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In this paper we present an analysis of the complexitiesrgélgroup collaboration and its applica-
tion to develop detailed requirements for collaboratidmesoa for Autonomous Systems (AS). These
requirements flow from our development of a framework fotatmbration that provides a basis for
designing, supporting and managing complex collaboratgéems that can be applied and tested in
various real world settings. We present the concepts ofdbotative flow” and “working as one”
as descriptive expressions of what good collaborative t&zincan be in such scenarios. The paper
considers the application of the framework within differeoenarios and discuses the utility of the
framework in modelling and supporting collaboration in qgdex organisational structures.

1 Introduction

This paper addresses important conceptual issues congeagoilaboration in groups and sets out a de-
scription of the nature of the complexities of large groupatmration. It provides a basis for thinking
about the structural aspects of collaboration in Virtuagj@risations from both a technical and social
perspective. It describes succinctly how the findings maggmdied to autonomous systems, based upon
our past and current research on collaboration [8, 10] atmhamous system§1[9]. Why should we be
interested in both group and collaborative working for cterghuman and autonomous systems (AS)?
Group working is rather obvious in that many activities wafuire more resources, capability and effort
that a single AS cannot provide. The second is less obviolg siwould we be interested in collaborative
working? The nature of working in teams and managing grosipfién harder than we realize, the costs
of working together can at times outstrip the benefits. Thestjon is what does it mean to work to-
gether? Simply bringing a collection of people or agents achines together does not achieve working
together. The difference between a group that works togette one that does not shows its effects in
many ways including the quality and efficiency of the worle #ase of working in the group, the ease of
managing the group and the level of confidence one can hakatmimit. A group which works together
well achieves a high-level of flow to its work enabling a st@fteperation in which the individuals and the
group as a whole are fully immersed in what they are doing leeéirfg of energized focus, full involve-
ment, and success in the process of the activity [9]. To hayeap (of people or AS) work together
requires more than just enabling them to communicate anddo@te well, it requires collaboration.
Collaboration requires both good communication and goaddination; it also requires that they work
as one with shared goals, shared understanding, with a cargnoand[%/ 14]. It does not necessarily
require a leader and can occur in different group structf#sCollaborative groups can achieve flow
and produce greater quality of product more efficiently [1vith easier group working and with easier
management. Moreover collaborative groups can achievedtavproduce greater levels of creativity
[3,12]. The aim of this paper is to understand how large gragwsfunction as collaborative groups and
how this needs to be adapted to be applied to particulangsttin this first instance AS. Achieving this
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aim has required us to develop a conceptual understanditig afature of large group collaboration, of
the ways in which it is achieved and the benefits that accrienwiat achievement takes place. In apply-
ing this to AS requires us to identify the particular chagaistics of large group collaboration involving
autonomous systems, the problems and challenges thatisanndnilst it is taking place and the ways
in which those problems and challenges can be overcome. rééffect to its application to deploying
multiple AS the potential benefits are well documented [9, TBese benefits include the availability of
a greater range of resources than are possessed by anyA8i¢teg. the ability to search an area that
includes both aerial and underwater threats), the enhasrttenfi mission completion (e.g. the speed of
completion, parsimony of resource utilization and religbof outcome) and the achievement of mis-
sion objectives that lie beyond the scope of any single sy$éeg. the simultaneous screening of many
thousands of people inside a crowded street or public sp@icdake full advantage of these benefits we
must develop systems that can do more than co-exist. Mofispdly, we must design systems that
can coordinate their roles, objectives, data, resourcgsativities in such a way as to achieve smooth,
low cost work with minimal disruptions and conflicts. We dese this smooth, efficient multi-actor
activity as "collaboration” and draw upon previous wdrk][1d understand its optimal operation as one
involving multiple actors “working as one” and achievinglaborative "flow” [15]. This smooth effi-
cient collaboration is difficult to achieve, even when graiges are small (i.e. in groups of five or less,
co-located actors, pursuing clearly defined, well-undedtasks) and the goals, actions, understandings
and impact of other actors are easy to identify. Achievintpborative flow in situations that require the
involvement of larger sized and/or multiple-groups of &£tis yet more difficult. Each of those actors
may have different capabilities, pursue multiple goals badnvolved in many different activities. In
this context, the designers, managers and participangsgeé-group collaborations cannot rely upon the
existence of shared or common understanding, such as thieh exists within smaller group$s1[4, 12].
In smaller groups, each actor is often able to follow the gjoattivity, tasks, resources and capabilities
of each other actor (1:1 understanding)![14]. In large gsplyy contrast this 1:1 understanding is less
prevalent (i.e. an actor may understand the goals, aesyitasks, resources and capabilities of some
but not all other actors). In this context actors within &gyoup collaborations may require strate-
gies/mechanisms that allow them to develop and use moreabst group-level understanding of each
others goals, actions tasks €etc [4], in addition to the metailkd understanding of these attributes that
they may have of some subset of actors in the group. (Noten ieva large group there may still be
some 1:1 understanding but it will not be developed betweenyeactor in the group and every other
actor). Larger-scale collaborations are, as a result, tqpadlitatively and quantitatively different from the
small-group collaboration, in the sense that the possilfir a variations and individual differences in
the goals, actions and understandings that exist withigithep may not be understood easily or in great
detail by the group or its members. Consequently, largkesmalaborations require both the group(s)
and its (their) members to manage the understandings of @mdiliutions to the multiple goals and
activities. Moreover, in highly dynamic situations in whithe goals, resources, group members etc are
likely to be changeable or emergent there is even greatepleaity to the collaboration structures and
processes.

1.1 Collaboration: the application to AS

Our research (as part of the SEAS DTC- Systems Engineerimguimnomous Systems Defence Tech-

nology Centre) has identified the capabilities required $fthat enable participation in these large-scale
collaborations, considers the costs of deploying AS witisogh capabilities, tests the benefits of deploy-
ments involving collaboratively capable AS and demoneg #te effects of such deployment in authentic
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scenarios of use. The research addresses four questiaie fou effective AS collaboration:

1. What mechanisms or strategies for coping do groups of &8 teeachieve/maintain collaboration?

2. When AS have to collaborate with other AS within thesedaggpups, what are the coping strate-
gies/mechanisms that they require for this?

3. What coping mechanisms/strategies do AS have to ingiaggjuest for collaboration within large
groups?

4. What efforts are required by People to work with AS thdieithave or do not have those capabil-
ities (i.e. what are the savings to the task and collabaratasts imposed upon those humans)?

1.2 Benefits of Collaborative AS

The understanding gained by addressing these four questamenabled the identification of the func-
tionality required of next-generation autonomous systarapable of managing their own contribution
to wider system goals and has the potential to deliver thehoingan to multiple platform vision. This
will provide for:

e increased “Flow” in the work undertaken by large groups of AS

improved coordination/reduced coordination problemsiwithose groups, fewer interruptions,

fewer/less severe communication problems,

easier and more efficient management of large groups of AS,

improved quality of performance and product.

The research contributes to an understanding of the additicoping strategies” that AS might adopt
in response to the large numbers of actors, goals, activiiederstandings and potential conflicts that
exist within large scale collaborations and the capaédithat those AS need in order to implement those
strategies. It also considers two factors in producing @iaimequirement specificatiothe complexity

of the tasks and the complexity of the collaborations. The former includes the nature of the goal
relationships and the latter the nature of the collabogatelationships. Both factors are relevant to
understanding and managing collaboration in virtual oiggtion. In this paper we report the capabilities
and understandings that AS will require if they are to impairthese coping strategies. These strategies
include mechanisms that address:

1. Task Structure issues: The large number of and variability in the goals, activitaasl state-
descriptions inherent in large group collaboration mustdestified, negotiated, monitored and
judged. One possible solution is to have more abstract septations of each one that provide
less variability (though loosing all aspects of that vatipbmay not be desirable).

2. Group Structure issues: The large and possible varied structure of the group(s) skebras. The
issues of group structure and how that affects group awsseigeoup communication and group
coordination. For example, one possible solution is apjatgodivision of the collaborative activ-
ity into subsections that can then be managed by addresaatgseibdivision only via a specified
middle-manager or gate-keeper (of course, the consequétitis can be lack of awareness in the
group and the gate keeper becomes the potential bottleneck)
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2 Large Collaboration Capability Requirements

Previous research identified the capabilities needed ®wpak in small-group collaborations [5,/114] 13,
11] as well as the characteristics of large-groups [9, 4 th&] mean those capabilities are insufficient
for the participation in and management of large collabongt Previous work does not identify the

collaborative structures and processes needed to workeasraachieve a smooth effortless flow when
working in large groups. To address this, we have developednaeptual framework to allow us to

develop the detailed structures and processes neededjecialaborations in highly dynamic situations
of high emergence. We present an overview of this in this pwex more detailed expose séé [9].

2.1 A Framework of Large-Group Collaboration

In considering the collaboration requirements, we focugeon the need for a collaborative group to
be able to manage emergent properties and dynamic changds tthe organization (wider group)
within which a collaboration takes place, 2. the internab{$ groups that undertake tasks within that
collaboration, 3. the tasks themselves, and 4. the respuecpiired to undertake those tasks. As we
have already briefly mentioned collaboration and confliet iaseparable, in that potential and actual
conflicting situations arise within collaborations. Hermsigning collaborations without conflict is
impossible, instead we recognise that the collaboratinestre has to have conflict mechanisms. We
have identified three aspects of conflict: a) the avoidancewflict before it occurs, b) the identification
of conflict that cannot be avoided, c) the resolution of theflact identified in b, and, in the execution of
those three components the need for communication andioatioh of the factors identified above. The
framework from which particular collaborative capabiligguirements were identified is summarized in
Figure 1, below:

2.1.1 The Need for Small Group Collaboration Mechanisms

The starting point for the large group collaboration frarngwis the vast amount of previous research
carried out on small group collaborations (such as [b] 1411312]). Rather than offer this as an alter-
native to those it should be seen as building upon them. THeusiechanisms required for large group
collaboration are additional to the requirements for srgedup collaboration moreover, small groups
can exist within large groups as well independently frormth€onsequently, both sets of mechanisms
are needed and need to be satisfied to engage in teamworlath&atdilaborative flow” and the ability
to “work as one”. The capabilities we have identified thatraauired of small group collaboration are
reported elsewheré [113,111,112] and will not be repeated here

2.1.2 The Need for Large Group Collaboration Mechanisms

As stated earlier, the large numbers of actors, goals,recaod resources that make up a large group
collaboration place additional requirements for coll&bon mechanisms to enable the achievement of
collaborative flow in the context of the highly dynamic andezgent aspects of the required teamwork.
Figure 2. Below situates the problem space for large grogfiaboration (adapted from[7]). Our
focus is in P4, where there are problems of broad extent cwugiverse complex subsystems. In P1,
where we have problems of limited scope and limited comptegimple coordination mechanisms will
suffice. In P2, where we have problems of a limited extent hth tigh complexity, mechanisms for
self-coordinating groups will suffice. In P3, where we findlgems of low complexity but high extent
and diversity, structured collaboration mechanism arel@gand will suffice.
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Figure 1: Framework for large group collaborations.

Hence, those involved in large collaborations will needrfer capabilities and mechanisms in addi-
tion to those identified for small group collaboration. Maegecifically for example, they will require
capabilities that will allow them to dynamically re-digiute resources, dynamically share goals within
groups of actors etc where the extent and diversity of thesdom large to allow 1:1 monitoring of
each others action, sub-goal and outcome. Hence in largg gallaborations the importance of further
mechanisms and capability to address P4 in figure 2.

2.2 The Framework

The Framework presented in Figure 1. describes a numberusftstes and process relationships that
come into play and influence large-group collaborationser&lare a number of structures (on the left-
hand side of the framework and coloured green) covering taglanisation, group and resources, where
within each there are many alternative structural relatigps. For example, there are many different
types of task structures and, and within a given task stredtere will be different types of relation-

ships between the elements of the task. For example, withaskastructure there may be hierarchical
goal structuring and a network structure for the variousedoires used. Similarly, there are many dif-
ferent types of organisation structures and within a givigawisational structure there are different types
of relations. Hence each of the task, organisation, groupresource, structure cells of the framework
represent components that are themselves complex. Mardgbeg are dynamically changed by both

internal and external factors and interact with each othlemce the different task group, organisation
and resource structures interact with each other to dedivellaborative mechanism. For further details
of the various task, group, organisation and resourcetsmes see/[9]. The central cells of the frame-
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The Problem space for Collaboration
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Figure 2: The problem space for large group collaborations.

work (coloured orange in figure 1) capture the different domation and communication structures and
processes that may exist within a large-group collabamatithe coordination structures and processes
operate across and within each task, group organisatiomesodrce structures. For example processes
and structures for coordinating resources relative ta e in tasks by groups between organisations
are detailed here. Similarly, communication structured processes operate to ensure that appropri-
ate information, understanding and awareness is achiestbdabout and across the tasks, organisations
groups and resources. Moreover, particular communicatiarctures and processes may take different
forms across the collaboration. For example the commuoitgirocesses within one sub-group may
be strictly hierarchical, while in another it may be possifilr anyone to communicate with anyone and
everyone directly. (As above, for further detail see [9]heTight hand-side of the framework (coloured
pink in figure 1.) addresses the processes and structurearthaequired in a collaboration to avoid,
identify and resolve conflict. This is explicit in the framesk because of the importance of conflict
to collaboration. The three cells collectively capture pinecesses and structures managing and offset-
ting conflict as it arises and before it arises that enableuree conflicts, task conflicts, group conflicts,
and organisational conflicts to be overcome. Moreover, ¢haionships between the cells on the green
(left-hand side) and the pink cells (right-hand side) of figll. are "piped through the coordination and
communication processes and structures. Hence, the sutggier of the coordination and communi-
cation processes relate to the resolution, identificatimhavoidance of conflict relating to task, group,
organisational and resource properties. The need for thagearise as a result of external factors forc-
ing change or from internal factors requiring adaption aimanhge in one part resulting from change in
another part of the collaborative system. For the purpogésiopaper we describe the whole system
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driven from the perspective of the right-hand (Conflict)esaf figure 1, however we could equally well
describe the system starting from the left-hand (task, rortganisation, resource) side.

2.3 Avoid Conflict

Conflict is an integral part of collaboration| [1]; it is the negement and reduction of conflict that leads
to successful collaborations. Hence to understand calidioo one must consider conflict avoidance,
identification and resolution. The first area described ésaboidance of conflict between the members
of a large group and their understandings of the ways in wthehtask at hand would be achieved.
Furthermore we also consider the roles, goals and actiohe twlopted during the achievement of the
task and the allocation of available resources in the coofrffeat adoption. This section describes that
first part of the framework.

2.3.1 Task Structures - Goals

There are many different models of task structuring (indsedave ourselves contributed to these, see
for example, [[6]) however, while they may use different terand have different intended uses they
share a number of properties in common. Of concern here ipritgerties of collaboration structures
and process required to achieve tasks, rather than the lingdet analysis of tasks themselves. The
collaborating group must distribute the groups work ambitgsvarious actors and sub-groups. This
distribution requires a set of capabilities of group mersbkit is to be achieved without external inter-
vention. Those capabilities include the identificationafdl goals that will, when correctly scheduled
and completed, lead to the achievement of the groups, kigh-goals, the mapping of those sub-goals
to the achievement of high-level goals (i.e. an understandf the relationship between the achieve-
ment of local goals within smaller sub-groups and the pregy@ the wider group towards its shared,
higher level goals), the allocation of those sub-goals ragriate actors and/or sub-groups and, where
appropriate, the re-negotiation of that allocation withsh actors and sub-groups.

2.3.2 Task Structure — Actions

The actors and sub-groups must have and/or negotiate arstantiting of the actions needed to achieve
their local sub-goals. In some situations, this negotiatidl require only an agreement that sub-goals
will be achieved, in others that they will be achieved to acdpel schedule (in line with the dependencies
that exist between sub-groups and their local objectid@sdther situations, the trust held by managers
and leaders of the group will be so low that individual subegers maybe required to provide a detailed
description of the way that sub-goals will be achieved, eathan being left to make their own way
towards their own objectives, and hence gives rise to the feedurther communication and coordination
in the collaboration.

2.3.3 Organisational Structure

The organisational structure refers to the pattern oficelahips that exist both within a group(s) and
in the organisation(s) in which the group(s) exists. Fomaia a hierarchical group may exist within

a coalition of services (as we find when military allies areated or when different care services work
together). In homogeneous groups (i.e. groups with a sstgleture and in which each participant has
an identical understanding of the group structure), aeitanflicts would not arise i.e. the structure of
the group would, by definition, be known by all group memb¥vgh heterogeneous groups participants
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would need to avoid conflict between competing understaysdof the group structure to be adopted
(e.g. what roles were needed and their definition, the psookallocating roles, the responsibilities of
those roles etc). Participation in either "Thomogenous” ‘dmaterogeneous” groups would require a num-
ber of key properties (i.e. collaboration requirementsaddress external and internally driven dynamic
changes: Structuring (and restructuring) of the group fmrapriate resources (and resource changes),
structuring (and restructuring) of the group to enableatiffe co-ordination and communications, struc-
turing (and restructuring) to enable task (and changesstg goals, structuring (and restructuring) of
group to meet external organisational needs (and orgémsahanges), - in all cases to avoid/mitigate
conflicts arising in the collaboration.

2.3.4 Group Structure - Roles

Both hetero- and homogenous groups must agree the sped#fictoobe played by individual actors in
the course of a collaborative activity. In a flat structure.(ione, in which each actor is able to interact
with and influence the work of each other actor), these coitalve roles will differ very little from each
other (i.e. the information, requests and responses péssadne actor to another will follow similar
patterns, though the specific part of the collaborative telertaken may vary from actor to actor).

In more structured groups, some actors will be asked to parfoanagement roles (i.e. to direct
the activity of other actors and / or to channel the inforamatbetween the wider group and their sub-
ordinates), some will be asked to subordinate themselvesith managers and some to adopt both
management and subordinate roles (i.e. to become middbagess). The specific roles adopted within
a particular collaboration will influence and be influencgdbth the capabilities of the actors participat-
ing in a particular collaborative group and on the orgaimiret structure of that group. Some groups of
actors may, for example collaborate without the need fomdéraemanager, some groups may have one
or more managers imposed upon them by a higher authorityand may select managers by following
a pre-determined algorithm such as voting amongst themself/correctly managed, the structuring of
a large group through such an allocation of roles will allawgke groups to cope with the impossibility of
monitoring every actor, action and objective, whilst eirgyithat the group goals are achieved, available
resources are utilized appropriately, collaborative flswaintained and the group can adapt to dynamic
changes such as the loss of an individual actor the loss aloairee or the alteration of a high level goal
by an external authority.

2.3.5 Group Structure - Actors

In either context, (i.e., homogeneous or heterogeneowmnmational structures), the actors responsible
for assembling a large, collaborative group of their peavald/need to be able to identify the resources
and capabilities needed for the completion of the task adl ifery. if the task involves the construction
of a wall the need for a certain number of bricks, a quantitynoiitar and abilities to both lay bricks
and mix mortar). In more sophisticated cases, this capahilay extend to the identification of different
combinations of resources and capabilities, any one oftwbazild be used to satisfy the requirements
of the task (e.g. in the case of the wall-building exampl#&egithe bricks, mortar and construction
capabilities, or an ability to transport an pre-fabricateall from a storage location to the construction
site). In such cases, the capability requirements demaafledy actor involved in group-assembly
would then include the identification of appropriate reselcapability combinations, the mapping of
specific combinations into collaborative task completiaticomes plus the identification of resources
and capabilities available by potential group members.
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2.3.6 Resources

The resources needed for the completion of tasks may be dramneither local or global sources. In
some cases, specific actors or sub-groups will hold ressurEer example, an information resource
may be available only to the sub-group, organisation, oatloo in which it is held. In other cases
central resource stores may be appropriate information lmeaypade available to all members of the
collaborative group, regardless of their small (sub) grovgmbership. Similarly, a single fuel dump
may be managed by a single sub-group and allocated to ottyep gnembers in case of need.

2.4 Identify Conflict

Despite the best attempts of the participants involved ipexific collaboration dynamic changes (e.g.
in group composition, group structure, overall or locallgpprevailing activity and available resources)
will inevitably present the opportunity for unanticipatednflicts to arise. In order to resolve these
unanticipated conflicts, actors will need to both maintauameness of those different factors (from group
composition to resource availability) and, as the nextigeahakes clear, manage or resolve conflicts
arising within and between them.

2.4.1 Maintain Awareness.

In collaborating groups members must maintain awareneggaomplex components of the prevailing
collaboration if they are to first identify and subsequeamiliglress the potential for conflict.

Organisational and Group Structure & ProcessesThey must, for example, maintain awareness
of the organisational structure or structures that goveenprevailing collaboration. For example, in
homogenous groups of AS that awareness can be relatively eagintained, since each of the AS
involved will, by definition have an identical understargliof group structure (i.e. they will all have an
identical understanding of the hierarchical, holarchmabther group structure under which the group
is operating). It should be noted that such common undatstgrcannot be assumed in heterogeneous
groups. Even within homogeneous groups actors involvedripel group collaborations must maintain
some awareness of the composition of the group within whiel &ire working. This does not mean that
they must maintain understanding of every individual aetwd group within the wider collaboration in
which they are involved. They must be able to identify localmagers, subordinates and contacts, must
understand how communication can be achieved with each rmhenast also be aware of changes in
role allocation that causes a new actors to be their mansgjeordinate or contact:

Task Structure & Processesin any dynamic environment, a truly collaborative actor traiso
maintain awareness of the groups goals and sub-goals. @ag® ao comprehensive awareness of all
such goals either can or must be maintained by a single agdtois limitation notwithstanding each
actor in a large-group collaboration must maintain awassmé their own objectives and, depending on
their role, those of managers, subordinates and/or centaaither sub-groups. This understanding is
important if actors are to coordinate their activity withhets and, ultimately ensure that this activity
contributes to the groups shared goals. Each actor mustragtain awareness of their own actions
and their effects on the goals of the other group memberswhibh they are in contact (the managers,
subordinates and contacts identified above). In large gomlipborations, the wider effects of each
action may not be understood by every member of the widengbow an effective group structure will
ensure that an appropriate understanding will be avail@bthose in key roles and, as a consequence,
that collaborative flow is maintained as the group progetseards its shared goals.
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Resources. Finally, actors must maintain awareness of the resourcastiiey need to complete
their activities. They must follow the extent to which thegldhsufficient reserves of each resource (e.g.
knowledge, fuel or payload) themselves, the amount of easburce that can be obtained within the
sub-group to which they belong and, in case of need, the@ana amount of the resources that can be
obtained from a central store.

2.4.2 Manage Dynamic Changes

To exemplify the interactions and interconnectedness efltfierent components of the framework we
consider how when a change occurs to one part it influenceaftauls everything else in the framework.
Though maintaining awareness of a groups initial configomedind of the changes to that collaboration
are central to an actors participation in collaborative kydr should be noted that this awareness is
not, in itself, sufficient for collaborative flow to be maimtad in many collaborations. In addition to
understanding a developing large-group collaboratiomrés) must also be able to adapt to (manage)
dynamic changes within that collaboration. They must, f@meple, be able to manage changes to the
composition of the groupi.e. to deal with situations in which loss of functionalibhanging priorities

or instruction from a higher authority cause actor to eithar or leave a group involved in collaborative
activity. In the homogenous, structured, large groupsehoiers and leavers may have no immediate
impact upon a particular actor (because the joining or tepeéctor affects only a remote subgroup),
may change the composition and therefore activity of thallsgb-group or may lead to the replacement
of an actors immediate superior, subordinate or contattinvidther sub-groups. This in turn may lead
to dynamic changes to thask structure and processesn the light of a new role being adopted by
the actor. Those changes to group composition (or indeegt otianges e.g. the loss of an important
resource, a change in the environment within which the gieapting or fresh instructions from a remote
authority) may in turn cause dynamic changes to local gduadgh-level goals or both. In response to
changes in group goals or compaosition, the actions of amishail actor may also need to be dynamically
altered. The adoption of a new group structure, role or |gath) goal will each cause a collaborative
actor to reconsider their activity, the schedule to whict dctivity must adhere or both together. Finally,
theresourcesneeded by and available to an actor working within a largeigare likely to change in
the course of collaborative activity of any complexity. Asiaommunication channel can lead to the
loss of information resources (i.e. those resources whielevgupplied by other actors), a blocked
physical pathway may lead to lost fuel supplies and the léssswperior or contact actors will prevent
communication beyond the immediate sub-group within whickactor is operating. Adaptation to such
losses may only be possible if actors posses the capabititiea) dynamically change goals, group
structure and activity in light of changes to resource nesu$ b) dynamically change goals, group
structure and activity in light of changes to resource abity.

2.5 Address & Resolve Conflict

When conflicts are identified in the course of a large-scalalmoration actors will also need the capa-
bility to address and resolve them. In perhaps the leasitise case, the actor(s) identifying a conflict
may also be able to resolve it. This may require the revisiazhange of individual tasks (which in-turn

may impact upon the wider task of the group). It may also megan alternative or additional resource
usage (e.g. the allocation of more time to a transport tagixamange for a lower fuel usage). To the
extent that these changes are made they must be done so withurication and coordination to the

appropriate other members of the collaboration to enswaeawareness and the potential for further
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conflict is minimised. Hence we see a further instance of trepex interactions that occur with the
collaboration framework

2.6 Communication and Coordination Structures and Processs

In describing the framework here we have left largely imptiee detail of the communication and coor-
dination structures and processes needed. Briefly, thelicadion structures and processes characterise
the dependencies and the means for ensuring the requited between those dependencies are main-
tained. These exist both in the individual cells of the frarok and between the cells of the framework.
For example within the task structures there will be coatlon processes needed to ensure that the com-
pletion of tasks are coordinated within the group. Furtt@embetween the resource and task structures
there will be coordination process to ensure the avaitghbif resources in timely manner. Similarly,
the communication processes and structures are the rulesngag the routes and the form of commu-
nication within the collaboration. These may be universal (one set of rules applies to all) or may
be diverse (i.e. different rules apply to different partsjl static or dynamic (i.e. they may be allowed
to change over-time and/or events or not). These commimnceailes will again have implications and
influences upon the group, task, organisation and resotmselges and upon how conflict is avoided,
identified and resolved in collaboration. (For a fuller dggon seel[9]).

3 APPLICATION TO AUTONOMOUS SYSTEMS and Beyond

We have briefly described the collaboration framework friwe perspective of the “Identify conflict”,
“Avoid conflict” and Resolve Conflict sections of Figure 1 armhsidered some of the capabilities that
collaborative groups of people and/or autonomous systeitheeed. Future work will develop simu-
lations of autonomous systems that implement those catpebhnd will then use those simulations as
the basis for testing the validity and practicality of thasedidate requirements. The research will also
apply the collaboration framework to heterogeneous grofipgsS to consider:

o different communication pathways between AS in differeanttp of the wider collaboration,
o different understandings of the division of labor betwed#fekent parts of the group,

o different allocations of resource both to individual AS a&hd sub-groups to which they belong,
‘item different coping strategies in the case that conflictse, such as those described above.

3.1 Further Issues

In applying the framework to AS we recognise there maybeabollation problems arising that cannot
be resolved by the AS encountering the problem. This mayrdmecause AS have not been designed to
play a full collaborative part in an activity. AlternatiyelAS may incur damage, resources run out and
group members lose contact with the wider group. In bothsc#se may affect individual and group
ability to;

e avoid group structure, group composition, role, goalvitgtand resource conflicts,
e identify group structure, group composition, role, goatj\aty and resource conflicts and
e resolve group structure, group composition, role, godiyiae and resource conflicts.

Moreover, this may lead to a situation:
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e where a partial or complete inability svoid conflicts will result in an increased needitientify
andresolve conflicts, and

e a partial or complete inability tedentify conflicts will obscure any remaining capability an AS
holds toresolve those same conflicts.

In such situations, we may use the framework to identify &k solutions or “work-around”
that can be used to improve large group AS functionality (whefull collaborative capability is not
available), and to identify the collaboration costs andthtions associated with each work-around.

3.2 Relevance to Virtual Organisations

The framework we have presented here is of a conceptualenddmgely of relevance to those interested
in understanding and/or developing collaborative orgaiuss. It provides a basis for developing de-
tailed models of the interactions that go on in collaboratiad for modelling the structures and processes
in a collaborative organisation. An important area is thesttdoment of mechanisms and technologies
to support such collaborative organisations that can (amst)be developed following this framework.
Research we are engaged in beyond our AS work includes warkhealth organisations and with lo-
cal authorities where we are helping them to engage in amiédive decision-making, and collaborative
service provision. In many cases these collaborations raaging new virtual organisations (VO) that
come together to deliver and develop services, and whigiieyeople from many different individual
organisations and groups. To support these applicationseed to develop mechanisms and technolo-
gies that address: 1. the development of a VO, 2. the funogoof a VO, and 3. the assessment of the
collaboration in a VO. We envisage the development of collative VOs using the framework to also
require tools and languages to allow the proposed strigtorbe expressed and reasoned about as an
aid to design. To support the functioning of the VO we enwestiat environments and tools that support
easy and efficient sharing of information, formation of pglidecision-making and communication and
coordination will be needed. While to support assessmeoabltdboration we will need to develop met-
rics of such aspects as the amount of communication or easgrohunication, the amount of consensus,
and sharing that exists within the organisation and thetalbd avoid, identify and resolve conflict. All

of these require language and software technologies tmataay with them a change of culture that
allows organisations to work collaboratively to meet thendads of complex dynamic situations.

4 Conclusions

In conclusion, therefore, this paper extends our undedsigrof collaborative structures and processes.
It situates large group collaboration within the broadertest of social emergence [116]. It has led to a set
of requirements for future generations of autonomous Bysteapable of participating in collaborative
activity. We also identify areas in which future researchstmextend the work presented here. More
specifically, those extensions must include:

e Investigation of AS reaction to “individually-unsolvableole, goal, action and resource conflict,
e Testing of both the validity and utility of the requiremeidentified here,

e Application to human collaborations in service delivery.

Development of technologies to support dynamic collalanain large-scale groups. These extensions
are the subject of our further research.
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