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Abstract

In the present article we develop Generalized Net (GN) models of the two
core mechanisms for edit conflict resolution, implemented in various Ver-
sion Control Systems (VCS). The hitherto constructed GN models allow
visual comparison between both mechanisms, but only once we have
a fully functional GN simulator, we would be able to run a simulation and
draw the functional comparison that may assist the VCS developers for
making the right choices when it comes to dealing with concurrent access.
Keywords: Generalized nets, version control system, concurrent access,
conflict resolution.

1 Introduction

Version control (also called revision control, source control or source code
management) is the management of changes to documents, programs, and other
information stored as computer files. It is typically needed and used in multi-
user environments like software development platforms, wiki-s and content
management systems, where a team of people may collaborate over the same set
of files. Each revision (change) on a file from the set is uniquely identified,
accessible over time and comparable with the rest file revisions. It is also asso-
ciated with a timestamp, username (or IP-address) of the person making the
change, as well as other optional data. Revisions can be compared, restored, and
with some types of files, merged.
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Figure 1: Edit conflict situation

Although the concept of versioning exists in different software products,
version control systems (VCS) are most commonly stand-alone applications and
during the process of their development and/or functioning, an important matter
to deal with is the concurrent access by multiple users, that may easily result in
edit conflicts and accidentally overwriting and losing information. Edit conflict
occurs when one user attempts to edit a document, but upon trying to save the
new version, another person has already modified the document in the interven-
ing time period, thus causing a difference between the attempted edit and the
already-made edit that must be resolved manually (see Figure 1 and Acknow-
ledgements section).

2 Conflict resolution mechanisms

The problem with the concurrent write access is fundamental for all version
control systems and systems with shared file repositories. With certain varia-
tions, there are two general approaches to handle this problem:
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e Lock — Modify — Unlock (LMU), and
e Copy — Modify — Merge (CMM).

The LMU mechanism is line-oriented and is considered pessimistic, while
the CMM one is graph-oriented and is considered optimistic. Each of them has
their benefits and drawbacks and the appropriateness of their choice depends on
several factors like the type of files in the repository (binary files cannot be
contextually merged, compared to line-based text files), number of files in the
repository, size of the contributing community, average time of producing
a revision, average volume of changes made, and recorded frequency of edit
conflicts occurred.

2.1 Lock-modify-unlock

LMU (Figure 2) is a simple and popular approach to preventing problems of
concurrent access is file locking so that only one developer at a time has write
access to the central repository copies.

Figure 2: Lock - Modify - Unlock
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Opening a file for editing is called check out and once performed, it pre-
vents other users from changing the file, but only allows read access, until the
editor checks in the updated version and unlocks the file, or cancels the check-
out.

Along with the benefit of its easy implementation, this approach has its
drawbacks too. It can be restrictive and result in waste of time and productivity.
Sometimes the first contributor forgets about having locked a file and thus may
unnecessarily prevent other users from editing. This may require administrative
intervention for unlocking the file. Another hindrance of this mechanism is that
it may cause unnecessary versioning of a file, in the cases when the users’ edits
do not overlap. And yet, file locking may create a “false sense of security” in
cases when different users lock and edit different documents, which are depen-
dent on one another, and changes made to each are semantically incompatible.

2.2 Copy-modify-merge

In the alternative approach of CMM (Figure 3) each user accesses the same file
from the repository and creates a local personal working copy. Thus, users are
able to work simultaneously and independently, modifying their private copies.
Finally, the system attempts to resolve eventual edit conflicts by merging the
versions. into a new, final version. If it is not capable of doing so automatically,
users are responsible for making it happen correctly.

For instance, in MediaWiki (the software that powers Wikipedia) if the
page is divided into sections and different users simultaneously edit different
sections, the system (with varying performance) is capable of merging their
edits without causing a conflict. However, if overlapping of editing areas
occurs, for instance edits the whole page, or both users edit the same section, or
both users edit the whole page, then an edit conflict usually occurs and manual
conflict resolution is necessary. In a variation of this approach, realized in other
wiki platforms (like DocuWiki), a warning message is displayed if a user opens
for editing a page that has already been opened by another user. Yet, this war-
ning has only precautionary, rather than prohibitive, purpose and it may again
lead to edit conflict.

The CMM mechanism may sound a bit chaotic, but in practice, it often runs
smoothly. Users can work in parallel, never waiting for one another and the
amount of time it takes to resolve conflicts is usually far less than the time lost
by the locking system in the LMU approach.
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Figure 3: Copy - Modify - Merge
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3 Generalized net model of LMU approach

The focus of the present article is the design of a generalized net model, for the
LMU versioning model. In a second part of this research, the CMM model will
be described. Generalized nets (GNs) are a powerful tool for modelling parallel
and concurrent processes with well developed mathematical apparatus behind
them. Once we have a fully functional GN simulator, we would be able to run
both models in a parallel simulation and draw the functional comparison be-
tween them. The analysis of the results may assist VCS developers for making
the right choices when it comes to choosing an approach to implement. By fur-
ther elaborating these relatively simple GN models by using hierarchical opera-
tors, different variants and extra features of both approaches may be tested in
advance, and implemented if deemed appropriate.

First of all, a small remark on the notation conventions will be given and it
will apply for the second part of this research.

The GN model contains static components, called places and transitions.
All transitions are noted by T, labeled with letter L or C (for LMU or CMM
models, respectively) and the transition’s serial number from left to right. All
places, except of DB and ID, are labeled with the respective actions that occur
in them, and again indexed by L or C. Both models inevitably contain common
places (Open, Edit, Cancel, Wait, Save, Close), but the second one contains
several additional places (Done, Confl, Approve, Merge). Places DB (standing
for the database or repository) and ID (generator of version identifiers) are left
without an index, since they do not carry semantic difference between the mod-
els.

Both GN models contain three types of tokens, which can split and merge,
thus carrying the dynamic nature of the models:

e ¢-token, standing for the editors (users), who access (open) a file. This

token initially enters the net through place Open.

e J-token, staying only in place DB, and representing the database of
files. The separate instances of files are tokens, noted by ¢ and once
they split from the J-token, they may move around the net.

e i-token, staying only in place ID, and representing the generator of ver-
sion identifiers. The separate identifiers of the file versions are natural
numbers, which in the GN model are presented as tokens, noted by v.
Once they split from the i-token, they may move around the net.

The logic of the GN models is contained in the index matrices of the transi-
tions, which are noted by M and labeled with the indices of the respective tran-
sitions. All predicates in a given index matrix, which differ from true and false,
are noted by P and labeled with the model’s type (L or C), the transition’s serial
number and the predicate’s serial number.
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Obviously, the GN model of the LMU approach (Figure 4) is the simpler of
both. It contains two transitions, nine places and the above described three types
of tokens.

Ficure 4: GN model of T.ock — Modifv — UInlock

Every ¢-token enters the net via place Open, with an initial characteristic:
“Username (IP-address) of the editor. Requested file.
Moment of access to file Tope, .
Token J permanently stays in place DB with characteristic:
“List of files in the database with their
Locked/Unlocked status and Current version ID”.

Initially, all files in the database have status Unlocked, but during the mod-
el processing all files that are open for editing have their status changed to
Locked. For example:

File Status Current version ID
filey unlocked id1
filey locked idy
file, unlocked id,,

While token 6 represents the whole database (repository), the separate in-
stances of files from the database will be represented as ¢-tokens.
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Token 1 permanently stays in place ID with characteristic:

“Number of file revisions made in the system since a given moment”.

In other words, this token plays the role of a generator of subsequent natu-
ral numbers which identify the revisions that occur in all files within the databa-
se. By default, this number is 0, but if a particular simulation should start from
a particular moment from the system’s functioning, the respective number of
file revisions made by this moment should be associated with the token.

While token 1 represents the generator of identifiers, the separate instances
of revision identifiers will be represented as v-tokens.

The first transition Ty 1 has four input and four output places

T, 1 =<{Wait_,Open ,Save ,DB},{Wait, ,Cancel_,Edit ,DB},M, 4 >

related by means of the predicates in the following index matrix

Wait, Cancel_ Edity, DB
Mt =Wait, Piis  Pus Py false
Open, | P 12 false P11 false .
Save, | false false  false true
DB P12 false Py true

where predicates Py 1 1,...,PL 14 have the following interpretations.

o Py11= “The status of the requested file by the current user is Unlocked.”

o PrL12= —PL11 ="The status of the requested file by the current user is
Locked.”

o Pi13= “The user is waiting for the file to get unlocked.”

o Pi14= “The user cancels waiting for the file to get unlocked.”

When the truth value of predicate Py 4 1 is true, token & leaves place Open
or Wait and enters place Edit. Simultaneously token ¢ in place DB splits to the
same token J and a new token ¢, which represents a file from the database,
requested by the current user for editing. Token ¢ enters place Edit with current
characteristic:

“Name and contents of the requested file. Optional characteristics”.

Examples of optional characteristics are some attributes of the latest file
revision like identifier, author, timestamp, file size, revision summary, identifier
of the preceding revision, etc., which are usually automatically attached to the
current revision identifier.

Token ¢ makes one loop and returns in place DB and updates its characteri-
stic by changing in the table the status of the file, corresponding to ¢ from Un-
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locked to Locked. It is noteworthy, that the status of the file is an important
characteristic, which makes the difference between the Py 14 and Py 1, predica-
tes.

So, when the e-token from place Openy and the ¢-token from place DB en-
ter place Edit,, they merge together under the name of the e-token, which thus
obtains the characteristic:

“Username. Filename. Moment Ty, of locking the file. Status: Locked”

Predicate Py 12 becomes true when an e-token enters the net through place
Open,, requesting a file from the database, but the corresponding entry in the
characteristic table of the J-token in place DB reads that the requested file
is Locked for editing. Hence, the J-token remains in the DB without splitting
another token, while the e-token transfers to place Wait,_ with characteristic:

“Moment Ty, when the editor has started waiting
for the file to get unlocked.”

Predicate P\ 1 3 is true as long as the editor is waiting for the file to get un-
locked, i.e. the e-token loops in place Wait, without obtaining any new charac-
teristic.

Predicate Py 14 becomes true when the editor decides to cancel waiting for
the file to get unlocked, thus the e-token from place Wait, transfers to place
Cancel_ with the new characteristic:

“Current moment of time Tcancer. Timewai’
where Timep,; is the time spent in vain, in waiting for the file to get unlocked,
and TimeWait = TCancel = TWait-

Once that a token ¢ enters place Save|, on the subsequent moment of GN
functioning it will unconditionally transfer to place DB (hence the correspond-
ing member of the index matrix M ¢ is true, rather than a predicate) with
a characteristic, which will be commented later.

The second transition T » has two input and three output places

T, , =<{ID,Edit _},{ID,Close ,Save },M, , >

related by means of the predicates in the following index matrix

bl

~ ID Close, Save|
27D [Py, false Py
Edit, | false PLoqs  PLoo

where the predicates P, 1 and P| 5 s have the following interpretations:
o PLo1= “The user wants to finish one’s work without saving the edit”.
o PLoo= “Theuser wants to finish one’s work and save the edit”.
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When a token ¢ (merged, as described above) enters place Edit,, it will stay
in this place as long as the editor is working on the file. When the editor finishes
working on the file, the token will leave place Edit, because either predicate
PL 2.1 or predicate P, will become true, depending on the particular scenario:
the user may either choose to close the file without saving or s’he may choose
to save the edits made (as it usually happens). The first scenario will also cover
some exceptional cases like power failure, resulting in unexpected system shut-
down, etc.

In case of a real simulation of the model, the time for editing can be im-
plemented by choosing a random value from a range of plausible durations
of editing, and attributing it to token ¢ in place Edit, as a second attribute of the
characteristic. Thus, when this time interval elapses, as registered by the mo-
del’s internal time measuring system, the precise time of the file being locked
can be calculated.

When predicate Py, 1 is true, i.e. the editor chooses to leave without saving
the file, the e-token will split to two tokens: the same token & and token ¢. The
newly derived e-token will transfer to place Close, with the characteristic:

“Moment Tciose of closing the file. Timecjpse”
where Timecise = Tciose — Trock 1S the duration of keeping the file locked, even
though no changes have occurred as a result of the editing session.

The newly derived p-token will enter place Save, with characteristic:

“File content: Unchanged. Version identifier: Unchanged.
File status: Unlocked”.

When predicate P, is true, i.e. the editor chooses to save the introduced
changes, three actions will take place. First, the generator of version identifiers
will issue the respective id-number that will be attributed to the newly saved file
version, and will then increment with one (so that the subsequent revision of
a file in the database obtains a different version identifier). For this sake, the i-
token (with current characteristic the natural number /D¢, en), Staying in place
ID, will split to two tokens: the new token v and the same token 1. Token v will
transfer to place Save, with characteristic:

“Current value of token 1. IDcyrens”.
Token 1, as obtained after the split, will enter place ID with characteristic:
“IDCurrent +17.

On the other hand, the e-token from place Edit, will again split to two to-
kens: the same token & and token ¢ (which corresponds to the previously noted
token ¢ as derived from place DB). The newly obtained e-token will transfer to
place Close with the characteristic:

“Moment T, of saving the file. Times,,,”
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where Timesye = Tsave — Troer 1S the duration of editing the file and keeping
it locked for other user to edit in the meanwhile. (The difference between Timec.
se and Timesg,,. is only in their semantics.)
The newly derived ¢-token enters place Save, where it merges with token
v under the name ¢ and obtains characteristic:
“File content: Changed. Version identifier: 1D cyren.
File status: Unlocked”.
Finally, we will return to the characteristic of p-token obtained on its un-
conditional transfer from place Save, back to place DB. Practically:
o it describes the fact of unlocking the file, no matter edited or not; and
e in case of saving the changes, it adds the new version to the file history
and makes it the one, currently visible by default for all readers in the
system.
So, the g-token from place Save, enters place DB where it merges with the
host token & with characteristics, depending on the particular characteristic val-
ues, carried by the p-token on the previous step of the model functioning.

4 Conclusions

The present communication describes in terms of generalized nets one of the
two major approaches for edit conflict resolution in version control systems, the
so-called “Lock — Modify — Unlock”. The second part of the research will be
devoted to the other mechanism of this kind, called “Copy — Modify — Merge”,
which is a little bit more sophisticated. Finally, both approaches will be simu-
lated with the forthcoming GN simulator and the results will be compared, thus
presenting a decision support tool for developers and users of this kind of soft-
ware applications..
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