Source Control and Merge Tool for MDA/MDD Models

Problem:

With the growing use of models as part of the development cycle and as “source code” in an MDA/MDD generation process we need to use configuration management for models just like we do for source code.  With large and distributed development teams it is not practical to assume that one person will “own” a model at any particular time, any more than it is practical to assume any person will own a large body of source code at any one time.  The best practice that has evolved in the software development community is to use the “branch and merge” paradigm as supported by CVS, Subversion and other configuration management systems.

The problem is that the “merge” facilities in these tools assume a textual language (E.G. Java) where changes are in the form of edits that can easily be identified, isolated, shown to the programmer and resolved.

Modeling tools either use a (proprietary) shared database for storing models or they store them in text files, the OMG-XMI format of XML text file is increasingly being used for this purpose.  These XMI files can be stored in regular configuration management systems (such as CVS or Subversion).  The problem is that the default merge facilities do not work well on these XMI files (or on proprietary model files or DBMS files).  Thus the “branch and merge” paradigm is broken and team development of model based projects becomes problematic.

The reason that default merge facilities do not work on model files is that the modeling tools do not “edit” files, they replace them, sometimes changing the order of information or other arbitrary representation details that have no semantic impact.  It is common for a merged file to be broken to the point that it has to be manually edited.

Task for Solution:

Create a generic XMI merge facility that will work with CVS and Subversion.  This facility should enable the “branch and merge” paradigm for model files in a way equivalent to what the default merge facilities provide for “classical” source code.  This should work with XMI-1, XMI-2 and the various flavors of these, in particular the flavor used be the Eclipse platform for EMF and MagicDraw.  The facility should “plug into” CVS and/or subversion to replace their default merge capability (both tools have such a plug in capability).

The XMI merge facility should understand the structure of the model files, not just treat them as text.  Element identity (URI) and/or names should be used to understand what the “same element” is and thus if it has been changed and how.  Identification of “what is the same” should not be dependent on the order of the elements in the XML file or other non-semantic differences.  Elements such as file “date” should be ignored.  The produced file must be a valid XMI file using the same version and “flavor” that the input files used (Input of multiple XMI versions/flavors into a single merge is not considered part of this task at this time but the facility should be as insensitive as possible to such differences)

Just as with the default merge tools, there should be an “automatic” and “assisted” mode – assistance will be required when conflicting changes have been detected –assistance also assumes a UI.  Presentation of the models for “dif” will probably be textual at this time but we would like the capability to “plug in” visual representations as well.  In that all XMI files have a meta model, the tools should be able to do a good job of presenting the information and differences.  It is also possible that the built-in presentation options for Eclipse would allow for existing tools to be used to display the dif (but we think this would be hard and is not practical).

Other requirements; The facility should integrate well with the eclipse platform & run on Windows & Unix.  Note that this is work in the open source community.  No proprietary components will be used in the delivered facility and license for all work will be held under the terms of the OsEra license (TBD).

There are 2 basic approaches we have identified; 1) Create a stand-alone merge tool. 2) Put the XMI files in some “normative form” and use the default merge tools.  Picking an approach is part of the task.

Relevant Related Work:

There are several related works found to be of relevance to this problem:

1. GNU diffutils

2. Delta XML

3. Enterprise Architect

4. Cob´ena, Abiteboul, and Marian.  Detecting Changes in XML Documents
5. Wang, DeWitt, and Cai, X-Diff: An Effective Change Detection Algorithm for XML Documents
An interesting presentation on the subject of xml diffs: http://www.infsec.ethz.ch/people/psevinc/XMLDiffSlides.pdf
GNU diffutils

The GNU diffutils package is the basis for most text based differencing and merge utilities.
The main utilities are diff and diff3.  Diff provides a differencing of two files.  It looks for longest common subsequences of text lines.  The output of diff is a text file contained the lines that are different between the files along with annotations identifying if a line was add, removed, or changed.

Diff3 is the utility for performing a merge.  Diff3 takes three arguments for the files mine, old, and theirs where the mine and theirs files are derivatives of an original old file.  The diff3 performs a difference between mine and old files and a separate difference between the old and theirs files.  Diff3 will also attempt to merge the differences between old and theirs into mine.  The merge will be successful if the two differences do not overlap.  When the differences to not overlap, the merge will be successful and inserted into the output file.  Where overlaps exist, the output will contain a conflict notation.  The conflict notation can identify the original lines, the line contained in mine, and the lines contained in theirs.
In the event of conflicts the resulting merge file must be manually edited to address and remove the conflicts.

Further information on the GNU diffutils can be found at: http://www.gnu.org/software/diffutils/diffutils.html 
Delta XML

Delta XML is a commercial product available at www.deltaxml.com .  It provides a diff tool to identify differences in generic XML documents.  

The diff output of Delta XML is an XML file that is similar is structure to the source files.  The tags in the diff are the same as the tags in the source files.  An additional attribute is added to the output tags to indicate if a tag and all of its descendent tags and content is unchanged, if the tag with it descendent tags and content was added, if a tag along with its descendent tags and content was removed,  if the tags has changes in a descendent.  This additional attribute is deltaxml:delta.  Two other additional tags deltaxml:newattributes and deltaxml:oldattributes are used to identify changes it a tags attributes.  New tags <deltaxml:old>, <deltaxml:new>, <deltaxml:exchange>, <deltaxml:PCDATAmodify>, <deltaxml:PCDATAold>, <deltaxml:PCDATAnew> are used to identify the original, and added tags and content.
Details for the diff output format can be found at www.deltaxml.com/core/deltaxml-changes-markup.html .

Delta XML supports both ordered and unordered comparison.  In an unordered comparison, the order of elements of a specific tag type that are children of the same parent is not considered significant.  Thus the order between two documents can change but the documents are considered to be the same.  To perform comparison of unordered lists, Delta XML is configured to use designated key attributes to identify corresponding elements between the documents.  Details can be found at https://www.deltaxml.com/library/how-to-compare-orderless-elements.html .
Delta XML also provide a 3 way merge tool.  The 3 way is defined as 
Enterprise Architect
Enterprise Architect is a modeling tool similar to Magic Draw.  Is it a product offered by Sparks Systems at http://www.sparxsystems.com/ .

Enterprise Architect claims to support integration with a version control system such as CVS, and have an a diff utility that can operate on a XMI file level.

Enterprise Architect claims to support team development on large models.

Enterprise Architect has its own internal format files EA files.

Details on the features of Enterprise Architect can be found at http://www.sparxsystems.com.au/products/ea_features.html .

Cob´ena, Abiteboul, and Marian.  Detecting Changes in XML Documents
This paper provides a detailed algorithm for detecting changes in XML documents.  Handle inserts, deletes, changes and moves.  The is the basis for the XyDiff algorithm.

Details of the paper are available at http://csdl.computer.org/dl/proceedings/icde/2002/1531/00/15310041.pdf 

Wang, DeWitt, and Cai. X-Diff: An Effective Change Detection Algorithm for XML Documents
Wand, DeWitt, and Cai provide a detailed paper for an algorithm used to diff unordered XML documents.  Their main focus is for an algorithm that generates a minimal edit script that will transform one document into the other.

Their paper compares there algorithm with a published XyDiff algorithm.

Details of the paper are available at http://www.cs.wisc.edu/~yuanwang/papers/xdiff.pdf .
Preliminary Conclusions of Related Work:

Given that a company is providing a tools for difference and merge of generic XML files, an MDA modeling tools company is claiming team development with version control over large models, and published papers on differencing algorithms can be found, it appears feasible that a more specialized differencing and merge tools for XMI files can be developed.  Such tools will for the most part perform unordered comparisons.  The xmi.id attribute can be used as the key field in such comparisons.

The result of differencing two XML files can be a proper XML file along the lines of the format produced by DeltaXML.  The differencing output can be richer than what is produced by DeltaXML.  For example, when a difference is detected in PCData that is itself several lines in length the data could be subjected to a text based differencing.  Thus for documentation type tags where changes where made is different sections of the documentation, could be handled by a merge and not result in a conflict.
It appears that for most of the lists expressed in the meta-data of UML are unordered.  For example the list of classes defined in a model, the attributes of a class, list of associations between classes, and states in a state diagram are all unordered.  However, there are some where the order has meaning.  For example, the parameters of a method.  The differencing algorithms must know when the orders are significant and report such conditions.

Question:  Does the MOF UML specification contain any information that indicates if order is significant?

Note: That for these tools detecting and reporting a move condition is not needed.  Instead a move will be treated as a delete and insert.  This should simplify the algorithms.

Note:  While feasible and that this problem is a simpler case than generic XML, the task may turn out to be large.  After all one company’s sole products are targeted for differencing and merging of XML.

Source Control Systems:

Most source control systems including CVS, SCCS, RCS, and Subversion utilize the GNU diffutils algorithms and formats in order to produce differencing output and merges.

Subversion implements the diffutils algorithms internally but also provides a means to specify external programs for the diff and diff3 functions.  Furthermore, subversion supports different diff and diff3 programs to be used depending on the file extension.  The only requirement of such programs is that they conform to the command line specification of the GNU diffutils and that they produce return codes to indicate difference/no difference, success/conflicts exist, and other error conditions as defined by GNU diffutils.

Thus it is feasible that Subversion be configured to used custom diff and diff3 programs that understand XMI for UML and perform appropriate algorithms.
Magic Draw:

Magic Draw is one potential tool for developing models.  Thus before proceeding with the development of specialized diff and diff3 programs, the behavior of Magic Draw must first be examined.
To examine the behavior of Magic Draw with respect to its handling of XMI and the potential use of a source control system to manage Magic Draw XMI files, a subversion repository was created with two distinct checkout directories.  The two checkout directories therefore simulate two separate threads of change.
Magic Draw was then used to create an empty model that was which is saved as an XMI file.  The XMI file was added to the subversion repository, and then extracted into each of the checkout areas.

An empty model XMI file contains numerous entries (3500 lines) most of which (~99%) are magic draw extensions.  The UML proper portion is only 25 lines.
Opening up this empty XMI file in Magic Draw and immediately saving the file results in changes.  The header of the XMI file has an updated timestamp reflecting the last date the file was saved.  In addition numerous changes exist in the Magic Draw extensions.  All of the <propertyManagerID> and <parentPropertyManager>_ tag have changed and contain a new generated universal id like value.  Furthermore, there are <value> tags that have change with a different set of bytes expressed in hexadecimal.
As a result of the changes made by Magic Draw, opening the XMI file in each of the checkout directories, saving the file, results in conflicts.  The attempt to perform the second check in put the xmi file into a conflict state.  The conflict states as found in the file are of the following form:

<<<<<<< .mine

<XMI xmi.version='1.2' timestamp='Tue Sep 27 10:10:44 EDT 2005' xmlns:UML='omg.org/UML/1.4'>

=======

<XMI xmi.version='1.2' timestamp='Tue Sep 27 10:10:10 EDT 2005' xmlns:UML='omg.org/UML/1.4'>

>>>>>>> .r2

<<<<<<< .mine


<propertyManagerID>_9_5_1_bf902fe_1127830244551_648647_0</propertyManagerID>

=======


<propertyManagerID>_9_5_1_bf902fe_1127830076333_737089_35</propertyManagerID>

>>>>>>> .r2

<<<<<<< .mine


<propertyManagerID>_9_5_1_bf902fe_1127830244551_623143_2</propertyManagerID>


<parentPropertyManager>_9_5_1_bf902fe_1127830244551_765234_3</parentPropertyManager>

=======


<propertyManagerID>_9_5_1_bf902fe_1127830076333_466473_37</propertyManagerID>


<parentPropertyManager>_9_5_1_bf902fe_1127830076333_765704_38</parentPropertyManager>

>>>>>>> .r2
To alleviate these problems, a java program (see appendix A) was developed.  For all of these conflicts the program will simply choose to remedy the conflict by selecting the mine branch.  After applying the program to the conflict file the conflict file can be checked into source control.
IT IS ASSUMED that magic draw behavior is unaffected by arbitrarily choose the mine values over the other values.  Test to date have not shown otherwise.

The fix program is only a temporary solution to enable further examination of the potential problems.  Logic of the fix program could be applied to an XMI merge program.  Note however, such a program becomes specific to handling Magic Draw XMI.

Test of Magic Draw then proceeded by opening up the XMI from each of the checkout areas and making small changes at a time (i.e. just add a class, just add some attributes to a class, add an operation, etc).  On checking the changes into source control, the second check-in would fail.  On subsequently running the merge and then applying the fix program, the file could be checked into source control and it would contain the merged model.

If both Magic Draw sessions defined for the first time a class (i.e. no classes were previously defined)  then the following conflict was generated:
<<<<<<< .mine


<UML:Package xmi.id='eee_1045467100313_365297_7' name='Component View'>



<UML:Namespace.ownedElement>




<UML:Class xmi.id='_9_5_1_bf902fe_1127941701021_799735_0' name='Office'/>




<UML:Class xmi.id='_9_5_1_bf902fe_1127941709553_169774_1' name='Employee'/>



</UML:Namespace.ownedElement>


/UML:Package>

=======


<UML:Package xmi.id='eee_1045467100313_365297_7' name='Component View'>



<UML:Namespace.ownedElement>




<UML:Class xmi.id='_9_5_1_bf902fe_1127941634678_908856_88' name='Employee'>





<UML:Classifier.feature>






<UML:Attribute xmi.id='_9_5_1_bf902fe_1127941648428_388158_89' name='EmpName'/>






<UML:Attribute xmi.id='_9_5_1_bf902fe_1127941666021_99427_90' name='ssn'/>





</UML:Classifier.feature>




</UML:Class>



</UML:Namespace.ownedElement>


</UML:Package>

>>>>>>> .r15

This case was manually resolved by removing the <<< .mine, ====, and >>>> r.15 lines, the 2 lines preceding the ==== line and the two lines following the ==== line..  The rest of the original source lines of defined by both Magic Draw sessions are included.

This case could be handled by an XMI specific merge program.

Note that in one session the class Employee was defined and that the other session also defined a class Employee.  Since both session assigned unique xmi.id’s the result merge ended up with two classes named Employee.  Magic draw did successful open the merged XMI file and both definitions are included.

The next case was for the same Employee class, one session removed an attribute and added another.  The other session added an attribute.  

This resulted in such a large number of changes that the diff3 algorithm built-in to subversion basically failed.  The result was a conflict over the entire file with all of the lines of the second check in file in the mine section and all of the line of the first check in the other section. 

However, running the GNU diff 3 resulting is finer grain conflicts that the fix program was able to resolve.  The only outstanding conflict was:

<<<<<<< t2.xml.mine


<UML:Attribute xmi.id='_9_5_1_bf902fe_1127943040443_829067_0' name='salary'/>

=======


<UML:Attribute xmi.id='_9_5_1_bf902fe_1127943010115_464467_0' name='name'/>

>>>>>>> t2.xml.r19

Note that the delete of attribute of the first checkin was successfully merged.  The diff concluded that added items was actually a difference.  This conflict was manually resolved by removing the <<< .mine, ====, and >>>> r.19 lines

This case could be handled by an XMI specific merge program.

The next case was to change the documentation of the same attribute but different lines.  This resulted in the following conflict:

<<<<<<< .mine











<UML:Comment xmi.id='_9_5_1_bf902fe_1127945401105_860679_2' name='Test this name &#10;documentation change&#10;and stuff&#10;'/>

=======











<UML:Comment xmi.id='_9_5_1_bf902fe_1127945401105_860679_2' name='Test this name &#10;documentation&#10;and stuff&#10;and more stuff&#10;'/>

>>>>>>> .r23
Multi line documentation is translated into a character string attribute value with new lines replaced with characters &#10.  As a result the entire line is considered to be in conflict.

Question: Is replacing new lines by &#10 a standard part of XMI or is it Magic Draw specific?
The conflict was manually resolved by merging the values of the attribute by hand.

An XMI specific diff and merge tool can have significant gain in that it could to logical line by line differences with the value of the attribute.

PROBLEM:  At several time while performing incremental changes the following conflict is encountered:

<mdElement elementClass='PropertyManagerByDiagram'>


<diagramType>Implementation Diagram</diagramType>


<removable xmi.value='true'/>


<extendableByDiagram xmi.value='false'/>


<extendableByStereotype xmi.value='false'/>


<name>Implementation Diagram</name>

<<<<<<< .mine


<propertyManagerID>_9_0_be00301_1102495862296_461313_216</propertyManagerID>


<parentPropertyManager>_9_5_1_bf902fe_1128276270093_556377_34</parentPropertyManager>


<mdElement elementClass='ChoiceProperty'>



<propertyID>LINK_LINE_STYLE</propertyID>

<propertyDescriptionID>LINK_LINE_STYLE_DESCRIPTION</propertyDescriptionID>



<value>OBLIQUE</value>



<choice xmi.value='RECTILINEAR^OBLIQUE^BEZIER'/>



<index xmi.value='1'/>

=======


<propertyManagerID>_9_5_1_bf902fe_1128276256953_58717_35</propertyManagerID>


<parentPropertyManager>_9_5_1_bf902fe_1128276256953_684128_36</parentPropertyManager>


<mdElement elementClass='BooleanProperty'>

<propertyID>SUPPRESS_CLASS_OPERATIONS</propertyID>

<propertyGroup>OPERATIONS</propertyGroup>

<propertyDescriptionID>SUPPRESS_CLASS_OPERATIONS_DESCRIPTION</propertyDescriptionID>



<value xmi.value='true'/>

>>>>>>> .r23


</mdElement>

</mdElement>

<mdElement elementClass='PropertyManagerByDiagram'>


<diagramType>Implementation Diagram</diagramType>


<removable xmi.value='true'/>


<extendableByDiagram xmi.value='false'/>


<extendableByStereotype xmi.value='false'/>


<name>Implementation Diagram</name>

<<<<<<< .mine


<propertyManagerID>_9_5_1_bf902fe_1128276270093_844440_35</propertyManagerID>


<parentPropertyManager>_9_5_1_bf902fe_1128276270093_575096_36</parentPropertyManager>


<mdElement elementClass='BooleanProperty'>



<propertyID>SUPPRESS_CLASS_OPERATIONS</propertyID>



<propertyGroup>OPERATIONS</propertyGroup>

<propertyDescriptionID>SUPPRESS_CLASS_OPERATIONS_DESCRIPTION</propertyDescriptionID>



<value xmi.value='true'/>

=======


<propertyManagerID>_9_0_be00301_1102495862296_461313_216</propertyManagerID>


<parentPropertyManager>_9_5_1_bf902fe_1128276256953_118546_37</parentPropertyManager>


<mdElement elementClass='ChoiceProperty'>



<propertyID>LINK_LINE_STYLE</propertyID>

<propertyDescriptionID>LINK_LINE_STYLE_DESCRIPTION</propertyDescriptionID>



<value>OBLIQUE</value>



<choice xmi.value='RECTILINEAR^OBLIQUE^BEZIER'/>



<index xmi.value='1'/>

>>>>>>> .r23


</mdElement>

</mdElement>

At first glance this appears to be a lot of changes.  On closer examination, this difference is caused by changing the order of two descriptions.  This is in addition to changing the values for the <propertyManagerID> and <parentPropertyManager> tags.
Not sure how this is to be handled by a magic draw XMI specific merge and diff.

For now this is manually resolved by using the mine branch for the tags and the but the order of the theirs branch.

The next case was to take a model with two classes defined, for one of the classes add by each of the sessions different operations.  Each session also defined a class diagram and added one of the classes to the class diagram.  Each session added a different class.  This resulted in 3 different conflict types.
The first conflict was:

<UML:Attribute xmi.id='_9_5_1_bf902fe_1127941666021_99427_90' name='ssn'>

<<<<<<< t2.xml.mine


<UML:Attribute.initialValue>



<UML:Expression xmi.id='_9_5_1_bf902fe_1128279618646_310402_48'/>


</UML:Attribute.initialValue>

||||||| t2.xml.r26

=======


<UML:Attribute.initialValue>



<UML:Expression xmi.id='_9_5_1_bf902fe_1128279675521_85780_55'/>


</UML:Attribute.initialValue>

>>>>>>> t2.xml.r27

</UML:Attribute>

For some reason the act of adding an operation (or defining a class diagram), resulted in generating an initial value expression.  The problem is that each session did this independent of the other and as a result each session assigned its own ids.

The conflict was manually resolved by choosing the mine branch.  
Not sure how this can be handled by an XMI specific merge and diff.
The next conflict is:

<<<<<<< t2.xml.mine

<UML:Operation xmi.id='_9_5_1_bf902fe_1128279584490_241062_1' name='takeLeave' visibility='public'>


<UML:BehavioralFeature.parameter>



<UML:Parameter xmi.id='_9_5_1_bf902fe_1128279584490_302289_0' kind='return'/>


</UML:BehavioralFeature.parameter>

</UML:Operation>

||||||| t2.xml.r26

=======

<UML:Operation xmi.id='_9_5_1_bf902fe_1128279668443_581037_50' name='hire' visibility='public'>


<UML:BehavioralFeature.parameter>



<UML:Parameter xmi.id='_9_5_1_bf902fe_1128279668443_750867_49' kind='return'/>


</UML:BehavioralFeature.parameter>

</UML:Operation>

<UML:Operation xmi.id='_9_5_1_bf902fe_1128279668443_734495_52' name='terminate' visibility='public'>


<UML:BehavioralFeature.parameter>



<UML:Parameter xmi.id='_9_5_1_bf902fe_1128279668443_438351_51' kind='return'/>


</UML:BehavioralFeature.parameter>

</UML:Operation>

>>>>>>> t2.xml.r27

This was a result of adding separate operations on a given class by each session.

This was manually resolved by merging both sets of operations.

This conflict can be handled by an XMI specific merge and diff.

The next conflict was:

<<<<<<< t2.xml.mine



<mdOwnedDiagrams>




<mdElement elementClass='DiagramData' xmi.id='_9_5_1_bf902fe_1128279607474_327374_2' name='Office'>





<XMI.extension xmi.extender='MagicDraw UML 9.5' xmi.extenderID='MagicDraw UML 9.5'>






<ignoredInModule xmi.value='true'/>





</XMI.extension>





<parentID xmi.idref='eee_1045467100313_365297_7'/>





<type>Class Diagram</type>





<umlType>Class Diagram</umlType>





<mdElement elementClass='DiagramView' xmi.id='_9_5_1_bf902fe_1128279618646_990954_51'>






<elementID xmi.idref='_9_5_1_bf902fe_1128279607474_327374_2'/>






<zoomFactor xmi.value='1.0'/>






<diagramOpened xmi.value='true'/>






<diagramWindowBounds>0, 0, 926, 585</diagramWindowBounds>






<diagramScrollPositionX xmi.value='0'/>






<diagramScrollPositionY xmi.value='0'/>






<maximized xmi.value='true'/>






<active xmi.value='true'/>






<mdOwnedViews>







<mdElement elementClass='ClassView' xmi.id='_9_5_1_bf902fe_1128279612896_148282_18'>








<elementID xmi.idref='_9_5_1_bf902fe_1127941701021_799735_0'/>








<geometry>50, 51, 45, 44</geometry>







</mdElement>






</mdOwnedViews>





</mdElement>




</mdElement>



</mdOwnedDiagrams>

||||||| t2.xml.r26

=======



<mdOwnedDiagrams>




<mdElement elementClass='DiagramData' xmi.id='_9_5_1_bf902fe_1128279641287_616641_0' name='Employee'>





<XMI.extension xmi.extender='MagicDraw UML 9.5' xmi.extenderID='MagicDraw UML 9.5'>






<ignoredInModule xmi.value='true'/>





</XMI.extension>





<parentID xmi.idref='eee_1045467100313_365297_7'/>





<type>Class Diagram</type>





<umlType>Class Diagram</umlType>





<mdElement elementClass='DiagramView' xmi.id='_9_5_1_bf902fe_1128279675521_911109_58'>






<elementID xmi.idref='_9_5_1_bf902fe_1128279641287_616641_0'/>






<zoomFactor xmi.value='1.0'/>






<diagramOpened xmi.value='true'/>






<diagramWindowBounds>0, 0, 926, 585</diagramWindowBounds>






<diagramScrollPositionX xmi.value='0'/>






<diagramScrollPositionY xmi.value='0'/>






<maximized xmi.value='true'/>






<active xmi.value='true'/>






<mdOwnedViews>







<mdElement elementClass='ClassView' xmi.id='_9_5_1_bf902fe_1128279646834_966728_16'>








<elementID xmi.idref='_9_5_1_bf902fe_1127941634678_908856_88'/>








<geometry>46, 45, 73, 117</geometry>







</mdElement>






</mdOwnedViews>





</mdElement>




</mdElement>



</mdOwnedDiagrams>

>>>>>>> t2.xml.r27

This was a result of adding separate class diagrams by each session.

This was manually resolved by merging both sets of operations.

This conflict can be handled by an XMI specific merge and diff.

The next case was to add additional operations but different operations to the same class by the two sessions.  Also one session defined additional parameters for an already existing operation. This resulted in 3 different conflict types.

The first conflict was:

<UML:Attribute xmi.id='_9_5_1_bf902fe_1127941666021_99427_90' name='ssn'>

<UML:Attribute.initialValue>

<<<<<<< t2.xml.mine


<UML:Expression xmi.id='_9_5_1_bf902fe_1128282202085_646881_63'/>

||||||| t2.xml.r28


<UML:Expression xmi.id='_9_5_1_bf902fe_1128279618646_310402_48'/>

=======


<UML:Expression xmi.id='_9_5_1_bf902fe_1128282106490_321481_80'/>

>>>>>>> t2.xml.r29

</UML:Attribute.initialValue>
For some reason Magic Draw has reassigned the xmi.id for the initial value expressions of attributes.

The conflict was manually resolved by choosing the mine branch.  

Not sure how this can be handled by an XMI specific merge and diff.
The next conflict was:

<<<<<<< t2.xml.mine

<UML:Operation xmi.id='_9_5_1_bf902fe_1128282175537_911681_46' name='pay' visibility='public'>


<UML:BehavioralFeature.parameter>



<UML:Parameter xmi.id='_9_5_1_bf902fe_1128282175537_262244_45' kind='return'/>


/UML:BehavioralFeature.parameter>

</UML:Operation>

||||||| t2.xml.r28

=======

<UML:Operation xmi.id='_9_5_1_bf902fe_1128281930848_263039_16' name='promote' visibility='public'>


<UML:BehavioralFeature.parameter>



<UML:Parameter xmi.id='_9_5_1_bf902fe_1128281930848_11038_15' kind='return'/>


</UML:BehavioralFeature.parameter>

</UML:Operation>

>>>>>>> t2.xml.r29
This was a result of adding separate operations on a given class by each session.

This was manually resolved by merging both sets of operations.

This conflict can be handled by an XMI specific merge and diff.

The last conflict was:

<<<<<<< t2.xml.r28






<active xmi.value='true'/>

=======






<active xmi.value='false'/>

>>>>>>> t2.xml.r29

This conflict occurs inside of a Magic Draw extension on the diagrams.  It is a result of a different active state.

This conflict was resolved by manually choosing the mine branch.

A Magic Draw XMI diff could handle choosing the mine branch.

The next case was to have one session move a class on a diagram to another location.  The other session add a class to the diagram and move the other class.  This resulted in this conflict:
<mdOwnedViews>


<mdElement elementClass='ClassView' xmi.id='_9_5_1_bf902fe_1128279646834_966728_16'>



<elementID xmi.idref='_9_5_1_bf902fe_1127941634678_908856_88'/>

<<<<<<< t2.xml.mine



<geometry>50, 210, 153, 162</geometry>


</mdElement>


<mdElement elementClass='ClassView' xmi.id='_9_5_1_bf902fe_1128283862298_530571_33'>



<elementID xmi.idref='_9_5_1_bf902fe_1127941701021_799735_0'/>



<geometry>50, 50, 45, 44</geometry>

||||||| t2.xml.r30



<geometry>46, 45, 77, 147</geometry>

=======



<geometry>180, 30, 153, 162</geometry>

>>>>>>> t2.xml.r31


</mdElement>

</mdOwnedViews>

This conflict occurs inside of a Magic Draw extension on the diagrams.  It is a result of each session updating the geometry.

This conflict was resolved by manually choosing the mine branch.

A Magic Draw XMI diff could handle choosing the mine branch.

Difference handling of changes in just the <geometry> tag was added to the quick fix program.

Conclusions and Next Steps:

This limited study of the behavior of Magic Draw on editing XMI has shown that the update of the XMI proper is fairly well behaved and that a Magic Draw XMI specific differencing and merge tool can be developed.  However there are a couple of cases of concern.  

First case was the creation of a default value for attributes.  It is unknown what trigger this creation.  Furthermore it is unknown why the xmi.id’s for these expressions for the default values were reassigned. This can be a source of un-resolvable conflicts.  
Second case was when Magic Draw changes the order to two of its extension declarations in addition to reassign values to what appears to be identifier tags.   This can be a case where an automated resolution can be performed.  
On the second case, a test was performed to simply remove all of the Magic Draw extension declarations from the XMI model.  The XMI model was still open-able by Magic Draw and no information (other than the diagrams) was lost.  A quick resolution to the issues caused by Magic Draw may be to discard all information except for information related to the diagrams. 

With these concerns noted, it is recommended the work continue on an XMI diff and diff3 merge tools.   These tools will be Magic Draw XMI specific, but will be structured to support other tools.  In addition to developing these tools, further study of Magic Draw behavior is needed.  Such study will have two outcomes.  First it may uncover more issues to be handled.  Secondly, is will be the basis for test cases.

Estimates for tasks involved:


1) Implement XMI diff tool

25 hours*

2) Design XMI diff output format
  4 hours

3) Implement XMI diff3 merge tool
50 hours


4) Design XMI diff3 conflict format
  4 hours


5) Supervision of development
16 hours


6) Further Magic Draw study and



test case development

50 hours


* estimate for task 1 is time beyond what has been performed to date.

Assignment of tasks and costs:


David Smith
tasks 2, 4, and 5 – total hours 24 @ $ 75 /hour


Ken Estes
tasks 1 and 2 – total hours 75 @ 25 /hour


TBD (student) task 6 – total hours 50 @ 18 / hour


Estimated cost for development:  $ 4,575

Timeline:

The gating factor will be Ken Estes in developing the XMI diff and merge tools.  Ken can devote 10 hours per week.    Estimated duration for completion is therefore 8 weeks.

APPENDIX A
import java.io.BufferedReader;

import java.io.FileInputStream;

import java.io.FileOutputStream;

import java.io.IOException;

import java.io.InputStream;

import java.io.InputStreamReader;

import java.io.OutputStream;

import java.io.PrintStream;

import java.util.ArrayList;

import java.util.Iterator;

/*

 * Created on Sep 27, 2005

 *

 * TODO To change the template for this generated file go to

 * Window - Preferences - Java - Code Style - Code Templates

 */

/**

 * @author dtsmith

 * 

 * TODO To change the template for this generated type comment go to Window -

 * Preferences - Java - Code Style - Code Templates

 */

public class QuickDiffFix {

    private BufferedReader inReader;

    private PrintStream printer;

    final private int NORMAL = 0;

    final private int MINE = 1;

    final private int OLD = 2;

    final private int THEIRS = 3;

    private int mode;

    private ArrayList mine;

    private ArrayList old;

    private ArrayList theirs;

    public QuickDiffFix(InputStream in, OutputStream out) throws IOException {

        inReader = new BufferedReader(new InputStreamReader(in));

        printer = new PrintStream(out);

        mode = NORMAL;

        mine = new ArrayList();

        old = new ArrayList();

        theirs = new ArrayList();

    }

    public int run() throws IOException {

        String line;

        int errorCode = 0;

        while ((line = inReader.readLine()) != null) {

            // look for a conflict markers and change state

            if (line.startsWith("<<<<<<<")) {

                mode = MINE;

            } else if (line.startsWith("|||||||")) {

                mode = OLD;

            } else if (line.startsWith("=======")) {

                mode = THEIRS;

            } else if (line.startsWith(">>>>>>>")) {

                // These are the quick fixes

                // Use mine for the timestamp

                if (mine.size() == 2

                        && mine.get(1).toString().trim().startsWith(

                                "<XMI xmi.version='1.2' timestamp='")

                        && mine.get(1).toString().trim().endsWith(

                                "' xmlns:UML='omg.org/UML/1.4'>")) {

                    printer.println(mine.get(1));

                    // Use mine for any <value>00 00 00 </value>

                } else if (mine.size() == 2

                        && isValueHex(mine.get(1).toString().trim())) {

                    printer.println(mine.get(1));

                    // Use mine for any geometry changes

                } else if (mine.size() == 2

                        && mine.get(1).toString().trim().startsWith(

                                "<geometry>")

                        && mine.get(1).toString().trim()

                                .endsWith("</geometry>")) {

                    printer.println(mine.get(1));

                    // Use mine for any propertyManagerID 

                } else if (mine.size() == 2

                        && mine.get(1).toString().trim().startsWith(

                                "<propertyManagerID>")

                        && mine.get(1).toString().trim().endsWith(

                                "</propertyManagerID>")) {

                    printer.println(mine.get(1));

                    // Use mine for any parentPropertyManager

                } else if (mine.size() == 2

                        && mine.get(1).toString().trim().startsWith(

                                "<parentPropertyManager>")

                        && mine.get(1).toString().trim().endsWith(

                                "</parentPropertyManager>")) {

                    printer.println(mine.get(1));

                    // Use mine for any propertyManagerID and parentPropertyManager in consecutive lines

                } else if (mine.size() == 3

                        && mine.get(1).toString().trim().startsWith(

                                "<propertyManagerID>")

                        && mine.get(1).toString().trim().endsWith(

                                "</propertyManagerID>")

                        && mine.get(2).toString().trim().startsWith(

                                "<parentPropertyManager>")

                        && mine.get(2).toString().trim().endsWith(

                                "</parentPropertyManager>")) {

                    printer.println(mine.get(1));

                    printer.println(mine.get(2));

                    // We still have a conflict

                } else {

                    errorCode = 1;

                    // print out the held buffers

                    printMineOldAndTheirs();

                    // Still must print the closing line for this case

                    printer.println(line);

                }

                // Reset mode and lists

                mode = NORMAL;

                mine.clear();

                old.clear();

                theirs.clear();

                // DONT print this line, just continue

                continue;

            }

            // print the line or buffer it according to state

            if (mode == NORMAL) {

                printer.println(line);

            } else if (mode == MINE) {

                mine.add(line);

            } else if (mode == OLD) {

                old.add(line);

            } else if (mode == THEIRS) {

                theirs.add(line);

            }

        }

        if (mine.size() > 0 || old.size() > 0 || theirs.size() > 0) {

            // Just in case there is an error in the mine old theirs section.

            // Print the sections

            // In normal case this should not do anything

            printMineOldAndTheirs();

            errorCode = 2;

        }

        return errorCode;

    }

    private void printMineOldAndTheirs() {

        for (Iterator iter = mine.iterator(); iter.hasNext();) {

            printer.println(iter.next());

        }

        for (Iterator iter = old.iterator(); iter.hasNext();) {

            printer.println(iter.next());

        }

        for (Iterator iter = theirs.iterator(); iter.hasNext();) {

            printer.println(iter.next());

        }

    }

    private boolean isValueHex(String line) {

        if (!line.startsWith("<value>") || !line.endsWith("</value>")) {

            return false;

        }

        line = line.substring(7, line.length() - 8);

        String[] values = line.split(" ");

        for (int i = 0; i < values.length; i++) {

            for (int ci = 0; ci < values[i].length(); ci++) {

                switch (values[i].charAt(ci)) {

                case '0':

                case '1':

                case '2':

                case '3':

                case '4':

                case '5':

                case '6':

                case '7':

                case '8':

                case '9':

                case 'a':

                case 'b':

                case 'c':

                case 'd':

                case 'e':

                case 'f':

                    break;

                default:

                    return false;

                }

            }

        }

        return true;

    }

    public static void main(String[] args) {

        QuickDiffFix diffFixer;

        try {

            if (args.length == 0) {

                diffFixer = new QuickDiffFix(System.in, System.out);

            } else if (args.length == 1) {

                diffFixer = new QuickDiffFix(new FileInputStream(args[0]),

                        System.out);

            } else {

                diffFixer = new QuickDiffFix(new FileInputStream(args[0]),

                        new FileOutputStream(args[1]));

            }

            int errorCode = diffFixer.run();

            // If we still have conflict or encountered and error return that

            // code.

            if (errorCode != 0) {

                System.exit(errorCode);

            }

        } catch (IOException e) {

            // TODO Auto-generated catch block

            e.printStackTrace();

            System.exit(3);

        }

    }

}

