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Abstract. Software Configuration Management addresses roughly two areas,
the first and older one concerns the storage of the entities produced during the
software project; the second one concerns the control of the activities per-
formed for the production / change of these entities. Work space support can be
seen as subsuming most of the later dimension. Indeed, work space is the place
where activities take place; controlling the activities, to a large extent, is work
space control.This short paper presents our concurrent engineering experience
in Dassault Systémes, as well as our new approach in the modeling and support
of concurrent engineering for large teams.

1. The problem.

The Dassault Systémes Company develops a family of large systems, notably Catia,
the world leader in computer aided design CAM. This system alone contains more
than 4 millions LOCs, is developed simultaneously by 1000 engineers which produce
a new release every 4 months. The last two numbers show that Dassault Systémes ex-
periences very high concurrent engineering constraints. Indeed, the time where a
software engineer was “owning” the set of files needed for his job, for the duration of
his job is far away. Take the Dassault Systémes example:

In average, at any point in time, there exist about 800 workspaces each containing
in average 2000 files. Obviously each file may be present in more than one workspace
at a given point in time; our numbers show that a given file is contained in 50 to 100
different workspaces simultaneously. The consistency of data submitted to concurrent
access is known for long by the data base community, which have established the
transaction consistency criteria. In our case, consistency would mean that a file could
be changed in a single workspace at a time. Unfortunately, the duration of a activity
can be days and weeks: a file would be locked for too long and severe dead lock
would occur.

In the Dassault Systémes context, this hypothesis has been measured. At any point
in time, in average, a file is changed simultaneously in 3 workspaces, with maximum
around 30; but most files are not changed at all. In average, a few hundred files are
changed in a workspace before it is committed. Thus, still in average, a workspace
conflicts permanently with about 100 other workspaces. Not allowing simultaneous
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changes for a file would reduce concurrent engineering almost to null, most of the
1000 engineers being forced to wait.

The direct consequence of this is that merges occur frequently, depending on the
policy and the kind of software. The average for an application file is 2 merges a year,
for a kernel file 0.4 a year. These numbers may seem low, but averages are meaning-
less because most files are not changed or merged at all. Conversely, files under work
are subject to many changes and merges. We have records of more than 200 merges a
year for the same file, which means about 1 merge per workday. Globally, about one
thousand merges occur each day at Dassault Systémes.

We think these numbers clearly show that concurrent change does exist on a very se-
rious scale. Controlling this situation is a real critical issue. For us concurrent engi-
neering control means:

e Merge control (what is to be merged, when...)

e Activity structuring and control .

e High level policy modeling and enforcement.
We will see shortly theses topics. For more info on activity structuring and control see
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1.1. Merge control

The above values apply to files whereas, in this work and at Dassault Systémes, we
deal with objects (files are atomic attributes in our object model). Our experience
shows that concurrent changes to the same attribute of different objects (typically the
source code) as well as changes to different attributes of the same object (like respon-
sible, state, name, file name, protection etc.) are very common. Merging must address
both cases. For example, restructuring, renaming and changing files are common but
may be independent activities undertaken by different persons. Raising the granularity
from file to object makes appear new kinds of concurrent changes, which may pro-
duce new kinds of merges (typically composition changes). It is our claim that objects
concurrent change control subsumes traditional file control and provides homogene-
ous and elegant solutions to many difficulties that currently hamper concurrent soft-
ware engineering.

Suppose we denote by A0, Al,... Ai the different values of an attribute A, and Ai =
Ci(A) the value of A after change Ci is performed. The classic (ACID) transaction
concept says that Ci and Cj are performed in transaction if the result A3 = Cj (Ci (A))
or A3 = Ci (Cj (A)). We extend that definition saying that, given an object A, changes
Ci and Cj on the that object can be performed in a concurrent way if there exists a
function M (merge) such that M (C1(A0), C2(A0)) = Ci(Cj(A0)) = Cj(Ci(A0)) =M
(C2(A0), C1(A0)) .

This means that the result of a merge is the same as if changes Ci and Cj were per-
formed in sequence on AO, irrespective of the order. If an exact merge function ex-
isted for each attribute, concurrent engineering would always lead to consistent re-
sults! Unfortunately, for a given attribute, such a merge function either (1) exists, (2)
is an approximation, or (3) does not exist at all. Typically, the composition attribute
has an exact merge, sourceFile merge is an approximate function (the usual merges),
and most attributes like fileName have no merge at all.



2. High Level Concurrent engineering policies

Experience shows that customers find extremely difficult to design their own concur-
rent engineering strategies. Our claim is that planning and implementing different
strategies is a hard task in existent SCM tools because of the lack of an adequate level
of abstraction. Any decision made using classic SCM concepts (branches and revi-
sions) is error prone, due the unexpected effects it might have.

We propose a basic work model (the group) and a set of operations on which con-
current engineering policies can be easily designed. This vision allows us to take CE
policies conception to a more adequate level, using abstractions that are more natural
to concurrent work (group’s workspaces and operations among them) instead of the
traditional low level ones (branches, revisions and merges). We have defined a lan-
guage that lets us express the most common forms of group based C.E. policies in a
simple straightforward way.

2.1. Product data model

A product is a typed and named object composed of attributes (name-value pairs) and
a complex object representing the document in a domain or tool specific format. At-
tributes are either common or versionable; document formats can be data based
schema, XML, or any other, but most often it is a simple file system representation
i.e. a hierarchy of files and directories, where each file is seen as operating system at-
tributes (name, author, rights ...) and a content.

2.2. Workspaces

A workspace contains one or more documents. A workspace is made of two parts: the
working area, and the workspace local history.

The working area is a repository in which documents are represented following
their original format, and under the tool required for their management; and attributes
can be seen and changed through our specific attribute management tool. In Dassault
Systémes the working workspace is simply a FS containing the documents. [@

The workspace local history is a repository in which is stored some states of the
associated workspace (i.e. its value at a given point in time). The local history is
meant to be local to the participant’s machine and therefore can be used while work-
ing off-line. A workspace manager is responsible of providing the mapping operations
between the working workspace and the local history repository.

In a large development environment it is possible to have different policies regard-
ing the frequency and the motivation of creating new versions; it is also possible to
have different version managers according to the different versioning requirements
and different emplacements. Our system doesn’t address the problem of versioning; it
is capable to work with heterogeneous version managers, s long as a few functions are



available (i.e. the CI and CO functions) In our simple CE tool, the local history
can be either CVS or Zip, and the working workspace is a FS containing the docu-
ments, plus the attribute management tool.

From the “outside world” only a single workspace state is visible, it is always one
of the states stored in the local history; not necessarily the latest one. The working
workspace is not directly visible.

Fig. 1. Workspace

2.3. Groups

A group is a set of workspaces working on the same products to achieve a common
goal. One of them, the parent workspace, is in charge of synthesize and integrate the
work made by the child workspaces. The child workspaces can only communicate
with the parent.

Comparing with databases, the parent workspace plays the role of the central DB
and the Childs the role of the cache for the concurrent transactions.

The complete group behaves as its Parent alone; from outside, the Parent is a
"normal" workspace in which is performed the whole job of the group. It is thus pos-
sible to build groups where Childs can be parent of a lower level group. The work
structure is therefore a tree where nodes are either parent or child workspaces, and ar-
rows the containment relationships. Containment between two groups may mean ei-
ther work decomposition into concurrent activities (each group performing a different
task), or different level of validation (top level nodes being more validated that
leaves).

In practice, companies use both approaches simultaneously; Dassault Systémes
uses currently at least a 6 level work space hierarchy; the 3 top level being called GA
(general availability), BSF (Best So Far), and Integration which represent different
levels of validation, while the 3 (or more) lowest levels represent a decomposition in
task and sub-task for the current work to do.

It is also interesting to point out that a group defines de facto a cluster of highly re-
lated work spaces; the Parent work space playing the role of global repository for the



group. It allows for a real distribution of repositories as shown in there is no
longer any need for a common central repository; distributed and remote work is han-
dled that way. It is our belief that concurrent engineering of very large teams cannot
be handled without such a distribution of repositories, not found in classic SCM tools

CE policies are defined for a group, a whole hierarchy of groups can have different
polices reflecting the different methodologies and consistency constraints of each
level. Typically, the groups closer to the top level, which can be seen as holding the
official copies of the documents, have more restrictive policies then the “bottom”
groups, who need higher concurrency levels.

2.4. CE Global Policies

A product is a composite entity that has a number of internal consistency constraints.
In a similar way as transactions, a number of changes must be done before a product
recovers a new consistent state; this means that only complete new consistent states
can be communicated to other workspaces, not only a sub sets of changes. Therefore
operations between workspaces involve only complete product states.

Provided a group with Parent workspace P and a child workspace W, these opera-
tions are the following:

Synchronize (W,D): If Document D does not exist in workspace W, it is copied from
P. Otherwise, the currently visible D version of P, is integrated in W working work-
space. In other words, changes made on D in P since last synchronize operation, are
integrated in W.

Integrate (W.D): All modifications made on the visible version of D in workspace W
are integrated into the D in the Parent’s working workspace. In practice, it means that
changes performed in W, since last Integrate, are propagated in P.

These operations are critical for any CE policy. It is important to know who is enti-
tled to decide to synchronize or integrate two workspaces (the Child or the Parent one
(“w” or “p”), and if the synchronization or integration are performed interactively
(“1”), or “batch” (“b”), as well as to decide the level of consistency of such critical
operations.

By default, interactive merging allows unsynchronised integrations (s), merges (m)
and conflicts (c), and batch (b) do not. For example “I” alone means that integration is
initiated by the Parent workspace, in interactive mode, merges and conflicts allowed.
Unsynchronised (s) means that the receiving workspace is the current common ances-
tor, which means the operation is simply a copy of the current workspace to the re-
ceiving one.

“Ibsm” means that the integrate operation (I) is asked by the Parent workspace in
batch mode(b); it can involve merges (m) but not conflicts. For example, CVS en-
forces “Iws” and “Sbmc” assuming the Parent WS is the CVS repository; i.e. Integra-
tion is at the child initiative (w), in batch mode (b), and allows no merge nor conflict;
while Synchronize are batch (b), but accept merges (m) and conflicts (c).

Of course “m” implies “s”, and “c” implies “m”, thus “smc” and “c” are equiva-
lent. In order to make policies more readable, by convention “Ip” is equivalent to “T”
and “Sw” to “S”; and “S” and “P” alone is interpreted as “Swismc” and “Ipismc”.




The other possible operations are:
Publish (D): The integrator stores its working state of document D in the local history
and made it visible. All child workspaces are notified that there is a new visible ver-
sion to synchronize from.
Propose (W.D): Workspace W stores its working state of document D in the local his-
tory; that version becomes the visible version, and the integrator is notified that there
is a new version of D, on the workspace W ready to be integrated.
Change (C, D, W): Pseudo operation Change means workspace W is allowed to per-
form a modification on document D, this is, it can modify its attributes.

2.5. Policy definition

Defining a policy means defining the valid history of operations a workspace can per-
form on a given product. This can be made by defining a state machine representing
the different valid operations (the inputs of the state machine) for a given state of the
workspace (a particular step in the work cycle of the workspace). A global policy de-
fines the rules for a particular child workspace and on a particular product. We can
then define a global policy using the following conventions for the operations:

e [ :Integrate, as discussed above (with possibly suffixes p, w, 1, s, b, m, ¢)

e S : Synchronize, as discussed above (with possibly suffixes p, w, 1, s, b, m, ¢)

e Pu: Publish

e Pr: Propose

e C:Change

The parameters of the operations are the workspace and the product for which the

policy is being defined. We use regular expressions syntax as the base for our lan-
guage. For examples:

Fig. 2. (S C Pr)*

In this simple global policy, a workspace must first to Synchronize (S) to have the
current visible version of the product in Parent, and only then it can start its work,
modifying what it needs to change(C), and finally, propose (Pr) its working version to
be integrated. The cycle then starts again. Integrate is not indicated, it means that the
Parent workspace decides, based on the Childs ready for integration, which one to in-
tegrate. But, in this policy, integration may involve merges and conflicts that the user
working in the Parent workspace will have to solve.



Fig. 3. (C S Iwbs)*

In this policy, the workspace starts working on the product ( C ) followed by a syn-
chronize (S) and an integrate (I), both executed at the current workspace initiative.
Since S is performed right before I, merges, if any, are performed in the child work-
space during the S operation. This is consistent since S alone stands for Swismc i.e.
interactive with merges and conflict allowed. In this policy, Integrate will not involve
any merges; this is why it is often used.

The Change Operation

The pseudo operation C indicates when, in the execution of a policy, modifications
can be made. This does not means that actual changes on the product attributes are
mandatory, but only the possibility to perform them. We then always interpret C as
(C)? meaning a change is always optional.

Integrator initiated operations and behavior of the integrator workspace

The user working in the Parent workspace (when existing) plays the role of group
manager. He/she manages the reference version of the group, he/she decides what
product to integrate (if “Ii”’), notifies when new versions are available (“Pu”). It will
be seen later that he/she has also special role in managing locks, solving conflicts and
handling failures, using for that purpose, special operations.

The global policy defines the behaviour of a single child workspace. For a given
state, only some operations are allowed, and its execution fires the transition to the
next state, where new operations are allowed. Some of the group operations, however,
are not under the control of child workspaces, but are initiated by the integrator. It is
desirable to clarify some aspects of the interaction between integrator and child work-
spaces, such as the fact a newly integrated version has to be immediately published,
or that a workspace must wait for a Publish to continue working.

Our strategy is to gather all these details in a single global policy, in order to have a
single place to look to know the policy.

Fig. 4. ( (S C)+ Iwsm Pu)*
In this policy, a workspace can synchronize and modify a product several times,
but it needs to do at least one synchronization/modification cycle( “(S C)+” ) . When
the workspace integrates its work, at its initiative (Iwsm), a publish is automatically



executed, to notify all workspaces that a new version is available in the integrated
workspace.

Fig. 5. (S C Pr (Ipic Pu) ?)*

In this policy, the workspace does not need to wait for “publish”; after proposing a
modification (pr), it can synchronize again and continue to work. A new “propose”
will however replace the visible version with the new visible state of the product in
the workspace. When the user working in the Parent workspace integrates one of the
proposed versions, it is published immediately.

2.6. Local Policies

The global policy assumes all attributes can be changed and that conflicts, if any, are
solved during the “synchronize” or “integrate” operations. According to the nature of
the attribute, merge functions may not exist, in which case the work will be lost dur-
ing synchronization. If the merge function is approximate, the merge operation is
risky and may require manual intervention. Even if perfect, merges may be not desir-
able without control.

Sensible data can be protected using the consistency constraints for S and I opera-
tions defined in the global policy. An operation that violates the imposed constraints
is banned, and a special recovery mechanism must be applied. This is an optimistic
strategy, while recovery might be an expensive operation; violations of the consis-
tency constraints are expected not to occur often. In local policies a pessimistic ap-
proach using locks can be used to protect consistency of the data held by the most
sensible attributes.

Local policies have a name and are defined for families of attributes, for examples:

AttributeName => PolicyName

Standard expansion rules for files and directories apply, with the product directory
as the root directory. Operating system file attributes are precised using “:” after the
file expansion. :

FileSuffix:FileAttributeName => PolicyName

Examples:

Date => Policyl

src/*.c:name => Policy2

Which means that the “Date” attribute is managed following the Policyl policy,
and the name of C files “*.c:name” found under the “src” directory are managed fol-
lowing the Policy2 policy.



Local Operations

Reserve (W,P,A) : A lock is set on attribute A of product P by workspace W, if there
is no lock already. When a lock is set, only the workspace that owns it can modify the
attribute.

Free(W.P,A) : A lock is removed on attribute A of product P by workspace W, if W
owns that lock.

Correctness

The complex nature of the data manipulated, the semantic dependences among the
attributes, and the long duration of the tasks in concurrent engineering make global
notions of correctness such as serializability and atomicity inconvenient. Instead, user
defined correctness criteria based on semantic knowledge of the attributes; their rela-
tionships and the tasks performed must be allowed. Studies on cooperative transac-
tions have found in patterns and conflicts a natural way to specify different correct-
ness criteria. Patterns define the operations that must happen, and the order in which
they must happen for a transaction to be correct. On the other side, conflicts specify
the forbidden interleaving between different transactions

We have not defined a general language for defining any possible correctness crite-
ria for any cooperative transaction, as proposed in , where the defined grammar can
take into account all possible interleaving among transactions. This would make pol-
icy definition difficult, and threaten the dynamic nature of our system where new
groups and policies can be easily created as the development advances. Instead we
propose a tiny set of interpretations of the local policies corresponding to different
levels of consistency, inspired by typical consistency constraints found in Software
Engineering.

Our global policy defines the pattern of behaviour for all attributes, for example in
the policy “(S C I)*” states that a synchronization, modifications and integration, in
that order, are necessary for a workspace to correctly finish a cycle of work. Introduc-
ing Reserve and Free operations in the local policies we define the conflicts, reducing
the possible interleaving to a sub-set that enforces our correctness criteria:

Very strict policies
Very strict policy execution might be desirable for groups of attributes that are related
by strong consistency constraints.

An example is the name of the files composing a software module. Restructuring
that module involves changing file names, and clearly this task should be undertaken
in a single workspace at a time.

A group of attributes under a very strict policy can only be modified by a single
workspace, thus locking the whole group of attributes before starting the transaction.

Module _names = very strict. (RS CI1F)*
We protect the source file names of certain module with the local policy:
/project/libxyz/* java:name : Module names

If a workspace tries to modify the name of a java file in the module libxyz, it needs
to reserve all the name attributes, synchronize, modify and integrate, and finally all at-
tributes are freed.



Strict policies

A very-strict policy guarantees consistency of relationships among attributes within a
group, but prohibits any concurrent work. In some cases concurrent modifications on
different workspaces is still considered consistent as long as the set of attributes modi-
fied are not overlapping.

For example, a given word files should not be edited concurrently in different
workspaces, but it is no problem to edit different word files concurrently. It corre-
sponds to a strict interpretation of policy like:

EditDoc = strict: (R Swismc C Ipismc F)*
/project/stat/* xls : EditDoc

EditDoc policy means that all Excel documents that are to be changed in a session
are to be first reserved, then a synchronize is performed (thus getting in the current
version of the documents), then editing of the document is allowed; the session ends
by integrating all the changed documents.

Flexible policies

The strict interpretation requires an a-priori knowledge of all the documents that
are involved in a session; it is not possible to try to reserve a new document as soon as
the editing session is started. For most purposes, this is too strict.

For a given attribute A, “R ... S ... C” is equivalent to “S ... R ... C” if between
synchronization and reserve the attribute value did not change in the Parent work-
space.

This property is at the base of flexible policies. In a flexible policy, the reserve is
automatically attempted when the attribute is to be changed; this reserve succeeds
only if the value of that attribute did not changed in the Parent WS since last opera-
tion S. Therefore the policy

EditDocFlex = flexible: (R S C1F)*
/project/doc/*.doc : EditDocFlex
looks similar to EditDoc presented above, but here, as soon as a new word document
is about to be changed, a reserve operation is attempted. There is no need to perform
explicit reserve operations. This is much more flexible indeed, but there is two draw-
backs, with respect to a strict policy :

There is a risk of inconsistency, if some documents have strong semantic consis-
tency constraints, and one of them is not reserved,

There is a risk of dead locks if two concurrent sessions require an overlapping set
of documents.

Reservation Propagation

Reserving an attribute in a group means reserving that attribute for all the group
workspaces, including the Parent. But reserving the attribute in the parent may reserve
it in the group to which the parent pertains, and successively. Thus, reserving an at-
tribute may propagate to a large number of workspaces, especially because higher
level groups have stricter policies, and are more likely to define policies with locks.



Optimistic and controlled strategies without locks.
The major reason to use locks, is to make sure that an integrate operation will not in-
volve any merge and conflict. But our specialization of operation I and S allows such
a control, a posteriori, i.e. an optimistic controlled policy, as opposed to locking
strategies which correspond to pessimistic ones; the different lock interpretations
ranging from very pessimistic (very-strict), to relaxed-pessimistic (flexible).

For example

Pesimistic= strict: (R Swismc C Iwb Pu F)*
Is similar to
Optimistic= ( Swismc C Iwb<&S> Pu )*

The difference is that in the Optimistic policy “Iwb” may fail, if there are merges
or conflict involved. If case of failure, the policy indicates that an operation synchro-
nize must be performed, and Integrate attempted again “<&S>"".

Implementation

We translate the policies, including their correctness criteria, into a state machine. Our
implementation is efficient, because a single state machine is sufficient for a group of
attribute, whatever the number of actual attributes in the group, and the state machine
interpretation is straightforward. Policy interpretation is very cheap. Further, these
state machines are created and executed on the workspace machine, and need little in-
teraction with other work space to be executed. Reserve and free are those operations,
as well as a delayed reserved (to check the attribute value in the parent); but in all
cases, only the parent workspace is involved.

2.7. Summary

The language is based on the distinction between global and local policies. Global
policies come from the fact consistency requires a product to be managed as an
atomic entity; local policies come from the fact each attribute may have different con-
sistency constraints, either technical (related to the availability of reliability of their
merge function) or logical (sensitivity and criticality of the attribute, semantic rela-
tionships, and so on). The system allows for both and enforces the consistency of the
whole.

The language is also fairly independent from a given data model. Indeed, it is
based on attributes of entities and can therefore be adapted to almost any data model,
even if the tool we have built works on a very pragmatic one: file system attributes
and a number a specific attributes.

The central issue in concurrent engineering is always to find the compromise be-
tween high concurrent work (and thus very optimistic policies, or no policy at all),
and reliability (and thus restrictive policies). We address this issue first, allowing dif-
ferent policies for different attributes, second allowing a large range of pessimistic-
optimistic policies.

The optimistic / pessimistic range is split in two. In the pessimistic side, we use
locks, and we provide three different interpretations of the lock instruction: very-
strict, strict and flexible. But locks propagate and may seriously reduce concurrency.



In the optimist side, we provide a number of restriction in operations Synchronize
and Integrate (batch/interactive, parent/child, synchronized/unsynchronised,
merge/no_merge, conflict/no_conflict) which allows to avoid problems, still retaining
maximum concurrency, but in this case, the policy must include failure recovery.

Altogether, the language covers a very wide spectrum of concurrency policies, go-
ing much farther than traditional database strategies, and capable to represent many
database strategies (including, ACID, dirty read, non repeatable read, 2PL and oth-
ers). Nevertheless, the language does not allow for any and all concurrency policy,
but do correspond to actual practices in software engineering. It is our goal to propose
a very simple language, intuitive enough for users to define easily the policies they
need, not to define anything, thus this selection of interpretations, which corresponds
to best practices.

3. The CE tool

We have built a prototype implementing the ideas presented above. Our system
exposes the following features:

e [t contains an interpreter of our language that runs locally to each workspace,
enforcing the policies defined for the group that contains the workspace. An
efficient implementation of the interpreter has been

¢ [t implements the basic synchronization services

e [t implements a distributed locking system.

¢ [t manages dynamic creation of new groups as development evolves

Special attention is paid to the awareness capabilities of the tool. Awareness is
characterized as “an understanding of the activities of others, which provide a context
for your own activity” The assumption is that providing the users with the appro-
priate contextual information allows them to make more sophisticated local decisions.
The awareness concept has been long studied and proved beneficial in the CSCW
domain, but has never gained the same popularity in SCM systems.

For the vision of context to be useful it must provide only the information relevant
for the user to take decisions based on it, without the unimportant information intro-
ducing noise. We use the group model to filter all the information coming from all the
workspaces to the subset that is useful for each user.

The most basic contextual information needed for cooperative work is group mem-
bership, our CE Tool provides every user with a vision of the workspaces in his
group, as shown in figure 6, this list is synchronized with the actual state of the group
held by the integrator. Additionally, the user can find what documents each user has
proposed.
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Fig. 6. The CE Tool

The tool also provides a vision of the state of the document’s attributes. Based on
the operations’ history in a group, the attributes of a child workspace version of a
document can be in one of the following states:

e Obsolete: The attribute has changed in the parent workspace and not in the
child workspace.
e Updated: The attribute has the same value in the child workspace than in the
parent workspace.
e Modified: The attribute has been modified in the child workspace and not in
the parent workspace.
e Conflict: The attribute has been modified both in the parent workspace and in
the child workspace.
Currently, the system can run using CVS or our home-grown zip version manager as
the tools to store the local history, but integration with other version managers should
be not difficult.

4. Conclusion

The intention of such a language is to propose, to non-expert users, a simple way to
define and understand their concurrent engineering policies. Indeed the language is
based on operations that user know very well, since it is what they use daily, and
hides implementation concepts like branches, revisions, predecessor relationship,
common ancestor and so on. Since these operations are, in a way or another, available
in all SCM systems, the language is independent from any single version manager and



therefore is completely general; it can be adapted to any SCM system, and at least
used by team leaders to define their policy first, before to find a way to implement it
using their current SCM system.

The language; despite been simple, allows for a wide set of policies, ranging from
the most restrictive (very-strict with locks), to the more relaxed (optimistic, no locks),
or even no policies at all. We believe the fact workspaces are typed, as well as poli-
cies, the fact that policies can be applied independently to different attribute groups,
makes the system extremely powerful and versatile, but still simple.

Indeed the experience so far proved that users find the language very convenient to
define the policies; users understand fast what it means, and it allows them to reason
on their policy, to discuss their respective merits, and gradually to define and select
the one most convenient to them. Only this is already a major progress.

We believe that this work goes a step beyond, deriving from the policy an auto-
matic implementation, still independent from the actual version manager in use in the
company. We have built a tool that support policy definition and policy enforcement,
including the special operations for recovery, not presented here. The tool is dynamic,
in that groups are created and changed dynamically at execution. Of high interest, is
the fact policies can be statically analysed, and properties statically derived. Among
the properties, we can mention that we know if merges are possible or not, we know
where and who is the common ancestor and we know which files will be involve in
next Synchronize and Integrate. From these properties, optimisations can be per-
formed including the determination of the files involved in the next Synchronize / In-
tegrate, the computation of deltas before hand, and the avoidance of useless checks
like changes or merges. Indeed, in many cases, most of the work involved in the
heavy operations Synchronize and Integrate can be computed before hand. This is im-
portant since experience shows that users feel that Synchronize and Integrate are op-
erations that slow down their work; our optimisations make these operations much
faster from the user point of view and improve significantly user comfort.

The properties are also used to improve awareness strategies. Indeed our tool in-
cludes awareness facilities only sketched in this paper.

Altogether, we believe that our system improves the state of the art of concurrent
engineering in many dimensions, both from theoretical and practical point of views.
From conceptual point of view, we found a language simple, powerful, with well-
defined semantics. From the practical point of view, this system improves user under-
standing of CE issues, improves the enforcement of these policies, improves the inde-
pendence between policies and versioning tools, improves efficiency of the system,
and improves user comfort and awareness.
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