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Abstract

Groupwvareapplications gday a majorrole in suppoting distributedteamsfor working togethercollabomtively. Several
groupwareplatformshavebeendevelopedo simplify the developnentof synchronais andasynchronouspplicatiors
focusing o relieve deelopersfrom facirg standargroblems such as eomunication, gnchronization, cordination or
concurrencycontrol. Upcoming communicationtechnologieqe.g. wirelessareanetworks,cellular telephonesPDAs,
pagers,etc.) are a promising and interestingmarket for developinggroup support features.However researchin
groupwaresystemsdoes not addressthe needto supportindividual tasks,which are part of group activities. As
developnert andresearchn both areasgrowsandintemrmingle, we believethatthis isswe will acquiremorerelevance.
In this paper, we propose an architecturethat allows usersto move seamlessi acrcss four different scenarios:
individual and collabrative work supportedy portable dvices and desktop owputers.

Keywords: Mobile Work, Collaborative Activities.

1. INTRODUCTION

In ComputerSupportedCooperativaNork (CSCW)areait is widely recognizedhe benefitsthat collabortive interac-
tion hason work graups and omganizationsCollaboratia is seen a“a principle-based pocess ofvorking together tha
produces trust, integrity andréak-through resutby building tue consensuswnership anglignment” [17]

Current probems and modernwork require different expertise, due to their complexily and size. Schragedefines
collabomation as the “processof sharedcreation:two or more individuals with complenentaryskills interacting to
createa sharedunderstading” [22]. That is, as project size and complexity grows, workers face stresseccognitive
demanddo be efficient andread accuratelyandthen,collaborationand networkingcantake advantge of distributed
expertise and beene a keyfactor forsuccessful prdem-solving activities [8

Groupwvaresystans ae computer-basedpplicatiors that supprt groupsof peopleworking togethertowarda common
goal, by providing thema sharel interfaceto their sharedenvironmen{7]. A typical exampleis a sharededitor (also
known as “collaborative edita” or “collaborative writing tool”), where“the writing of a documentis performed for
more than one alor” [23].
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On the otherhand,informationtechnology(IT) devicesare becomingincreasingly porteble, powerful and affordable.
The useof computertechnolaiesis no longer confinedto the desktopand office settings;usersnow haveaccesdo
highly portable personalcomputing appliances,such as palmtop computersor Personh Digital Assistants(PDAS),
which can be used“anytime, anywhere”.Suchdeviceshave different functions;they can be usedto recorddata,to
accessinformation resource or to communicatewith other people. It has been argued, therefore, that mobile
computing devicescould be useful tools for suppoting learning and workplace activities [9], either alone or in
combinationwith desktop computers.Handheld compuers are emergingas a flexible and portabe solution that
provides userwith “ready to hand” suppid to engage in ctdborative activitis anytime, aywhere [16.

However,whenwe obseve collaborative work, we may notice that thereare sometasksor activitiesthat needto be
performedindividually. For instance whena groupworks togetherin a sharededitor, usersgo throughphasef self-
organization(i.e. organizing their ideas, thoughtsand critics) and then, once they have a clear picture of their
contributionthey go to a sharingphasewherethey sharetheir thoughts,ideasor critics and canargueand negotiate.
The central concernof this paperis that regardlessexiting severalsuccessfulapplicationsthat exploit PDAS in

individual and sharedenvironments,researchin the areaof collabomtive systemsdoes not addressthe need for

supporting individual tasks, even when handhelddevices (originally desighed to support individuals) are used.
Furthermorewe believe thatasmobile devices becae apromisingtechnologyfor supporting work graup, the need é

supporting the sealess transitio between individal and wokgroup scenariowould increase.

In this paperwe presat an achitecturalmodel and a Wb-basedpplication that supports the taborativeedition d a
text doawment basedn themodelproposed. Tis toolhas ahandheldversion.Section2 presents soe relatedvork. In
section3 and4 we describethe architecturgproposedandthe exampleapplication.Section5 presentsomebenefitsof
or propsal and finally, in serin 6 we presensome conclusns.

2. RELATED WORK

Most work on handhelddevicesfor supportingindividuals has focusedon how can be usedto replacestationay
computersandhow to takeadvantagef their affordancesand mobility. Additionally, someresearcherarefocusedon
using handhelddevicesin group settingsto supportcollaboiative work (see[2, 19, 24]). Otherapprachesarelisted
below:

1. Mobile devices can serve as@eans for pgale to augmenthteir real tme personal comunication.

2. Mobile devicesallow peopledownloadingcommoninformation (such as information storedin databases),
modify it, and uploadt again.

3. Mobile devicesallow peoplegatheringpersaal informationin the field, which can be downloadedinto a
commondatabasefor example,in NotePalsparticipantsat a conferencesessionwrite meetingnoteson their
personal PAs [5].

4. Somemobile systemssynchranize and negotiatepersonalinformation acrossdevices(i.e. 3Com Paim Pilot
Hotsync Manager replicatesinformation held in equivalet applicatiors acrossboth PDA and desktop
computers [1])

5. Synchronizatiorsystemsare powerful tools that allow pele synchronizingboth their personaland public
information acrossdevices.Using Lotus EagySync, for example,information within Palm Pilot applicatiors
are synchronizedith a Lotus notes dabase [1b

6. Anotherapprachis to give mobile personaccesgo one’s workstatian environment.For instance PamVC
allows the mobild®DA user onnecting to antfrowsing a rtion of his wokstation scree [18].

Mobile computingencompasssthe situationwherepeopleproduceandshareinformationin a mobile work setting.In
the practice,however,the majarity of mobile computng systemsneglectthe nuancesbetweenpersonaland public
information exchangdg10]. Our specific researh interestis trying to understandhe nuancesof how peoplemoves
across pesonal and public imfrmation (in our casayithin group bundaries) to sharefiormation or conmon data.

3. SYSTEM ARCHITECTURE

DesigningPDAs-basedapplicationsrequiresto take into accaint both restrictins and oppatunities. We consideras
restrictions:PDAs’ reducedscreensize, limited available memory, heterogeneity[3], input facilities and processor
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speed,small communicatios bandwidth and when wireless supportis used, eventualinterruptionsin information
interchangeas a consequene of wireless communicatio intermittence[13]; if there is no supportfor wireless
communication, interruption can be longer, and then reconnectionand consisteng managementis required
(synchronization tds). Therefore, it is important to ceiderthe following desig issues:

e Design simpleuser interfaces thah¢lude few eleents.

e Consider Imited memory and stoge. Most data sted in the DA is volatile.

e Consideralternativedatainput devices.PDAs are slow and their desig is not intendedfor supportingthe
input of large anounts of data.

Oppotunities provided by handheldsinclude: great portahlity, short start-up and responsetimes and ability for
gatheringandpresentingsmall piecesof information. Thus, the following desigh charactestics aresuggestedby these
opportunities:

e PDAs may be udal when use mobility is a mam consideratio during the opration of the gstem.

e Using PDAs when individualvork is requiredn unusual, ongested ouncomfortable laces.

e Considerthe useof PDAs when userscan maketimely short annotationshat can be expandednto larger
contributions aftewards.

e Considerthe use of PDAs during periods of individual divergentwork. Theseperiodswill probably be
followed by a period of group convergentwork, whereindividual production is apprgriately mergedand
improved.

The role of individualsin collabomative work shouldnot be overlooked.An interestirg study exploring the oppasing
individual and collectiveviews in the foundationsof groupwork in organizatios hasbeendoneby DeSanctig6]. He
arguesthat elementsin existing theoly relatedto IT-basedgroup suppot systemsnustinclude:the recognition of the
importanceof socio-emotve communicatio in group functioning; the influence of group norms and valuesin
informationprocessig by groups;the diversenatureof groupmenbership; andthe issueof individual freedan versis
manageriakontrd and power. The peoplecollaboation degree andthe degreeto which tasksrequire collabomtion,
vary substantiajl, not only béween jols but also with jobs over tne. Many jds, tasks oactivities can be tha@ht of
as moving continuouslyfrom being performedindividually to being performedcollabomtively. With thoseconcens,
we havedesigned an applicationthat allows a seamlesgransition betweenindividual and sharedactivities. Figure 1
depictsthe proposedsystem echitecture.lt is composedy four layers:(i) presetation,(ii) logic, (iii) synchronizéon
and (iv) data.

Web client FDA client
(1) App. Logic. Local DB
HTTP
3
TCRIP
@ Weh server Internet server
Templates|Server programs &pp. Logic. |Comm, features
& F Y
¥ v
Synchronization tasks
(i Yersioning of shared data CDnslijS%tEgrchnglnt?%gment
: ¥
i1w) Data base (shared and personal data)

Fig. 1. Systen Architecture

In the presetationlevel, a Web client providesan interfaceto a Web version,which is a standardsharededitor, while
the PDA client allows usersto edit documentn a PDA. In this casea local copy is storedin the local databaseand
application’s lgic is also includé in orcer to pravide “wireless unsupport® mode.
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In thelogic layerit is alsoimplementeccommunicationandsecurityfeaturesWeb serveranswerd/Neb client requests
for transaction®n the databaselt hastwo sub-layersone suppoting presatationtasksthroughTemplatesadaptedo
users’roles(i.e. readingthrough,makingcommentsgetc.)andprogramsunningon the Web Serverthat implement the
logic itself. The Internetserve is a networkhostthathandlesPDA client communicatios’ tasks(i.e. yellow pages).In
the synchroniation level the codesupportingthe versioningof documants createdin groupor “collaborative” modeis
implemented Usersmanipulatethoseversionsfrom the Web or the PDA client. Individual work is supportectrough
consistencycheding routines, that is, userscan createpersonal notesthat are treatedseparatsl and integratedin
sharedversionswhenusersdemard it. Finally the datalayer containsa databasehat comprehendgroup versionsas
well as personal nose

4. A SAMPLE APPLICATION

Basedon the architectire presetedin the previosu sectionwe haveimplementeda softwaretool namedEcamov. This
tool is acollaboiative writing tool composed bfour modules:a isermanagement goponenta Web editing modile, a
PDA text-editig module, and communicationrad synchronization goponent.

Work supportecby PDAs may be donein two ways: network-cainectedon-line) andoff-line. Whenworking on-line,
documentsynchronizatio is automaticwhile off-line PDA work occurswhenthe co-authorstepsoutsidethe rangeof
the wirelessnetwork. In the latter case,the PDA storesa “copy” of the original documet and enablesco-authos to
performtext editing asdesiral. Of course afteroff-line work, the perfomed chagesare synchronizedvith the master
documentanda new version(of the masterdocument)is stored This implies that all storedversionsmustbe merged
(synchronizedfrom time to time. A coordnator doesthis mergingandusuallythis involves discussiorwith the other
co-authorsn orderto keepdocumentcoherece. This task mustbe donewith the agreemenbf the other co-authors
(they are awarefdhe occurrencefdhis task), so thaprevious coadination tasks mustebperformed.

4.1. \\AEB EDITING MODULE

This moduleallows usersto crede, edit and sharedocumentghroughthe Web. Whena group membercreatesa new
document,s/he must provide the list of co-authos and their roles (the current version just consides readerand
reader/writeroles).Whena co-authomodifies adocumentijt is blockedandafter making chages,s/hemustunblodk
it. This module also allows co-authos to generatea new documentversion. Finally, co-authos can add their own
personal annotatits and seermotations provide by other sers. Figure 2 shes a documentding edited via Eb.
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This module allows user, edit and share documents through the Web 121

When a group member creates a new document, hefshe must
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Fig. 2. Ecanov editor: Editinga document frm a Web bravser
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4.2. PDA BBITING MODULE

In the design,we tried to makethe Web and PDA editing modulesas similar as possilbe. However,consideing the
strategyoutlined in Sect.4, the PDA moduleshouldbe very compat, with a simple userinterface,and using little
storage and at theame time, it shdd still providethe mainfunctionality of he Webmodule.

Co-authoramay createnew documentsor openprevious ones.Thesemay be person&or shared A typical usemay be
to createa personaldocumentwith an outline of ideas;theseare expandedlater in a shareddocument.Shared
documentsnay haveseveralversionswhich canbe browsedby the co-author The usercanalsoplaceannotationson
any document fnm this softwae module.

Figures3aand3b showthe PDA editing moduleuserinterface.Userscanopensharedor personalfiles (File optiors),

in both casesaninterfacepresating a list of the availabledocumentss shown.For the caseof sharedfiles, the status
(modified or not) aswell asthe co-authornamethat madethe last modificationis also presentedFig. 3a). Oncethe

user pick-ups @ocument, it ispresentedor editing. Inthis case additionalnformation sich aslie documentersionis

alsopresentequpperpartof Fig. 3b). The middle part of the screenshowsthe documentandthe lower part contains
theapplicationmenu.Fig. 3b showsthe “File” menuoptiors. Thefile menuallows usersto save he currentversionor

generatea newone,aswell asto synchronizdocal versionswith the centralserver.The editing menuhasan option to

work on variousversions:the buttonslabelled“<<” and“>>" allow usersto moveforward or backward=on the local

document versios.

.{g‘ Collaborative Editor = 15:30 @ £ | collaborative Editor % 15:43 @
[Document 1 - version 1 (8/10/03 1 :4 :55F]
Choose the shared file to oper:
Este es el documento numeral -
Filz Mame Status IModified by 5e esta editando un docurmento .
Drocument] Modified andres dd
9
New
Open
Save Cumrent Yersion
Save New Yersion
Delete
Synchronize
<] il | [ My Documents +|
v >
File Edit Help [T File [ EditHelp B
C_“.L_J/O%L...L_.J el ) sl
- S i - “_-:--; : - 2
Fig. 3. (a) Open filesnterface (b) File menu optios and editing intéace

4.3. GOMMUNICATION AN D SYNCHRONIZATION MODULE

This moduleallows conmunication andysichronization btween BAs and he server dtabae. Users musthooselte
local versionthey wantto synchronizewith the serverdatabaseAs the Web editing modulesalsoaccessethe central
databasethe main difficulties solved by the communicatbn module concernsconcurency and consisteng, since
several ceauthors cald be edting thesame doament athe same the. Themodule alsaolves the dcumentversions
managemenprobem. Keysfor a simplesolutionto theseproblemsarethe locking mechanisnalready mentionedand
a time stampassociatedy the systemto eachdocumentversion. Time stampsare then usedby the systemitself to
guide co-authorsrowhich vesions are apppriate formerging.

The locking mechanisnmis pairedwith a uniqueversionof the documentcalled the masterdocument,asintroduced
above.Whena co-authorhasblockedthe masterdocumentother co-authorscan makeannotatias over copiesof the
masterdocumaent. If different changeshavebeen madeto the documentthey aremanagessif they wereannotatiams:
at alatertime, a coauthor ca modify themaster doumentbasedon all her caleagues’annotationsFor suchtask,the
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system letwisualizeall document cofes associatetb a mastedocuments sepatewindows. Annotationsareshown
in color tomake them easildistinguishable.

5. DISCUSSION

One of the main advantage®f handheldcomputersis that they are portabe. Also, initial vendor-supfied software
encouragedndividual rather han collaboative use. Eva now, most handhel@pplicationsoften reinforcethe ideaof a
handheld computer as a personal digital assistant.Neverthelessrecent articles descibe group or collabomtive
applicationsbasedon this kind of devices(see[14]). In particular,somedevelogers may be interestedon desigiing
systemdo supportpeopledoing coopeative tasks.However a few relevantquestionshouldbe asked:are handhelds
appropiate componentsor collaboiative applications?f so, which are the tasksthey supportthe best?There are
severalmobile applicationsthat successfull suppot individuals but not in a collabortive or work group setting.On
the otherhand,mobile applicationsthat suppot collabomtive activitiesare mainly focusedon the group compamentof
activities, neglectingthe individual work componentSo, doesit makesenseto treatthem as separatedievelopnent
environments|eaving usersthe responsibilityof makingthe necessargompatiblity changes?Or, dueto their nature,
are they separatezhvironments?

Sharing ad managingexpertiseappear almost bydefinition, to be actvities that reaiire collabomtion beéween peple,
consequentlywe envision and designsystens for expertisemanagementhat assume collabomtion as the starting
point. Unfortunatey, this view is naive,becausdt doesnot recognizethat individuals concernis more than likely,

developing,usingand creatingtheir own expertise.The needto shareexpertisetakesplacelater, perhapsvhenothers
demandt, or by serendipity,or perhapsasa side effect of a group’sneedto coordnate and sharetheir knowledgein

orderto develop a preict or solve a hardrpblem.

Everyday working styles of people, including the way of sharing expertise, shift regulary and easily betwea

individual and group activity. This implies that softwae should suppot both individual and group needs.
Unfortunatey, mostsystens are categorizeceitherasa single-usemapplicationor as multi-usergroupwareandthe gap
createdfor peoplemoving betwee individual and group activities force them switchingtools, causingfrustrationand

additionalwork on them.

Single-userapplicationsoffer little or no explicit supportfor peoplewho want to work togetherthrough computers.
While peopledo often use single usersystemscollaboiatively [20], the effort to do so acrosgime anddistancebarriers

is high. Nardi’s 1991 study of spreadsheaisers for example clearly describeshow co-locatedpeopleshareexpertise
over spreadsheetsine persondevelopingthe contentof a spreadsheds helpedby anotherwho understand$iow to

programspreadshest this style of interactionis far moredifficult whenpeoplearegeographicall distributed.On the

other hand, groupwarebuilt to fit only group needsis often inadequatefor suppoting individual work. The gap
betweenthesecategoris often meanshat peoplecannotusethe sametools for tasksthat are conceptuallysimilar but

crossover individual and group work [12]. Peoplemusttake on the additionalburdenof shifting betweentools, and

learninghow to usenew tools. They musttranslatecomma artifacts, suchas documentsjnto formatsamenale to

bothsingleandgroupwvaresystens Cockburnand Thimbleby suggesthat CSCW environmentsmustnot only support
group activiy, but must also ¢er to individual regiremens [4].

The transitionbetwea individual and collabomtive work could be very fluid, in the sameway thattransitian betwea
task-orientechnd non task-orientedhctivitiesor betweenseveraltasks[21]. Variousin-depthstudieshaveshownhow
apparatly separatedvorking peoplecollaboratenow andthenin a very subtleway [11]. So, althoughcollabomative
work generallyrefersto situationswheretwo or more peopleact togetherexplicitly, to achievea commongoal, the
actual extent of “togetherness’can vary substantidl). Designersof collabotion technolayy should therdore take
accountof the fact thatall collaborativetasksarea combindion of individual andcollabaative activities. Groupwork
is also individual work. Group work is a mixture of collabomtive activities and individual or subgrouptask
performance.

6. CONCLUSIONS

Collaborative applications significantly differ from single-user applications. Many users provide input (often
simultaneousl), outputhasto be processedor many usersand shareddatahaveto be kept consistentOn the other
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hand, when we observea collaborative work activity we may notice there are some tasks, which are performed

individually in many casesWorkersare autonomousnd tendto distributetheir workload, so their needfor ongoing

coordnation and plaming is minimized. This implies that work division is mutually undestoodwithin the group so

that workersdo not need tocheck constatly with ead other Of course|t is notobvious if handheldsnay beadequate
for ambitious gstems involving severgeoplewith many @mplex interactioa among then.

There are several problems that must be solved in collaborative environmentssuppoted by mobile devices
Collaborativeandmobile gplicationshave tokeepdataconsistentApplicationswhich ae collaboiative andmobile &
the sametime doublethe problem of dataconsisteng. Collabaative applicationshaveto synchronizeconcurrentdata
manipulations mobile applicationshaveto keepdataconsistentwhen devicesare movedinside the network or are
disconnectedrom the netwok.

The model proposedin this paper could be usefulto desigh groupwareapplicationtaking into accountthe transitian

betweenindividual and sharel activities. However,what is clear is that mobile devicessuchas PDAs can suppot
efficiently individual tasks that are developedin a collaborative context and implies users’ mobility mainly in

environmentswherethere are no network suppots (off-line). For instance readinga documentwhile you arein the
subway.Whentheseapplicatonsareusedin morecomplexenvironmentdike large organizatios, we mustrecognize
that keyondpersonakuppot, usersareinvolvedin work group andmoveconstantlyfrom anisolatedworking modeto

a sharingphasewhere they coordnate their actionsand collabomte, and then, a seamlesgransition betweenthose
phases couldase their workrad lessen their fistration due t@dditionalworkload.

ACKNOWLEDGMENTS

This work was grtially suppeted by Fondegt (Chile) grant No. 1030959.

REFERENCES

[1] 3Com Corporation: Ren Pilot Handbaok.

[2] Abowd, G., Investigating the capture,integraticn and accesgproblem of ubiquitouscomputingin an educatimal
setting. Proeedings of SIGAI'98: HumanFactors in Caputing systems (B8), pp 440-447.

[3] Cannataro,M., and Pugliese,A. A survey of architecturesfor adaptive hypemedia. In Levene, M. and
PoulovassilisA. (Eds.): Web Dynamics, Spriger Verlag (204), pp357-386.

[4] CockburnA., and Thimbleby H. A reflexive prspective 5CSCW. ACM SIGCHI Bulletin (1991) 23(3), pp. 63-68

[5] Davis,R., Lin, J., Brotherton,J., Landay,J., Price,M. and Schilit, B. A frameworkfor sharinghandwritten notes.
Proc of the ACM Symposiunon User Interface Stware and Bchnology, ACM Pess, (198) pp.119120.

[6] DeSanctis,G. Shifting Foundationsin Group Suppot System Research.n Group Support Systems— New
Perspetives, L. Jessup, ¥Yalacich (eds,)MacMillan Pub.Co., Nev York (1993), pp. 97-111.

[7] Ellis, C., Gibbs, S., andRein, G. Groupvare, Somelssuesand ExperiencesCommunicatios of the ACM (1991)
34(2), pp. 38-58.

[8] Engestrom,Y. Developmental studiesof work as a test benchfor activity theory. Chaik-lin, S. and Lave, J.:
Understandig practice. NY Cambridge Uniersity Press (@97).

[9] Fung, P. Hennasy, SandO'Shea, T. Pocketbok Camputing: A paradgm Shift? Computersn the Stools (1998)
14(34), pp.109-118

[10] Greenbergs., Boyle, M. andLaBerge,J. PDAs and sharedpublic displays:Making personalinformation public
and public infomation personaPersonal €chnologies, (1999(1), Elsevier.

[11] Heath, C., and Lupp, P. Collaboratio and contrd; crisis managemenand multimediatechnologyin London
Underground line aatrol roans. CSCW (192) 1, p. 69-94.

[12] Ishii H., KobayashiM., & Grudin J., Integrationof interpesonalspaceand sharedworkspaceClearbard design
and expernents. ACM Tansactions on Infanation Systes, October(1993)pp. 96-125.

[13] Joseph A. D., @uber JA., and Kaakoek M. F.,Mobile Computingwith the RoverToolkit, IEEE Transactions on
Computers (297) 46(3), pp. 337-352

[14] Kirda, E., Fenkam,P., Reif, G., and Gall, H. A servicearchitecturefor mobile teamwork. Proeeedingsof 14th
International Caference on Sttware Engineerig and Knowlede. Eng. Ischia, Itgl(2002.

[15] Lotus Notes Inc.: Lotus EgSync Version 2.1 otus Development Corpration, Canbridge, Ma, BA, (199§.

[16] Luchini, K, Quintana,C., Curtis, M., Murphy, R., Krajcik, J., Soloway,E., and SuthersD. Using Handheldsto
support ctlaborative leaning. Roceedings of CSIC(2002), pp.704-76.



CLEI2005 Cali, Colombia Articulos CLI 202

[17] Marshall, E., The a@llaborative workplae. Managenent Review (199624, pp13-17.

[18] Minenko, V. Pam VNC: virtual Network Computig Client for Paim platform
http://www.icsi.bekeley.edu/mminenko/PalmVNC (198).

[19] Myers, B., Stiel, H., andGargiulo, R. Collaboratio using multiple PDAs connectd to a PC. Proeedingsof the
ACM CSCW98 (1998) pp. 285-24.

[20] Nardi, B. Twinkling lights and nestedloops: Distributed prodem solving and spreadsheetievelopment. In
GreenbergsS. (ed) ComputerSupportedCooperdéive Work and Groupware.AcademicPress,London (1991). pp.
29-52,

[21] Robinson,M. Design for unanticipateduse.In G. DeMichelis, C. Simoneand K. Schmidt(Eds.), ECSCW93.
Proeedingsof the Third EuropeanConferenceon ComputerSupportedCooperéive Work. Dordrecht: Kluwer
Academic Publiker, (193).

[22] Schrage, M. Shared ids. New York: Radom House(1990)

[23] Speck,W., JohnsonT., Dice, C. andHeaton,L. Collabaative Writing: An AnnotatedBibliography. Greerwood
Press, London, UK(199).

[24] Want,R. An overview of the ParcTab Ubiquitouscomputingexperiment. EEE PersonalCommunicatios (199%),
pp. 28-43



