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Abstract the diagram data, though this is necessary - especially for
large software projects. This has a simple reason: the de-

Working on large software projects commonly requires velopment costs for supporting versioning and merging are
software development in teams, which requires a tight in- very high for most CASE-Tools. Similarly, features like
teraction within the development team. Usually each devel-Undo/Redo, recovery mechanisms, and multi-user white
oper is responsible for a certain part of the whole system. board co-operation require considerable implementation ef-
Therefore, it is necessary to let developers work indepen-forts.
dently without disturbing their teammates as well as allow-  Throughout the rest of this paper we will focus on appli-
ing them to share their results with their teammates at a cations that use object-oriented data models, which includes
certain time and to integrate the developed software parts. most diagram editors and CASE-tools.

Common practice is to use CASE-tools to support large  Storing application data in systems based on object-
software projects and a Software Configuration Manage- oriented data models means either storing binary data,
ment (SCM) system that supports team coordination. Pop-which cannot be merged, or storing a textual representa-
ular SCM systems are usually based upon text files and failtion (e.g. XML), where other problems arise. Most of them
in versioning binary files or object-oriented structures on a are related to detecting and solving conflicts. In addition, in
fine-grained level, as usually produced by CASE-tools. Onserialized object-oriented data structures simple operations
the other hand, current CASE-tools insufficiently support like adding two different objects concurrently may acciden-
versioning and team coordination. tally produce conflicts while merging, as data for both ob-

CoObRA is a framework that offers undo/redo-, jects may be written at the end (the same position) of each
persistency-, multi-user-support and version control tech- (text) file, cf. [ZWRO01]. Conventional SCM systems will
niques for applications based on object-oriented data mod- not be able to handle such situations correctly as they do not
els in general. The major advantage is that it provides have semantic information about the application data.
an easy-to-use mechanism requiring very low integration = CoObRA addresses these shortcomings of common
costs. CoObRA was successfully integrated in the FujabaSCM systems by providing a persistence and versioning
Tool Suite and is also part of Fujaba’s code generation fa- mechanism which supports merging of versions on object
cilities that offer CoObRA's features to applications gener- level. Another main aspect of CoObRA is the support of
ated with Fujaba. However, CoObRA may easily be usedan optimistic locking concept in order to allow engineers to
outside Fujaba, too. have their own copy of all project data and to work indepen-

dently from a permanent connection to a repository.
The following chapter shows our general usage of deltas
1 Introduction in object-oriented data models. Chapter 3 discusses techni-
cal realization. We continue with some experiences in chap-

. ter 4. This is followed by discussion of references and by
Most software development processes require several

kinds of diagrams in the different development phases, e.g.ConCIUSIonS and futures work.

the Rational Unified Process [JBR99] or the Fujaba Unified

Process [DGZ03]. Therefore, state of the art tools for Com-2  The COObRA approach

puter Aided Software Engineering (CASE) provide a broad

range of diagram editors. In our approach the application data is considered to be
It is already common practice to use Software Config- completely described by the changes that have effected on

uration Management (SCM) systems for source code. Butan initially empty object-oriented data structure. Therefore,

current CASE-Tools commonly lack full SCM support for we have to characterize object data.



2.1 Object data characterization

To provide a persistency service for an application, the
changes may be written to disk or database. To do this,

CoObRA assumes that an object structure snapshot con{locally) unique identifiers for all persistent objects are re-

sists of a set of objects, where each object is specified by
¢ the class of the object
¢ the values of its plain fields (plain attributes)
¢ the content of multi-valued fields (collection attributes)

The values of plain and multi-valued fields may either

quired. Additionally, a mechanism to serialize basic field
values in an appropriate form has to be provided (commonly
by a library). Along with persistency CoObRA may pro-
vide a recovery service by writing each change to disk or
database, immediately. Upon next launch of the applica-
tion, the incomplete change log can be detected and the last
status of the application data may be restéreestoring
from a repository means loading the changes list and re-

be of basic type as e.g. boolean, integer, or string, or of pjaying the changes (redo).

reference types i.e. pointers to other objects.

A field is considered to be a logical property of an ob-
ject. Depending on the used programming language such
logical property is usually implemented by a programming

language field (storing the actual data) and a set of enca
guage field (storing " ) ° dpmstancesimplyreplaysthechanges. Thereby the two appli-

sulating access methods. Multi-valued fields will be calle
collection fields, where the collection may either be of type
set, list or map (qualified field).

According to this ‘simple’ object structure representa-
tion the alteration to the application data can be split into
atomic changes of the following types:

e creation of an object
e removal of an object (destruction)
e altering a field value (of a plain field)

e adding/removing a value to/from a collection field (in-
cluding changes to maps)

2.2 Concept

apperation among multiple application instances.

In addition, the changes may be used to enable co-
All
recorded changes are forwarded from one application to the
other (and in reverse direction). The receiving application

cations work synchronously on replicated object structures
in a white-board-mode. (How we deal with conflicts of con-
current modifications is discussed below.)

As the persistency mechanism already stores changes,
no computation of deltas between different versions of an
object structure is necessary. Versioning may easily be
set up by grouping several changes and by labelling them
with version numbers. This versioning may happen locally
or it may be managed by a server. The latter employs a
checkin/update concept as known from conventional SCM
systems.

The key feature of CoObRA's version management ap-
proach is its optimistic locking concept. As stated in the ab-
stract, we want to enable developers to work independently
from their teammates for a certain period of time (some

Instead of storing the state of a whole object structure, days, perhaps off-line). They work on their local copy of
CoObRA logs the changes to this structure starting at itsthe project data. Only at certain points in time, e.g. af-
creation. These changes are stored in a repository, availter finishing some extension or modification, they may send
able for further processing. To provide undo functionality, their contributions to the other team members or they may
beside the new value for a field, the old value is stored onincorporate the changes of other team members in their lo-

field alteration, too. With this additional information every cal copy of the project data. Actually, we will use a project
single change can now easily be reversed: data repository for coordinating the contributions of the var-

ious team members. Each of the clients synchronizes its lo-
cal data with this so-called version repository in two steps
called update and checkin.

e to revert the creation of an object, it is destroyed

¢ torevert the removal of an object may require restoring

all field value depending on the used implementation
of the removal (see 2.3)

to revert altering a field value (of a plain field), the field
is set to the old value

to revert adding a value to a collection field (including

changes to maps), the value (key) must be removed

again

to revert removing a value, it is added again

In the following explanations, we assume that there ex-
ists a versioning repository containing already, e.g. 40 ver-
sions of the data of some software development project.
In addition, there are two developers Mary and Bob which
both have two copies of the current version 40 of the project
data on their personal computer. Now both developers work
for about a day on two different software development tasks.

lwhich does not include the execution stack



2.2.1 Checkin other team-mate may incorporate the changes of version 42

in her local copy (latest before her next checkin).
We assume, Mary finishes her work first and she now sends Py ( )

her changes to the versioning repository using a checkin
command. Obtaining the changes between Mary’s current2.2.3 Merge Conflict Example
version and her starting point version 40 is easy, since CoO-

bRA protocols all changes already. However, since the d his generic conflict report reflects the applications inter
change data is sent to a repository on another computer an o }
d P y P nal data model. Usually, a CoObRA based application has

it is later merged with changes of other applications, wet | h ) flict s in order t "
need to ensure that objects created in different applicationso analyze INese generic conflict reports in order to presen

are serialized using different unique identifiers. Therefore, them appropriately t‘? the FSef’S View. . .
each client have to obtain unique identifers from the version For an e'xamp‘l'e, Imagine a master repository contain-
repository, first. Now, the changes are serialized and sent td"9 @ class'Level” . Client A and client B retrieve the
the version repository. In our example, this creates versionCulrent version. They do now both change the class name

41 in the repository and Mary is now synchronized with this ?f theirulocal copigs, concurrently. CIient"A changes it to
version 41. Storey" and client B changes it ti-loor

We assume that client A is faster and checks in first.
Client B cannot checkin as the server contains more changes
2.2.2 Update than client B already knows. Client B has to update its lo-

Now Bob finishes his work. Before he is allowed to send his cal repository. The class name of its local object is reverted
changes to the repository, he must first merge his work with t0 the original"Level”  as B's local changes are reverted.
the contributions of other team-mates. Therefore, CoOObRA Then the new changes from the server are replayed setting
compares the version number of his last synchronizationthe class name tStorey” . Finally B's local changes are

(in our example 40) with the current version number of the replayed, too. Doing this a conflict arises: The class name
repository (in our case 41). Then the changes that have beeRas already been altered%torey”  and can not be set
contributed by other team members, meanwhile, are send tdfom “Level”  (the ‘old’ value) to"Floor”

CoObRA reports merge conflicts to the application, only.

Bob’s application. CoODbRA reports this conflict with a generic mes-
Bob's application could now just replay the received Sage like ‘field "Name" of object "#44.565"  of
changes. However, these server changes may have so-calldyPe "Class”  has been changed froftLevel” to

merge conflicts with some of Bob’s local changes, e.g. a Storey” in version"41" , local change td'Floor”
field may have been changed on the server to one value andliscarded’. The client application has to inform its user of
in Bob’s local data to another (for example see 2.2.3). Or the conflict and provide appropriate solution strategies. In
in one version an object has been deleted that is modifiedthis case the user has to decide which spelling is correct.
in the other version. In CoObRA, changes that have been
accepted by the rep(_)sitory g(_et a higher priority in the cases 5 4 Large changes lists
of such merge conflicts. This means, CoObRA enforces
the server changes on the clients local copy. To achievelf an application logs changes to its object structure over
this, CoObRA's update operation first resets the local objectsome time. The list of changes may grow to a signifi-
structure to the version of the last synchronization by revert- cant size. As long as the application wants to provide full
ing all local changes (but keeping the corresponding delta).undo functionality this has to be accepted as functionality
Now the changes retrieved from the server are applied with-costs. However, if only persistency is required, the changes
out any merge conflicts. In our example, Bob’s local project list should not be significantly larger than another serializa-
data reflects now version 41. tion method. To achieve this, the list of changes is com-
Now, the client’s local changes are applied, again. In pacted. This means subsequent changes to the same field
case of merge conflicts, the corresponding changes are noare summarized and changes to objects that were removed
executed but kept in a separate list. This list is returned toare discarded. This includes mutual elimination of add- and
the application, which can e.g. show them to the user whoremove-changes and combination of several alterations to
may resolve them, manually. After update and conflict res- one field.
olution, Bob may now send his changes with respect to ver-  If we use a version repository, we need to keep track of
sion 41 to the version repository using a checkin command.all relevant changes between two version labels. However,
This results in version 42. (If Mary or some other team- the change list between two version labels may still be com-
mate has already checked-in a version 42, meanwhile, Bobpacted as above in order to reduce the size of the repository
has to go through another update/merge cycle. This hap-and the size of deltas that are transferred on checkin and
pens seldom.) At a time of her convenience, Mary or any update.



2.2.5 Grouping of changes for user level undo/redo changes. These methods have to be called on any change to
. . an attribute of an CoObRA enabled object.

The change information recorded by CoObRA has a very . o ) . '

) . . . Fortunately, in Java it is common practice to access fields

fine granularity by default. But if a user of an applica- :

. : . by calling access methods only, cf. Java Beans [Pra97]. If

tion clicks on the undo button in the toolbar he expects °. . g

his last action to be undone. To make an application ca-thls is already the case, the calls for firing the changes may
: just be added to the setters of all attributes. Adding the calls

pable of this behaviour the changes have to be grouped b ; : )
. ) . . : to all setters may easily be achieved using modern refactor-
user actions. This can easily be achieved if the command.

pattern[GHJV95] is used in the application: upon each start "9 mechamsms as prowdeq by most mgdern IDEs or using
of a command a new group for the following changes is an appropriate aspect weaving mechanism. However, if the

onened. which is closed upon completion of the command application is developed with the Fujaba CASE tool, these
P ' P P " calls are automatically added to all setters of CoOObRA en-

abled classes by the Fujaba code generator.
Another popular concept for the notification of changes

i . is the Observer pattern, see [GHJV95]. Java’s graphical
As prove of concept we have implemented COObRA N ,qer jnterface libraries support this pattern by so-called

Java, but most imperative programming languages would beproperty change events (sBeopertyChangeEvent  in

well suited. ) [SunJDK]). Thus, there is some likelihood, that Java appli-
The CoObRA framework consists of some Server .aigng with a modern graphical user interface fire appro-
appllca_ltlons and some client libraries. As'a basis _for priate PropertyChangeEvent events, already. In this
collecting change protocols, COObRA provides the in- c,qq it is easy to add COObRA components as listeners for
terface classObjectChangeAware  and the library 166 change events. This may already provide CoObRA
class ObjectChangeAwareAdapter  , cf.  Figure i 5|l required change information. This approach has

1. In order to enable COObRA functionality for an gccessfully been used to add CoObRA functionality to the
application’s class, the class may either implement the Fujaba environment itself.

ObjectChangeAware interface or more conveniently
it inherits from classObjectChangeAwareAdapter

In the latter case, i.e. the constructor of class
ObjectChangeAwareAdapter automatically adds
new objects to the local CoObRA change list. In the former
case, the user has to implement this himself.

2.3 Technical Realisation

If some attribute fields are not properly encapsulated by
access methods, one may either add direct CoObRA calls
after each attribute modification or better one may introduce
encapsulation, now. The latter approach is again supported
by many refactoring mechanisms of current IDEs.

Once proper reporting of change events is achieved, the
CoODbRA libraries add sequence numbers to all change
and store them in a local repository in chronological or-
der (sorted by sequence number). Now the whole CoObRA
functionality is available.

A <<reference>> In Java, undo- and redo-operations have been imple-

: AN MyLibraryClass mented generically by using the reflection APl of the

| \ Java Development Kit (sefava.lang.reflect in

‘ ObjectChang'eAwareAdapter N [SunJDK]). To alter a field value CoOBRA searches for
N a method with the prefixset followed by the name of

T ? \ the field. Additionally the method must have a parame-

interface
ObjectChangeAware

\ ter with a type matching the type of the field. For col-
lection fields similar rules are used (i.e. prefiaTo,
removeFrom ). In programming languages without reflec-
tion (or if one want's to avoid the reflection mechanism),
this functionality could be achieved by generating/writing a
Figure 1. Classes of persistent (CoOObRA en- generic setter method, that gets the name of the considered
abled) object must implement a specific inter- attribute as a parameter and that uses a switch-case con-
face or extend an adapter class. struct to call the corresponding set-method, directly.
The current implementation for reverting an object re-
moval actually does nothing. As Java objects are not de-
In the next step, all changes to plain fields and collec- structed, in contrast to e.g. C++, Java applications have to
tion fields have to be reported to CoObRA. Therefore, a remove all references to an object that should be garbage
helper class provides appropriate methods for firing thesecollected. The current repository implementation delays the

‘ DataClass1 | DataClass2 DataClass3




garbage collection of isolated objects until the history infor- Java reflection API, to access object fields and to achieve a
mation (change log) is deleted or compacted (see above)generic encoding of attribute values.
To undo the deletion of an object it simply restores the field  Special problems arise, if libraries are used, that can-
values (incl. references). Alternatively, one could discard not be adapted to the CoObRA change notification mech-
the references upon delete notification. This would make anisms. For objects belonging to classes of such a library,
garbage collection of such objects possible. In this case, aCoObRA can only provide limited support. Changes to
deletion would be reverted by re-creating the object and by such objects are not recorded in our change lists and thus,
retrieving its attribute values from the changes list. such changes are not handled by our undo/redo and persis-
To support the multi-user functionality, a generic server tency and versioning mechanisms. CoObRA may handle
application operating on an XML representation of the such library data like plain integer or string attributes. This
changes has been implemented. In addition to the up-means, our XMLReflect mechanisms may be adapted to se-
date and checkin commands the server supports retrieval ofialize library data. However, changes to such data needs
global object identifiers (unique for this server) and simple to be signaled appropriately, as CoObRA considers these
user authentication. The local repository supports substi-values to be immutable.
tution of the local object identifiers before checkin. This
enables the client to be connected to the server only for3 Practical Experience
checking in or updating as clients communicate with the
server only (no peer to peer communication, figure 2). Up to now, we have used CoObRA together with Fujaba
in a number of student and research projects. These projects
develop the behavior of the desired application using Fujaba
Server with Clients and add the CoObRA features using Fujaba’s code genera-
tors. Then, the developers validate their application with

ServerRepository the help of our dynamic object browsing system DOBS , cf.
' Figure 3.
update ¥ 4 checkin L I n S|
fCheCk/ﬂ u,odofe¢ Browse Debugging Options Tools Help
CEE T W o« B X
Objects To Browse :
:Client S :Client = shown epiects : s2:5hip
; @pdirection : double = 1L.57079632679458966
:LocalRepository :LocalRepository gzgiz';”_gduiffl‘fingofa'se
: @Egthrust © double = 0.0
| T @&y double = 275.0
Atutributes @y double = 550.0

&gz double = 0.0 =

Ship 52
e direction © double = 1.570
Sy shooting @ bioolean = false
iZp speed © double = 0.0
=@ thrust - double = 0.0

Figure 2. Client-server setup for CoObRA en-
abled applications

Methods :
@ addToBullets (Bullet): booleal

The compact operation has been implemented by sort-{|g colide Gameitem: void

@ getController §: PlayerCol

ing the changes by affected object, field name and key (ifff & geirection 0: double

% getGame (: TheGame

gualified field). The actual compact algorithm then iterates [ ¢ oesp=ed o: dousie

@ getThrust ¢: double

through the re-sorted list of changes once to remove andje s o: doubie

10 : TheGame

@y double = 1128.2993995939936
&z double = 0.0 =

[ i B . @ gety §: double ; : el: Enemy
summarize changes. Provided that a suited sorting algo{| s o: aousie | [@weirerion - aoumte - 0.0
i [ i @ hasinBullets (Bullet): boalean i @pspeed | double = 4.529999999999948
rithm is used this should have complexi®flog(n)+n). As . e | o s

@ iteratorOfBullets : erator

this is the most cost intensive (regarding complexity) part of i3 . ocess o: vara :
our implementation, adding entries to the change lists havell® 'EmU"E“'””;iﬁ_{”E‘z 0: voief S
complexityO(1), we are confident that it scales pretty well. 5 —m——l]

esult of "start §: void™ null or void ‘ DOBS - Dynamic Object Browsing System ||

2.3.1 Dealing with libraries Figure 3. The Dynamic Object Browsing Sys-

) tem (DOBS)
In order to store changes or to send them to the repository,

they need to be serialized. For this purpose, COObRA em-
ploys a simple XML format. This XML format is gener- DOBS shows a cut-out of the internal object structure of
ated by our XMLReflect library. This library again uses the a running Java Virtual Machine as an UML object diagram.



In addition, DOBS allows for adding and removing objects months.
and links, interactively, and for modifying attribute values  We have applied the new mechanisms and especially the
and for invoking methods on selected objects. One mayversioning functionality with great success in a number of
either execute the called method step by step in a debuggestudent exercises with about 60 students in 14 groups of 4
and use DOBS to visualize the evolution of the application’s to 5 students each working for about two weeks on a group
internal object structure or one may just execute the methodproject. Within these student projects we hit some scal-
in a single step and DOBS will then reflect the resulting ing problems, most of them already solved, but overall the
object structure. CoODbRA functionality facilitated the group collaboration

If the object structure is COObRA enabled, e.g. using Fu- considerably in contrast to last year's exercises. Astonish-
jaba’s code generators, then DOBS is now able to provideingly, we observed quite a number of concurrent modifica-
generic undo/redo, persistency and multi-user capabilities.tions by different team members but we did not observe any
One may invoke some method for validation purpose. If the Severe merge conflicts or merging problems. The rare cases
resulting object structure is unexpected or erroneous, oneusually dealt with concurrent renaming of some commonly
may just press undo to go back to the situation before theused class. Fujaba simply prints the changes that could not
method invocation and then one may execute the methodo€ replayed and then discards the data. In these cases, CoO-
call again, now in stepwise debug modus. One may store @RA' textual merge conflict reports were sufficient for our
session and continue it later. Or, one may connect to a CoO-Students to resolve the conflicts, easily.
bRA repository enabling versioning of the application’s ob- ~ We use the CoObRA mechanism now in all Fujaba
ject data. In the latter case, one may also enable an autoProjects at University of Kassel with great success.
matic checkin and update mode. In this mode, every change
is immediately transferred to the CoObRA repository and 4 Related Work
any other (DOBS) tool connected to the same repository re-
ceives an notification and performs an update operation in

:;solgtéa_l workspscz. fASh‘?‘t” Eﬁecé’ mu(;tlple USErs can Use .oncurrent multiuser support. To our best knowledge, there
N Some kind ot white board Mmodus. exists no approach that supports all features, but some of
These COObRA features have added a tremendous valughem, Therefore, in the following we present a number of

to our validation environment DOBS and to the overall Fu- gnnroaches, tools and also commercial products for each of
!aba development process (FUP). We use them intensivelycoopRrAs features, separately.
in almost all of our projects, now. Persistence and multiuser support is the classical do-
As an example for adding the CoObRA mechanisms to main of software configuration management (SCM). Pop-
an existing (CASE) tool, we have of course added CoO- ylar SCM systems are RCS or SourceSafe [Mic97]. Most
bRA to the Fujaba CASE tool itself. The core of the Fujaba of them base on a a pessimistic locking concept, which does
CASE tool consists of roughly 600000 LOC in Java. Before not allow concurrent modifications. Those systems are suit-
this exercise, Fujaba had some generic persistency mechaable for small development groups, only. Optimistic lock-
nism but no Undo/Redo and no multi user support. Luckily, ing systems such as CVS are widely used in Open Source
the internal abstract syntax graph (or meta model) of Fu- Projects, for example Apache or SourceForge projects, but
jaba has already met most of the criteria for the application CVS is still restricted to a textual representation of the docu-
of the CoObRA mechanism, i.e. most fields have already ments. Versioning is not facilitated appropriately when us-
been properly encapsulated by access methods. In additioring graph-like structures such as XMI-documents or more
these access methods were already firing Java AWT propgeneral abstract syntax graph representations of diagrams.
erty change events utilized by the graphical user interface  Rho and Wu [RW98] present an approach to version-
of Fujaba. Thus adding CoObRA to Fujaba "just” required ing and merging software diagrams such as UML diagrams.
to subscribe for these change events. Zindorf et al. present [Ro00, ZWRO01] an approach that
Actually, adding CoObRA functionality to the "clean” is also integrated in the Fujaba development environment
parts of Fujaba was considerably simple. However, there[FNTZ98]. However, these approaches are not suited to
were some "elder” parts of Fujaba that did not stick to support undo/redo.
the usual coding standards for attribute encapsulation that In order to support persistence, databases are the usual
strictly. Thus, we needed some more time to clean thesesolution. Java itself supports persistence by providing
parts up. In addition, some access methods of Fujaba inthe Java Data Objects (JDO) APl [TMMBO04], which is
clude complex side effects as e.g. the renaming of a classan interface, only. For example Versant and Poet im-
These cases required special care. Finally, all features werg@lement the JDO and therefore provide persistence based
available to Fujaba. Altogether, we were able to add the on an object-oriented database called KODO [Kodo04].
CoObRA functionality to Fujaba within roughly two person Hence the database also supports transactions, implement-

CoObRA utilizes generic undo/redo, persistence and



ing undo/redo means to open and close corresponding transeonsumption of main memory is very low. Storing and re-
actions manually on more or less fine-grained editing oper-trieving the data is not significantly slower in comparison
ations. The approach does not provide concurrent multiuserto our previous persistency mechanism. Using compression
support and is also limited to the JDO, which makes supple-techniques such as zip, the disk space consumption after
mentary addition of persistence to an existing application compacting the change lists is comparable to the files pro-
hard to achieve. duced by the old mechanism.

In addition to databases that handle Java Data Objects, CoObRA is designed to provide versioning for object-
there exist also general approaches constructing CASE-riented data. However, in software development projects,
tools, such IPSEN [Nag96] and PISET [KMP99]. Both ysually a lot of textual data exists that is conveniently man-
approaches underly a specific object-oriented databaseaged using a conventional SCM system such as CVS. To en-
namely GRAS [KSW96] and H-PCTE [Kel92], respec- able configuration management for the whole data of a soft-
tively. The databases provide persistence and transactiongjare development project, a sound integration of COObRA
and undo/redo functionality. But they do not provide op- and conventional SCM systems would be very beneficial.
timistic locking concepts and merging support. All edit One idea for this problem is to put the CoObRA change
operations result in a change transaction directly on thelists under the control of a common (text-based) SCM sys-
database. tem using some appropriate text format. In the case of op-

The idea of using incremental changes and persistencaimistic locking this will likely cause merge conflicts on the
storage to provide undo/redo functionality, version control CoObRA change lists. However, CoObRA could analyze
and cooperative tool support has also been presented byhe conflicts as flagged by the textual SCM system and re-
Emmerich [Emm96] and Grundy et al. [GHM96]. Espe- trieve both versions of the change list and then use its own
cially Grundy et al. use the change descriptions in their merging mechanism in order to deal with the conflicts more
meta tool, and in the tools generated by the meta tool. Ourreasonably.

approach is not restricted to be used in a specific tool or  Ag for other SCM systems, we foresee the demand for
meta tool, but provides common interfaces to support alsopjgrarchically organized repositories. Several small devel-

already existing tools. oper groups may want to have a personal version, an inner-
group-version and a corporate-version of the software they
5 Conclusion and future work are developing. Due to the flexibility of COObRA's change

lists, this functionality should be easy to achieve.

CoObRA is a lightweight framework for adding generic ~ Another major aspect for CASE tools is scalability.
undo/redo, recovery, versioning and multi-user support to COObRA works well if the application data fits into the
object-oriented applications. Especially, COObRA enablesclients main memory. In large software projects the data
concurrent (off-line) work on local copies of the project data may easily exceed this limit. One may circumvent this prob-
on the basis of an optimistic locking concept. Concurrent lem by loading only the currently required part of the spec-
modifications by different team members are then mergedification while other parts are kept on disk or server only.
using a generic mechanism. The concept of loading only a part of a repository may be

CoObRA protocols all modifications on the application’s €xtended by loading required objects on demand. While our
internal data structure in so-called change lists with very flexible change lists provide us with a sufficient basis for
low runtime overhead. These change lists are a very flexiblesuch a functionality, such a mechanism imposes new restric-
means to support CoOObRA's functionality. Obtaining these tions on the applications’ data structures. CoObRA needs to
change lists is easily achieved using Fujaba’s code generbe able to limit and control the side-effects of constructors
ation mechanisms or using event notification mechanismsand setters of on-demand loaded objects on already loaded
that may already be in place. parts of the application data in order to avoid corruption of

We have fitted the Fujaba tool with the CoObRA frame- these parts.
work within only two person month. Our experiences with If these extensions can be achieved, CoObRA would be-
CoObRA enabled version of Fujaba are very satisfying. The come an light-weight alternative to object-oriented database
new functionality adds a tremendous value to our tool and systems. The major difference between an extended CoO-
enables flexible teamwork. To our own surprise, merging of bRA and an OO database would be the transaction con-
concurrent modifications works very smoothly. Integration cept. CoOObRA replaces usual transaction concepts with op-
costs for CoObRA can possibly be reduced further on by timistic locking and merge concepts. As experiences with
using automated byte code instrumentation for Java appli-SCM systems show, such an optimistic locking concept is
cations. much more appropriate for software development processes

In our experience, we did not recognize a considerablethan usual database transactions. In addition, CoObRA’s
runtime overhead for recording the change lists. Even theoptimistic locking concept enables a very simple caching



concept. Each user works on his own writable copy. This is [Nag96]
a major advantage in terms of performance.
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