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Abstract

The aim of this work is the application of data m@technologies to e.learning groupware systerats.dThe software which is analyzed in this
paper was developed M Lotus Notes/Dominand characterizes non traditional database mbdslch model data are stored as a single objects
and this is a serious problem in a way of deploydata mining software. We suggest a new methodderdo avoid problems such as document
based model data collection, transformation, aggreqg and filtering, which are considering on agemi data warehousing technologies.

Methods for registering and processimgernetdata are fairly new. During the design of infrasture for information technologies not enough
attention has been paid to collecting data suitédrie@lata mining analysis. All Internet data floare caused by various devices. However, every
device has native data formats and uses diffetgatithms, so the first stage of data analysisadatlection, becomes much more complicated.

In this paper we tried to present example of appglyihe data mining technology for e.learning détaoking created agent and created data
collection it became possible to apply data mintaghnology methods to the e.learning system’s deciindata. Considering peculiarity of
documental database, methodology allowing to taansfin the real time data from documental databage data warehouse, invoking agent
technologies. Interpreted results are useful froendepartment point of view. It helped to changeessary document databases and in future create
more personalized site and better site layoutdtfiteon to that the analysis of servers’ activitgsyperformed and servers scheduling was changed to
a conditional non - busy time. This let escapegvirkload and increase tlygamaandirma servers’ efficiency. The proposed agent deals with
document collections and can work in automatic madual regime.

KEYWORDS: e.learning, data mining, document basedeh data warehouse, agent technologies

Introduction databases. Users access different servers, i.eti- mul
ini dimi hnical . . | . protocol servers, data base servers. These squ&ns
Vi nius Gediminas Technical University e.learning Lotus/Dominotechnology) sustain complete spectrum of
system is based on the documental model and remsesetechnologies antebstandards

a group work organization system. Whgreby USINg " pye to the continuously growing number of students
common databases and information disseminatiorstool 4 he quantity of new databases, the number of
group activity processes are (_ensured. connections to the data basis is continuously asirg.
Users of such organization system are enabled tg,qents yuse a number of applications, accessbdata
access its services from any point of the worldisTh 4,41 different protocols, which results in thener

document management system is designed for numerog§ejnag and increases the time necessary to Foses
data base users. System's options and functiorndeetm queries

extend its use to user management system, certializ = |, ,rger o save precious servers’ resources and
proce/ss and klnfolrmanon management  to0l  andyntin e providing consumers with high quality esc®
teamhgrou_p WO; tﬁ.o : . i | . the database, it was decided to find a solutiomamntain

T. e am of this system is to provide e.learningy,q system functionality and save servers’ resaurte
possibilities and enable students to access infiloma  , hieve this objective it was decided to apply dabaing
from any place C.)f the world and at any time, as_I w_e] technologies for e.learning usdog files (Srikant, Yang
communicate with course tutors. System is distatut 2001)
among several servers, and each of them has OWNn Gamais the main application server, which enables
function. Such systems store large quantities Ofiqers tg access the software located in differgstesn.
:nforr_nanon, once it is analyzedh|t could be useffu ef— he LDAP directory’s task is to provide a simplified path
earning purposes. However, the management of SUGH ihe catalogue, as well as, the possibility te HETP.

info_rmation requir_es powerful tools. Appli(_:ation d&'ga Irma server contains learning management system model
mining technologies could be an appropriate satutio 4,4 5ne more application server

this situation (Anjewierdemet al 2007; Despotoviet al Server kappa is dedicated for official use, i.e. it
2008, Han_na 2001). . _ . contains the e.learning management system anidoties
E.leaming system is being based on the distributefyyiesclient. For this purpose it is necessary to ereat

servers'system. I.t implies the necessity for SEVEY  jata warehouse in tHeappaserver and so callegigent
connect automatically and exchange the changebein twhich would allow to automate complex actions, i.e.
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collect data from document database and in the same data mining software server, which would allow to
transform and prepare it for data mining analysisate  perform data mining (Fig. 1).
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Figure 1. Interaction among distributed servers

Dat inina technoloaies in d i Usually information is stored in server&p@cheand
ala mining technologies in documen etc.) in text type. In our information system all

management system information is being collected in the data basecath

VGTU e.learning system is created on the basis oferver (Fig. 2), its data format is not adaptegeeform
document model and is a system dedicated to organiglata mining. _ _
group work, where by shared use databases and By the help of the agent, information from eactveer
information dissemination among a number of uskes t it is being transferred to the created data wars&oand
principles of group work processed are insured. during this process it is being transformed, cleafiem

The main goal of this system is to confer learningfrelevant data, stored and processed. _ .
courses on-line, it also allows to access necessary !t iS advisable to use agent technologies, which
information from any place and at any time andfacilitate the implementation of the processesesented
communicate with course tutors. in the Figure 3.

Catalog server Asynehronous Content server Session Server
course

management
SAIVEL

Intelligent Miner Clisnts

kappa

Intelligent Miner

Figure 2. Usage data integration, storage and processirfieadistance learning system

Data mining technology application for documentonly with traditional relational databases or wfitt files.
databases needs new data transformation methodhwhiThat's why we need to create a new transformation
could help to put all documents from document dateb method for document databases data which have to be
into data warehouse. Existing software systems svorkanalyzed using data mining techniques. In this pae
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proposed new tool for document data transformafibiwn This problem was solved by using agentthat works

data mining software using agent technology. with a collection of documents and inputs operation
Historical business data is vital for strategicnplilmg  data in a data warehouse in real time.

of activities and assessment of achieved results of Thus, the first task of the creatadent(Fig. 3) is to

separate departments. select the database, which will release dhgentand get

To avoid problems discussed before and consenal the documentary base documents to the document

historical data, separate data warehouses shallela¢ed.
All historical information shall be transferred the
warehouses, so server load would be smaller.

fragment

collection. The script of proposed agent was creaging
LotusNotes/Dominmative languagéotus Scriptand the
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Figure 3. The algorithm of proposed agent

Then the document is taken from the collection and Data mining system was created and it was deciled t
access to the DB2 data warehouse is being madbéeln integrate the available data from the e.learningtesy
next step, each field is given specific columnisgt  stored in the common data warehouse (Inmon 200%). T
After inclusion of the relevant parameters in thedf implement this following software was usé8M data
their values are inputted. From here the wholeecysl storage technologyBM DB2 Universal Database ™
repeated till all the documents are processed. Datanterprise Edition Version 7.2 and IBM'slata mining
cleaning is performed at this stage. technology productntelligent Miner for Data Version

Use of the agent ensures that data is being maved 8.1.
the warehouse, where the operational data is dgcure So transformed data from documental databases
stored, after data integration, filtering and stuwieig has enables to perform distributed servers analysisiclwh
been carried out. Currently, the data warehouserttae  consists of the following aspects: user activity
than a million records. assessment, identification of users working with $ame

databases simultaneously, and perform analysis of
e.learning resources.
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Sub Initialize

On Error Goto errorhandler
/I Variables declaration

Dim sessionl As New NotesSession
Dim db As NotesDatabase
Dim collection As NotesDocumentCollection
Dim doc As NotesDocument
Dim st1,st2 As String
Dim var As String
Dim session As New LCSession
Dim conn As New LCConnection("db2")
Dim fldList As New LCFieldList
Dim fld As LCField
Dimi As Long

Set fld7 = fldList.append("CLENGTH",LCTYPE_TEXT)
Set fld8 = fldList.append("CTTYPE" LCTYPE_TEXT)
Set fld9 = fldList.append("METHOD",LCTYPE_TEXT)
Set fld10 = fldList.append("BROWSER",LCTYPE_TEXT)
Set fld14 = fidList.append("ETIME",LCTYPE_NUMERIC
Set fld15 = fldList.append("UTRANS" ,LCTYPE_TEXT)

fld7.Value = doc.contentlength
fld8.Value = Strleft(Cstr(doc.contenttype(0)))"/
fld9.Value = Strleft(Cstr(doc.request(0)), "/")
fld10.Value = Strleft(Cstr(doc.useragent(0)),"/")
fld14.Value = doc.processtimems
fld15.Value = Strright(Cstr(doc.uritranslated(Q))lotus/domino/data/")
Call conn.Insert(fldList)
Print Str$(i)

i=i+l
Set doc = collection.GetNextDocument(doc)
Wend
Exit Sub

errorhandler:
Dim Msg As String
Dim Msgcode As Long
Dim status As Integer
Dim result As String
If session.status <> LCSUCCESS Then
status = session.GetStatus(result, Msgcode, Msg)

End If
Msgbox result
End Sub
Figure 4.The script fragment f proposed agent
Data mining in e.learning system Demographic clustering method was used in this

_— . analysis. As a rule, clustering is a first steplétta mining

There are many definitions of data mining, but they a1 a1 2001). Once clusters (groups of clusters) have
are all_lnterrelated and similar. Thus, data_l mirisghe been identified, specific model is created for eafctihem
extraction of the un-known or par_tlally known (Palmer 2000). During result generation, it wasidkxt
information from the data sets (Baraga al 2001, 5 create 9 clusters. This method has helped tzedhat
Dunham 2004). used activity increases in working days after 4 pinen

dEaIearnmg. IS relallgvgly nved|ISCIp:Ine n %'thﬁ.an' users access the public databases. Users freqaentps
and data mining cou e a useful exploration todnis without their identification, i.e. the connectios mot to

field. Worldwide e.learning is well known and aregy. the e-mail or course material, but to the freelgessible

Nevertheless, it remains one of the most intergsfteids <o rmation. These can be lecture transcripts, fitstes of
for the data mining application (Hacid 2004). the theses or other web sites of informational meatu
Students are mainly from Lithuania. By determining

118



Technology,Using data warehouse and agent technologies tamep learning data for data mining

users working simultaneously with the same datahaseMonday to Friday (Fig. 5a). Server load reacheskpea
the association method was applied. It has helped between 9am and 10pm. This means that it is the,tim
identify the probability (in this case even 60%dy bne when user activity is particularly high. Such user
user to connect to database, if the other user wdsehaviour is a long term trend.
connected to it as well. The rule can be repredent¢he At 9 am the number of users is equal to 45 000 at
following way: [user] => [courses]. At the end of the am - 55 500, at 5 pm - 55 000, at 6 pm - 42 50 fu
analysis, three most affected databases were fi@gehnti the application of data mining technology, the cese
They should be distributed among different seniars mode ofgamaserver has been modified and the load of
order to achieve optimal group work. organizatiord a the server was lower in the following time slotafand
avoid technical problems due to the high numbersefs. 1lam, 12am and 1pm and between 2 and 3pm over the
Using classification method it was revealed thé%30 week (Fig. 5b). The load of thgama server has
of quereiddocuments were not returned to the user, andecreased by 15.4%. Since less user connect tontlae
almost always of the same size. With these regtutan  server (login is still going through tlgamaserver), users
be concluded that one of the unauthorized usersowas are active almost all the week. Peak is reached on
line looking for information, and thus disruptinget Wednesday (13 500 hits), and during the day udaiitsc
servers work. However, it was discovered that suclheaches 5 420 hits at 12 ahmma server user activity is
interferences might have been caused by softwar@milar to the user activity ofjama server, and they

operated by an individual. remain active throughout the day from 9 am till drh.
Just like in thegamaserver case, the change in response
Application of the received results mode ofirma server has resulted decrease of load by

5.2% (Fig. 5a., Fig. 5b). Indeed, as shown, user
navigation network activity due to traffic and, asesult,
it affects Web server performance. To ensure adndt
reliable connection to the server, it is necesstry

Recent increase in the web site activity has caased
significant rise in the server load. As a resullerges are
often carried out slowly, at peak hours due tosttercity

of resources of the system, server cannot sust®n tcompine the resources of servers, taking into auctie
charge. results obtained. Following the interpretation die t

Visitor log-in data clearly represents the conSUMefesearch it became possible to reduce server lodd a
activity (X-axis shows the day of the weekaxis - the i anage user queries and hits to the database.
number of log-ins), during almost all the week from
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Figure 5. Gamaserver loadd — before application of data mining technologkesafter application of data mining
technologies)

Positive results that have been achieved show that
models can be used. However, the use of them dmes n

Data mining technology allows to identify trendsian symbolize the completion of data mining process, as
discover knowledge from the collection of the dddata  these models must be continuously improved. Inteudi
mining functions are independent of the choice haf t after the first successful results were obtainddjsi
data type: whether it's a huge amount of detailtd dn  important to address the accuracy improvement sssue
the Internet commerce transactions, or is simpWeb The methods of the described technology allow to
server log-insWhich data mining function we choose — address the real life challenges in the efficieaywAt the
depends only on solving problem domain. moment alternative technologies are available not

Data mining technologies applied to the organisatio available yet.
of distributed servers’ group work, have allowed to It shall be noted that data mining technology iy @n
change the servers’ response mode. The analys#gcision support systems, and final decisions niast
performed has revealed that server efficiency hataken by specialist of a field.
substantially increased, especially in case of lssonized The performed research allows the further analykis
work. e-learning system efficiency and course quality

Summary
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assessment. In the future it is planned to disclosperskirstant grupinio darbo organizavimo sisteme®niem
unauthorized intrusion, to assess e.learning stadenbazes tarp bendradarbiaujan serveri ir optimizuoti server

progress, and start using tfiiext Miningtechnology to
identify student plagiarism, etc.
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Pirmamejvadiniame skyriuje supazindinama su veikian
VGTU e.mokymo sistema, iSskirstyta tarp bendradaijbitiy
serveri gama kappa ir irma. ApraSomi serveriai realizuoti
Lotus/Dominotechnologijos pagalba, kuri palaiko beveik visus
interneto standartus. ApraSoma sistema naudojamnagagel
mety ir besimokatiu studeni kiekis kasmet daugp, tockl
daugija ne tik duomem baziy kiekis, bet ir prisijungim
skatius prie dokumentini duomem bazi. Visa tai, savo
ruozty, apkrauna iSskirstyt serveny sistem. Todtl buvo
nuspesta iSsaugoti brangius serwerresursus, panaudojant
duomem gavybos technologijas.

Antras skyrius apraSo duomengavybos technologij
taikyma dokumend valdymo sistemoje. Pateiktas grafinis
dokumentini duomem bazip duomem integravimas.
ApraSoma galimyb pritaikyti ank&iau apraSytas technologijas
dokumentinii baziy duomenims. Analis metu nustatyta, kad
beveik visos duomengavybos programiis irangos yra skirtos
tradiciems reliacigms duomen bazms. Siekiant iSvengti

dninétq problemy ir iSsaugoti istorinius duomenis buvo sukurtos

atskiros duomen saugyklos, kuriose buvo patalpinta jau
istorine tapusi informacija iS darki® duomen bazs. ¢l
serverio specifikos vieninteliSeitis buvo sukurti ageqt kuris
tiesiai i dokument kolekciju integruoty ir talpinty duomenisi
duomern saugyka.

Pirmiausias zingsnis sukurtame agente— parinktirdum
baz, iS§ kurios bus paleistas agentas ir paimti visus
dokumentigs bazs dokumentug dokument kolekcija, toliau
prisijungiama prie sukurtosDB2 duomem saugyklos.
Sekadiame  Zingsnyje  kiekvienam laukui  priskiriami
konkretaus stulpelio parametrai. Priskyrus paramsetryksta

the 2000 ACM SIGMOD international conference 0N gjitinkamos dokumento lauko reikgsikrovimas. Sioje vietoje

Management of dat¢SIGMOD 2000)82-92.

Srikant, R., Yang, Y. (2001). Mining web logs to irape
website organization, in Proc. of the 10th Inteovsl
World Wide Web Conference, Hong Kong.

DUOMENU SAUGYKL U IR AGENTINI U
TECHNOLOGIJ U PANAUDOJIMAS
NUOTOLINIO MOKYMO SISTEMOS
DUOMENIMS PARUOSTI DUOMEN U GAVYBAI

Jelena Margenko, Inga Tumasonién
Santrauka

Straipsnyje nagrilamos netradicini dokumentini baziy
duomem paruoSimas Siuolaikims duomen gavybos
technologijoms. Norint pritaikyti duomengavyba nuotolinio
mokymosi sistemos duomenigitima surinkti iS heterogenimi
duomem Saltiny, transformuoti, iSfiltruoti ir pritaikyti
duomem gavybos programineirangai. Duomen surinkimas,
transformacy bei integraci yra atliekami sukurto agento
pagalba, kuris gali veikti tiek automatiniame reéiriek gali
btti paleidZziamas rankiniutlu. Padilytas dokumentinj baziy
duomenm surinkimo, transformavimo bei filtravimo metodas,
buvo realizuotas agentipitechnologij pagalba. Siame darbe
pavyko ne tik pritaikyti duomenis duomen gavybos
programineiirangai, bet tuo @au ir iSskirstyti serveriu resursus,

sukurtas ciklas kartojasi, kol pereinami visi dolamntai.
Taip pat atliekamas duomeralymas.

Naudodami sukustagens, duomenygdedamii duomemn
saugykh, kurioje yra uztikrintas operacinduomenm kaupimas,
pries tai atliekant reikalingduomem sujunginma, filtravima ir
struktirizavimg. Informacija apie vartotojus EDAP serverio,
ju aktyvurm, informacija apie kursus Iog dokumentigs bazs
taip pat yra saugomos duomersaugykloje. Siuo met
duomerm saugykloje pateikti keli ménesiy duomenys i§vairiy
duomenm Saltiniy.

TreCiame skyriuje trumpai aprasomi duomegavybos
metodai, kurie buvo panaudoti esamai problemakssiprir
pateikiami gauti rezultatai.

Ketvirtame skyriuje @mesys sukoncentruotas gauty
rezultaty interpretacij. Pateikti ir palyginti duomenys pries ir
po duomen gavybos technologijpanaudojimo.

Duomen; saugykl; ir agentiniy technologij panaudojimas
nuotolinio mokymo sistemai leido ne tik paruoStiochenis
duomem gavybai bet ir pakeisti serverreplikavimo rezim.
Remiantis gautais rezultatais, atlikta iSskinstyserven
perkonfigiravimo ir apkrovos analkézleido padidinti serveui
darbo naSumypa: sinchroninio darbo metu.

Tolimesniuose tyrimuose planuojama atlikti nuotialin
kursy kokybés analiz, ivertinti nuotoliniy studen pazangumo
bei plagiato pasitaikymo galimgb nustatyti neautorizuotus
isibrovimus ir t.t. Sukurta transformavimo metodikferé
placias galimybes e.mokymo duomggavybai.
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