CORAL * :A M ulti-server Distant Cooperative Learning

System

Ying-Dar Lin Yuan-Cheng Lai Ming-Horng Chang

Department ofComputer and Infor mat ion Science

National Chiao Tung Universit y

Hsinchu, Taiwan

E-mail: ydlin@cis. nctu.edu.tw

Phone: +886-3-5731899

Fax: +886-3-5721490

Abstract: CORAL( CoOperativeRemot eAccess Learning) system, a WWW-based distant and cooperativelearning syst em, was originally developed wit h a single-server archit ecture. Currently someorga nizations and schools may own self CORAL ser vers to providet hedistancelearning for their employees and students. However, theorigina l design of thesingle-server architectur ecauseno linka ges bet ween t heseCORAL servers, and result in thenarrow learning environment; i. e., fewer coursematerials and fewer learning partners.

In this paper, wepresent a multi-server tight-coupled CORAL * syst em. In order to deploy

CORAL across mult ipleorganizations and schools, wedevelop mult i-server and user ma nagement procedures and ext end single-ser ver communication channels to multi-ser ver communication cha nnels in our CORAL * system,. In addition, weadd four new functions int o this syst em: t heguided navigation syst em, themail syst em, theaudio syst emand t helearning activities query syst em.

Current ly thesyst emprovides an environment for (1) users to access remot eclass mat erials, find learning partners, and conduct cooperativelearning; (2) instructors to monit or and study learning activities; (3) mana gers to operateand maintain their local servers independently.

Introduction

Many applications (likeNews, BBS and WWW [1]) areavailablein thecomput er net wor ks dueto thequick progr ess of thet echnology. On theNews, peoplecan rea d articles which areASCII text. On theBBS, peopleca n read theASCII articles and chat wit h anot her persons. On theWWW, peoplecan get their desir ed multimedia infor mation by browsing themat erials thr ough browsers.

Various server sit es arelocat ed in thelargeand sporadic places to providetheseser vices.

According t o thecommunication bet ween t heservers and thelinka gebetween t heusers, ther e arethreedegr ees of connect ion strengt h; independent , loosely-coupled , and tightly-coupled . On the

News, thearticles are excha nged by theconnection (NNTP) between t heNews server. However, the peoplecan ´ t communicat ewit h each ot her in thesameor differ ent server. HencetheNews application can beclassified int o the loosely-coupled syst em. On t heBBS, ther eareno connect ion bet ween t heBBS server, thearticles arejust excha nged by thema il forwarding. Theusers can chat with anot her in t hesameserver, but can not communicat ewit h users in theot her sit e. Hencet heBBS application also is loosely-coupled syst em. On theWWW, theWWW browsing is a solitary activit y becauseusers arenot awareof each ot her and can not communicat ewit h each ot her. Also, WWW servers operateindependently wit h hyper links being the only connections bet ween them. TheWWW application is classified int o a independent system.

Distancelearning [2-6] is becoming a popular application t hat helps peoplet o get education and training for no spatial and t emporal restriction. Sincet hecont ent of coursemust befancy to attract theint er ests thelearner, WWW application is the best choiceas thebaseof distancelearning syst em. Nevertheless, Dueto theindependent characteristic of current WWW application, it must to modified t o fit theneed thedistancelearning syst em. TheCORAL ( CoOperativeR emot eAccess

Learning) syst em[7,8] was developed in NCTU, Taiwan. It is a WWW-based syst emwhich supports class mat erial access, learning activities monit or and quer y, and communication channels bet ween learning partners.

However, TheCORAL still is a loosely-couple system. When deploying CORAL to a group of educational inst itutions, each CORAL server is likely to bema naged by a singleinstitut ion independent ly. This arrangement partitions and limits thestudent population for cooperativelearning.

Thelearner only retrievethecoursematerials and find thelearning partners in thesa meserver. Hence int egrating mult ipleCOR AL servers, so that cooperativelearning ca n bedoneacross all involved institutions, is necessary. Whatever functions arein thesingleser ver systemshould now be execut ed across mult ipleser vers. Thus, we ext end theoriginal loosely-coupled CORAL system to a multiserver , tightly-coupled CORAL * system. Our CORAL * provides wider learning envir onment. Users can retrievemor ecoursematerials and discuss wit h morelearning partners, which arenot only at the local sit ebut also at remot esit es. Also CORAL * provides thebett er expansion capability. A new sit e can join theCOR AL * envir onment anytime and anywher e, and for ma larger learning environment

Finally some addit ional features arealso added int o this system, for exa mple, themail syst em, the guided navigation syst emand thelearning activit y query syst em.

Distance Cooperative Learning Environment

Wit h theaids of comput er net working, teachers and students arenot confined to physical classrooms becausecourses and training perfor med electronically over comput er net works. Through distancelearning syst ems, thelimitations of traditional t eaching can be eliminat ed. Distance education through comput er net works is a new promising dir ect ion in education nowadays.

z

Virtual Classroom

Virtual classrooms[9] arein thefor mof courses provided across thenet work. In a physical classroom, ther elationship bet ween t eachers and students is direct and face-t o-face. Students must attend schools for learning at theschool time. This kind of learning is limit ed in thedoma ins of space and time. But in virtual classrooms, geographic and time limitations arebroken.

To build theenvir onment of a virtual classroom, someequipment must beprovided. In a physical classroom, equipment likea chalkboard, projection machines, textbooks and so on should be available. In a virtual classroom, tools likeaudio-visual equipment should beused in thefor mof net work-based soft wareapplications. Thefollowing functions may beprovided in a virtual classroom:

on-lineclass mat erial, shared whit eboard, video/audio syst em, not es, not es, communication channels and so on.

Issues for a virtual classroomrangefromt echnical considerations to sociological aspects. Her e, wefocus only on t echnical issues as discussed below.

(1)Class Size:

In thetradit ional workshops or classrooms, thenumber of attendants is limit ed by thea mount of space(physical classrooms). For distancelearning, thesizeof a class will beaffect ed by t he computing and net working power.

(2)Course Production

In most of thecurrent learning syst ems, thecoursewareis in t heformof hypert exts. For exper ienced instructors or non-experienced instructors, theproduct ion of well-structured courseware is a challenging task[10,11].

(3)Learning E nvironment:

Int eractivit y plays an important rolein learning. By providing communication cha nnels likea chatroom, e-mail, or a shared whit eboard, an effectivelear ning environment can bebuilt.

(4)NetworkB andwidthand Resource Limitation

Net work bandwidth and resources areimportant factors in designing a distancelearning syst em. A net work wit h low bandwidt h slows down the transfer of class mat erials and reduces the quality of some applications, likevideo confer encing, that need high bandwidt h.

z

Learning E nvir onme nt on WWW

WWW(World WideWeb) is a candidateenvironment for distancelearning. WWW is a resourcesharing technology based on HTTP ( HyperText Transport Protocol) [12], which can carry text, pictureand sound all toget her. In this environment, themat erials arerepresent ed in thefor mof hypertexts. Hypertexts areedit ed in HTML(Hypertext Makeup Language), and URL(Unifor m

ResourceLocator) represents its hyperlink. This provides r eaders an attractiveand easy-rea ding way to browset heenvironment.

Thedevelopment of WWW and real-t imeapplications over theInt ernet opens anot her door for distanceeducation. Thecoursemat erials can beorganized in hypertexts. Theinclusion of Int ernet applications(for exa mpleI-Phone, chatroom) makes WWW-based distancelearning syst ems mor e attractiveand applicable.

Learning in distanceeducation can bedivided into t wo cat egor ies: int eractiveand nonint eractive. In int eractivelearning, users not only read themat erials but also get help fromthe syst ems or send questions to thesystems for answers. In non-int eractivelearning, users just read the cont ent of thecourses. In distancelearning syst ems, providing int eractivelearning t ools significant ly improves theenvir onment.

z

CORAL * System

In this section, weintroduceCORAL * system and its funct ions. CORAL * systemis based on theWWW and follows themulti-server archit ecture. It is designed t o bea distant cooperative learning environment. Thegoal of CORAL * syst emis to providean environment wher estudents, over a net work, can (1) learn certain subject materials stor ed eit her locally or remot ely, (2) find learning partners, discuss wit h ot her students or instructors, (3)query learning activities. Theinstructors of

CORAL * syst emca n inspect students ` status and providehelp as needed.

Thewholesyst emca n beviewed in four aspects (1) placement and access of hypert exts, (2) distributed anagement , (3)communication and learning activit y quer y and (4) communication cha nnels for learning partners.

(1) Placement and Access ofHypertexts

CORAL * hypert exts areplaced in a distributed way on ma ny servers scattered over theInt ernet.

An or ganization which joins CORAL * syst em ma y setup a server and placethemat erials on it. These mat erials are writ eableby thelocal manager, but read-only by remot eservers. Theactivit ies of hypertexts access arerecorded. Thelearning activities record is used to search for learning partners or learning infor mation. Users in CORAL * syst emcan quer y and find learning partners. This is oneof thekey features of CORAL * syst em.

(2) Distributed Management

Distributed ma nagement is implement ed in themulti-server CORAL * syst em. A management protocol is defined t o exchangemonit oring and mana gement infor mation bet ween (1) a client and its local server , and (2) a local server and a remot eser ver. Theregistration of users and local servers is also handled. A local server ma intains its own user accounts and a centralized user manager is in chargeof managing all theusers in t hewholesystem. A centralized r egistration ser ver is in chargeof handling registration of local ser vers.

(3) Communicationand Learning Activity Query

Act ivities query plays an important rolein a distant cooperativelearning envir onment. It helps users in t hesyst emt o find suitablelearning partners, group discussions and so on. Thequer ies in CORAL * syst emcan beclassified int o two types: (1) communication activities queries and (2) learning activit ies quer ies.

Communication activities queries areused when users want to uset hecommunication cha nnels provided by CORAL * syst em. It helps users to get theinfor mation about communication groups that arein progr ess in thesyst em. Welist somecommunication activities queries below:

˘ List all chatrooms that arein progr ess.

˘ List users in a given chatroom.

Learning activity queries areused when users want to find learning partners. In CORAL * syst em, theactivit ies of materials access arerecor ded and placed in local servers. Welist some learning activit y quer ies below:

˘ List in-lineusers.

˘ List all local servers in this syst em.

˘ List users who ha veaccessed a specific hypert ext file.

˘ List hypert exts that a specific user has accessed.

˘ Tracea user’s learning path.

(4) CommunicationChannels for learning partners

Several communication facilities areprovided in CORAL * syst em: (1) guided na vigation tool,

(2) chatroom, (3) shared whit eboard, (4) audio conferencing, (5) mail, and (6) discussion board. The first four arereal-timefunctions across themult i-server archit ectur e, whiletheot her two arenon-r ealtimefunct ions:

(1) Theguided navigation tool is a new featureby which WWW browsing is no longer a solitary activity. A t eacher can lead students to read the hypertexts on WWW. An audio tool is provided to enableaudio discussion during guided na vigation.

(2) In the chatroom syst em, users can createvirtual discussion classrooms and communicate with each ot her by texts. It is ext ended fr omthesingle-server archit ectur eto themulti-server version.

Users scattered over theloca l servers can chat even if they arenot at thesamesit e.

(3) Theshared whit eboard syst emis used to discuss with each other by graphs and texts. It is also ext ended fr omthesingle-server to themult i-server archit ectur e.

(4) Theaudio confer encing syst emis used to communicat eby audio speech. It is also a mult iserver version.

(5) Themail syst emis anot her new funct ion. It is designed for thepurposeof communication and conveniencefor users. Again, it is also a mult i-server version.

(6) Thediscussion board is similar to theboard on thewidely used BBS. It is imbedded in the browser developed in our project. Users post to thelocal server on somespecific topic. Theposts on theserver can berea d by users associated wit h thelocal server but not readableby remot eusers . This is doneby keeping URL links to theposts on thelocal ser ver.

Design and Imple mentation

In this part, wedescribe each CORAL * subsyst emand exa minet heimplementation details.

z

CORAL * Impleme ntation Arc hitecture

CORAL * syst emis a mult i-server, web-based syst emt hat follows pureclient-server archit ecture. Ther ecan bemoret han onelocal server in this syst em. A local server is installed in a workstation and it is in chargeof providing loca l services t o thelocal users. Theclient programis runnableon MS windows in PC. In addit ion, therearetwo ser vers: ^ Server Manager ~ and ^ User

Manager ~ . Both of themarealso installed in workstations. User Manager is connect ed wit h the

Sybasesyst em. Theover view of CORAL syst emis shown in figur e1.

Local Server

Local Server

Local Server

User Manager Server Manager

Sybase System

Client

Client

Client Client

Client

Client

Figur e1. Overview of CORAL * .

Next, wetakea look at theloca l server and theclient. Thearchit ectureof a local server and a client is shown in figur e2.

H.S. G.C.S. Q.S. M.S. N.S. R.S. A.S.

CGI CGI

Local Data

H.S. :HTTP Server

G.C.S. :Group

Communication Server

Q.S. :Query Server

M.S. :Mail Server

N.S. :Navigation Server

R.S. :Registration Server

A.S. : Audio Server

Server

H.C. G.C.C. Q.C. M.C. N.C. R.C. A.C.

Client

H.C. :HTTP Client

G.C.C. :Group

Communication Client

Q.C. :Query Client

M.C. :Mail Client

N.C. :Navigation CLient

R.C. :Registration Client

A.C. : Audio Client

Figur e2. Archit ectureof a Local Server and Clienr

In thefollowing, all thecomponents of a local server will bedescribed.

(1)HTTP server and http client:

TheHTTP server is a standard Web server, but theHTTP client is thebrowser developed in our project.

(2)CGI scripts:

TheCGI scripts areused for therecording of learning activities and thehandling of discussion boards.

(3)GC server and GC client:

TheGC(Group Communication) ser ver is in relation to GC clients. Bot h of themfor ms a group communication syst em. In this syst em, a chatroom, a shared whit eboard and communication queries areprovided.

(4)Q uery server and query client:

Thequery servers arein relation to thequer y clients. They for ma query syst em. In CORAL * syst em, cooperativelearning is emphasized. In order to achievethis demand, weprovidelearning activity queries.

(5)Navigationserver and navigationclient:

Navigation servers arein relation to na vigation clients. They for ma navigation system. In this syst em, a teacher can navigatefor students to browset hehypert exts in WWW.

(6)Mail server and mail client:

Mail servers arein relation to mail clients. Bot h of them for ma mail syst em. In order to let

CORAL * syst embea mor efriendly syst em, weimplement thema il syst em.

(7)Register server and registrationclient:

Theregistration server is used when a new local server joins or drops fromCORAL * syst em, or when a user who registers in CORAL * server. Theregistration ser ver is connect ed with theS erver

Manager and theUser Manager.

(8)Audio server and audio client:

Theaudio servers arein relation to audio clients. They for man audio confer encing syst em. It provides users real-time voicecommunications.

(9)Local data:

Thelocal data is in relation to HTTP servers, GC servers, quer y servers, mail servers, navigation servers and registration servers. Thelocal data includes: (1) on-linemat erials, (2) infor mation about local user accounts, (3) a record of learning activities, (4) thearticles of discussion boards, (5) infor mation of gr oup discussions, (6) thema il, and (7) theser ver lists.

z

Server M anager

In the mult i-server CORAL * system, a server manager is in chargeof thema nagement of all theloca l servers. A protocol is defined for thema nagement of local server. In CORAL * syst em, ther e can bemor ethan onelocal server, but thereis only oneserver manager. It is designed to bea centralized server.

Ther earetwo operands bet ween t heServer Manager and local servers:(1)joining, and

(2)wit hdrawing. Theoperand of joining is perfor med when a new local server wa nts to join the

CORAL * syst em. Thenew local server sends a joining request to theS erver Manager. Theser ver ma nager processes therequest and returns a server list to thenew local server. Then theserver ma nager infor ms ot her servers that a new onehas joined t his system.

Theoperand of wit hdrawing is perfor med when a local server wa nts to withdraw fromt he

CORAL * syst em. Thelocal server sends a wit hdrawal request to theser ver ma nager, theserver ma nager accepts therequest and send an ACK back to thelocal server for confir mation. Then the server mana ger infor ms theot her local ser vers that this local server has left thesyst em.

That is, thelocal servers and theser ver ma nager keep IP addr esses of all theloca l servers.

When a new onewants to join or leaves thesyst em, the server mana ger is responsiblefor themessage transmission.

Theserver manager is implement ed t o bea centralized ser ver. Weadopt centralized control for themana gement of all theloca l servers in CORAL * syst em. Two reasons contribut eto theneed for centralized archit ectureof t heser ver ma nager. Thefirst oneis about theactual implementation. To design and implement a centralized server manager is easier than for a decentralized ser ver ma nager.

Thesecond oneconcerns thema nagement. Thema nagement of local servers in a centralized server ma nager is better than that in thedecentralized server ma na ger.

z

User M anager

^ User Manager ~ in themulti-server CORAL * syst emis responsiblefor thema nagement of all theusers in thesyst em. It is used to identify users who ha vemult ipleaccounts in moretha n onelocal server. Theident ification of mult i-account users helps with thesearch for learning activit ies. The archit ectureof User Manager is shown in figure3.

C lie nt L ocal S erve r U se r M ana ger

(1) (2) (3)

(4) (5) (6)

(7)

S ybase

F ile syste m

(1) Client sends r equest of r egistration

(2) Loca l S er ver c onnec ts to U se r M ana ger .

(3) U ser M a nage r conne cts w ith Syba se system .

(4) U ser M a nage r inform s other loc al ser ver s the user ha s registere d

(5) U ser M a nage r re plys to Loc al S erve r.

(6) Loca l S er ver pla ce s inf orm ation in the file system .

(7) Loca l S er ver r eplies to C lie nt.

Figur e3. Archit ectureof User Manager.

1. A new user asks for theregistration. Hefills in a registration for mand sends it to his loca l server.

2. Thelocal server receives thefor m, makes a connection wit h theuser mana ger.

3. Theuser mana ger receives thefor m, ma kes a connection wit h the Sybasesyst emand then sends thefor mto the Sybasesyst em. The Sybasedraws out theID and theIP of thelocal server, checks and then inserts it into t hetable. Then it returns a server list and a namelist to theuser ma nager.

4. If theregistration succeeds, theuser mana ger informs other local servers list ed in theserver list that theuser has regist ered. It sends thenew local ser ver IP and account na meto them.

5. Theuser mana ger returns theserver list and thena melist to thelocal server.

6. Thelocal server puts theuser’s server list and na melist in its local disk.

7. Thelocal server sends a messaget o theuser for confir mation.

Generally, theuser manager maintains all theusers in thesyst ema nd processes theregistration of new users. Every local server maintains its own users and keeps users ´ server lists and na melists received fromt heuser mana ger.

In the mult i-server CORAL * system, theuser manager is combined with the S ybasesyst emfor themana gement of all users in this syst em. Therelationship bet ween t heuser mana ger and the Sybase syst emis theclient-ser ver archit ecture. Imbedded SQL (Structured Query Langua ge) is support ed in

C language[13].It is used as theint erfacefor a programto communicatewith the S ybasesyst em.

z

M ail System

Themail syst emin CORAL * system is implement ed for thepurposeof communication and convenienceto users. It provides a communication channel to users for themessage exchange,and provides a friendly environment for learning. Four basic functions areprovided in themail syst em:

send mail, read mail, delet email and list mail.

z

Navigation Syste m

In theWeb environment, students may get lost becausethey arenot familiar with the hypertexts on WWW. Thenavigation syst emis designed t o solvethis problem. A teacher can navigatefor students by thebrowsing of hypert exts. Figure4 shows thearchit ectur eof thenavigation syst em.

N a v i g a t i o n S e r v e r

N e t s c a p e N e t s c a p e . . . . . . . N e t s c a p e t e a c h e r s t u d e n t s t u d e n t

1 2 2

Figur e4. Archit ectureof theNavigation Syst em

1. Thena vigation client