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ABSTRACT

Coordinating the efforts of multiple teams working in parallel on a model is a non-trivial task. A major
part of this effort is to resolve conflicts, which are only detected when the work of the separate teams is
integrated. In this paper we discuss how a model can be cut into distinct packages where in parallel each
of these packages is locally modified by just one of the teams. Integration of the modified packages is
straightforward as we only allow local changes to a package, i.e. changes that do not propagate beyond
the package and that do not cause conflicts during integration. Additionally, we show how the package
structure of a model and the teams working on the packages can be (temporarily) adapted to manage
the need for non-local changes. We model the teams by team automata and discuss how their possible
errant behaviour, which can lead to conflicts, is restricted by our strategy of model development.

Conflict

As models become larger and larger, it becomes in-
evitable to parallelise development in such a way that
several teams must work in parallel on (parts of) the
model. At some point in time the efforts of the teams
are integrated and this, more often than not, leads to
conflicts. Conflicts are changes to pieces of the modified
parts of the model that do not match and that need
to be resolved. Most of the time they are difficult and
time consuming to resolve and they often require manual
modeller intervention.

Conflict is a concept from the world of (Software)
Configuration Management ((S)CM), the discipline for
organizing and controlling evolving systems. CM is an
old discipline, born out of systems manufacturing. It
mandates procedures for identification of modules and
their assemblies, for controlling releases and changes, for
recording the product status, and for validating the com-
pleteness and consistency of a product [15, 16]. CM defi-
nitions [3] also cover areas like construction management,
process management, and team work control.

In [11], a first approach was made to classify SCM
functionality. This work examines the software process
as enforced by existing SCM systems and distinguishes
four CM models: a checkin/checkout model, a change
oriented model, a composition model, and a long trans-
action model. Since this survey, many new SCM systems
have emerged. All of these SCM models are however
essentially based on one of these models [28].

These SCM models use a cooperation strategy [28] to
ensure that changes are coordinated in such a way that
one change does not, by accident, undo or conflict with
the effects of another change. A conservative cooperation
strategy prevents conflicting changes by using a simple
locking scheme: developers working on a specific mod-
ule version or configuration can lock it against further

changes and while a version or configuration is locked,
other developers are excluded from creating new versions.
On the contrary, in an optimistic strategy each developer
is active in his or her own workspace and various versions
of the same module can be created. See [20] for an ex-
ample.

In both conservative and optimistic cooperation
strategies, parallel changes eventually need to be
integrated or merged. This merging is either textual,
syntactical or semantics-based [28]. All three approaches
however lack early conflict detection. Conflicts only
become apparent during actual merges. These conflicts
then have to be resolved, a time staking business. A
conservative cooperation strategy, as opposed to an
optimistic strategy, reduces the potential number of
conflicts. Each part of a model may only be changed
by one team at a time and the situation where two or
more teams are working at cross purposes is avoided.
A change to one part can however affect all dependent
parts and thus still lead to conflict during merge.

Avoiding Conflict

We note that problems during merge are avoided if we
have a precise definition of when a change to a part is
local, i.e. the change only affects the part and not the rest
of the model. When using an optimistic strategy, each
part is edited in its own workspace by one unique team.
Then however, each team only makes local changes to its
own part. Using this strategy, integration is straightfor-
ward and it can be done automatically as there are no
conflicts. We call this strategy conflict free.

We illustrate our conflict-free strategy for the devel-
opment, of an object-oriented model and use as parts of
the model packages of classes [21, 12, 19, 27] which are
commonly used to structure a model. A notion of local
change can, for example, be defined through invariancy of



the services offered through the interface of the package.
The interface is then the contract of the package with the
rest of the model [18].

In Figure 1 we give a part of a model where a package
Bank models a real life bank!. Four of its departments
are modelled as subpackages. The bank can be developed
in parallel by four teams where each team separately
develops one of the departments, as sketched in Figure 2.
The changes made to each department are local and the
integration to form the modified bank is straightforward.
Note that these packages can be developed in entirely
different geographic locations. Each team has its own
workspace to make its changes and is only dependent on
the other teams during a merge.

Bank

office savings
accounts loans

Fig. 1: The departments of a bank
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Fig. 2: Distributed development

We thus use an optimistic strategy where we constrain
the changes in each workspace to prevent conflicts during
integration. Figure 2 is an application of the Combined
Reference Model and the View-Based Approach to Sys-
tem Specification [5]. A model, e.g. the bank, is split
into several views for individual development and later
integration. In this case we however block changes to
the views which cause conflict during integration. Fur-
thermore, this strategy is an extreme form of [13] and
[14] which formalise and manage propagation of change
to parts of a model. We additionally ensure that changes
are only done to distinct parts/packages and we only
allow these changes if they do not propagate beyond
the packages. This work can also be seen as a variant
of [22] where dependencies/constraints between modules
are formalised using invariants in first order logic. Con-
flicts during merge are partially avoided by choosing the
best possible fit, i.e. the parts which best meet the con-
straints. Our approach can be seen as a method of work

IThe figure is drawn using the notation of [27].

where we actively block changes which violate these con-
straints; the existing interactions between the packages.
In essence, the boundaries of our packages are change
absorbers [10] which do not allow a change to propagate
beyond a package.

The conflict-free strategy is useful, but in any realistic
project the connections between the parts/packages of
the model cannot stay the same during the life cycle of
the model. There will be modifications required which
require non-local changes of packages which invalidate
the conflict-free strategy, i.e. a conflict-free merge cannot
be guaranteed. These changes can however be localised
by (temporarily) adding a new package, specifically to
contain those original packages between which changes
have to be made. These changes then are local with
respect to the newly added package and thus allow the
conflict-free strategy to be used for the model with the
extra package.

In Figure 3, the packages P, to P, are edited using
the conflict-free strategy. Non-local changes are however
required between the packages P» and P;. The work
under development is merged and a temporary package
New is added to group these two wayward parts. Note
that because up to now the changes to the packages of the
model have been local that the merge is without conflicts.
The model is then redistributed with the new structure
and work can continue with the conflict-free strategy as
changes are once again local. The extra package can be
removed once the new connections between the wayward
packages are stable.

Note that in practice it may not be necessary to
merge all the packages under development. It may be
sufficient only to merge the packages for which the non-
local changes are required to form a partial model. This
is for example possible if each package is at most once
the subject of such a temporary merge before a complete
intermediary model is produced.
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Fig. 3: A package is added

The architecture of a model is thus initially deter-
mined by top-down decomposition. This architecture can
however be adapted to suit the need of our strategy. We



call this part of the conflict-free strategy the renegoti-
ation phase. Many such phases during the model life
cycle are inconvenient. They are however an indication
that the high-level architecture of the model is not yet
stable, and possibly that the model is as yet too prema-
ture to be developed in a distributed fashion. Ideally,
the initial breakdown of the model into packages should
only be done by experienced modellers, thereby reducing
the number of renegotiations as much as possible. The
initial model should consequently be developed in one
workspace until the confidence is high that a right choice
has been made for a stable enough architecture to apply
the conflict-free strategy to it. The same considerations
apply for when one of the packages used in the conflict-
free strategy is further split up into two or more subpack-
ages for further parallel development.

Teams in the Conflict-Free Strategy

We also use the partitioning of a model into packages
to dictate the team structure working on the model. Each
team works on a distinct package of the model. Thus,
for n packages, we will have at most n teams using the
conflict-free strategy to work in parallel, each on one of
these distinct packages.

Packages can be hierarchical, i.e. a package contains
other packages as we have already shown in Figure 1.
We use this hierarchical structuring of a package to like-
wise structure the teams working on the model using
the conflict-free strategy. Teams, in our approach, can
be hierarchical and the hierarchical decomposition of a
package naturally leads to the decomposition of the team
working on the package into subteams.

For example, in Figure 4 the hierarchical package P
is given schematically. It contains the subpackages P
and P » and these two subpackages are likewise split into
two smaller subpackages. In the same figure, the team 7'
working on package P is given schematically. A dotted
arrow from a package to a team indicates the team works
(exclusively) on the package. Team T is split into two
teams that work on the two subpackages of P and one of
these teams is further split up, dictated by the package
architecture. The conflict-free strategy is thus used to
manage the efforts of 7' with the other teams working on
other packages. The same strategy is also used within the
hierarchical package P to internally structure the efforts
of team T using subteams. Note that this is not required.
We have not further split up team T} » because in this
example we have chosen to keep one large team to work
on the entire package P .

The conflict-free strategy can thus be used to paral-
lelise the development of the model into parts, up to the
number of packages that exist in a model at the deepest
level of nesting. The choice of packages then partially
dictates the structure of the teams.

Note that during a renegotiation phase the team
structure is affected to reflect the new distribution of
packages. In Figure 3, we (temporarily) merge the teams
working on packages P» and Ps to reflect the fact that
they are now working together to determine the new
interactions between these packages. The initial team
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Fig. 4: Hierarchical teams

structure is thus determined by the architecture of the
initial model and is adapted dynamically due to renego-
tiation.

In the example of Figure 3, the wayward packages P,
and P;, which are edited by the teams 75 and T3, are
temporarily placed in a package New during renegotia-
tion. These two teams together are then responsible for
modifying this new package, as sketched in Figure 5.
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Fig. 5: Merging teams

The structure of the model and the structure of the
teams are thus tightly coupled. The initial model deter-
mines how the teams can be distributed over the packages
for parallel development. On the other hand, desired
non-local changes of one of the teams can lead to a
(temporary) change in architecture. The model itself is
“actively” involved in the development process. This is
opposed to many workflow [17] or software process mod-
els [4] where the model under development is not really
relevant. They focus more on the to be produced docu-
ments and their timing. The contents of these documents
do not really play an explicit role.

The activities of the teams in our approach can be
divided into two categories; those which are internal to
a team and those which involve other teams due to rene-
gotiation. The management of the teams in the conflict-
free strategy can be divided along these lines. On one
hand, management can be localised and be only con-
cerned with coordinating the changes to one package by
one team. Here the focus is on coordinating a relatively
small group in a well-defined context. On the other hand,
the structure of the teams can be a separate management
concern. The management of the hierarchical structure
of the model and of the teams as given in Figure 4 can
become an issue in its own right. This is a relatively more
complex job than “just” managing one team. Seniority
and experience can play a role in determining which role
is played by an individual. Relatively unexperienced in-



dividuals should manage smaller teams, like 75 ; while a
more experienced manager could lead the more complex
T ,1. The most experienced manager can decide whether
changes which lead to renegotiation fit within the direc-
tion the model should be heading.

Note that we do not discuss how one team should
be led. We postulate a group of people who together
perform a common editing of one package. We do not
claim that they should coordinate their work in any spe-
cific way. We just define the extent of their possible
changes through only allowing local changes. We also
do not discuss how two separate teams when integrated
should coordinate their efforts. This is a non-trivial task,
especially if the two teams previously worked according
to different philosophies. We just constrain the extent
of their possible actions as a new, larger team. This is a
topic of research with strong sociological impact, which is
outside the scope of this paper. The conflict-free strategy
however does provide a context within which knowledge
about how people work can be embedded.

Team Automata

In the previous section we have sketched how a hier-
archical team structure can be induced by the structure
of the model under development. Here we discuss how
we can model this structure in terms of team automata
[6, 1]. For their formal details we refer the reader to [1].
Team automata were introduced in the field of Computer
Supported Cooperative work (CSCW) as a modelling
tool for capturing groupware notions such as coordina-
tion, collaboration, and cooperation in a mathematically
precise way [7].

Team automata are composed from component au-
tomata. The basic concept underlying both team au-
tomata and component automata is a labelled transition
system with initial states, which captures the idea of a
system with states, together with actions the executions
of which lead to (non-deterministic) state changes. Three
types of actions of such automata are distinguished: in-
ternal actions, which cannot be observed by other au-
tomata, and externally observable input actions and out-
put actions, which are used for communication between
automata. We interpret actions as operations/changes of
(a package of) the model. For example, we can charac-
terise an action as the modification of a name of a model
element. Since internal actions of a component cannot
be observed by any other automaton, these actions are
ideally suited for representing a local change to a package
using the conflict-free strategy. The external actions, on
the other hand, are ideal for the coordination between
packages.

In Figure 6, we represent our example teams 75 and
T35 by two quite trivial component automata. The states
are numbered 1 to 5, the wavy arcs indicating the initial
states, and the transitions are labelled with the actions a
to d. Now let b and ¢ be internal actions of T5, whereas
actions a and d are output actions in both 75 and Tj.
Hence a possible scenario could be as follows. First Tb
and T3 execute action a in parallel. Then T, does a
number of internal actions/local changes to its package

without consulting the other teams. Eventually both
teams can execute action d in parallel, after which this
process can be repeated. Naturally we could imagine also
T5 having some internal actions/local changes to perform
once in a while.

Fig. 6: Component automata 7> and T3

A team automaton is a set of component automata
coordinated in such a way that components can either
simultaneously participate in one team action (i.e. syn-
chronize on this action) or remain idle during this team
action. The state change of a team automaton is thus
based on the local state changes of the component au-
tomata involved in the executed action. In Figure 7 the
reachable part of a team automaton 75 3 over T5 and T3
is given. Note that actions a and d are synchronizations
between T5 and T3 requiring both automata to change
state, whereas only T, is changing state when b or c
is executed. The behaviour of both Ty and T3 is thus
reflected in the behaviour of 75 3. In our interpretation,
such synchronizations can represent changes which af-
fect two or more packages, i.e. non-local changes. The
external actions of 153 in Figure 5 thus represent the
shared operations on the merged packages P, and Ps.
These extra operations consequently can be hidden [1]
so as to present a team with only internal actions/local
operations on its packages for further usage.

T23 %@2 K@

Fig. 7: A team automaton 75 3 over 7> and T3
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Several different types of such synchronizations on ac-
tions shared between components of a team are classified
in [1]. The synchronization on output actions as seen
in our example is called peer-to-peer because external
actions of the same type synchronize. This is a useful
notion for modelling and measuring team work. Another
such useful notion is a master-slave synchronization, de-
fined as a synchronization between input actions and
output actions. The former can only be executed as a
response to the latter, i.e. input is a slave of output.
This concept can thus capture a boss-employee relation
in which an employee has to follow orders from his or her
boss.

The construction of a team automaton over a set of
component automata sketched above is formally defined
in such a way that a team automaton is itself a com-
ponent automaton again. This allows us to use such a
team as part of a larger team automaton again. In this
way subteams and hierarchical team structures can be
modelled. For example, in Figure 8, team T is defined
as a composition of our team 75 3 with automata T and
Ty. As such, team automata are well suited for modelling



(the actions of) the hierarchical teams in the conflict-free
strategy.

T23

T1 T2 T3 T4

Fig. 8: A team T over Ty, T4, and T» 3

Results

In this paper we have discussed a strategy for the
development of a model by several teams working in par-
allel on distinct packages of the model. We guide the
changes made by each team so as to ensure no conflicts
occur during the merge of the produced efforts. Hence we
call our approach a conflict-free strategy. This approach
is even scalable as each package can be developed in a
similar fashion by further splitting up the package. We
have moreover shown how packages under development
can (temporarily) be merged if changes to a package that
would invalidate the conflict-free strategy are required.
We call this operation the renegotiation phase.

Additionally, we have discussed how the hierarchical
structure of the model in packages can be used to struc-
ture the teams working on the model. The top-down
decomposition of a model into packages guides the de-
composition of the people working on the model into sim-
ilarly structured teams. The renegotiation phase, when
packages are temporarily merged, then gives heuristics
on how the teams should further cooperate to implement
changes without generating conflicts. We have sketched
how we can formally model this by team automata.

The conflict-free strategy along with the explicit dis-
cussion on the team structure and its actions brings the
worlds of CSCW, software engineering, CM, and process
modelling very close together. We have discussed how a
large model can be developed and how the work between
the people doing the actual work can be coordinated.
Special to the approach is that the subject of the work,
the model under development, is used to structure the
work and “plays” an active part in which changes are
possible.

Future Work

Any object-oriented modelling language with pack-
ages and a notion of local change is suitable for use in the
conflict-free strategy. We are currently working on a non-
trivial notion of local change for SOCCA [2, 8, 9] packages
[23]. SOCCA (Specification Of Coordinated Cooperative
Activities) is a high-level specification language as well
as a specification approach for object-oriented modelling.
The behaviour of a class is defined from several perspec-
tives with a high degree of parallelism and the separation
of concerns in modelling functionality and coordination.
The reader is referred to [26] for a more extensive in-
troduction. Our notion of local change of a package
will incorporate a notion of unchanged behaviour of the

package with respect to the rest of the model. We will
use this notion of local change to develop a conflict-free
strategy for components in SOCCA as defined in [24, 25].
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