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Abstract
Current project suppgl environments provide little direct support for group working. This

paper describes a,n architecturc for future project support environmen-is and descri-bes an
lnteractlon metaphor appropriate for such an environment. Techniques for exploitins this
nlelaPho.T in order to provide support for cooperative working are desiribed. Finally, a rieans
ol descnbing cooperation patterns within the environment is discussed and an editor which
supports the construction of these descriptions is introduced.

I.INTRODUCTION

, -Ou"T the las.t f9y fears considerablc effort has bcen directed toward the development of
lltlgc-{3lIl_ryoJect Supporr Environments (IPSE) (for example; ISTAR [Dowson'g7] and
ECLIPSE [Alderson 85]). Such environments support the entiie ioftware pio""ss ttttoujn tr,e
Il-e ,of an.integrated set of development iools covering requirements analyiis to
lmplementatton and subsequent maintenance.

A common structure for project *pport environments is that of a tool set layered around
an object managemenr qysrem (e.9.. cAlsfoberndorf.S8l , pcrE tpcrE g5l) wfiich d&idesmechanisms for maintaining coniistency among pJojeci iomponints to a dlgree wfiicrr was
not possible in olde-r, file based environments-. tunent IPSEs offer consiterably sreat;;
sharing or project information between tools than their predecessors. This sharing tehd-s to be
prescriptive in the sense that the object management system (OMS) limits tool fiteta;ti;;;;
order to protect Projgqt artifacts. Tir enable tool integration io taki place by tfre sfrariru oi
common data, the object manageme.nt system forcel communicati,on betiveen iooti-G"a
users) to take place via- the central.object irore. Both tools and users are protected ftotn iic[
other by firewal/s which prohibit direit tool cooperation.

IPSEs have emerged as a.method of.suppori-ing the development of large-scale software
systems which_may demand the application6f ofte-nLargg telqi ore*penJi tneirfii;;;;
construction. Holevcr, as early as 1975 Brooks I Brdks 751 observed an effcct teiirmea
-!!!":l 

"j Babel problem". The tower of Babeieffect o"cuis *tLn ihe .anage.ent of rhecommunication overhead generated by a number of people working togethe; Uecomis sogreat that it prohibits effective interaction.

^""P^r.?:.I. :lF!:r_fq rhar the problems of team working are sufficiently grave thar anettective maximum size for programming teams could be ai small as ten mem6'ers. tt is verv-
trnti!"-!r that future software .systems which wiil.be developed using ih; ;;il;;6y;if;a
by IPSEs can bc constructed in any realistic timescale uy ai rewisien a"u"rop"tsl'w;;h;;
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require tool support for interaction so that the effective working size of a team can be
increased.

The work described here is concerned with interaction support tools. This paper introduces
an architecture which encourages interaction between io-ols. The archiie6ture and thi
interaction metaphor. it supports is introduced the following section. Section 3 examines itre
develoFment.of this interaction metaphor to provide a coofradve interface. fhe hanafine oi
the information in such a cooperative interface is divid6d into two discrete proUi.-jifri
handling of incoming communiiation and the handling of outgoing communicadon, t5!i; r*
discussed in sections 4 and 5 respectively.

2. AN ALTERNATIVE IPSE ARCHITECTURE

Current IPSE technology is based on a layered model. Tools are layered around some
database or OMS and users interact directly with those tools. The users must know exolicitlv
how to initiate tools and are.solely _rglqonsi-b.le- for managing tool interaction. By;;;;;;i
consider an alternative model of ai1 IPSE, which has neith-cr i-ndividual tools nor i te-ei iti
the accepted sense._The architecture [Sommerville 88] consists of a federation-oi-io-
g_Tllliq llstritute! agenrs (Figure l) which e.mbody sufficient contextual-kn;i;ag;-b b"
llTI:-1P" *.opportunistic basis. Agents can pe corisidcred as autonomous, asynch-ronous,
unmutable and may be cloned on several nodes in a network.

Figure I An Agent Based IpSE

An agent encapsulates both local data and thc operation_s which may be performed by theagent.and presents an external interface consiiting of the set of allowed ope.ut'ionr.Knowled-g_e- is held within this partitioned system kn6wledge b;s; ;; "Lir.tifriJ"-tr.ri a0,wegner 871 operations on dataLerd by an igent are initiatEd uiienarnd " il;;;;;i; tk;agent requesting some acrion. controlled aicess of data allows strarli!;ai;i8ilil;;
::1:if.d^9v,1^9il:l.i,v of agenrs. Because of the knowrJaei it"uoaiid fi ase-"ts;il-ih;
Ts9:rateg d.ata, encapsulation, users interact at a more a-bstract level and"ne"a-not-f'"concerned with how agents interact to solve a problem.

lne vlew ot a svstem as a set of autonomous, interacting, intelligent agents is similar tothat perceived by. uiers of elecrronic ;1'i rt;t"il tHltz 8i['di;;;"il;;i there are increasingnumbers. of people whoregllarly use. electronic miil, an up'ptofriri" interactlon metaphor isthat of electronic mail. such a metaphor becomes even morb pirtinent ;;;;;;'rffi;!H;
.show.n t!"lqy 851 that workers spe'nt approximately aoir-iitneiiiime in communication-based activities.

. By adopting-the electronic mail model, agents-may have a consistent interaction interfacewhere exactly the same methds are used tisend .iir to ryit.. "ir*, t" file mail receivedand to initiate system actions. The conceptual view utirseo'uy ttrl r*raijlr is trre 1illi,u il;;;
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'sending'of forms to.other agents. An agent initiates any action within the environment by
passing a message object to another agent .
^Jf-qtqple, to. compile a program an agent (which need not be human) fi l ls in a
COMPILEJoTm (object) this form is then subhitted to the Mailer agent which 'mails'the
completed COMPILE form to the appropriate compilarion agent lFigure 2).
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Hr %Compile Form

Figure 2 Interacting rvith Agents

The advantage of this approach is that users need not know about the way in which the
compiler is initiated or where.the compiler is available. For example, a distributed system
may assign--on_e ngde as an Ada compiler server. Messages to comilile Ada programs could
automatically be directed to that.node for. processing. Thi location 6f ttre nod^e riight change
dgqendjng on overall system loading but this change would be completely Eanspiuenr ro users
of the Ada compilation sysre m.

3. DEVELOPING A COOPERATIVE INTERFACE

An underlying r-equirement within cooperative working support systems is the need for
some structuring facil i ty upon which to construct infolmaiion hindling systems. One
lpproach which. has proven useful as a method of structuring probleir domains and
tmplementing solutions is the object oriented approach. The principl6s of such an approach
can be uti l ised as a structuring mechanism in the c^ommunication syst"* for a lese.'dUjicts
are used to. repr-esent messages between users. Different types of message between ";;;;;
represented by different message object classes.
.^ These objects are presented to the user using an associated object browser interface
ISawyer uu.l so that message objects are presented to the user as-forms with attributes
displayed as form fields and.methoas displayed as buttons. Message oUi""tr areorganised in
an inheritance network which the system'exploits to provide a spec'iati#tio" -*rri'"ii"i *iiii
various message forms inheriring niethods aird artribrites rrom ot'Giior-r.

The class definitions for mesiage objects and the definition of the inheritance structure inwhich.they reside are held in an o.b.leci library. used by agents to -aintain i io"rf;;;i ;idefinition throughout_the agents. Th6 use of o5ject clasiesio .rp."r"ni -"rsages allows users
to add structure to the m-essages transferred-between them ind subseque"ntly attows thiautomated interpretation of these messages.

Report Form
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A natural division when discussing information transfer is to consider the control of the
information involved in two dislinct but related ways; the handling of incoming information
and corresponding support of ourgoing information. A ch-aracteristic 

"of 
incomins

communication in uaditional information transfer systems (for example, electronic mail) ii
the ple.thora of messages which must be processed-by useis [Malonl 87]. This p.oUt"ni ii
amplltied in an architecture where mes.sages may be generated automaticallytHewitt 77]. A
cons,equence is that incoming information must bc structured so that the cosi of informaiion
handling is minimised.

- As with incoming information an equivalent set of problems is associated with the conftol
of outgoing information.The most fundamental problem associated with outgoins
comrnunication is that of distribution. Distribution is the correct delivery of information t6
tiose users to whom it is of most interest and relevance. Any system aimea it sulpotiitrg
group interaction must address this problem.

4. HANDLING INCOMING INFORMATION

" Considerable research. within the message handling communify has been directed toward
the development of efficient and reliable techniques ior the transier of messages. However,
f]atively-little w-ork -has been done on interaction mechanisms for Message Syitems tVfufo"i87, Hutchison 861. Message Handling systems currenrly tackle mariy ;f rh; pi"bi;;
generated by communication within environments by pr6viding an efrtcient ana retiaUte
communication medium. Due to *re historical emphasis 6n the rinsfer of messages, una ttri
subsequent lacl_< of development of user interface iechniques, the presentation ofjnformation
to the user tends to be both rudimentary and unstructurei, genera^ting Informatioi O;;i;;i
[Hiltz 85].

When information overload occurs, the flow of information is so rapid it makes it difficult
for users to utilise the information relevant to their needs. To be effecftve, systems must give
Tessag? rycipients the abiliry.to disfriminate between those messages they'wish i";;;d;;
those of l i tt]e relevance.to them. Malone IBrobst 86] conducted--severil studies of how
various kinds of informatio.n are^shared in organisations. He outlines a number of uppio..t.i
people use when reducing-the information they need to process.

,--ll._to_t,j{:lesjing of the filter approaches he deliribes is cognitive filtering, where the
decisions are based on the. to_pic of the message, and social f i l tJring, where oEiisioni uii
basedon who supplied the information. Additio"nal studies tSumnei S?l have shown ttrat thi
Tljg5ty of messages. within electronic message systems ate orgaiirationit, ;;d tff';
slgnilrcant amount ot these are routine in nature.
.. Support for incoming -information needs to provide facilities for message management,

allowing the user to handling electronic messales as he would pupei*e.-os. The"user, in
ll9::i:l g!^"iiq-l!t" -to compose and send new*messages, shourd u'" it"" to rire.relry ioj oilorward messagesand should interact via an amenable message interface wtrictr a'aarljsei ttri
!,r*ir_Tlp^ory-d by.informarion overload. Denning- [Denning g2] iulgests, thar users oielectronic communication systems feel most comToitable w'ith tire irinciples applied incurrent paper systems and that these should be adapted and augmenrea ro. io1npuii.6;rd
communication. This is the approach adopted in brder to pr"*iO" " famifiar'inllraction
metaphor for multi-agent systema.

4.1 structuring the incoming information - the Mairtray metaphor
Our structuring technique is based upon the_notion bf MaiTtrays IRodden gg] whichmessages- flow into and out of as neceisuqY,lf we consider u pi[ri based office whichreceives forms, memos etc. for.procglsing, ii is standard practici i"i tfror" irems with somecommonalitv to be erouped- and handled iir a similar ..niri. n-"o.rnon grouping .onrt u.iis the t'ay, jo au miil 'ir'i.r, ir "o*iutt ;;;;;.d1, ;;i""il;;;^iilru."o in a particular
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Buiding Convenations Using Mailtrays

tray, for cxample, all memos related to expenses, expcnse claim forms and budgets are placed
in the expenses tray to be processed as expenses. Manual tray systems have a number of
weaknesses, which the use of an electronic rather than a paper medium resolve. For example,
in manual systcms messages are often classified in an arbitrary manner, since they can
equally well be placed in any one of a number of rays. In the same electronic system
however, a message may be placed in any number of trays and links between these instances
automatically managed.

This notion of collating messages which are to be handled in a similar manner is the basis
of our mailtray method. A user may define a tray as containing a particular set of mail items.
When a message form arrives for a user the system places that message in the appropriate tray
(or trays).

Each mailray has a title, a number of attributes, and an action list which describes how
forms should be processed. Additionally, each mailtray has an associated guard list
controlling the nature of the forms held in the mailray (Figure 3).

1 6 3

Figure 3: The Mailtray Construct

Message acceptance in a mailtray is controlled by a nay's guardlist, The guardlist is a list
of predicates which are applied to the attributes of a message. If dl the tests on a message's
attributes succeed the message passes that guard and is appended to a tray. Any number of
guards may be associated with a mailtray and a message is accepted if any of these guards are
true.

For example a user could define an object which could be used for compilation. Such an
object could have for example the identity of the source (whether it be a filename or and
object id), the version of the compiler and the name of the project to which the compilation
lefongs, If a user wished to collect compilation forms from a particular projCct, say
EFA_Flight_Simulator, then he could set up the attribute list to allow only projeci forms to be
added to a tray as follows:

Guard efa_comp class compile
t
project = "EFA_FIight_Simulator"

J ;

For a form to successfully negotiate this guard it must be of class compile and have an
attribute called project with a value "EFA_Flight_Simulatol'. A group of users can likewise
define forms to meet their p.articular communicaiion and interaction iequirements. The tray
system allows usen the flexibility to collate thesc message objects irrespettive of their class.-
_ . When a message is placed in a mailtray, the Action List foi that nay is interpreted. Action
Lists consist of a list of commands to be executed. Each command is oi the fonir:-

Action Head -> [Action Body ];
The action head consists of the action name followed by the class of messages to which the

action applies. If the message is of the class appcaring inihe action head theri- the succeedins
action body is executed. Each. action body is *iitten in a notation consisting of IF TIIEN and
assignment statements in conjunction with message handling primitives lriail, save, forward
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etc.). The notation used for describing actions is aimed at extracting simple decision makinpinformation from the messages aurib-utes while more co;;l;;e;;;5ifi;;ffiffi;E
handled by methods associat6d with- the messages. no, e*inifii, lf " ur", *ishA to ;;J maiiof class. Progress, only when he had ten mlssages of thli-iorm r,ir ".iion iiJ f*]il;appropriate tray might contain the action batch:-

batch : progress -> [
messages = messages +l;
IF messages = l0

THEN I
Ftag;

l :  
I

Messales is a user defined attribute associated with the tray to which this action belonss.Flag.is a iressage handring.primitir" ;hi;h ;itrs ttre mailtray icon i"'i"irr- tr,"-usc. #;?;requires attention. In addition to.FIag, which arters the wayirayi -" eirpi;y.J ilil;#isecond output primitive write altowiinformarion ro be wri'rren i; ;rt""a;A.l"tpi,i"ir",i"r.
othcr primitives.include Forward which allowsrnessages to be forwarded to a number ofusers, File which srores messages in a file, and Repiy"whirh;il; o ,"pryio a .Cis.gJsender.

5. HANDLING OUTGOING COMI\{UNICATION

A number of researchers have examined the problems associated with the distribution ofinformation and have oostulated posl-ible srrategies for inrormation aiitriu,]n""'i"iilr;;gj:Research within the cbntext of cscw ;"; b;; b-e_aescriLlJ ri-irpi"r.nt,ng a variation inrigour ranging from the,very structured-approach glyvj;6ra6 ft ii;;, *nJrtirireOlp...r,act theory -in^their coordina-tor-s-ystem [wiirograd 87J throfrgh th" i"-i-ittu"tured approach ofMalone's Information |.er1s [Malon_e_ so] a;a co"iriJ, frsis ;i;il rc."iril'fti;;'ih;freely structured world of current Hypertext s_y.stgml sulh as l{otecards [Trigg g6]. Thevariation in.rigour.so predominant witfiin cSCw is indicitivi "i trr" it"io to express a varietvof cooperativc tasks. Indeed, both the success and most ,;g"iri.i"i il;d;.k 5l vi;#;l/,coordinator sy.stem is its strict control of rigorous communication stratJgres.Two distriburion techniques are pro"uid.d bt ;h; M;li.;";;;;;-, namery registerdistribution and conversation'based distribution-. ifr" nrct'oii;;r""ir";;" use of a register rosupport the contextual delivery oj informarion tasea on ri;-;;i;";'associated with theattributes of a particular;1essai9, This.registei allows thi a"ri"iii"" "i abshact destinationswhich. are inde-pendent of users] these abs[act destinaiion-ad;t;;;;;r, to rores within anorganisation. A.graphicat interface is provided to uiro* irtr a"ft"iii6ii'ir both rhese abstractdestinations and form/destination relations( figure 4).
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Figure 4 A graphical register interface

The register approach allows the support of the communication patterns needed by loosely
coupled work groups who cooperate to solve incompletely defined problems. The register
holds details of the current assignment of abstract destinations (roles) to actual agents. These
roles can be moved between agens by altering their assignments within the register.

Group activity is also supported within the environment in a more direct manner;
particularly for those closely coupled groups following a known documented procedure for
cooperation. This form of coope ration has traditionally been addrcssed by systems developed
from Searle's linguistic speech act theory[Searle 75] and follows a model based upon person
to p€rson interaction. Our work utilises the object model with its computational history to
describe and con trol information distribution.

5.1 Defining conversations using trays
Consider the situation where a group is cooperating on the completion of a task whose

solution path is known (such as voting). Such tasks often have existing documented
procedures for thier solution. In these cases it is possible to specify in detail what is expected
ofeach of the participants in a cooperative task.

This class of problems represent a considerable proportion of recent CSCW research. Most
of the systems developed to tackle this problem domain have evolved from research in
linguistics and are strongly influenced by Searle's work on speech act theory within discourse
analysis. Notable systems utilising or influenced by speech act theory include the Coordinator
Project [Winograd 87], the Chaos Project[ De Cindio 86], and the COSMOS [Wilbur 88] and
AMIGO IDanielson 861 projects.

As in systems based on speech act theory our final distribution mode makes use of typed
message interchange as a means ofcooperation. Systems based on speech act theory generaUy
at-tempt to provide a central script which describes a cooperative conversation. This script is
often interpreted centrally to drive the conversation described. On the other hand
conversations described within our model concentrate on capturing the communication paths
between agents and decentralises the description of the actions performed by the roles.

Our overall architecture (and view of cooperating group memben) is that of a federation of
intell igent agents where an agent may be a process or a group member. This view of
cooperating individuals as intell igent agents passing messages to solve a common task is
analogous to the object based computational model. Consider an object which makes use of
the services provided by other objects . The requesting object sends a message to the object
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whose service it reouires. The object has an method associated with message and this methodis interpreted with any resulrs arisent baci to the requesring ou.;eci liig;e s;
programs I
figure 7:-

Figure 5 Object Interaction

In the same manner an object oriented program consists of a set of objects which arc linked
lf"::l:,1e_" tllli"q For-exa.mple a i.o!ra- ;ili-b;-d6;;;.ito moniror variousrnrormatron wlthin a "q ?ng display tyre pressure,lpeed, fuel-level and various "n"in"information (e.g, revs/min). such a program coura ue ieiri;J;y'ih;'";il;;;? ;j"#;shown in figure 6.

Figure 6 An object Oriented program

This observation that the object oriented computational model relies upon message passingallows the model to be exploiied to desiiib" "i,tiiir, *r,r;i.,';;.o.pl,;;;" oy message passing.Thus, cooperative activitiei can be d";;;b;J-u;'u .orrrlt'i* oil#;;il; passrng agents. sucha collection of agents is termed a conuersatiii.$il1ffi;prr"iii.^r."ded to alow thenecessary detachment between.actual agenrs ana tni ;ff;;;ril;luy"*itr,in conversarions.conversations are constructed by joini-;'ttmyi'iog.rh"r and are analagous to object oriented
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Building Convenations Using Mailtrays

programs The interchange of a message between two trays within a conversation is shown in
figure 7:-

Tray I Tray 2

Out Cuards In Guards

Figure 7 Tray Interaction

A link of the form shown in figure 7 specifies that ray I sends a message object to tray 2.
The type of the message object sent between the trays is defined by the output guards
associated with tray I and the input guards associated with ray 2. When a message is sent
from tray I thc Out actions for that tray are obeyed. Upon arrival at tray 2, the In actions
associated with ttrat tray corresponding to the message type arc obeyed.

The tray editor allows the construction of thc appropriate input and output guards and
actions. Once a conversation has been constructed each of the appropriate trays are assigned
to actual agents allowing the conversation to begin. To illustrate this process consider how
voting is supported. We can consider the cooperation involved as follows:-

Appropriate roles are:-
. Chairman
. Teller
. Voter
. Proposer

Each of these would have an associated tray, appropriate forms could be:-

t67

Project name:

Date:

Topic:

Vote Raiser:

Vote Proposer Form

Topic:

Vole:

Vote Form

Topic:

Details:

Options:

Vote Call Form

Topic:

Vote:

Result Form
After thc identification of roles and thc definition of the messagc objects rcquired for

information transfer the final phase in building convenations is the association of roles with
trays and the linking of these trays to define the communication paths. A possible strategy for
linking trays is shown in figure 8:-
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kf-.Vl
\ l A

\  r e s u r t  l l * -vote-ca l l \  
. r - l\r{k

Figure 8 A voting Conversalion

Actions can be associated with each Mailtray. However the use of conversational
distribution higltlights the need for an addition to the Mailray structuring technique. If two
trays.are ljnked together it is likely-that a usermay-wish ceriain actions to nke flace upon
sending.of amessage, for.example, he may_wish td keep a copy of any message sent and its
destination. To achieve this the concept of output actions aid added to Mai-hrays. Output
actions.are exactly the same as the adtions discussed in section 4.1 except thit they'aie
interpreted whenever a message is sent via a tray.

A typical incoming action for the vote collators tray could be:-
count_results : result -> [

IF vote = yes THEN
t
yes_vote_count := yes*vote_count + I ;
l

:no THEN

_vote_count := no_vote_count +l;

Eac
actionr
menus

IF vote
t
no
1

t ;

Tra;
actual r
voting
of the t
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. Tray_gonversations are stored in a conversation agent one of the autonomous agents within
the IPSE architecture described in section Z. ine conversation aeent holis the trav
information and details of the l inks joining them. A user can reque st a tiay which i, ;;; i ;conversation and the tray is sent to him as a message object. *trictr ttre maifrray iiGrface
interprets. Any information sent via a tray which is p-a.t oi a conversation ir fint's;;;6;h;
conversation agent which then decides the ultimate-destination of the information from ihe
conversation details stored within its local knowledse base.

Tray conversations are created by directly intera-cting with the conversation aAent. usins a
conversation editor. The editor supports the graphical c6nstruction of Mailtray .dnui.rutiois.
The user may define a number of tr-ays and ti'e link these trays_rogether -a,iin"iirt" ,yi;';;
message which flows berween them. The editor consists br trio panels th" ;;ir;ii;;i
which permits the addition of ryy trays and links and the conueisition panel whictr aitows
tray conversations to be drawn (Figure 9 ):-
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Figure 9 The Conversation Editor

Each of the tray icons has an associated menu which allows the definition of .guards and
actions associated with the corresponding messages. Each of the arcs have similar pop-up

menus which allow the addition anil deletion of the message types which link trays

Trays defined using the tray editor and forming pjrt of a tral c.onvesation ar€ assigned-to
actual'users in order tlo realisd a tray conversation. For example the teller tray defined in the
voting conversation shown in figure 7 would be assigned to a particular user and become part
of the users mailtray interface.

6. THE MAILTRAY SYSTEM

The developed Mailtray system consists of a number of distinct components. .Each-
component is-implementid as a separate autonomous agents.-within an agent based
enviionment similar to the one in figure l. The agents within the mailtray system are:

A Mailtray lnterface Agent
The Mailtray interface is used to construct a tailored organisational interface which
automatically collates messages into appropriate groupings. Actions can be
associated with each of the trays allowing the semi automatic handling of certain
classes of message.

A Form Register Agent
The form-registeiagent allows forms of a particular classes to be registered for
automatic distribution to either age nts or roles which can !e transferred between
(assigned to) agents

A Conversation Agent
Trays may be l inked together to form tray conversations. These tray
conversations define group activit ies in terms of the trays used by the tray
interface agent. The conversatiori agent allows these conversation to be
constructed by the use of a tray editor Trays which are combined by the tray

C@
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editor may be assigned to particular users and then become part of that users
tray interface agent. The conversation agent maintains the deiails of these tray
conversations and provides the necessary routing for any relevant information. 

-

The above group of agents are organised as shown in figure l0:

- The object library and agent library are central depositories which contain information on
the object classes and their class hierarchy and agents and their locations in the system. This
information is available to all,.agents, inciuding those shown since both the mesiage obje-i
class definitions and agent information are often required to be consistent ttrou{trout"ttre
envrronment.

7. SUMMARY

Modern integrated project support environments are deficient in their support of groups or
teams cooperating to tackle a common task. The work presenred in this iiper is;.;d ;i
f9Ittt"g 

this imbalancg by prgvlling support for communicarion as an iririniic p"rt oitrri
rnteractron metaphor tbr future IPSEs.
^ Communicatior support is provided for both incoming and outgoing information. Support
for incoming i-nformation is provided by the use ofa structirinf techniqu" "i-Jd i i
minimising information overload, a clissical problem within tf,e messdge handline
community. The structuring technique supported ii based on the notion "f Vifitt.ii'*f,1.f,
automatically collate incoming informationio match the user needs.
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Building Convercations Using Mailtrays

Support for outgoing information is provided by the development of two distinct
disribution techniques. The fint of these uses a register in order to associate users who wish
to work together without a predghned work pattern. The second distribution technique allows
conversation to be constructed by joining the trays in different usen mailtray interfaces. The
complete system is rcalised as a collection of autonomous agents which boordinate their
activities by message passing.
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