fone,
the duration of a discovered session cannot betegrea
than a predefined upper bourld, The upper bound is



usually accepted as 30 minutes according to [3}. page hyperlinks among web pages, in order to discover
requested with timestampy can be appended to the sessions. However, in a session, it is not necgssdrave
current session under consideration if the timédihce a hyperlink between every two consecutive web pages
between the requested page’s timestamp and theFor every page WP (except the initial page WPin a
timestamp of the first pagg of that session is smaller session there must be at least one page Wi a
thansd (t - t; < 8). The first page with a timestamp greater hyperlink to WR in the same session, having a smaller

thanty + 6 becomes the first page of the next session. In
other words, if [WE, WP,, ...., WR] are web pages
forming a session (in increasing order of acces)ti
then access_time (WJP— access_time (W< 6.

Table 1: An example web page request sequence.

Pag
29

Psq
32

P23
47

Page
Timestamp

Py
0

Pao
6

P13
15

By using ad value of 30 minutes, we obtain two sessions
from the web page request sequence given in Talilel
first session is [B P, P13, Psg] and the second session is
[P34, Pag.

In the second time-oriented heuristic, the timenspmm
any page is limited with a threshold pf This threshold
value is accepted as 10 minutes according to {3].i$
the timestamp of the most recently accessed pagm@
ty1 is the timestamp of page;Paccessed immediately
before page P then, § — t,; < p must be satisfied.
Otherwise this new request becomes the first pdbeo
new session. In other words, if [WPWP,, ..., WK,
WP«.1, ... ,\WR|] are pages forming a session, thes, K

< N access_time(Wg,) — access_time(WP < p.

By usingp as 10 min, we obtain three sessions from the
web page request stream given in Table 1; thesgosss
are [R, P, Pi3], [P, P34, and [R3].

In time-oriented approaches, it is very challengmgiine
session data correctly, since they do not consfdemweb
page connectivity In real life, most of the web users
request a web page from another one having a higkerl
to it. Also a web page referring to another page lba
accepted as related. Thus, it is better to groapdlpages
in the same session. On the other hand, it isrEttput
two pages into two different sessions if the ficste
accessed does not have any links to the next oee ev
though the second one is accessed immediately thiter
first one. Most probably these pages will be ureslado
each other.

2.2 Navigation-oriented heuristic

Navigation-oriented approach [6, 7] uses web togglo
based on graph models [1, 8, 10] constructed usiiag

timestamp than WP In other words, if [WR WP,, ...,
WP, ..., WR, ... , WR|] are pages forming a session,
then, OK [ such that, access_time(\WP >
access_time(WJ and there exist a hyperlink from @
Px. If there are several pages having hyperlinks W
with smaller timestamps, then, among these pagegrte
with the largest timestamp, WR, is assumed to be used
for accessing the page \WPTherefore, during the session
reconstruction, backward browser movements untijepa
WP;max With a hyperlink to WR are appended to that
session.

During the construction of a new session, if JWR/P,,

..., WR{] is the current session and YWPis a new page,

then, the page WR; can be added to this session as

follows:

e If WPy has a hyperlink to WR;, new session
becomes [WE WP,, ..., WR, WPR,4, ... , WR,,
WP44] .

« If WPy does not have a hyperlink to Wk, and
WPmax IS the nearest (with the largest timestamp
smaller than the timestamp of \WP) page having a
hyperlink to WR, then, the new session becomes
[WPy, WP, ..., WR, WP«:1, ... , WR, WPy,
WPN2, ...,  WRmax WPy:1]. The subsequence
represented in bold has been added to represent the
backward browser movements which are normally
served from the browser’s local cache.

Figure 1. An example web topology graph.

Consider again the Table 1 that shows a samplepagb
requests sequence of an agent in increasing timpsta
order, and Figure 1 representing the web topolagply
between the requested pages, where each pageoidea n
and each directed edge represents the hyperlimk fne
referring page to the target page. The process fmed



evaluation of the final session is given in Table 2
Backward browser movements are given in bold.

Table 2: Evaluation of the example session fablé 1
by using navigation oriented heuristic.

Curent Session Condition New Page|
[ - P
[P1] Link[Py, P,y =1 Bo
[P1, Pxd] Link[P o, Pig] =0 Py
Link[P;, Pig] =1
[Py, Poo, Py, Py Link[P13, Pyg =1 Pro
[P1, P, P1, Pig, Pag] | Link[P4g, Psg] =0 P
Link[Pys, Psg] =1
[P1, Pao, Py, Pia, Pag, Link[P34, Pyl =1 Pys
P13, P34]
[P1, Pog, Py, Pi3, Pag, - R
P131 P347 P23]

In navigation-oriented approach artificially inseg
backward browser movements is a major problem.esinc
although the rest of the session always correspomds
forward movements in web topology graph, backward
movements represent movements in reverse direction
the edges, and it is difficult to interpret pattebtained

in this manner. Another problem is the length afssans.
Sessions tend to become much longer due to insesfio
backward movements, and if a navigation-oriented
heuristic is used without any time limitation, stpossible

to obtain very long sessions. Lastly, discoverirsgful
patterns from these resulting longer patterns besom
more difficult and inefficient.

3. A New Reactive Strategy for Session Reconstruati

In our method we propose solutions to the defigesnof
time and navigation oriented heuristics by comigrtiath

of these heuristics and by using the site topology way
that eliminates the need for inserting the backward
browser movements of navigation-oriented heuristic,
which will mean increased efficiency with shorter
sequences.

We propose a method, called a@Smart Session
Reconstruction Algorithm (Smart-SR#jth two phases.

e Timestamp Ordering RuléThe request time of the
first page in each consecutive page pair must be
smaller than the request time of the second page
(Timestamp(P < Timestamp(Ry)), guaranteeing
that the web page sequence is in the increasing ord
of web page request timestamps, and the access time
difference between two consecutive pages is less th
a predefined limit(page-stay time).

* Topology RuleBetween each consecutive page pair
in a session there must be a hyperlink from thet fir
page to the second page (i/éi,< n, there is at least
one hyperlink from Pto B.,).

Notice that, the overall session duration time finsi
already guaranteed after performing the first phase
second phase adds referrer constraints, whileesiiliring
the satisfaction of the second time constraint and
eliminating the need for inserting backward browser
moves. The second phase of the following algorithm
extracts these sequences.

Session Reconstruction Algorithm (Smart-SRA)

Input: Page request sequence of a user, given in
timestamp order, and named BiserRequestSequence
The web topology graph including only the nodes
appearing inJserRequestSequenand represented with
the adjacency matrix, callednk.

Output: The set of reconstructed sessions.

Phase 1: Construct candidate sessions from
UserRequestSequenbg using both of the time-oriented
heuristics. Whenever time difference between twgepa
accesses exceeds tpage-staythreshold (10 minutes),
UserRequestSequenixebroken between these two pages
into two separate session candidates. Also, if the
difference between the current page and the faigepn
session candidate exceeds Hassion duratiorthreshold
(30 minutes), the current session candidate isiteted,
and a new session candidate is started. That nfeans
each candidate session constructed, both thediotation

of the whole session and the time spent on eacé iag
session will be within the given thresholds. Theaeub-
sessions constructed in this step is called as
CandSessionSet

Phase 2:Construct sessions from each candidate session

In the first phase, shorter request sequences ardn CandSessionSeby using the web topology. First, the

constructed by using overall session duration tenel
page-stay time criteria. A sub-session construdigd
using these two criteria corresponds to a sessionefd
according to the time-oriented heuristic using both
limitations. In the second phase, sessions aretipaed
into maximal sub-sessions satisfying both the tme the
topology rules. That means each sessian [P R, P.4,

.. P satisfies the following two conditions:

web pages without any referrers are determinechén t
candidate session (Step 1). Second, these pages are
removed fromCandSessionS€Step 1) and then, they are
appended to the previously constructed sessioribeit

is a hyperlink from the last page of a sessionew web
pages (Step llIl). Iterations terminate when allggi the
candidate session have been processed. This hlgast
given in Figure 2.



Procedure: Session Reconstruction (Phase 2)
ForEach CandSessiom CandSessionSet
NewSessionSet { }
While CandSessio# { }
TSessionSet= {}
/] Step |
TPageSet={}
ForEach Pagein CandSession
StartPageFlag- TRUE
ForEach Page Wherej>i in CandSession
If (Link[Pagg Pagg=1) AND
(TimeDiff(Page, Pagg < 10) Then
StartPageFlag= FALSE
If StartPageFlag TRUE Then
TPageSet= TPageSeU {Pagg
// Step |l
CandSessiar CandSession — TPageSet
If NewSessionSet { } Then // Step lll-a
ForEach Pagein TPageSet
TSessionSet TSessionSdt {[Pagd}
Else // Step llI-b
ForEach Pagein TPageSet
ForEach Sessionin NewSessionSet
I If the last element of current session haslattn
/I current page and satisfies time requirements
If (Link[LastElement(SessignPagd = 1)
AND (TimeDiff(Page, Pagg < 10) Then
TSession= Session
TSession.mark :¥'NEXTENDED
TSession= TSessiore Page // Append
TSessionSet= TSessionSdt) {TSessioh
Sessiopmark:= EXTENDED
EndIf
EndFor
EndFor
EndIf
ForEach Sessionin NewSessionSet
If Sessiopmark# EXTENDED Then
TSessionSet TSessionSed { Sessiof}
NewSessionSet TSessionSet
EndWhile
EndFor

Figure 2. Phase 2 of the session reconstructiaitign.

Notice that only maximal sequences are kept thrabhgh
iterations and thus, there is no redundant session
construction. Moreover, if the web topology graph
contains vertices corresponding to web pages thatad
appear in the candidate session being processese th
vertices and their incident edges must be removewh f

the graph prior to the execution.

Table 3: Example web page request sequence

Page Pr | Poo | Pig | Pag | Pag | Pos
Timestamp 0 6 9 12 | 14 | 15

Consider Table 3 that shows a sample web page stxjue
sequence of an agent obtained by using the firasglof
the above algorithm, and the web topology is asrgiv
Figure 1. The application of the inner loop (whdep) of
the second phase of the session reconstructiomitalyo

is given in Table 4. For this example, Smart-SRA
discovers the following maximal sessions satisfyligh
timestamp ordering and topology conditions:

1. [Py, Pi3, P3y, Po

2. [Pll P13, Pag, Pza]

3. [Py, P, P

4. Agent Simulator

It is not possible to use real user navigation data
evaluating and comparing different web user session
reconstruction heuristics since all of the actuakru
requests cannot be captured by processing serder si
access logs. Especially the sessions containingsacc
requests served from a client’s and/or proxy’s leezhe
cannot be accurately determined. Therefore, we have
developed an agent simulator that generates webt age
requests by simulating an actual web user.

Our agent simulator first randomly generates acslpi
web page topology and then simulates a user apant t
accesses this domain from its client site and rsdegyin
this domain like a real user. In this way, we \nilve full
knowledge about the sessions beforehand, and \aer
can use a heuristic to process user access logtdata
discover the sessions. Then, we evaluate how ssfates
that heuristic was in reconstructing the known isess
While generating a session, our agent simulatarietites
web user navigations provided via a client’s locathe.
Since the simulator knows the full navigation higtat
the client side, it can determine navigation retpi¢isat
are served by the web server.

Agent simulator will produce an access log filesetver
side containing requests provided by web servee Th
sessions discovered by the heuristics are compaitéd
the original complete session file. For examplesiber

an agent with complete page sequences 9f R, Ps4

and [R, Py generated by the agent simulator, which are
the real sessions. However, in the produced weleser
log this sequence can appear as s, Pss, Py because
browser provides the movement frorg, B0 P, through

Pz using its local cache, meaning these last two
movement will not be sent to the web server. Wecatee
heuristics on the server side log data and produce
candidate session sequences. These candidate sesuen
are compared with real session sequences in odler t
determine the accuracy of evaluated heuristics.



Table 4: Evaluation of example session. starting pages for the topology. When a user starts
session, the fist page of session is randomly sEldcom

Iteration 1 2 the set of these starting pages. Also, during gwgation,
Candidate [P1, Poo, Pia, Pag, | [P20, Piz, Pag, Paas web user can request a new starting page, whiatotde
Session Psa, Pog P23 accessible from previous pages. User may type tile w
New Session [P4] page address in the address bar. In this casaehipage
Set (before) becomes the first page of a new session. We aredoi
;(;np Page | {Pu} {P 20, Pag} use the example web topology given in Figure 3 to
. illustrate this type of behavior. In this examptgay

;Z:np Session) (P4 E,'Zi:gjj pages represent starting pages of the domain. Sireed
New Session | [Pd] [P1.Pod] P are the startlog pages of this topology, the only
Set (after) [PL,Pyd possible real session list of any agent are infdne of
Explanation | P, is the start Both Py and Rs are [Py, ...] or [Py, ...]. While a web user is navigating after

page. reachable from P starting at some start page, s’/he can jump to anstart
teration 3 2 page, which is not accessible from any oth_er _puar';o
Candidate [Pro Pons Prd P2l visited page. In.thls case the current sessmmmqtos
Session and a new session starts. For example, for thegaton
New Session | [P,Pad [P1,P1aPsdl of user illustrated in Figure 3, if the currentsen is [R,
Set (before) | [Py,Pydl [Py, Pi3, Pyl P, and user requests 4P and Bj; consecutively,

[P1, Pyl immediately agent simulator creates a new sesgkRyg,
Temp Page | {Paq, Pas} {P .3} P,3] starting with By, and ends the session [Py).
Set
Temp Session| [P1,P13,Ps4] [Py, P13, Pas, Pog
Set [Py, Prs, Pyg [P1, Pis, Pag, P R ‘?}
[Pl! P20! P23] @ @ ot

New Session | [Py,Pi3,Psd] [Py, Pi3, Pss, Pod] e
Set (after) [P1, Py, Pag [P1, Pig, Pag, Pad SN

[Py, Py [P1, Poo, Pog Pz (¢ g : Po
Explanation Both Pgand B, | Py3is reachable from a Q a

are reachable P4, Pygand By '

from Py3, but not -

from P,y

An important feature of our agent simulator isaitslity to
represent dynamic behaviors of a web agent. It Isit@sI
four basic behaviors of a web user. These behacians

be used to construct more complex navigation sexgsen
in a single session. These four basic behaviors
constructing complex navigations are given below:

Start page
New request from serv

st Session |

WEQO .

Session Il

1. A Web user can start a new session with any oné

the possible entry pages of a web sitdélost of the time Figure 3. An example navigation of behavior type 1.

a web user can enter a web site from external dwmaa

links or users can directly type in the web pagdress in 2. A Web user can select a new page having a link

their browser. Regardless of the entrance typegaich  from the most recently accessed pagdhis is the most

web site there are starting pages such as “‘indak.nt  typical behavior of a web user. When a user is bilogva

These pages can be the starting page of many vestisag page, most probably s/he selects one of the limkthat

with a high probability. page to go to the next one. In order to generate wser
navigation, agent simulator first finds pages hgJinks

For static pages, of course all pages can be typed from the current page. Then, one of them is rangioml

address bar and accessed directly. However, nof &ie chosen and appended to the end of the currentosessi

pages are likely to take the first hit from the weters  This behavior is illustrated in Figure 4. If,{FP,] is the

with very high probability. So, most of the pagesot current session and the user is browsing pagesihce

be accepted as a session starting page. While agenPis has links to B, and Ry, the next page can be one of

simulator creates site topology, it also determities these two pages. After one of them is selectedasapdge



is appended to the current session, the user rirnga
sequence becomes[P;3 P34 or [Py, Pi3, Psd. In Figure
4 web user select;Pand session becomes [Py Ps].

—8—} New request from sery
—ﬁ From cache

Figure 4. An example navigation of behavior type 2.

Start page

3. A Web user can select as the next page a page
having a link from any one of the previously browsé
pages (i.e., pages accessed before the most regentl
accessed one)This behavior is provided by a web
browser. Agent simulator generates browser movesnent
on the client site. However, it also eliminates sthe
movements on the server site while generating latg.d
By using the web browser, web user can use “baokl’ a
“forward” buttons or a link on the current pageoidler to
navigate back to a previously browsed page fronicba!
cache, which has been previously obtained fromwtble
server. A number of movements towards target page c
be provided from the browser cache. Then, user can
request a new page through web server from tarmags.p

In this case, agent simulator selects one of te&ipusly
accessed pages that have a link to one of the agesp
not accessed before. For example, if the curesgisn is
[Py, Pi3, P34, user can return to page then navigate to
P,o. In this case the user’s requests are; B, Pss, P13,

P, Py, bold movements are provided by browser. Agent
simulator eliminates such browser movements aratjds

a new session starting from previous page havimgtth

the next page. New real session sequences became [P
Pis, P and [R P.). Notice that agent simulator
generated sessions will guarantee tharefers to R
This type of behavior is illustrated in Figure 5.

4. A Web user can terminate the sessionThis is a
typical behavior. Users can close a browser windmvwa
time out event could force the session to be teataih
invalidating browser links, or user can switch toew
site. In Figure 6 a user terminates his/her sesgis.

—8—} New request from sen
—ﬁ From cache

Figure 5. An example navigation of behavior type 3.

Start page

a

—8* New request from serv
—@ From cache

Figure 6. An example navigation of behavior type 4.

Start page

Agent simulator also uses time considerations while
simulating the behaviors described above. In tleorse
and the third behaviors, the time difference betwseo
consecutive page requests is smaller than 10 nsinute
Also, in these behaviors, time differences of asdene

of next page and current page obeys normal disioifou

In addition, the median value is taken as 2.12 temu
(from [2]), and the standard deviation is taken(Qas
minutes. The generated time differences set fon &gme

of these behaviors constitute a normal distribution

Four primitive basic behaviors given above are
implemented in our agent simulator. Also, the failog



probability parameters are used for simulating gation
behavior of web user.

e Session Termination Probability (STP):It is the
probability of terminating the current session ay a
page. The probability of terminating a session &hou

5. Performance Evaluation

We claim that sessions generated by our heuristiarS
SRA are more accurate than the sessions constrbgted
the previous heuristics. For this purpose, we fiefine a
method to calculate the accuracy of a reconstructed

increase as the number of requests of a sessiorsession, and then compare the accuracies of SiR&t-S
increases. The probability of terminating a session with previous heuristics.

until "™ request is determined as (1 - (1-STP$TP

is given between (0, 1). For example if STP=0.5 the 5.1 Accuracy Metric

probability of terminating a session at tH8 2quest
is 0.75.

e Link from Previous pages Probability (LPP): LPP
is the probability of referring next page from preis

An accurate session must satisfy both the timestanap
the topology rules explained in previous sectiofise
sessions generated by agent simulator satisfydfdtiese
rules. Comparisons of session reconstruction h#sis

pages except the most recently accessed one. Thigire performed with respect to 3 parameters, na®eR,
parameter is used to allow the generation of LPP and, NIP. The accuracy of a heuristic is define

backward movements from browser. LPP can be the ratio of correctly reconstructed sessions oter

given between [0,1).

* New Initial page Probability (NIP): NIP represents
the probability of selecting one of the startingyes
of a web site during the navigation. New Initialgpa
Probability (NIP) is provided by the user to cohtro
this probability.

Simulating a sequence of web page requests ofemt &
done by the simple algorithm given in Figure 7.

Procedure: Agent Simulator
EndSession= FALSE
NewPage := SelectlnitialPage() // Select an injiege
PageSequence :={}
AllSeqOfAgent := {}
For Each Request While EndSession = FALSEjo
CurrentPage :=NewPage
PageSequence := PageSequenCerrentPage // Append
If (STP> random()Then
EndSession FRUE
Else If (NIP> random())Then
/I Select a new, un-accessed initial page
NewPage := SelectInitialPage()
AllISeqOfAgent := AllISeqOfAgent U PageSeqce
PageSequence :={}
Else If (LPP>random()Jhen
/I One of the previous pages reachable from cuoeat
CurrentPage := SelectPreviousPage(Curage)P
NewPage := SelectPage(CurrentPage)
Else // Reachable from current page
NewPage := SelectPage(CurrentPage)
EndWhile

Figure 7. Agent Simulator.

number of real sessions generated by the agentagonu

In order to evaluate session reconstruction hecsidirst,
our agent simulator produces simulated sessionsaand
corresponding web log file containing client reqadsr
web pages. Then, we use each of the four heuristics
discussed previously, to process this log file gaderate
candidate sessions. After that, the accuracies hef t
heuristics are calculated. These four heuristies ar

e Time oriented heuristic (total tin30 min) (heurl)

e Time oriented heuristic (page stay1l0 min) (heur2)

« Navigation oriented heuristic (heur3)

*  Smart-SRA heuristic (heur4)

We assume that a session H, reconstructed by &stigur
captures a real session R, if R occurs as a subsegwf

H (represented as RH). For example, if R = [P P;, Py
and H = [R, P, P;, B, Py, then, Re H since R, P; and

Ps are elements of H and they preserve their exatsror
On the other hand, if H = [PPg, Ps, Ps, Pg], then, Rt H,
because finterrupts R in H. Searching real sessions in
candidate sessions produced by heuristics can e lo\p
using a simple algorithm adopted from ordinary ngri
searching algorithm.

5.2 Experimental Results

For comparisons of different heuristics random \sites
and web agent navigations are generated by usiag th
parameters in Table 5. The number of web pagesiaba
site and the average number of out degrees ofdhjesp
(number of links from one page to other pages énstime
site) are taken from [14]. Varying values of theeth
parameters defined in the previous section, narggly,
LPP, and NIP, are used for testing the performaotédse



heuristics. In our experiments, we first fix two thfese
parameters and then experimentally evaluate pediocm
results by varying the third parameter.

In the first experiment LPP and NIP are fixed wilfe
values in Table 5, and STP is varying from 1% t6620
Figure 8 depicts the real accuracy values of 4ikges.

As it is seen from the figure, Smart-SRA outperfertine
other 3 heuristics with a large difference, and the
difference is very stable. Smart-SRA is almost S08tier
than the other heuristics as STP (session terroimati
probability) increases.

Table 5: Parameters used for generating user sesaiwl
web topology.

Number of web pages (nodes) in topology 300
Average number of outdegree 15
Average number of page stay time 2,2 min
Deviation for page stay time 0,5 min
Number of agents 10000
Fixed Session Termination Probability (STP) 5% %0.0
Fixed Link From Previous Page 30% (0.3)
probability (LPP)
Fixed New Initial Page probability (NIP) 30% (0.3)
Real Accuracy vs STP
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Figure 8: Reconstructed session accuracy comparison

with increasing STP.

Increasing STP leads to sessions with fewer palges.
small sessions the effect of LPP and NIP is alsallsior
example, in a session with length 2, fixed LPP &itg
values are applied only for the second page. If the
navigation is affected by LPP and NIP, then, th&siem
becomes more complex. If there is no return backro
already visited page and there is no new initiglepahen,
the session becomes simple and it can be captasiig.e

In the second experiment, LPP is varied from 0%G&0
and the other two parameters are fixed with theeslin
Table 5. The results of this experiment are giveRigure

9. As it is seen from the figure, as LPP increabes
accuracies of reconstructed sessions decreaseasicg
LPP leads to more complex sessions. Path compleilbn
be needed for discovering more accurate sessions.
Although large LPP values are not very realistiit], we
have presented the performance of all 4 heurifickPP
values up to 90%. For the large LPP values, SnRRA-S
captures nearly 25% of real sessions, whereas ttier 0
heuristics can determine only 6% to 7% of them.
Moreover, as in the previous experiment, Smart-SRA
performs at least 40% better than the best of thero
heuristics for all LPP values.

Real Accuracy vs LPP
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Figure 9: Reconstructed session accuracy comparison
with increasing LPP.
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Figure 10: Reconstructed session accuracy compariso
with increasing NIP.

In the third experiment, as in other experimentgo t
parameters are fixed with the values in Table 5 &Hg

is varied from 0% to 90%. Performances of all four
heuristics are given in Figure 10. The results lu6 t
experiment are also very similar to the second one.



Increasing NIP causes more complex sessions, treref
the accuracy decreases for all heuristics. Howdaege
NIP values are not very realistic. The successmérg
SRA is much higher (almost twice as good as the¢ tfes
the other heuristics) for all NIP values.

6. Conclusions and Future work

This paper introduces a new session reconstruction

heuristic which is based on user web page reqlegss
Our heuristic, Smart-SRA, has been experimentaibns

to be better than previously developed reactivee tand
navigation oriented heuristics. Also, we do nodalpage
sequences with any unrelated (without any hypeslink
from the preceding page(s) to the next page) caoisec
requests to be in the same session. Navigatiomtede
heuristics will insert artificial browser (back)geests into

a session in order to guarantee that consecutiygests
will have connectivity between each other. Sincedar’t
insert such artificial page requests, our sessiquences
are much shorter and therefore, easier to prodess t
those generated by navigation oriented heuristits also
extend navigation oriented heuristics by using timae
oriented heuristics. Another advantage of Smart-SRA
that it guarantees that all sessions generated lveill
maximal sequences and do not subsume any othéorsess

We have also implemented a novel agent simulator fo

generating simulated user sessions. Our agent ationul
generates complete sessions satisfying both cawitect

and timestamp rules. We have compared the session$°mPUtng.
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