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books, the hierarchical structure consisting of chapters, sections, paragraphs,
sentences, words and characters or on XML documents.

The commit and checkout phase follow the same principles as described for
the linear representation of the documents, with the addition that, in the commit
phase, the hierarchical representation of the history of the document is linearised
by using a breadth-first traversal of the tree. In this way, the first operations
in the log will be the ones belonging to the paragraph logs, followed by the
operations belonging to the sentence logs and finally the operations belonging
to the word logs.

The update procedure achieves the actual update of the local version of the
hierarchical document with the changes that have been committed by other users
to the repository and kept in a linear order into the remote log. The merging
procedure has as objective the computing of a new delta to be saved in the
repository, i.e. the replacement of the local log associated with each node with
a new one which includes the effects of all non conflicting operations from the
remote log and the execution of a modified version of the remote log on the local
version of the document in order to update it to the version on the repository.

The update procedure is repeatedly applied for each level of the document
starting from the document level. The first step of the merging algorithm con-
sists in the selection of the remote level log containing those operations from the
remote log that have the level identical with the level of the operations from
the history buffer of the current node. The operations belonging to the remote
level log are eliminated from the remote log. Since some nodes of the tree might
get deleted or inserted during the update process applied for the previous upper
levels of the document, the operations in the local log of the current node need
to adapt their positions to correspond to the current position in the tree. Af-
terwards, the basic merging procedure for linear structures is applied to merge
the local log of the current node with the remote level log. As a result of the
merging procedure, the new remote log representing the operations that need to
be applied on the local document and the new local log representing the opera-
tions to be saved on the repository are computed. After the new remote log is
applied locally, the operations from the remote log are transformed against the
operations in the local log and are divided among the children of the current
node. Afterwards, the merging procedure is recursively called for each child.

As in the case of the real-time collaborative text editing [4], due to the hierar-
chical structure of the document, only few transformations need to be performed
when an operation is integrated into the log as described above, because the op-
erations in the log are distributed throughout the tree model of the document.
Only those histories that are distributed along a certain path in the tree are
spanned and not the whole log as in the case of a linear model of the document.
Moreover, conflicts can be easily expressed using the semantic units (paragraphs,
sentences, words, characters), such as rules interdicting the concurrent insertion
of two different words into the same sentence. We allow different policies for con-
flict resolution, such as automatic resolution where the local changes are kept
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in the case of a conflict or manual resolution, where the user can choose the
modifications to be kept.

In what follows we will illustrate the asynchronous communication by means
of an example. Consider that the repository contains as version Vy the docu-
ment consisting of only one paragraph with one sentence: “Absence increase great
loves.” Further suppose a conflict is defined between two operations concurrently
inserting a character in the same position of the word and the policy of merging
is that, in the case of conflict, local modifications are kept automatically. Fur-
ther, assume two users check out version V from the repository into their private
workspaces. The first user performs the operations O11 =InsertChar(“d”,1,1,2,9)
of inserting the character “d” in the first paragraph, first sentence, second word
as the last character and O19 = InsertWord(“the’,1,1,3) in order to obtain
the version “Absence increased the great loves.” The second user performs the
operation Ogq1, Oa1 =InsertSentence( “And diminishes small ones.”,1,2) and
Oqo =InsertChar(“s”,1,1,2,9) in order to obtain “Absence increases great loves.
And diminishes small ones.” Suppose that both users try to commit, but Usery
gets access to the repository first, while Users’s request will be queued. Af-
ter the commit operation of User;, the last version in the repository will be
V1 =“Absence increased the great loves.” The difference between Vi and Vj in
the repository DLy = [O12,011] is obtained as a result of the linearisation of
the history buffer distributed throughout the tree.

When Usersy’s request is processed, Users has to update the local copy, and
therefore the update procedure is applied. First the document level history of
the local document is analysed. Because no remote operations of paragraph
level have to be merged, the update is then applied for the paragraph level by
analysing the history of paragraph 1. There are no remote operations of sentence
level, so the processing is applied for the sentence level. There are no operations
referring to sentence 2, so we will analyse the merging for sentence 1. Operation
O15 is of word level, and because there are no local operations of word level,
015 will keep its original form. The update procedure will be recursively applied
for each of the words belonging to sentence 1. We will analyse only the update
applied for the second word of sentence 1, since the remote logs corresponding
to the other words in the sentence are empty. The merge procedure will be
applied between the list of operations consisting of O1; and the list consisting of
O23. 011 and Oy are conflicting and according to the assumed policy the local
operation will be kept. As result of this merging, the newLocalLog, i.e. the list of
operations to be transmitted to the repository, will be [inv(O11), O22] and the
newRemoteLog, i.e. the list of operations to be applied on the local copy of the
document will be empty. Therefore, the new local version of the document in the
workspace of Usery will be “Absence increases the great loves. And diminishes
small ones.” This will be also the new version V5 of the document into the
repository after Users commits. Dyy will become Doy = [Oa1, inv(011), Oaa].

In order to highlight the fact that operations of higher level granularity do
not need to be transformed against the operations of lower level granularity,
consider the case that User; updates his local version of the document with
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version V5. Operation Oy of sentence level does not need to be transformed
against any of the local operations in the workspace of Usery.

4 Related Work

Due to the hierarchical structure of the document, in our approach the conflicts
can be defined at different semantic levels, as opposed to the RCS [9], CVS [1]
and Subversion [2] systems and to the FORCE [8] approach.

Other research works looked at the tree representation of documents for
asynchronous collaborative editing, such as working with XML documents. But
the merging approach described in [10] is state-based and the one proposed in
[7] uses a linear log rather than a distributed log.

In [6], an operational transformation approach has been used for synchronis-
ing file systems and file contents. The file systems have a hierarchical structure,
however, for the merging of the text documents the authors proposed using a
fixed working unit, i.e. the block unit consisting of several lines of text.

5 Conclusions

In this paper we proposed a tree based approach for maintaining the consistency
in the case of the asynchronous collaborative text editing that offers also the
possibility of defining and resolving the conflicts at different granularity levels
corresponding to the document levels.
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