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Abstract:

Software development requires the aid of many development tools to accomplish different
tasks. It is impossible that all the tools are available or supported by an integrated
devel opment environment.

Based on Jini network technology, we propose a distributed software development platform
for software development tools. Tools can be plugged into the platform dynamically and
become members of distributed development environment.

Besides, we will also address the lack of support for real-time collaboration on current
distributed systems. This project, we will extend a single user UML modeling tool to support
real-time collaboration, as one of the tools of the propose development environment.
Integration of the collaborative UML editor into the platform will also help to validate the
functions of the propose system.

The result of the project is a distributed development environment, which contains a
collaborative UML editor using versioning algorithm.

2 0f 95



Department of Computing

Acknowledgement

I would like to give my sincere thanks to my project supervisor, Dr Stephen Chan, who gave
me genuine support and valuable advice throughout the development process of the whole
project. He has been gentle and provided comments on the project so that | could finish the
project smoothly.

I would also like to give my special thanks to my project co-examiner, Dr Jane Wong, for

spending her valuable time on this project.

Last but not least, | would like to express my appreciation to my families, classmates, friends
and those who supported my work in intangible ways.

3 Of 95



Department of Computing

Table of Contents

Abstract: 2
Acknowledgement 3
1. Introduction 9
1.1 Problem statement 9
1.2 Proposed system 9
1.3 Objectives 10
1.3.1 Infrastructure implementation 10

1.3.2 Collaboration support on devel opment tools 10

2. Literaturereviews 11
2.1 Revision of related works 11
2.2 Relavent previous projects 12
2.3 Proposed approach 14

3. Technology to evaluate 15
3.1 XML Metadata Interchange(XMlI) 15
3.1.1 Advantages 16

3.1.2 Disadvantages [36] 17

3.1.3 Summary 17

3.2 Evaluation of different collaborative algorithms 18
3.2.1 The different consequences of using locking or versioning[1] 18

3.2.2 Example to show the advantage of versioning enable system[2] 19

3.2.3 Summary 19

3.3 Jini network technology 20
3.3.1 Advantages of using Jini 20
3.3.1.1 The problems of existing network architecture 20

3.3.1.2 How jini helpsin these problems 21

3.3.2 Summary 22

4. Proposed collaboration algorithm 23
4.1 Concept of the proposed algorithm 23
4.2 Detailed implementation plan 26
4.3 Other references 27

5. Implementation 28
5.1 The architecture of ArgoUML [37] 28

4 Of 95



Department of Computing

5.1.1 Detailed description
5.1.1.1 GEF: [21]
5.1.1.2 NSUML: [23]
5.1.1.3 JMI (Java Metadata Interface) [24]:
5.1.2 The functions of the main packages
5.1.3 ArgoUML data structure
5.2 Prototype
5.2.1 Overview of the prototype design
5.2.2 Problems encountered in the prototype
5.2.3 Solutions of the problems
6. Event sharing approach on software collaboration
6.1 Overview
6.2 Implementation details
6.3 The Class diagram of event sharing
6.4 Conclusion
7. UML data structure sharing at ArgopUML
7.1 Reasons for using a other approach in models sharing
7.2 Detailed steps of model sharing
7.3 Class diagram of UML data structure sharing
7.4 Comparison of event sharing and data structure sharing
8. New versioning algorithm
8.1 The problems of proposed approach
8.2 How CVS resolves conflict
8.2.1 Overview
8.2.3 The action diagram of the flow
8.2.4 CVS Experience with SunOS 4[26]
8.2.4.1 Overview
8.2.4.2 Scalablity of CVS
8.2.4.3 Conclusion — The algorithm of CVS is suitable for us
8.3 The new versioning algorithm
8.3.1 Overview
8.3.2 The action diagram of the flow
8.4 Problems encountered
8.5 Screen shot of a model with conflict items
8.6 Conclusion

30
30
31
32
33
36
37
37
37
38
39
39
39
40
41
43
43
43
45
45
46
46
47
47
48
49
49
49
50
51
51
53
54
55
59

50f95



Department of Computing

9. Experience of enhanced public domain software
9.1 Advantages of enhancing existing software
9.2 Disadvantagse of enhancing existing software
9.3 The consideration of choosing tools
10. Conclusions of the project
10.1 Evaluation of extendeding ArgoUML
10.2 Evaluation of XMl file format
10.3 Evaluation of versioning collaboration methodol ogy
10.4 Evaluation of using Jini
11. Furthur Enchancement
11.1 New Design of the collaborative UML editor
11.2 Further improvement of the collaboration architecture
11.3 The Improvement of versioning algorithm
12. Reference:
13. Appendices
13.1 Code snippets of core component
13.1.1 Code snippet of event sharing
13.1.1.1 Client side event sending example
13.1.1.2 Client side receive event example
13.1.2 Code snippet of features sharing
13.1.2.1 The thread periodic run to send model
13.1.2.2 The merge of the details of the objects
13.1.3 Code snippet of new versioning algorithm
13.2 Introduction to CVS
13.2.1 What is CVS?25]
13.2.2 Basic ideas behind CVS
13.2.3 Getting dightly more complex: multiple developers
13.2.4 Fighting for control: merge conflicts
13.2.5 Checkout: the missing link
13.2.6 Conclusion

60
60
60
61
62
62
63

65
66
66
66
67
68
71
71
71
71
72
73
73
75
81
87
87
87
89
91
93
94

6 Of 95



Department of Computing

list of figures

Report Header 1
The screen shot of Jedit in Linux, atypical IDE extended from an editor. 11
The screenshot of NETborne, an applet base IDE. 12
The screenshot of the collaboration UML editor. 13
Open interchange with XM| 15
Visual Age, Oracle repository and Unisys UREP work together with XMI 17
An classic diagram of TCP network to work with network failure 20
The flow diagram of jini architecture 21
Example: The system try to merge 2 version with conflict. 24
Case 1 of conflict: slave copy delete some required for master copy 24
Case 2 of conflict: master copy delete some required for slave copy 25
The system architecture of first version of versioning engine 25
The architecture of ArgoUML 28
Screenshot of ArgoUML 29
Therelation of ArgoUML and GEF 30
How GEF, NSUML and ArgoUML work together 31
ArgoUML detail plane classes. 34
ArgoUML tree plane classes. 35
The relationship of GEF and NSUML is usually one to one. 36
UML enumerations and NSUML classes 36
Class diagram of event sharing 40
Collaboration diagram using event sharing 42
Use case diagram using event sharing 42
State diagram using event sharing 42
Class diagram of model sharing 45
Table 1: cvs statistics 49
Table 2: cvs usage history for the kernel 49
Screen shots of conflict occur.model 55
Example of collaboration editing 1 55
Example of collaboration editing 2 56
Example of collaboration editing 3 56
Example of collaboration editing 4 57

7 Of 95



Department of Computing

Example of collaboration editing 5

Example of collaboration editing 6

Example of collaboration editing 7

The output of XMLEncoder of JDK 1.4

The relation of repository and working files

Multiple user editing one document with CVS

The “Copy-Modify-Merge” flow diagram of CVS

The “Copy-Modify-Merge” flow diagram with conflict resolve of CVS

57
58
58
63
88
89
90
93

8 Of 95



Department of Computing

1. Introduction

1.1 Problem statement

There are some problems in the current Integrated development environment:

1) No IDE canprovideall featuresthat satisfyeverydeveloperThis is the normalcasethat
developers have to change their develop practice according to the IDE used. This make the
development time longer.

2) In addition,mostof modernIDE tools are standalonat local areanetwork. This leadsto
location limitation. For example,the usersneedto download and install the program
locally, which is very inflexible. Besidesnowadayshe developemeedto work on many
differencemachinesand work on large numberof tools, maintainsthesetools on many
machines need extra administration.

3) Besidesmostof thesetools do not supportreal-timegroupwork communicationwhich
deduce the productivity of the team.

1.2 Proposed system

The proposedsystemis an online distributeddevelopmenenvironmentin orderto break

down the location boundary in software development.

1) There are somefundamentalproblemswith today'snetwork programmingarchitecture,
which doesnot fit in the distributedcomputingenvironment.For example,the protocol
oriented communication is a not object oriented, non-standardways of network
communication;lack of failure handlingand resourceallocationis other problems.Sun
Microsystemhaveproposed jini networktechnologyto solvetheseproblems[5]Jini is a
more distributedenvironmentready network programmingarchitecturewe will discuss
more later. The proposed system will be based on this programming model.

2) The systemis open.It meansthat it facilitatesfor integratingdifferent tools, which is
developedy differentparties,in adynamicalway. In anothewords,the proposedsystem
will focuson investigatingthe possibility on developinga frameworkfor distributedtools
integration.

3) Real-timecollaborationis also a big challengein distributedcomputing.The proposed
systemwill supportcollaborativedevelopmentvork in the Internetenvironmentoy using
multi-version currencycontrol (MVCC) techniquein the project, we will discussmore
about the advantage of MVCC later.
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1.3 Objectives

The projects will focus on developing a distributed development environment for Java
Application. The main goal is a network base, dynamic and loosely coupling development
environment. Which contains the following feature:

1.3.1 Infrastructureimplementation

The project will make use of some open source development environment component such as
a UML editor, text editor and compiler to migrate into a set of jini service. Then, we will
build some infrastructure level components so that the system will be easy to extend and plug
other component dynamically (i.e.: without restart/reload). The next step is implement a
generic user interface framework and a human searching component framework. Our fina
objective is building a framework for developer easy to separate the model and view. As well
as users can easy to find and use the tools. And the model stays at the network and shareable
to the others.

1.3.2 Collaboration support on development tools

Collaboration support is an important feature for multi-user application. A standalone UML
editor will be modified to become a collaborative multi-user application, then try to develop a
generic collaboration framework base on this. Versioning technique will be used.

From database systems experience, locks are the slower mechanism used to maintain
concurrency control and data consistency. Multi-version model become a more popular
technique in implementing database concurrency control. For example, in PostgreSQL, a
version is like a snapshot of the data at a distinct point in time. The current version of the data
appears whenever users query a table. Naturally, a new version appears if they run the same
guery again on the table and any data has changed. Such changes happen in a database
through UPDATE, INSERT, or DELETE statements. Thus, performance is much better by
eliminating the unnecessary waiting in locking.

My group consist of 2 member, | will focus on the collaboration support and my partner will
focus on the infrastructure implementation.

10 Of 95



Department of Computing

2. Literaturereviews

Before the system design and implementation, we have reviewed some other related works
and projects. Here is the projects and approaches we have reviewed and considered.

2.1 Revision of related works

One approach is build the project from scratch, with reference from existing developments
environment. The code of some existing opensource IDE like netbeang[6] and jedit[7] are
reviewed. Then base on this to evaluate if we can build similar but smaller project. However
there are 2 problems. It is found that if the project develop from scratch, the project is
probably a duplication of other development environment. Besides, there are so many basic

components need to implement, there are not enough time to do this.
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The screen shot of Jedit in Linux, a typical | DE extended from an editor.
Besides, most of the exist development environment are not accessible from the network. i.e.:
Most of the components are bounded to the development environments statically, and the
development environment is not able to run without any of the components. The user need to
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download and install most of the component to the client machine. But the proposed project
is highly distributed that no similar implementation can be a reference. Thus this approach is
rejected.

2.2 Relevent previous projects

Ancther approach is to develop the project base on some existing project. There are some
opensource program are reviewed, like NETborne[8]. NETborne is an applet IDE using
client-server architecture, which is better fit in our project, and there are some nice features.
However, after investigating more about this tools, some problem are found:

« The author of this program need us to share the our result to him and he does not have
licensing his program yet. So thereis potential licensing issue of using this tool.

+ Most features of NETborne is not related to the proposed system, like applet-serviet
communication protocol of IDE. Other than that, some design problem are found (no
package, duplication between disk storage and database storage without sync.)

- jini do not use traditional client and server architecture. The traditional client-server
architecture is not suitable for the proposed projects, we will discuss the advantages of jini

in the later section.

NETborne

S
5|
o Mava

L B EE T

The screenshot of NETborne, an applet base | DE.
Other than public available opensource program, Some past final year projects are reviewed.
For example, a collaborative uml editor[9]. This software allow multiple users edit a single
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UML class diagram in same time. It is a very good project, however, it suffer from some
limitation that we can make use of this.
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The screenshot of the collaboration UML editor.

« The uml editor cannot extend without a heavy work, mostly because the source is highly
coupling which it is hard to identify a code to edit.

- The system also use client and server architecture using RMI method call. Which is hard
to port to jini.

- The system use locking as collaboration methodology but we would like to use versioning.
Changing locking base communication code to versioning base communication code is
another problem.
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2.3 Proposed approach

After reviewing several difference tools and technology, the final decision is extending
ArgoUML[22] to have versioning supports. The reason are follow:

1) The tools/techniqgue must be ready for distributing environment, as computer network
because larger and larger scale that we should build our system ready for distributing
environment for the future, and ArgoUML have highly modularized structure that enable
meto port it as a distributed tools

2) ArgoUML is an opensource project have a strong community supports, this is a high
volume list. We believe that we can benefit from this.

3) Thisis the most advance open source UML editor available, receive good comment from
the press[10].

4) This tools save the UML in a XML format call XMI which save much of our work for
save our work.

5) This tools provide fully support in UML editing, so the project can concentrate on the
collaborative support without wasting time of UML editing, which is the core of our
projects. Hopefully we can have better collaboration support finally.

After the implementation, we will discuss the advantages and disadvantages of using
ArgoUML in the project.

14 Of 95



Department of Computing

3. Technology to evaluate

In this project, there are some technology of this topic will be evaluated, we will find out is
these technology suitable for future projects. Here is the brief introduction of these

technology.

3.1 XML Metadata | nterchange(XM1l)

XMl is an very important technical specification of UML editing, because OMG, the biggest
object oriented standard maker, only recommend XMI to archive UML. The software design
diagram can be interchanged between difference modeling tools via XMI. Besides, XMI is
that standard propose by OMG, and supported by most UML modeling toolg[12].

Software
Assets
Repository
¥ "
o Repores

Open interchange with XMI. 6 bridges written by 6 vendors

Open interchanged with XMl

XMI integrates three key industry standards:[36]

1. XML - eXtensible Markup Language, a W3C standard

2. UML - Unified Modeling Language, an OMG modeling standard

3. MOF - Meta Object Facility, an OMG metamodeling and metadata repository standard
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3.1.1 Advantages
XML format provide the following benefitg 15]:

1

Object model archive is hard to manage, because java object archive can only be managed
when serialize back to object in memory. That mean object model archive cannot be
managed without java.

Even after serialize back to object in memory, the structure of that object is unknowns. It
need to cast back to exactly type manually, the original type need to be recorded first, in
most case, it is easy to make mistake.

There are many support tools on XML that help us the manage the data format, like XML
data store.

There are existing tools that analysis XML. These can be used to analysis XMI design. For
example there are some existing tool help us to extract some tag content, which can be
used to extract al the comment of the project.

XML isapopular technology that most developer familiar with.

When compare with other similar XML format, like UXF[12] and uml-xchange[13]. XMI
have the following advantage:

1

XMl is adopted in more applications by more vendor support XMI, like IBM, oracle,
togetherJ and ArgoUML, which make our resulting application can communicate with
more program. Even UXF author agree that XMI is the mainstream

None of the above full support complete UML 1.4 specification, Fully support open
standard isimportant, because this make our application extendable.

XMl is readily port to other format through XSLT, project is existed on transferring XMl
to HTML[14].

A diagram of how XMI have IBM Visua Age, Unisys UREP and Oracle respostory work
together, show the scalability of XMI:
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Visual Age, Oracle repository and Unisys UREP work together with XMl

3.1.2 Disadvantages [ 36]
Nothing is prefect, so as XMI, in fact there are some problem of using XMlI:

1. XMI do not contain any information of how the UML diagram display, it only concern the
structure of UML diagram, because this is the part that XMI address. However, this bring
many problems in real use. For example, if 2 UML modeling tools use difference way to
store the presentation, the design diagram cannot share between these 2 tools.

2. Itistoo complicated to learn, the specification of XMl is very long, so this may not be a
good choice of final year project. May be some smaller specification like UXF is better.

3. Unlike Java, Rational does not release a standard validation test suit to valid XMI. In fact,
difference vendor have difference validation tools, IBM have it own XMl toolkits,

Rational Rose have it own XMI plugin. This may cause possible incompatible.

3.1.3 Summary

In this project, other than using ArgoUML, the system will also using NSUML package, an
opensource UML metamodel. This package fully support the important software design meta
method standard, e.g.: MOF, XMI and JMI. We will explain this package morein later
section. After the implementation of the project, we will make a conclusion of isit good to
use XMI in the under-graduate projects.
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3.2 Evaluation of different collaborative algorithms

Some one will refer locking to pessimistic approachesand versioning to optimistic
approaches. Here is a reference that explain the difference very detail:

3.2.1 The different consequences of using locking or versioning[1]

The locking approachis good for keepingmodel valid, but can be perform very bad for
concurrency Especially,it guaranteeshat that no 'lost updates'occur, becausehe editing
model will be locked to prevent other to update. However, the poor performanceof
concurrency is a side effect.

The canbea seriousproblembecauset is possiblethatan userhold the lock of the objectfor
a unexpectedong time. Thereare manyreasondor this, oneis the userreally needto edit
that objectfor a long time. However,the really problemis this canbe a resultsof common
unexpectedituation,e.g.: The usereditinga modelatfirst, but whenthe office time finish, it
is very easyfor the developerto forget to releasethe lock before leaving office; another
problemis if the client have beenkilled for somereasonsthe systemmany hold the lock
forever, may be the server need to restarted to fix this.

Of course thesecanbe solvedby settinga timeoutof locking, however,the other potential
problemis deadlock, which is a very commonproblemin concurrencysystem,especially
whendoing a batchjob. | do not planto explaindeadlock in this text very detail, thereare
many papers to discuss this. In fact, the past UML modeling tool[9] is a very good reference.
Soit is very clearthatlocking may havemanyproblemswyhenthe systemwork in a big scale
system.

The versioningapproachaim to solvethe problemof locking, becauset do not needto lock

any object. However,the problemis we needmore complexalgorithm to keepthe model

valid. The "versioning" definition usually saysthat expectation®f updateclashesarerare,

butin factit is anormaloccurrence a high accessystem.The basicsarethatany changes
betweentime of accessaandtime of updatemustbe detectedandtakeninto account.This is

often doneby comparingtimestampsbut one must be sure that the timestampis always
changed for an update/commit. Will discuss the versioning algorithm more later.

18 Of 95



Department of Computing

3.2.2 Example to show the advantage of versioning enable system[2]

Quoted from reference, it is a simple example of selecting data from one table shows the
difference between traditional row-level locking and multiple versioning concurrency control
(MVCC) powered database management system:

SELECT headlines FROM news items

This statement reads data from a table called news items and displays all the rows in the
column called headlines. For data systems that use row-level locking, the SELECT statement
will not succeed and will have to wait if another user is concurrently inserting (INSERT) or
updating (UPDATE ) data in the table news items. The transaction that modifies the data
holds a lock on the row(s) and therefore all rows from the table cannot be displayed. Users
who have encountered frequent locks when trying to read data know the frustration this
locking scheme can cause, forcing users to wait until the lock releases.

In MV CC enable DBMS, however, users can aways view the news_items table. There is no
need to wait for alock to be released, even if multiple users are inserting and updating data in
the table. When a user issues the SELECT query, PostgreSQL displays a snapshot,or version,
of all the data that was committed before the query began. Any data updates or inserts that are
part of open transactions or were committed after the query began will not be displayed.

3.2.3 Summary

As collaborative UML editor using locking algorithm aready done in past final year project,
this system will focus on versioning support of UML editing. After the implementation of the
project, we will make a conclusion of is it good to use versioning agorithm in the under-
graduate projects.
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3.3 Jini networ k technology
3.3.1 Advantages of using Jini

For more information abouthow Jini help in the developmenenvironment pleaserefer to
my partnels report[38]. Here only the benefit that jini bring to usein the collaborative
system.

3.3.1.1 The problems of existing network architecture

The existing client server architecture is not suitable in large scale system

1. Whenthesystenrequireto modela oneto manyor manyto manycommunicationclient-
serverarchitecturerequirethe programmeigroup many oneto one connectiondo model
the system For example if we wantto modela systemhaveoneserverandmanyclients,
we needto keepa list of socketconnectionn theserver.If we needto modelandmanyto
many connectionsystemwe needto havea groupsof oneto many connectionto handle
them. For some complex network architecture,it is hard to model and hard for the
maintainer to understand the system.

2. Lack of persistencesupport.If a client sendsomethingto the server,the serverneedto
handleit now. If the serverarebusy,the client needto wait for the server.A moreworse
case is the server will deny the request of the clients.

3. Possiblefor dead-lock.Refer back to 1), if the server maintaininga list of client to
communicatebecauseheremay be 2 client call the serverin sametime. The servemeed
to synchronizesomemethods,the synchronizationblock may have dead-lockor other
performance problems occur.
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3.3.1.2 How jini helpsin these problems

Here is the diagram show how jini work.

Discover

@ Network service discovers
available lookup services (LUS) @
Join
MNetwork service sends
sérvice proxy to LUS

@ Discover
Network client discovers
available LUS
Lookup
@ Network client sends a request
to LUS to find desired services

Receive
LUS sends registered service
proxy to network client

Use
Network client interacts directly with
network service via service proxy

The flow diagram of jini architecture

1. Jini have avery clear way to model network architecture. In jini, everything is service, the
user do not need to build any network connections in order to communicate with other
network component. Everything now are managed by the lookup service. If you want to
communicate with other network component, you just need to find it from lockup service,
then get the proxy of the service and work with it. It work mostly same with the local
component, SO we are more easy to model and understand a large system.

2. Jini provide default persistence support in the network, javaspace. The server do not need
to response to request immediately, the client is not need to wait for server response. In
java space, the clients can put an item to space and let the servers handle any time he like.
If the server do not manage that item for a long time, jini leasing service will free the
resource automatically.

3. Jini can prevent dead-lock problem in many way because of the help of javaspace. In
response to the last example, when 2 client try to communicate with the server in same
time, the servers do not need to synchronize any method. Because the clients do not
communication directly to the server, the clients just put the items into javaspace and the
server just pick them up and handle them and put it back to javaspace. Y ou can think now
there are no server, everything is clients that work with the persistence javaspace. This
architecture simplify many programming problems.

In fact, the boardcast of the versioning engine mentioned in later section will make use of this

architecture, we will show it later.
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3.3.2 Summary

Jini sound great, it seen to be a very robust network infrastructure that solve most networking
problem, but is it really that perfect? The system will build on top of jini, after the
implementation, we will find out the good and the bad of using Jini, and is it good to use in

an under-graduate project.
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4. Proposed collaboration algorithm

After designingthe approachof this project, next step is to figure out a algorithm of
versioning collaboration. The first collaborative algorithm was inspired from “Efficient
Version Model of Software Diagrams”[3] and flexible object merging framework’[4].

4.1 Concept of the proposed algorithm

“An Efficient VersionModel of SoftwareDiagrams”havepresentanideaof how to model
the diagramsand the modificationsof the diagramsin Mathematicsvay, where®A flexible
objectmergingframework” introducewhenwill conflict ariseand how to resolvein simple
data.

Summarize the above idea from the papers and get the following Versioning algorithm:
1. Model UML and modification into some data structure according to [3]

2. The system will consist of a versioning engine and a master copy that is always valid.

3. Thedifferenceclientswork on sameUML diagramwill mergethedatastructureof it with
the mastercopy for every operation.The systemwill identify if there are any conflict
before merge 2 difference diagram.

4. We find that conflict is actually someoperationbreakthe dependence[4] betweenitem,
e.g.:class | extend class Il, if dave copy have an action to delete class I, then the
inheritance relationship between class | and class |11 is broken.

5. Considerthefollowing example thereare?2 clients,A andB modify someclassdiagram.
Originally that classdiagramconsistof aninterfaceanda classimplementthat interface,
ImplClass.Client A try to extenda child classfrom ImplClass;meanwhileclient B try to
deletesimplClass.conflict arisein this casebecauseA copy and B copy cannotmerge
together

230f95



Department of Computing

- Mamer copy
ukarface | - it Jaea
-
; .
i - B akt
H
i PewsomA edit " T —
i
L S
B ——— 7
[miterface .{ Tl ase ‘ d { mwitedf ace

Slawe copy A

An example of conflict arises

If there is not conflict, the system will merge the UML diagram of master copy and client

copy (slave copy), then update both copy to the latest version. If conflict find the system will

take the do take some action that prevent the master model being corrupted. The conflict can

be resolved into 2 category:

1) Slavecopydeletessomeentitiesrequiredfor mastercopy— We canjust reject the client
modification and as the client to restore to trginally state.
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Case 1 of conflict: slave copy delete some required for master copy
2) Mastercopydeletessomeentitiesrequiredfor slavecopy— In the casewe needto recover
the component that client need and then merge 2 diagram.
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Case 2 of conflict: master copy delete some required for slave copy
The big picture the of the system isfollow:

1 ¥ |} L
ek comemeis a ) ErsIon ]
1 —_—
odified ©opy e . Engine o —
i e Ched B mshe " o E
Succeed or fallT——— M amer coperi=
Tepositbory

E - 3
T

Slawe copyin

chert sade)

The system architecture of first version of versioning engine

The above algorithm can be extended from object-object relationship to object-features
relationship and features, because there are dependence relationship of object and features.
e.g.. every operations depend on some class, we can forbid or recover delete an object that
have one or more operation depend on it; we can also forbid or recover a operation that have
any other operation inheritance relationship with this. We can do all these with the same
algorithm as stated above.
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4.2 Detailed implementation plan

1
2.

Usejust one model.

One server that owns the model and diagrams, the master copy. The server consist of a
versioning engine that guaranteesit isvalid at all times.

All clients work against the same model and diagrams, but having their own copy on the
UML modeling tool instance.

Clients do modifications of the model or diagrams and show views of the model. A
interface needs to be defined that can get al needed information from the model and
diagrams for the client to merge it copy to the master copy. The interface must aso
contains methods to modify the master copy.

Every modifications initiated by the client will merge with the master model. The
modification can fail with errors like: Operation cannot be removed - it does not exist (i.e.
some other client just removed it), or Operation cannot be added - Class does not exist (i.e.
some other client just removed it). All these kinds of errors must be defined in the
versioning engine. All errors will have 2 handler, because there are 2 kind of conflict,
slave delete master required and master delete slave required.

The default case of error handling is reject the client of the client. If the versioning engine
encounter some cases cannot handles. It will reply something like: "You cannot do that
because somebody else just did something that made your modification impossible.”
Where something is the most recent modification, and somebody is the client name do that
modification.

If there is no conflict, master copy will merge with the change of client copy, then the
clients UML modeling tool will get a copy of master copy and replace the local copy.
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4.3 Other references

Here is some other paper about thistopic reviewed for future reference, but they are not used
because:

1. They are not easy to merge with the algorithm discussed.

2. Thealgorithm isvery complex and not suitable for real time collaboration.

Abstract State MachinessUML State Machineg 16]
ASMs are used to give semantics for UML state machines, as a basis for constructing an
automated tool for verifying properties of UML state machines.

UMLAUT: an ExtendiblesUML Transformation Framework[17]
UML Transformation Framework alowing complex manipulations to be applied to a UML
model

Modeling Versionsin Collaborative Work[18]
Discuss a basic version model a domain model capturing the idea of a version and the

relationships between versions

Version control for asynchronous group work.[19]
This paper looks at the issue of version control comparing single and multiple user situations.
The aim is to focus on requirements for version control that will assist asynchronous

distributed group writing.

vUMLI[20]

VUML is atool that automatically verifies UML models, UML validation is very important
in our project so | take reference from this. However, the mechanism of this papers is too
complicated that do not suitable for use.
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5. Implementation

Before implementation, we need to understand the flow and structure of the UML modeling

tools, ArgoUML, first. Here is a brief overview of the internal structure of ArgoUML.

Besides, ArgoUML is a highly modularized UML editor. Personally speaking, | learn many

on studying this system, so | will spend a part in the report to explain the structure of

ArgoUML, aswell asthe core components of this ArgoUML.

5.1 The architecture of ArgoUML [37]

» GEF - Graph editing framework, model the components in nodes and edges and | et user

edit.

+ NSUML - UML meta-model implementation, contain the underlying UML structure and

Xmi converter

« Swing - build the GUI component
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The architecture of ArgoUML
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Screenshot

Here is a screen-shot of ArgoUML.

Top left: a hierarchical view of the current project file.

Upper right: editor(s) for the selected part of the project, in this case a class diagram.
Bottom left: the designer's "to do" list.

Bottom right: details of the selected object in the diagram or the selected "to do" item.
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Screenshot of ArgpUML
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5.1.1 Detailed description
5.1.1.1 GEF: [21]

- A smple, concrete design that makes the framework easy to understand and extend.

» Node-Port-Edge graph model that is powerful enough for the vast majority of connected
graph applications.

» Mode-View-Controller design based on the Swing Java Ul library makes GEF able to act
as a Ul to existing data structures, and also minimizing learning time for developers
familiar with Swing.

- High-quality user interactions for moving, resizing, reshaping, etc. GEF aso supports
several novel interactions such as the broom alignment tool and section-action-buttons.

- Generic properties sheet based on JavaBeans introspection.

»  XML-based file formats based on the PGML standard (soon to support SVG).

Here is adiagram to show how ArgoUML relate to GEF:

W[ T | W e e D

ey BH i ey s

'

B o P

Therelation of ArgoUML and GEF
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5.1.1.2 NSUML: [23]

NSUML (Novosoft metadata framework) is based on IMI specification and generated classes
that are required by JMI specification and also provides additional services like event
notification, undo/redo support, XM support. NSMDF islocal in-memory implementation.

This package also provide code generated from UML 1.4 metamodel. Which could be used
for constructing applications based on UML 1.4.
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How GEF, NSUML and ArgoUML work together
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5.1.1.3 JMI (Java Metadata I nterface) [24]:

The JavaTMMetadatdnterface(JMI) Specificiationimplementsa dynamic,platform-neutral
infrastructurethatenableghe creation,storageaccessgdiscovery,andexchangef metadata.
JMI is basedon the Meta ObjectFacility (MOF) specificationfrom the ObjectManagement
Group (OMG), anindustry-endorsedtandardor metadatananagemenfThe MOF standard
consistf abaseUML modelanda setof interfacedefinition languageIDL) interfacesThe
MOF specificationprovidesa programmingmechanisnthat allows applicationsto querya
metamodeht run time to determinethe structureand semanticof the modeledsystem.JMI
is a Javatechnologymappingof the MOF IDL interfacesthat will allow Javacomponents
andapplicationgo accesandmanipulatemetadataUsing JMI, applicationsandtools which
specify their metamodelaising MOF-compliantUML can have the Javainterfacesto the
modelsautomaticallygeneratedFurther,metamodeland metadatanterchangevia XML is
also automatically enabled by JMI's use of the XML Metadata Interchange (XMl)
specification.

Advantages of IM|

JMI will increasethe adoptionof standards-basechetadataand acceleratehe creationof
applications and solutions in which there are no barriers to information exchange.
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5.1.2 Thefunctions of the main packages

« Application - Application launcher, plugin helper classes and security codes.

» Cognitive - still unknown, but should not relate to our project

« Kernel - kernel components like project management and editing history management
» Language - Support code for difference computer language

» Ocl - code generation from uml supports

+ Pattern - reserve for future support of design pattern

» Persistence - reserve for future support of storage and restore UML to DB

- Ui - Swing Ul components

« Uml - UML manipulation components

- Util - Misc utilslike logging and config loader

«  Xml - Xml manipulation codes
The packages we conserve most are Ui and Uml, as the Ui responsible for the for front-end

swing event and swing action handling, as well as the drawing code; and Uml responsible for
the backend Uml modeling code., which need to be shared with other machine.
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The detail of Ul of ArgoUML
The Ul of ArgoUML isvery complex, but only 2 is highly possible related to our work, one
is detail plane and oneis tree plane, the reason will discuss later.
Here is the structure of detail plane, it isimportant because the project may need to modify
the detail plane to add new tab related to versioning for ArgoUML.

ArgoUML detail plane classes.

JPanal ‘

Wroim javan swing |

DetailsFane
TabTolDo TabDocumerniation TabSrc TabTaggedvaluas
TabShyla TabProps TabConstraints TabChacklest
{abstract}

i

PropPanel
{abstract}

T

PropPaneiDagram
{abstract)

PropFaneliModelE ke ment
[abstract)
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And here is the tree plane, this is important because the project may need to get the current

diagrams structure from the tree plane items.
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ArgoUML tree plane classes.
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5.1.3 ArgoUML datastructure

GEF

— library provide tools and data let user edit the diagram.

— handle the interaction from screen to model
— XML-based file formats based on the PGML standard

UML metaclass

Agure class

graph element

MActor
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MGeneralization
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Therelationship of GEF and NSUML isusually oneto one.

NSUML

— implementation of complete UML 1.3 physical metamodel,
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Table 6.2.: UML eommerstions and NSUML classes

— XMI loading/saving.

— NSUML is able to generate events whenever the model is modified.

— Undo/redo support
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5.2 Prototype

5.2.1 Overview of the prototype design

After investigating about the data structure of the program, we need to write some prototype.

The propose is to test if the structure and data flow work just as expected, and to find out if

the algorithm proposed have any problems. The prototype isvery simple, it just try to to share
the model between 2 instance of ArgoUML.

1
2.

There are few instance of patched ArgoUML running.

When there is one model added to one instance. ArgoUML will generate a model aobject.
The patch will capture the model and send it to the server.

When the server receive the object of the model. It boardcast the model to all other
instance of ArgoUML.

When the other client receive the model, it merge the model to the data structure of the
diagram editing.

There will not be any versioning algorithm implemented in the prototype. So all the delete
action are allowed to do, and the model may get into an invalid state.

5.2.2 Problems encountered in the prototype

However, after building the prototype, there are some problems:

1

The code of difference UML diagrams are not in same structure. Difference diagram, say
class diagram and deployment diagram, have completely difference architecture. So
writing code for one diagram is not able to apply to any other diagram

The prototype has not consider the effect of GEF. As all the diagram display to screen
through GEF, the prototype expect that if the model of ArgoUML change, the model of
GEF also changes, so as the display will updated. However, this is not the case, | need to
work for it manually.

The model of GEF is very difficult to update parallel with ArgoUML manually, because
there is not much document discuss about the structure of GEF, and the data structure of
GEF is very complex, it contain a groups of models that act as backend data structure, and
a groups of figures that act as frontend data structure. Keeping ArgoUML and GEF data
structure update paralld is very difficult.

The model itself is not serializable, so moving the all the objects from one side to server is
very hard. The prototype just implement alittle part of objectsin ArgoUML.
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5.2.3 Solutions of the problems

Actually this is a general problem of try to merge 2 difference model, and we can solve this
by tracking the event flow.

Generally when the user need to make the needed modification, he need to issue some
event/action to the system, we can track these event and save the related information. Then
use these information to do our algorithm.

The system need to capture the mouse/key event from the user. The system need to filter the
event so that only event issue to create/del ete node/edge are captured. Then save the eventsin
apool, and then apply the MV CC agorithm on these event.
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6. Event sharing approach on softwar e collabor ation

6.1 Overview

Even sharing have been use in distributed computing for a very long time. Some distributed
computing platform even provide a standard event passing mechanism, e.g.: Jini distributed

event.

Remote event model in Jini is like the event model in AWT and Java Bean so that Java
developer can easily adapt the remote event model without a steep learning curve. However,
problems for network environment should also be taken into account in remote event model.
Jini notices about that and define a set of interfaces and conventions for distribute event.

However, most real time collaboration drawing tools do not use this approach. The reasons

arefollow:

1) There are many events may need to manage, e.g.. Every mouse movement generate a
mouse event. Every mouse movement may be useful. So there are ot of cases may need to
consider.

2) Because there are so many events. There may need many network bandwidth to transfer
all these events

3) In events sharing, it is harder to have a centralize model of the diagram, becauseit is hard
to generate the model from events.

Because the problem encountered in sharing data structure seen not possible to solve easily, |

decide to try this approach. At the time of implement this, the jini part is not really, so it just

send the normal Java AWT event through socket network to simulate this.

6.2 Implementation details

1. Once the user click on the node/edge from the item menu, the mouse press and mouse
release event will be record and broadcast to another clients.

2. We need to create some object (i.e.: Cmd* objects) if the clients have not create it.

3. Then the user click on the drawing pad and create node and edge, the mouse events also
broadcast to other clients so the other client will also do the creating action.
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6.3 The Class diagram of event sharing
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6.4 Conclusion

The similar work implementedfor all edgeand node creationof ArgoUML, so that every

kind of UML diagram in ArgoUML can share the model/node creation/deletion.

The advantage of using this approach are:

1. Network bandwidth friendly: it is much light weight for transfer an event than the model.

2. InstanceresponseThe other client should add the model at the sametime of the first
creation of the model.

3. Apply to all diagram:As thesecodespatchthe graphicframeworkpackageSoit ableto
shareeverykind of diagramif the modelingtools unify the node/edgecreation/deletion
into one graphic framework.

4. Relativelyeasyto do: The modelingtools may composeof manypackagefor examples,
ArgoUML consistNSUML and GEF. The approachthat sharethe model itself needto
analysisall thesepackage then transferand managethe object of individual package.
Which needmanytime to do. Eventsharingcanlet the developencapsulatall thesebut
handle the outer most interface of the modeling tools.

5. Evenif the other client are busy, the eventcan be handle,becausehe client run in a

separation thread.

However, there are also some constraintsof this approachwhich should commonto all

implementation of event sharing of modeling tools:

1. The currentdiagramwill consumethe mouseevent, so all user must work on same
diagram in order to process the event correctly.

2. It doesnot supportfor the client to join after some user have started. Although it is
possibleto saveall the eventandapplythemfor the newjoin clientto createthe models,t
needto handle many unexpectedexceptionof doing this, e.g.: If one eventfor some
reasoncannotbe handle,is probably meanthat all the rest eventcannothandle. This
project just ignore this at this moment

3. If theclient can'thandlethe eventfor somereasonswhich are rare casesbecauserCP
connectionwill resendThe othersideswill lostthatmodel. This canbe solvedby saving
the eventsendand receive,and comparethem periodically. If thereis a client find the
event received are less than other, he can request the other resend that event.

4. The edgecreationeventis dependon the nodelocation. For example,if userl create
generalizatiorrelationbetweer2 model,the createedgeeventwill sendto the otherside,
with the locationof edgeto be createdHowever,if user2 moveoneof therelatedmodel
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to the others place, the system can create the edge because it cannot find end nodes. We
can send the ending nodes identifier because they are AWT events.

5. Thisapproach is very not flexible, because other than handle the event, the system may do
may need to do some pre-processing and post-processing. There are no hint in the event
handler of how to do pre-processing and post-processing, the devel oper need to figure out
how to do this in a try and error way. Other than this, doing pre-processing and post-
processing may need to break the encapsulation of some package use. Which may not
permitted.

(@) ~

The above diagrams are the screen shots of event sharing
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7. UML data structure sharing at ArgoUM L

Difference approach are used to share the operation and attribute in the model. It is extract the

primitive of the model and transfer them to the server in afix period. The reasons of doing

thisisfollow:

7.1 Reasonsfor using a other approach in models sharing

1

The UML modeling tools need to update the backend model for any modification, e.g.: if
the user set the name of a model to "model” there are total 5 modification of the backend
model, if the system try to catch all the event and send to other, the network must overload
and argouml will become very slow.

There are many places of code to capture the code, unlike creating and deleting the model.
There is no way to unify them. We need to patch many difference class to capture all the
event. However, the number of the event handler will increase or decrease for further
developments. If the system gtill share the elements of the model by event sharing, Every
new release of the software will bring new bugs. It is very like to have inconsistent
operation/attribute sharing and program bugs.

Quality UML modeling tools usualy provide UML validation when modify the nodes
elements. If the system send the event to the other side directly, it is very easy to add some
invalid modification step to the other sides, which make the model inconsistent. The worst

case isthe whole model is not displayable.

7.2 Detailed steps of model sharing

1

There is a thread running of every instance of UML modeling tools, at the client side,
every several seconds it will analysis the model attributes and features of nodes/edges,
extract the primitives itemsthat are serializable.

Pack the primitives items into some defined format and broadcast to the other clients. The
data structure of the sending formats is a tree structure with following elements:

1. ItemlD /I For indentify difference item.

2. Timestamp /I The modification time of that Item

3. content objects // The content of that items

4. childs /I items of other sub-elements

The other clients make/update the local model attributes and features accounting to the
modification time and ID.
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4.

Timestamp needed to be added for every primitives, because the system need this to
check which one is newer. If 2 items with some ID in a model, the system will keep the
|atest item.

The system assume the timestamp of different machines do not have large different, it is
reasonabl e because we can synchronize the system time of different machines with NTP.
The system need to prevent the transfer items which are currently editing by somebody to
the other sides, because it will cause 10 exceptions. So the system need to find the
modifying items and skip them.

7. Finally, reset the connection for every possible problems

8. Because of the time limitations, Only implement the model sharing for class diagram.
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7.3 Class diagram of UML data structure sharing

Clie nt

+=static getinstance §: Client

+Clie ntd
+recwFuncitype: String, sender: Object, paras: Object, ewe nt: QObject): void

+me rge Ite mimode | MMode [Ele me ntlmpl, mode IPara: Object, trashedFeature s: ObjectD): waid

+me rge Mode [imode [: MMode [Ele me ntlmpl, name: String, nameTime: Long, stereo: String, sterecTime: Long, wis: MYisibilitvKind, vizTime: Long, mz

+merge Attribute iclassifier: MClassifier, infoMap: Map, infolist: List, create Time ID: Long): woid

+me rgedpe ationiclassifier: MClassifier, infoMap: Map, infolist: List, createTime D Lang): void

+mergeClazsifiericlazzifier: MClassifier, feature Map: Map): void

+deleteFeaturesiclassifier: MClassifier, tRshadFeature s: Object): woid

+getExistFeature classifier: MClassifier, create Time: Long): MMode [Ele mentimpl

SyncC lie nt

A

—static _instance: SyncC lie nt

-pb: ProjectBrowser

-lastSyncMap: HashMap

SimpleSe rve rigcce ptPort: int)

+static mainfargs: String[]): woid

+static getlnstance §: Synck lie nt
+5yncC lie ntg
+recwFuncitype: String, sender: Object, paras: Object, eve nt: QObject): void

+runf: woid

+rung: void

+EBroadCastToAlliobj: Object, sender: Objact, skiplts
+FemoveClientizingle Thraad: J: woid

+ Me rge Mode [{paras: Object, sender: ): Object]]

+ me rge Mode l{imode |- Objectl, name: String, nameTi
+getlastModifyTime (infoMap: HazhMap, infolist: Lis

+me rge Feature sisfeature Map: HashMap, cfeature Ma

7.4 Comparison of event sharing and data structure sharing

1. From the software design point of view, there is no clear winner. In some situation, using
event sharing can have more clean code, more generic function and make the logic more
simple to read. However, in some case data structure sharing is better because it is easier
to have a backend model. In this project, both technique being used.

2. Generally speaking, the advantage of event sharing is real time response. This is very
important in node and edge deletion in UML modeling. Because the otherside should
know a node or edge be deleted by other side as soon as possible.

3. On the other hand, data structure sharing can let the sharing process as a background
process. It is easier for collaboration when 2 or more user edit 2 or more diagrams.

4.

Besides, there is no dependence between actions is another good thing of sharing data
structure. In event sharing, it is very hard to resolve the problem occur if one action for
any client fail to handle an action.
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8. New versioning algorithm

After successful modify the single user UML modeling editor to support multiple users. It is
the time to implement the collaboration algorithm proposed. However, there are some
problems of the existing algorithm that have not consider before.

8.1 The problems of proposed approach

1. It has not prevent al conflict that will happen. For examples 2 clients modify same
element in same time. The proposed algorithm has not address this situation. It simple try
to keep the UML diagram isavalid state.

2. As it has not prevent all conflict occur, it also has not provide a solid conflict resolve
method. In the implementation of model sharing, when conflict really happen, one of the
user work will overwrite by the other user. It is not the suitable method. But if you apply
the proposed agorithm in other implementation, the result may have more problems.

3. It will lost some work for the user, because the system will reject some changes that
violate the dependence. The algorithm make the assumption the lost is not much.

However, due to the network latency, it is not the case in any time.

Actually the proposed algorithm is not no value at all. First of all, it isa practical approach to
implement the multiuser support of the system, it really work. And it help to user prevent the
conflict occur in most case. However, as a research projects, we would like to adopt some
more complex algorithm that address more problemsin multiple user work.

In response to above weakness, Research have done on this topic. There is atools call CVS

address similar problems in text base documentation sharing. We can learn the mechanism of
thistool to solve the above problems.
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8.2 How CV S resolves conflict

8.2.1 Overview

Below is the detail description of the conflict resolve of CV'S, please refer to the appendices
for the operation detail of CVS:

1

When there is a client checkout a document, CV S save the timestamp of checkout at the
client.

Then the client do editing on that document, once finish the editing, the client commit the
change to the central repository.

During committing document, CV'S server check the checkout timestamp at the client. If
the checkout timestamp is later than the timestamp of latest version of the document, CVS
server do the following tasks:

1. It update the server document.

2. Assign anew version of the document.

3. Savethe timestamp of that version.

Otherwise, it check the difference of the document at the server and the client.

Ul nt 32
Count St ri ngsl nLi st (
Ptr i nDat a)
{

<<<<<<< Conflict.c
/* Alice: added the assertion */
Assert!If_ (Ptr == nil);

/* Bob: ignore nil input */
if (Ptr == nil) return;
S>S>>>>> 1,12
return *(U nt32*)i nDat a;
1. }

The reason of doing this is simple. If the checkout timestamp is earlier than the latest
version timestamp, than mean some other clients commit the document after checkout of
that client. CV'S cannot determine keeping the change from which client, so it keep both
version and left it to the client to edit it.

After merging both changes, CV'S send the merged document to the client without saving
the document to reposition. But it will update the checkout time at the client.

. After that client make suitable change of that document, then CV S server repeat step 3).
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8.2.3 Theaction diagram of the flow
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8.2.4 CV S Experience with SunOS 4[26]
8.2.4.1 Overview

CVS is widely used in software development and document management, and it have
successfully help difference organization to mange their code or document. [26] is a paper
analysis the theory and usage of CV S very detail, using SunOS 4 as an example

8.2.4.2 Scalablity of CVS

Table 1 show in SUnOS 4, how many file have been managed with CVS. Table 2 shows the
history of files changed or added and the number of source lines. Only changes made to the
kernel sources are included. The large number of source file changes made in September are
the result of merging the SunOS 4.0.3 sources into the kernel.

Revision Control Statistics at Prisma
asof 11711/89
How Many. .. Total
Files 17243
Dhrectones 1005
Lines of code 3927255
Removed files 131
Software developers 14
Software groups i}
Megabytes of source 128

Table 1: cvs statistics

Prisma kernel Source File Changes
By Month, 1988-1989

Momdh B ["jl.an;ud -‘_- Lines J'\.L'ih:d # Lines

Files Changed Files Added
Dec L 619 GR Q2w
Jam ¥4 4324 ] i)
Feb 73 1578 3 3550
Mar 94 5301 1K 11461
Apr 112 JLEE 1] 5759
May 138 5371 17 | 3986
Jun 63 2261 27 12875
Jul L} 2000 1 58
Aug G5 6378 K 4724
Sep 266 23410 113 3006 5
Det 21 621 1 155
lotal | (W 6219 260 101795

Table 2: cvsusage history for the kernel

49 Of 95



Department of Computing

8.2.4.3 Conclusion — The algorithm of CVS is suitable for us

The performance of cvs is currently quite reasonable. In this paper, there are not specific
tuning cvs done. Checking out the entire kernel source tree (1223 files/59 directories)
currently takes 16 wall clock minutes on a Sun-4/280Mhz. However, bringing the tree up-to-
date with the current kernel sources, once it has been checked out, takes only 1.5 wall clock
minutes. Updating the complete 128 MByte source tree under cvs control (17243 files/1005
directories) takes roughly 28 wall clock minutes and utilizes one-third of the machine. For
now thisis entirely acceptable; improvements on these numbers will possibly be made in the
future.

This result show that the algorithm is suitable for use in real time UML modeling sharing.
Even if the performance is poor, there are many ways to tune. Thus this proof the algorithm
of CVSissuitableto adopt in our system.
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8.3 The new versioning algorithm

8.3.1 Overview

For the UML modeling sharing, a similar mechanismto CVS can be usedto prevent

implicitly locking of a part of model. Here is the brief description of the flow:

1.
2.

Normally the client does not need to lock the nodes when editing.

Every client hasa threadto getthe local modelfor a fixed period. It will sendthe client
modelto a centerrepository.Every elementto be transferedwill carry a last modification
timestamp. The client will also send the last communicationtime with the center
repository.

Like CVS, the serverwill keep the latest version of every elementas well as the
timestamp.Then the server comparethe last modification timestampwith the client's
timestamp of every element. If the timestampof server elementis later than last
communicationtime, and the timestampof client elementis also later than the last
communication time, and two element are difference, conflict arises.

If only serverelements laterthanlastcommunicatiortime, the client needgo updatethe

elements from the server.

. If only clientelementis laterthanlastcommunicatiortime, the servemeedso updatethe

elements from the client.

6. If the two models are the same, there is no need to change for whatever timestamp.

7. Concerningto the conflict resolve,oncethe serverdetectsthe conflict, it will broadcasa

messagedo all clientsto lock that model. When the other clients receive the locking
messagethey will lock that elementand preventfurther editing, and send the latest
changeof thatmodelto the server.Oncethe serverreceivesall modelsfrom all clients, it
will merge a model with conflict like CVS, who will then commit the model.

. Thatclientwill thenresolvethe conflict atthatmodelandsendit backto the server.The

serverwill supposehat modelhasno conflict and updatethe centralrepositoryand all
clients. Then it unlocks that model of that client.

. Then the client updates the last communication time with server for whatever case.
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The algorithm addresses all the problems mentioned before.

1. It provides solid conflict definition. The definition of conflict based on timestamp is very
clear and simple for the system to handle. Other than only maintain a valid UML diagram,
this algorithm actually addresses all possible situations that conflict will occur in a very
simple ways.

2. It provides conflict resolve solution. This also provides a unified way to solve the conflict,
although it is very smple that just left the user to merge the conflict manually. It can be
extended to a more intelligence resolve solution later.

3. The user will not lose any work. As the system neither rejects any changes of the user, nor
deletes any work of the user. All the work of the user can be considered safe.
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8.3.2 Theaction diagram of the flow
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8.4 Problems encounter ed

The main difference of implementation between this agorithm and CVS, is the nature of the
document. The basic element of CVSisline of character, and the document is alist of lines.

In contrast, the basic element of a UML document is more complex. A projects consist of
many documents. A document consist of many node and edges, in class diagram there are
class, interface and generalization relation; in use case diagram there are use case and
include, extend relation.
Under all nodes and edge, they have differences elements, like operation, attribute, name,
stereo types....
In order to simplify the case, only class diagrams have implement this algorithm to proof the
concept. And assume that the elements of all kinds of nodes and edges are:
+ name
.+ stereotype
- vishility
For classifier like class and interface, there will be addition elements operation and
attributes.

Other than this, as the UML modeling toolsis not written by myself, lock the model to forbid
user edit are forbid to do.
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8.5 Screen shot of a model with conflict items

One client call that model
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name 2

—— —asnamel, but other call it
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newOperationl, but other call it

The flow of the system run:
1.

2
3.
4

sharing.

Initially, two instances of ArgoUML opened

as newOperation2

. Then userl add a model, user2 adchediately via event sharing
Then userl edit the name, user2 don't change immediately

. After a while, the name of the model of user2 also changé)Mia data structure

5. Then 2 user continue to edit the diagram, adding and deleting models.

6. If they edit the some element, say name, in same time; the system will prompt for conflict

arises

. The users able to work collaborative in this system to improve performance
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1) Initially, two instance of ArgoUML opened
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P o untitledModel
class diagram 3
B use case diagram 3
E taron Qass)

2) Then userl add a model, user2 add immediately, via event sharing
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S
[ cass diagram 3
B use case diagram 3
B modeiname
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4) After a while, the name of the model of user2 also change, via UML data structure sharing.
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@ T untitledModel
E class diagram 3
n use case diagram 3
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6) If they edit the some element, say name, in same time; the system will prompt for conflict arises
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@ [ TenuredProfessar
BT weid
& F committed

7) The users able to work collaborative in this system to improve performance
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8.6 Conclusion

1. The versioning engine is able to find the conflict when 2 user make modification of one
unit in same time.

2. However, the implementation in this projects is not completed, because locking of the
model of the UML modeling tools is not done. The modeling tools used is not allow the
developer to lock the model from editing. Currently, the project only add the note to notify
the other user this object have conflict and should not edit. However, after the conflict

being resolve, thereis no way to notify the other users currently.
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9. Experience of enhanced public domain software

Herearethe experience®f picking up the public domain/opensourcseoftware,andenhance

it for theundergraduateprojectshere.The following discussioris only relateto addingcode

on an existing project, not using opensource library.

9.1 Advantages of enhancing existing software

1.

The softwarewill provide muchfeaturegelatedto the proposesystem.Thusit cansavea
lot of time from implementing many infrastructureitems. Using this projects as an
example ArgoUML hasalreadyprovidedall thefeaturean UML modelingtools,we only
focus on the collaborationsupport.ldeally, the project can build a collaborativeUML
editor that able to allow usersto have collaborationwork for all nine kinds of UML
diagrams. Which is impossible to implement all these in a final year projects.

. The skill of picking up a projectand enhancet canbe learnt. According to one famous

developer:*Good programmerwrite program,bestprogrammerre-write program”. It is
important for a programmerto have the skill to pick up old project and enhanceit.
Especiallyin working environmentexisting code are fully testedand documentedRe-
implementingsimilar code needextracttime on testingand documentationOthersthan
this, the programmer can learn good design from existing program.

. Communicationwith the interestgroup of that projectwill help the project much. The

interested group may provide good support and nice idea of the project.

9.2 Disadvantagse of enhancing existing software

1.

Thetime spendingn readingand understandinghe projectmay be very long. Although
gooddesigncanbe learntfrom this processtheremay be not enoughtime availablefor
this. Oncefinal yearbegin,the classwork arevery heavy.In my own experiencehereare
only 3-4 month for the project.

. It is highly possibleto brokenthe structureand style of the programwhen patchingthe

system.There are somemethodologiedike refactoringto solve this problem, but it is
possible of not having time or skill to apply these methodologies.

. Thereare many unknownin working on an existing software.Using our projectas an

example,at first | supposeonly needto know the code of the UML modelingtools.
However, turn out | needto know the code of drawing framework (GEF) for event
sharing,andthe codeof UML meta-mode(NSUML) for versioningsupport.Otherthan
reading extra code, there are possible that you cannot get the code of the libraries.
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9.3 The consider ation of choosing tools

1

Do not pick too large projects to work with. This depend on the programming experience,
but for a final year projects, a small to median project that not excess 400 classes is
suitable. Project with size larger is dangerous because there may be many un-expected
problems in working on large projects. Other than that, too large project probably mean
that the tools that you use consist of many function/code that are not needed.

2. The software design of the project should be checked before, to ensure that it is good use.

3. Identify all primitive are needed, do not assume anything without provide. In this project, |

assume the data-structures are serializable and able to transfer in the network. But in fact

there are extract work to extract the serializable data structure from UML data-structure.

Here are some assumption that you need to proof generally.

1. What are the objects that need to be transfer on the network? Are they serializable?

2. ldentify which functions belong to the tools, and which function belong to the libraries,
make sure there is no need to edit the code of the libraries?
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10. Conclusions of the project
10.1 Evaluation of extendeding ArgoUML

After the implementation, | find that there are some problems of using ArgoUML

1. The backend UML meta-model that are not serializable

2. The code need to learn are too large, just ArgoUML consist of 739 class, other than this, |
need to patch the graphic framework GEF and UML meta-model NSUML, all consist of
about 250 class.

3. The size of the projectsistoo large, so during the development, | need to make change of
some code that not really relate to my part.

4. Because ArgoUML written by many people without pay, the coding style is not that
consistence. Make it more difficult to learn.

ArgoUML is a nice tool to work with, it is a good UML editor, and have a highly
modularized UML editing tools that alow user to add new components, like new code
parsing module. However, what we intended to do need to make many changes of basic
component, like UML metamodel and graphic framework. Extending ArgoUML to have
versioning support is too difficult in a undergraduate project. However | will highly
recommend someone like to develop an UML editor review ArgoUML first, because the
design is good.

Other than ArgoUML, some other opensource UML editor are reviewed during
implementation[30][31][32][33][34]. Some of them are likely designed, but none of them
able to modify to a network available, collaborative UML editor without heavy work.
Because most are heavily couple with the UML metamodel package and drawing
framework, but both are not really network ready. Thus, in conclusion, we need to build from
zero for areal time collaborative UML modeling tools for versioning support.

Personally speaking, | will think that it is worth to build a highly modularized UML editor
from scratch, taking reference from the past projects9].
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10.2 Evaluation of XM file for mat

The XMI standard is extensive and very big. But in fact a undergraduate project will not take
the benefit from XMI. Our project neither need to communicate the model with other
commerce tools like Rational Rose, nor need a file format that implement the complete
specification of UML. All we really need is a XML structure for further processing. So in

most case, the we spend alot of time on XMI without real benefit.

Thus | will recommend using some UML meta data package that only implement partly of
UML 1.3 up specification, but not the whole XMI standard. Dingouml[27] is a good choice,
it implement the complete UML 1.3 specification, but it is much more ssimple than XMI
package like NSUML. Then we can use XMLEncoder[28] to encode an XML document for
us for further processing.

XMLEnNcoder is the new API from Java 1.4, which provide a standard way to encoding
JavaBean to XML. The XML basically construct from the primitives of that JavaBean. Which

are very handle to use.
<?xm]l version="1,0" enceding="UTF-8"7?>
<jawva wersion="1.0" e¢lass="java.beans.XMLDecoder">
<object class="javax.swing.JFrame">
<void property="name">
<string>framel</string>
<Jwold>
<vold property="bounds">
<object class="java.awt.BRectangle">
<int>0</int>
<int>0</int>
£int>200</int>
<int>200</int>
</object>
<Jvold>
<volid property="contentPane">
<void method="add">
<pbject class="javax,swing.JButton">»
<void property="label">
<string>Helle</string>
< Jfwoid>
</object>
< fwolid>
<Jvyolid>
<void property="wvisible">
<boolean>true</booclean>
< Jwolds

An example output of XMLEncoder
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10.3 Evaluation of versioning collabor ation methodology

In comparewith the collaborativeUML modelingtools using locking, versioninghavethe
following advantage:
1. The userdon't needto lock any model before editing. This make the editing more
smooth,asrepeatinglocking modelsand unlock modelsare tedious,especiallyfor a
large diagram.
2. The userdon'tneedto wait for the otherunlock the model. Becausdock and unlock
are tedious, so it is very easy for the designer forget unlock the model after editing. So
if the other designer want to edit that model, he need to remind that designer unlock the
model. This will becomea big problemif that situation repeatmany time. A even
worst caseis the developerforget to unlock the model beforeleaving his deskfor a
long time, e.g.: Go to lunch.
3. If the systemcrash,locking basecollaborative UML editor may fail to unlock the
model. Versioning system don't have this problem, as no one lock the model.
4. In theimplementatiorpoint of view, versioningsystemis easierto programto survive
if the servercrash,becauseversioningsystemdon'tneedto talk to serveratanytime.
Thecommunicatiortime is tunable soif the client knowthe servercan'tbereachedit
canjust try nexttime until it can mergewith the reposition.In locking systemiif the
servercrash,how canyou requestiock that model?If you just let the client lock the
modelif servercrash,thenif two client lock andedit samemodel,how canthe server

merge them later?

Otherthanimplementa not difficult algorithm,thereis no disadvantagef CVS at all, the
CPU usageis low, the performancds good, the userjust ableto edit the diagramjust like
single user editor in most cases.In fact, the implementationof the algorithm is not too
difficult. I will highly recommend the future using versioning algorithm rather than locking.
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10.4 Evaluation of using Jini

This part is harder to have a conclusion, in this project, jini proofed to help us prevent many
problems of traditional network environment, the lost of connection of server are easy to
solve, the architecture help us prevent the possible problems brought by synchronization, like
deadl ock.

However, programming jini is much more time consumption than traditional network
programming. It is easy for the developer to model the system as client and server, rather than
a set of services. It is aso more easy for the developer to find suitable network component,
like a messaging server.

If the developer can easily identify the benefit that jini given match the project, then jini isthe
solution. For example, if you need to program a hospital embedded system, that need to
frequency join and remove from the network, the embedded system need to able to re-config
automatically according to the network joined, then jini is very suitable. In normal network
application, like a collaborative UML editor, jini provide both advantage and disadvantage. If
the deadline alowed, it should good to implement using jini, but it is not all the cases.
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11. Furthur Enchancement

11.1 New Design of the collaborative UML editor

After doing the final year project. | have some idea of how to model a collaborative UML
editor

1.

The backend process like UML validation should be moved to the server. Some work like
UML meta-data management, archiving work and the project management should move to
the server to do. The clients should only consist of Ul and drawing framework.

We can make our custom wrapper of UML meta-model and drawing framework. Thus we
can have change the UML meta-model and drawing framework.

Provide a command line UML processor before the editor. If the design of a UML editor
is good, the component of UML metamodel processing should automatic, we can verify
this viaimplement a command line tool, like an UML validator.

11.2 Further improvement of the collaboration ar chitecture

1

This project only implement the engine of versioning control. But the versioning system
still need other component, like versioning history management[29]

Integrates the versioning engine with WebDav, so that we can take the advantage of HTTP
connection, like SSL security connection.[29]

The versioning engine does not know any information about the client in this release. So
some work like the user like to see the modification only belong to him is not possible
Now.

User cannot control the synchronization of the ArgopUML and versioning engine at all.
The next release should add some control for the user, like the user should able to prevent
his work merge with versioning engine if he want.
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11.3 The Improvement of versioning algorithm

1

The versioning algorithm can be improved to no need to lock the whole model. Currently
the system just assume 2 items are difference and report conflict if both server version and
clients version and later than the last sync time. That mean 2 user editing the same basic
element, e.g. The name of model. However, the locking make 3" user is not able to edit
other elements in that model. e.g.: he cannot model the stereo type of that class.

The locking can be refine to a multiple level 1ocking. We make refine the locking to edit
lock, delete lock and adding lock. For some event, we just need to lock the model being
delete, but able to add smaller elements. For example, if there are conflict of the name of
an operation, it should be ok for other user to add the stereo type of that operation.

For the situation that 2 user edit the same diagram in start. But, after some time, for some
reason, they need to edit 2 diagram individual. We can use the versioning algorithm to do
the merging. But it is better to apply the algorithm in the XML save file rather than the
object.
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13. Appendices

13.1 Code snippets of core component
13.1.1 Code snippet of event sharing

Here is some code snippet of how to share the event:
13.1.1.1 Client side event sending example
The origin source are here:

http://gef .tigris.ora/source/browse/gef/src/org/tigris/gef/base/ M odeCreatePol yEdge.java?rev=
1.4& content-type=text/x-cvsweb-markup

The following code is written by my for event sharing, the javafileis

org.tigris.gef.base.M odeCreatePol yEdge

/'l Change the nethod that processing nouse rel ease event.
public void nouseRel eased( MouseEvent me) {
MouseEvent pressEvent;

/] Because in many case we need to pass 2 event for single
task, so we need to cache or nmake some npuse event oursel ves.
i f(_past MousePressEvent != null)
presskEvent = new
MouseEvent (_past MbusePressEvent . get Conponent (),
_past MousePressEvent . get | D(),
SystemcurrentTimeM I lis(),
_past MousePressEvent . get Modi fiers(),
_past MousePressEvent . get X(),
_past MousePressEvent . get Y(),
_past MousePr essEvent . get O i ckCount (),
_past MousePr essEvent . i sPopupTri gger ()
)
el se
pressEvent = new MyuseEvent (ne. get Conponent (),
ne.getl (),
SystemcurrentTimeM I lis(),
.get Modi fiers(),
-get X(),
-get Y(),
.getdickCount (),
. i sPopupTri gger ()

3333

)
oj ect[] para = {pressEvent, getArg("edged ass")};
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/] Then broadcast the events to the other sides

_client.broadcast Request (" nouseRel easedl npl ",
"ModeCr eat ePol yEdge", para, ne);

/! And then actually run the event handl er.

nouseRel easedl npl (ne) ;

The server isonly athin server, it receive the clients object, then passed the object to other
clients. Then the clients handle the events receive. There may be some work before handle
the event. Likeinitalize the eventListener factory.

13.1.1.2 Client side receive event example

Thejavafileis org.tigris.gef.base.Client
/] Check if the type match
i f (sender. equal s("MdeCreat ePol yEdge") &&
t ype. equal s(" nouseRel easedl npl ")) {
hject[] paras = (Object[]) par a;
MouseEvent argsl = (MuseEvent)event;
MouseEvent args2 = (MuseEvent)paras[0];
Cl ass edgeCd ass = (Cl ass)paras[1];
for(int i=0; i<modeCreatePol yEdges. size(); i++) {
if(/* find the correct object */) {
// handl e the event.
(/* The object */).nouseRel easedl npl (argsl, args2);
flag = true;

}

/[l |If the correct object not find, we need to initalize it as
pr epr ocessi ng
if(!'flag) {

CnmdSet Mode csm = d obal s. get CdSet Mode( edged ass) ;

csmdolt();

((MbdeCr eat ePol yEdge) A obal s. node()) . nouseRel easedl npl (argsl,
args?);
}

There are other possible events need to patch are:
1. Mouse actions in org.tigris.gef.base.M odeCreatePolyEdge
2. Deletion actionsin org.argouml.uml.ui.ActionRemoveFromM odel
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13.1.2 Code snippet of features sharing
13.1.2.1 Thethread periodic run to send model

Thejavafileisorg.argouml.kernel.SyncClient
/] Code that get all nbdel in the system

Mut abl eGraphSupport ghodel =
(Mut abl eGraphSupport) @ obal s. cur Edi tor (). get G aphMdel ();

HashMap nodel Map = ghbdel . it em ndex;

Client client = Client.getlnstance();

Li st nodel Li st = new ArraylLi st (nodel Map. keySet ());
HashMap sendMap = new HashMap();

/1 Loop through every el enents
for(int i=0;i<nodel List.size(); i++) {
Obj ect thisMdel = nodel List.get(i);

/1 skip working nodel to prevent | OException

i f( thishbdel.equal s(pb.getDetail sTarget()) ||
cl i ent. ski pModel . cont ai ns(thi sModel) ) {

System out. println("skip "+thishdel +' at "+getd ass());
conti nue;
}
HashMap featuresMap = new HashMap();
i f(nodel List.get(i) instanceof MJassifier) {
[/l Code to extract the nodel elenment of Cd assifier

List features =
((MJ assifier)nmodel List.get(i)).getFeatures();

for(int j=0;j<features.size(); j++) {
HashMap i nfoMap = new HashMap();
ArraylLi st infolList = new ArrayList();

// Code to extract the nodel elenent of Attribute, child of
classifier

[/l Extract individual item D, tinestanp, of each el enent
if(features.get(j) instanceof MAttribute) {
MAttribute attr = (MAttribute)features.get(j);

Mvobdel El ement | npl nodel =
(Mvbdel El enent I npl )attr;

Mst ruct ur al Feat urel npl sfeature =
(MStructural Featurel npl)attr;

i nfoMap. put ("MAttribute", "");
i nfolList.add("MAttribute");

i nfoMap. put (attr.get Nane(), new
Long( nodel . set NaneTi ne) ) ;
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i nfoList.add(attr. get Nane());

i nfoMap. put (attr.getVisibility(), new
Long(nodel .setVisibilityTine));

i nfoList.add(attr.getVisibility());

i nfoMap. put (attr. get Type().get Nane(), new
Long(sfeature. set TypeTine));

i nfoLi st.add(attr. get Type(). get Nane());
}

/] Code to extract the nodel el enent of operation, child of
classifier

/1 Extract individual item D, tinmestanp of each el enent

else if(features.get(j) instanceof MOperation) ({
MOper ati on oper = (MOperation)features.get(j);

Mvbdel El ement | npl nodel =
( Mvbdel El enent | npl ) oper;

MBehavi or al Feat urel npl bfeature =
(MBehavi or al Feat ur el npl ) oper;

i nf oMap. put (" MXeration", "");
i nfolLi st.add("MXperation");

i nf oMap. put (oper. get Nane(), new
Long( nodel . set NaneTi ne) ) ;

i nfoLi st. add(oper. get Nane());

i nf oMap. put (oper.getVisibility(), new
Long(nodel .setVisibilityTine));

i nfolLi st.add(oper.getVisibility());

Li st paral = oper.getParaneters();

Arrayli st para2 = new ArrayList();
/1 Process the childs of operation, paraneter

for(int k=0; k<paral.size(); k++) {

MPar anet er npara = (MParanet er) paral. get (k);

Arrayli st paralnfo = new ArrayList();
par al nf o. add( npar a. getKi nd()) ;

par al nf o. add( npar a. get Type() . get Nanme()) ;

par al nf o. add( npar a. get Nanme() ) ;
par a2. add( par al nf o) ;

}

i nf oMap. put (para2, new
Long( bf eat ure. set ParaneterTi ne));

i nfoLi st. add(para2);

}

Mvodel El ement | mpl nodel =
(Mvbdel El enent | npl ) features. get(j);

oj ect[] infos= {infoMap, infolist};

f eat ur esMap. put (new Long(nodel . createTine), infos);
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}
}
el se if(nodel List.get(i) instanceof MRel ationship) {
}
/1 Process the remaining elenment of d assifier

Mvodel El ement | npl nodel =
(Mvbdel El enent | npl ) nodel Li st. get(i);

VSt er eot ype stereotype = nodel . get Stereotype();

String stereoNane = stereotype != null?
st ereotype. get Nane(): null;

Long | astSyncTi nme = (Long)!| ast SyncMap. get (nodel ) ;
if(lastSyncTime == null) lastSyncTime = new Long(0);

bj ect[] para = {featureshMap, nodel.getNanme(), new
Long(nodel . set NaneTi ne), stereoNane, new Long(nodel.setSte

nodel . getVisibility(), new Long(nodel.setVisibilityTine),
| ast SyncTi ne};

sendMap. put ( nodel Map. get (nodel List.get(i)), para);

| ast SyncMap. put (nodel , new
Long(SystemcurrentTimeM I lis()));

}
i f(pb.getProject() == null) continue;

Qoj ect[] trashList =
pb. get Proj ect (). get TrashedFeature().toArray();

Qoj ect[] para = {sendMap, trashList};

br oadcast Request ("MergeFeature", "SyncCient", para, null);
[/ Vit for 10000 milli-second.
do {

Thr ead. sl eep(10000) ;
} while(client. RUN_FLAG ;
}
/'l Reset the connection for every un-expected exception
} catch (Exception e) {

| if(e.getd ass().getPackage().toString().indexOf("java.io")
<0

e.printStackTrace();
doDi sconnect () ;
connect () ;
run();

}
13.1.2.2 The merge of the details of the objects

Thejavafileisorg.argouml.uml.ui.Client
/I Get the local models
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ArraylList slist = new ArrayLi st (ghbdel .itenl ndex. keySet ());
Obj ect[] para = (oj ect[]) paras;

HashMap cMap = (HashMap) paral 0] ;

bj ect[] trashedFeatures = (Object[])parall];

for(int i=0; i<slist.size(); i++) {
Mvbdel El ement | npl nodel =
(Mvbdel El enent I mpl ) slist.get(i);
hject id = ghModel .itenl ndex. get (nodel ) ;
oj ect[] nodel Para = (Object[])cMap. get (id);
/1 skip working nodel to prevent | OException

i f(nodel Para == null ||
nodel . equal s(pb. getDetail sTarget())) {
conti nue;

}

/1 Merge the nodel one by one.
mer gel t em(nodel , nodel Para, trashedFeat ures);

public void mergelten(Mvbdel El ement | npl nodel, Object][]

nodel Para, oject[] trashedFeatures) {

RUN_FLAG = true;

HashMap featureMap = (HashMap) nodel Para[ 0] ;

String nane = (String)nodel Para[ 1] ;

Long naneTi me = (Long) nodel Par a[ 2] ;

String stereo = (String)nodel Paraf 3] ;

Long stereoTine = (Long)nodel Para[ 4] ;

MisibilityKind vis = (MisibilityKi nd)nodel Paral 5] ;

Long vi sTinme = (Long) nodel Par a[ 6] ;

mer geMbdel (nodel , name, naneTinme, stereo, stereoTinme, vis,
vi sTinme, false);

[/ Check if feature changed of a node
i f(nmodel instanceof MJassifier) {
MCl assifier classifier = (MJ assifier)nodel;
del et eFeat ures(cl assifier, trashedFeatures);
merged assifier(classifier, featurehMap);
}
i f (model instanceof MRel ationship){}
RUN_FLAG = fal se;
}
/1l Merge itens other than classifer, relations, attribute and
oper ati on
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public void nergeMdel (Mvbdel El enent | npl nodel, String nane,
Long nanmeTime, String stereo, Long stereoTine, MVisibilityKind vis,
Long vi sTi ne, bool ean makeFl ag) {
i f(nodel . set NameTi ne < naneTi ne. | ongVal ue() || makeFl ag)
nodel . set Nane( nane) ;
i f(nodel .setVisibilityTinme < visTine.longValue() ||
nmakeFl ag)
nodel . setVisibility(vis);
i f(nodel . set St ereotypeTi ne < stereoTi ne. | ongVal ue() &&
stereo !'= null) {
MSt er eot ype stereotype = new Mstereotypel npl ();
st er eot ype. set Name( st er eo) ;
st er eot ype. set Namespace( nodel . get Nanespace());
nodel . set St er eot ype( st ereot ype);

public void nmergeAttribute(Md assifier classifier, Map infoMap
Li st infoList, Long createTinelD) ({
Mvodel El ement | npl nodel = get Exi st Feature(cl assifier,
createTi nel D);
bool ean nmekeFl ag = fal se
MAttribute attr = null
/1 Make that elenment if has not create before, otherwi se nodify it
i f(model == null) {
attr = classifier.getFactory().createAttribute();
nodel = (Mvbdel El ement I npl )attr;
makeFl ag = true

}
el se {

attr = (MAttri bute)nodel ;
}

Mst ruct ur al Feat urel npl sfeature =
(MStructural Featurel npl)attr;

mer geModel (nodel , (String)infolist.get(1),
(Long)i nf oMap. get (i nfoList.get(1)), null, new Long(0),
(MVisibilityKind)infolList.get(2),
(Long)i nf oMap. get (i nfolList.get(2)), makeFl ag);

i f(sfeature.setTypeTinme < (
(Long)i nf oMap. get (i nfoList.get(3)) ).longValue() || makeFl ag) {
String typeName = (String)infolist.get(3);
MCl assifier mype = p.findType(typeNane);
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attr.set Type(ntype);
}
i f (makeFl ag) {
((Mvbdel El enent I npl )attr).createTinme =
createTi el D. | ongVal ue();
classifier.addFeature(attr);

public void nergeQperation(Md assifier classifier, Map infoMap,
Li st infoList, Long createTinelD) ({
Mvbdel El ement | npl nodel = get Exi st Feat ure(cl assifier,
createTi nel D);
bool ean makeFl ag = fal se;
MOper ation oper = null;

/1 Make that elenment if has not create before, otherwi se nodify it
i f(model == null) {
oper = new MOperationlnpl ();
nodel = (Mvbdel El ement | npl ) oper;
makeFl ag = true;

}
el se {

oper = (MOperation)nodel ;
}

MBehavi or al Feat urel npl bfeature =
(MBehavi or al Feat ur el npl ) oper;
mer geModel (nodel , (String)infolist.get(1),
(Long)i nf oMap. get (i nfoList.get(1)), null, new Long(0),
(MVisibilityKind)infolList.get(2),
(Long)i nf oMap. get (i nfolList.get(2)), nmakeFl ag);

i f(bfeature.setParaneterTine < (
(Long)i nf oMap. get (i nfoList.get(3)) ).longValue() || makeFl ag) {
Li st curParas = oper.getParanmeters();
for(int k=0; k<curParas. size(); k++) {
oper . renovePar anet er (( MPar anet er) cur Par as. get (k) ) ;
}
ArraylLi st newParas = (ArrayList)infolList.get(3);
for(int k=0; k<newPar as. si ze(); k++) {
ArraylLi st paralnfo = (ArraylLi st) newPar as. get (k) ;

String typeName = (String)paral nfo.get(1);
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MCl assifier nmype = p.findType(typeNane);

MPar anet er npara = new MParaneter | npl ();

npar a. set Type(ntype);

npar a. set Ki nd( ( MPar anet er Di r ect i onKi nd) par al nf 0. get (
0));

npar a. set Name( (String) paral nfo. get(2));

oper . addPar anet er (npar a) ;

}
i f (makeFl ag) {

((Mvbdel El enent | npl ) oper).createTime =
createTi el D. | ongVal ue();
cl assi fier. addFeat ur e( oper);

public void nmergeC assifier(Mlassifier classifier, Map
featureMap) {
ArrayLi st tinmeList = new ArraylLi st (featureMap. keySet ());
for(int j=0; j<tineList.size(); j++){
Long createTine = (Long)timelList.get(j);
oject[] infos = (Object[])featureMap. get(createTine);
if(infos == null) {
Systemout.print(classifier);
System out . pri nt (feat urehMap);

}
Map i nfoMap = (HashMap)i nfos[O0];
Li st infoList = (ArrayList)infos[1]; //We need this to

keep getting the needed information in sequence

if(infolList.get(0).equals("MAttribute")) {
nmergeAttribute(classifier, infoMap, infolist,
createTinme);

}
el se if(infoList.get(0).equal s("Myeration")) {
nmer geQper ati on(cl assifier, infoMap, infolist,

createTi nme);

}

/] Delete the features that have del ete at other sides
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public void del et eFeatures(Md assifier classifier,
trashedFeat ures) {
if(trashedFeatures == null) return;
Li st sfeatures = classifier.getFeatures();

for(int j=0; j<sfeatures.size(); j++){
Mvbdel El ement | npl nodel =
(Mvbdel El enent | npl ) sfeatures. get(j);

oj ect []

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

if( ( (Long)trashedFeatures[i] ).l ongVal ue()

nodel . createTime ) {

cl assi fier.renmoveFeat ur e( ( MFeat ur e) nodel ) ;

}

publ i ¢ Mvbdel El enent | npl get Exi st Feature(Md assifier classifier,

Long createTine) {
Li st sfeatures = classifier.getFeatures();
Mvodel El ement | npl nodel = nul | ;
for(int i=0; i<sfeatures.size(); i++) {
i f(createTine.longVal ue() ==
(Mvbdel El enent | npl ) sfeatures.get(i) ).createTine) {

nodel = (Mwbdel El ement | npl ) sfeatures. get(i);

br eak;

}

return nodel ;
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13.1.3 Code snippet of new versioning algorithm

Here is the code snip of the corelogic:
/1 The nethod to nerge the nodel

public synchroni zed Object[] MergeMdel (Qbject paras,
Server Thread sender) {

Obj ect[] para = (Qoject[]) paras;
HashMap cMap = (HashMap) para[ 0] ;
ArraylList clist = new ArrayLi st (cMap. keySet ());

/1 put the new added nodel in the repository
i f(nmodel Map == null) {
nodel Map = new HashMap();
nodel Map. put Al | (cMap) ;
}
el se {
nmodel Li st = new ArraylLi st (nodel Map. keySet ());
for(int i=0; i<clist.size(); i++) {
nodel ID = (Integer)clist.get(i);
i f( !nodel List.contains(nodelID) ) {
nodel Map. put (nodel | D, cMap. get (nodel I D)) ;

nmodel Li st = new ArraylLi st (nodel Map. keySet ());

for(int i=0; i<modelList.size(); i++) {
nodel | D = (I nteger)nodel List.get(i);
oj ect[] nodel Para = (Obj ect[])cMap. get (nodel I D);
oj ect[] nodel = (Object[])nodel Map. get (nodel | D) ;
conflictFind = fal se;
conflictObj = (Object[])nodel.clone();

/] Delete the renmoved nodel fromthe repository

i f(nodel Para == null) {
nodel Map. renove( nodel | D) ;
conti nue;

HashMap featureMap = (HashMap) nodel Par a[ 0] ;
String nanme = (String)nodel Para[ 1] ;

Long naneTi me = (Long) nodel Para[ 2] ;

String stereo (String)nodel Paral 3];
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Long stereoTine = (Long) nodel Para[ 4] ;
MVisibilityKind vis = (MisibilityKind)nodel Paral5];
Long vi sTine = (Long) nodel Par a[ 6] ;

| ast SyncTime = ((Long) nodel Para[7]) .1 ongVal ue();

/1l Merge the nodel el enment changed of a node
nodel = nergeMdel (nodel, nane, nanmeTi ne, stereo,
stereoTine, vis, visTime, false);

/1l Merge the features changed of a node
i f(featureMap.size() > 0){
nodel [ 0] = ner geFeat ur es(( HashMap) nodel [ 0],
f eat ur eMap) ;

}

[/ Tell all the other client to |ock that nodel
i f(conflictFind){

ArrayList list = new ArrayList();
list.add("Conflict");
list.add("Sinpl eServer");
list.add(conflictQnj);
list.add(nodel | D);
sender . BroadCast Tod i ent (list);
Systemout.println( list+" sent");

}
nodel Map. put (nodel | D, nodel ) ;

}
Obj ect[] returnCbject = {nodel Map, para[l]};
return returnObject;

/1 Method to nmerge the basic nodel of a nodel
public Object[] nergeModel (Object[] nodel, String name, Long

nameTinme, String stereo, Long stereoTinme, MVisibilityKind vis, Long
vi sTi me, bool ean nakeFl ag) {

String sname = (String)nodel [1];

Long snaneTi e (Long) nodel [ 2] ;

String sstereo = (String)nodel [3];

Long sstereoTime = (Long) nodel [ 4];

MVisibilityKind svis = (MisibilityKind)nodel [5];

Long svisTime = (Long)nodel [ 6] ;
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/1 conflict case, both latest nodify tinme of repository and client
and |l ater than | ast communication time
i f(lastSyncTime < nameTi ne. | ongVal ue() && | astSyncTine <

snanmeTi me. | ongVal ue() && snane != null && !snane. equal s(nane) &&
I'snane. equal s("") && !nane.equal s("") ) {

conflictObj[1] = nanme + "\n ##nane confliction: " +
nodel [ 1] ;

conflictObj[2] new Long(SystemcurrentTimeM I lis());
conflictFind = true;
}
/[l If only client tine is later than |ast conmunication tinme, update
repository version
el se if(lastSyncTine < naneTine.longValue() || snanme ==nul|)

if( name !'= null && !name.equal s("")) {
nodel [ 1] = pane;
nmodel [ 2] = new Long(SystemcurrentTineMI1lis());

}
/I Merge stereo type

i f(lastSyncTinme < stereoTine.|longValue() && | astSyncTinme <
sstereoTi me. | ongVal ue() && sstereo != null &&

I sstereo. equal s(stereo)) {
conflictObj[1]
" + stereo;
conflictObj[2] = new Long(SystemcurrentTimeMI1lis());

conflictFind = true;

nodel [ 1] + "\'n ##stereotype
confliction:

}

el se if(lastSyncTine < stereoTine.|longVal ue() ||
sstereo==nul ) {

nodel [ 3]

nodel [ 4]

st er eo;
new Long(SystemcurrentTineMI1is());

/I Merge visiability
i f(lastSyncTime < visTine.longValue() && |astSyncTinme <
svi sTime. |l ongVal ue() && svis !'= null && !svis.equals(vis)) {
conflictObj[1] = nodel[1] + "\n ##visibile confliction:

+ vis;
conflictObj[2] = new Long(SystemcurrentTimeMI1lis());
conflictFind = true;
}
else if(lastSyncTine < visTine.longValue() || svis==null) {
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nodel [ 5]
nodel [ 6]

vis;
new Long(SystemcurrentTineMI1is());

}

return nodel ;

[/l Get the last nodification tine of a feature, choose the nost | ast
nodi fication time of an element belong to this feature
public | ong getLastMdifyTi ne(HashMap i nfoMap, List infoList) {
| ong max = 0;
for(int i=1;i<=3;i++){
| ong val ue =
((Long)i nfoMap. get (i nfoList.get(i))).longVal ue();
i f(value > max) {
max = val ue;

}

return nex;

publ i ¢ HashMap ner geFeat ures(HashMap sf eat ureMap, HashMap
cfeaturehMap) {
ArraylList ctinmeList = new ArraylLi st (cfeatureMap. keySet());
ArraylLi st stimeList = new ArraylLi st (sfeatureMap. keySet());

for(int j=0; j<stinmeList.size(); j++){
Long createTine = (Long)stineList.get(j);
ohject[] infos = (Object[])cfeatureMap. get(createTine);

/1 remove feature that renmoved in the client
if(infos == null);
sf eat ur eMap. renmove(creat eTi ne) ;

for(int j=0; j<ctinmeList.size(); j++){
Long createTine = (Long)ctineList.get(j);
ohject[] cinfos = (Object[])cfeatureMap. get(createTine);
hject[] sinfos = (Object[])sfeatureMap. get(createTine);

//1f not find at server itenms, nean that that feature need to add

if(sinfos == null) {
sf eat ureMap. put (creat eTi me, cinfos);
conti nue;
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}

[/ if both have that item we need to see if conflict arise
HashMap ci nfoMap = (HashMap) ci nfos[0];
Li st cinfolList = (ArrayList)cinfos[1];
HashMap si nfoMap = (HashMap) si nfos[0];
Li st sinfolList = (ArrayList)sinfos[1];

| ong cLast Modi fyTi me = get Last Modi fyTi me(ci nf oMap,
ci nfolList);

| ong sLast Modi fyTi me = get Last Modi fyTi me(si nf oMap,
sinfolList);

/1l Merge features, simlar to basic el ement of UML nodel

i f(lastSyncTine < cLastModifyTinme && | ast SyncTime <

sLast Modi fyTime && | astSyncTinme > 0) {

HashMap conflictMap = (HashMap)conflict Cbj[0];

ArrayList conflictList = new
ArraylList(conflictMp. keySet ());

oj ect[] conflictlnfos =
(oject[])conflictMp. get(createTine);

HashMap conflictlnfoMap = (HashMap)conflictlnfos[O0];

ArrayList conflictlnfolList =
(ArrayList)conflictlnfos[1];

String ol dNanme = (String)sinfolList.get(1);
oj ect ol dval ue = si nf oMap. get (ol dNane) ;
String newNane = "### conflict: "+ol dNane;

conflictlnfoList.renove(l);
conflictlnfoMap. renmove(ol dNane) ;
conflictlnfolList.add(1l, newNane);
conflictlnfoMap. put (newNane, ol dval ue);
conflictMap. put(createTinme, cinfos);
conflictMap. put (new
Long(SystemcurrentTimneM I lis()), sinfos);

conflictFind = true;

}

el se if(lastSyncTinme < sLastMdifyTinme||sinfoMp.size()

== 0) {

sf eat ur eMap. put (creat eTi me, cinfos);
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}

return cfeaturehMap;
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13.2 Introduction to CVS
13.2.1 What is CV S?[25]

This part is quote from the reference ConcurrentVersionsSystem,or CVS, is a revision

control system that

1. Allows multiple developersto collaborateon software projects,while providing much
helpin keepingthe projectsin a consistenstatealthoughtheymay be manipulatedy any
number of developers at any given time

2. Allows a developeror developergo maintainversionhistory of a softwareprojectand
track changes made to the project over time

3. Allows developergo maintainseveralconcurrentversionsof a project, while providing
help in moving changesamongthoseversions,and preservingconsistencyof individual

versions.

13.2.2 Basic ideas behind CVS

Two principal parts of a CVS systemare the repositoryand working files. The repository
resideson a CVS server,and containshistory and versioninformation aboutall files in the
repository. Working files reside on developers'machinesand only representa particular
revision of each file.

Supposea single developer,Alice, is working on a projecton her developmentmachine.
Then the picture looks like this:
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Repaositon Working files
SillyBalls SillvBalls
M etwiark
connection
e ﬂ SillyBalls.c SillyBalls
o SillyBalls.r o SillvBalls ¢
[Repository containg history of files) Wiorking files contain only one version
of each file

Therelation of repository and working files
Whenevesshemakeschangedo somefile in the project,Alice wantsto recordthosechanges
in therepositorysothatthereis arecordof herprogresdater. The actof sendingthe changes
made to working files to be incorporatedinto the repositoryis called ‘committing the
changes'Alice commitsher changesevery day before sheleaveswork. After a while, the
projecthistory will grow, andthe repositorywill containinformation aboutpastversionsof
all the files that are part of the project:

Thuswe seethe simplestform of CVS interaction:modify - commit - repeat.We will see
later how this model will haveto be somewhatextendedater to coverfor more complex
scenarios.

As the projectprogressesilice may needto addor removesomefiles. Shecando so using
the CVS commandsadd' and 'remove’,which schedulethe files for addition or removal.

However, the changes will not be propagated to the repository until Alice commits the files.

Thus we see the first important rule of CVS:

Therepository isALMOST never modified until you commit your changes

Exceptions to this rule are rare, and will be pointed out as they arise.
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13.2.3 Getting dlightly more complex: multiple developers

Someday,anotherdeveloperBob, is assignedo work on Alice's project. They now both use
CVS to work the project. The picture is now like this:

Repaositon Alice’s working files

SillyBalls SillyBallz

Mebwork
connection

I SillyBalls . I SillyBalls
Netwnr_k
- SillyBallsr gm0 | SillyBalls ¢

[Repository contains hiswory of files| Wiorking files contain only one version
of each file

Bobr's weorking files

SillyBalls

- SillyBalls,

SillyEalls.F

F

Multiple user editing one document with CVS
They happily work on two separateoarts of the project, until someday Alice decidesto
modify the file called Conflict.c. Unbeknownstto her, Bob hasalreadymodified the same
file, and committedhis changesAlice makesher modificationsto the file, and attemptsto
commit her changes. However, she gets the following message from CVS:

cvs server: Up-to-date check failed for “Conflict.c'
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cvs [server aborted]: correct above errors first!

Alice realizesfrom this cryptic messagehat the problemis that her working version of
Conflict.cwasnotup-to-datebeforeshehadmodifiedit. Sheneeddo updateherworking file
to the mostrecentversion of Conflict.c from the repository,before she can commit her
changesSheusesthe CVS 'updatecommando updateherworking files, and after that she

happily commits her changes.

Repositony Alice's working files

SillyBalls SillyBalls

M etwoark i
cannection pdatethe filg
i

I E] SillyBalls.c [ﬁ Sillgalls c
adifythefile
- - *
F Conflict.c —

I: Cnﬁ:t =
4 ¥

o changes]

M etwatk
connection

¥

SillyBalls

xaajls.c

—_E Cghflict.c
Elo!:’s Y‘ﬂ(ing files
pdatetheTile]

The “Copy-Modify-Merge” flow diagram of CVS
Clearly,Bob andAlice needto modify their working patternto accommodatéor the fact that

theymight be working on the samefiles from time to time. They changeheir useof CVS to:
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modify - update - commit - repeat. That way they are almost completely sure that, whenever
they attempt to commit changes, they will be successful.

13.2.4 Fighting for control: merge conflicts

Soon, Alice and Bob discover that they were too hopeful the last time they revised their
habits. One day, Alice diligently attempted to update her local files, only to get an error:

Merging differences between 1.11 and 1.12 into Conflict.c
rcsmerge: warning: conflicts during merge

cvs server: conflicts found in Conflict.c

C Conflict.c

After briefly consulting with Bob, Alice realizes that she modified the same portion of thefile
as Bob, and that CV'S decided that their sets of changes were incompatible. However, looking

inside her local version of Conflict.c, Alice finds the following:

Ul nt 32

Count St ri ngsl nLi st (
Ptr i nDat a)

{

<<<<<<< Conflict.c
/* Alice: added the assertion */
Assert!If_ (Ptr == nil);

/* Bob: ignore nil input */

if (Ptr == nil) return;
S>S>>>>> 1,12

return *(Ul nt32*)i nDat a;

After abrief discussion with Bob (during which he is sent to read some books about writing
solid code), they agree that Alice used the correct approach. Alice modifies the file to read:

Ul nt 32

Count St ri ngsl nLi st (
Ptr i nDat a)

{

/* Alice: added the assertion and educat ed Bob*/
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Assert!If_ (Ptr == nil);
return *(Ul nt32*)i nDat a;

after which she successfully commits her changes.

Having been through this, Alice and Bob learn some important facts about CVS update:

- if CVSupdateencounters conflict andis thereforeunableto updatethefile, it will mark
the conflict in the file with ‘conflict markers'(like in the above example).Fortunately,
conflict markers do not compile in any known language, so they are hard to miss.

- if a CVS updatefails, CVS will backupthe working file beforeupdate- sothatyou can
easilyrevertto it if you decidethatyou wantto abandorthe update The backupfile will
be placedin the samefolder asthe file beingupdated,andit will inevitably havea bad,
confusing filename, such as ".#Conflict.c.1.11".

As aresult,they modify theywork flow to be: modify - update- resolveconflicts - commit-
repeat.

93 0f 95



Department of Computing

Repositony Alice's working files
SillyBall= SillyBall=
M etwoark -
Cnnnectinn Ddﬂl&lh&fll&
— ﬂ SillyBalls.c D\amysmk
adifythefile
é ¥
o F Conflict.c — Corflict .
o changes]
M etwatk
connection
r

SillyBalls [ /
Fesalve conflict
xﬂsﬂs.c /
L

odifythefile

Cnnfliy

Elofa’s OrK Wiles
pdatetheTile]

The “Copy-Modify-Merge” flow diagram with conflict resolve of CVS
13.2.5 Checkout: the missing link

Onething thatthis explanationsweptunderthe rug wasthe very importantquestionof how
Alice createdhe initial copy of herworking files. Theinitial act of acquiringa freshcopy of
the files from the repositoryis called checkout,andis usedonly to createa completenew
copy of working files on a developer'snachine Evenif Alice or Bob removesome(but not
all) the working files andfolders on their developmenimachinesthey needto performan
update (and not checkout) to get new copies from the repository.
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13.2.6 Conclusion

The model that has been developer above (modify - update - resolve conflicts - commit -
repeat) does not require further modifications to be usable in practice. Some people might
prefer to modify it slightly, but the basic ideas contained in this model always remain.

For example, Alice might choose to update her working files each morning as she comes to
work, work on them until the afternoon, and then commit all her changes, of course,
committing the changes will sometimes cause an up-to-date check to fail, so she will have to
update her files again in order to commit, and possibly resolve some merge conflicts at that
time. However, since up-to-date failures are not very frequent, and merge conflicts are even
less frequent, this way of using CVS is perfectly reasonable, and does not deviate
fundamentally from the modify - update - resolve conflicts - commit - repeat model.
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