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ABSTRACT: Cooperative Editing Systems in real-time allows a virtual team to view and edit a shared document at the same time. The document
shared must be synchronized in order to ensure consistency for all the participants. This paper describes the Operational Transformation, the evolution
of its techniques, its various applications, major issues, and achievements. In addition, this paper will present working of a platform where two users can
edit a code (programming file) at the same time.
Index Terms: CodeMirror, code sharing, consistency maintenance, Google Wave, Google Docs, group editors, operational transformation, real-time
editing, Web Sockets
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1 INTRODUCTION
Collaborative editing enables portable professionals to
share and edit same documents at the same time.
Elementally, it is based on operational transformation, that
is, it regulates the order of operations according to the
transformed execution order. The idea is to transform
received update operation before its execution on a replica
of the object. Operational Transformation consists of a
centralized/decentralized integration procedure and a
transformation function. Collaborative writing can be
defined as making changes to one document by a number
of persons. The writing can be organized into sub-tasks
assigned to each group member, with the latter part of the
tasks done before or after the previous part, or they might
work together on each task. The write-up is planned,
written, and revised, where a number of persons can be
involved in more than one steps. It allows multiple users
with editing privileges to edit the shared document
simultaneously once user/users are authenticated for
required access.
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1.1 MAIN ISSUES RELATED TO REAL TIME COOPERATIVE EDITING
Three inconsistency problems
 Divergence: Contents at all sites in the final document
are different.
 Causality-violation: Execution order is different from the
cause-effect order.
E.g.,


O1 → O3

Intention-violation: The actual effect is different from the
intended effect.
E.g., O1 || O2

One of the solution to overcome all the above three issues
was invent of Operational Transformation.

2 OPERATIONAL TRANSFORMATION
A technique called Operational Transformation has been
first introduced by Ellis and Gibbs in 1989 [1]. Operational
transformation originated from research in the fields of
computer-supported collaborative work (CSCW) and
collaborative editing. The idea is that all participants work
on local sets of data and only operations performed on
these data sets are exchanged. Operational Transformation
reorders the operations, handles the inconsistency between
operations and guarantees same result on all nodes. It is
about where and how operations are executed. It allows to
build true real-time applications. An operational
transformation system can be divided into two layers, the
transformation control algorithm and the transformation
functions [1]. The transformation control algorithm decides
which transformation function has to be applied to which set
of concurrent operations. The transformation functions, on
the other hand, are used to transform concurrent
operations. Two types of transformation functions have
been proposed: inclusion and exclusion transformations.
For algorithms that use a multi-dimensional data structure
to keep track of operations in their original, intermediate,
and executed forms only inclusion transformation is
needed. For algorithms that use a one-dimensional history
buffer to save operations in their executed form only apart
from inclusion transformation, exclusion transformation is
needed to recover operations' original and intermediate
forms from their executed forms. The identification of proper
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transformation post-conditions has played a crucial role in
the design of both the generic transformation control
algorithms and application dependent transformation
functions. In essence, undo/redo can also be viewed as a
kind of transformation, which is performed directly on the
document states rather than on the operations.

2.1
WORKING
OF
OPERATIONAL
TRANSFORMATION
For example we assume a list [a; b; c] that can be modified
by two concurrent processes A and B. Let us assume that
process A intends to delete the element C at index 2 (the
list index starts at 0), which results in an operation OPA =
del (2). At the same time process B inserts a new element d
at the beginning of the list (i.e. at index 0), resulting in an
operation OPB = ins (0; d). Both processes directly apply
their own operation (OPA and OPB) to their own local list.
Later on, they receive the operation sent by the other
process. Applying the received operations without
operational transformation would yield different lists for
processes A and B (namely [d; a; b] for process A and [d; a;
c] for process B) as shown in figure 1. This is because after
process B inserted the element d, the index of the element
that process A intended to delete shifted from 2 to 3.
Consistency maintenance is a fundamental issue in many
areas of computing systems, including operating systems,
databases systems, distributed shared memory systems,
and groupware systems.

The operational transformation algorithm would thus modify
the index of the delete operation in OPA, to preserve the
intention of process A. If process B applies the transformed
operation OPA with index 3, both processes result in the
same list [d; a; b] as shown in figure 2. One of the main
tasks of Operational Transformation is to maintain
consistency in collaborative editing. Number of consistency
model has been designed for consistency maintenance, for
co-operative editing and for Operational Transformation. [2]

2.2 RELATED WORK
A number of prototype group editors have been built in the
past by various research groups for testing the feasibility of
transformation-based consistency maintenance algorithms,
and for investigating system design and implementation
issues. GROVE has been used in several real groups for a
variety of design activities to evaluate the system from
users’ perspective and to gain usage experience [3], [4].
Moreover, the operational transformation has been found
very useful in supporting user-initiated collaborative undo
operations [5], [9]. Till now Google has produced various
products using the concept of Operational Transformation
which are renowned for their applicability. But none of the
products available are open source. Various applications
available online which are using the concept of Operational
Transformation are: Writely (which later became Google
Docs and finally named as Google Drive) , Apache Wave
(renamed to Google Wave), ZohoSuite, JotSpot, MobWrite,
SynchroEdit,
ShareJS,
Coweb-jsoe,
OpenCoweb,
SubEthaEdit (code editor), EtherPad, and Mockingbird.
Various frameworks for such type of applications are Racer,
DerbyJS, OT.js, Differential Synchronization, Diff-MatchPatch, MobWrite, DriveSDK, beWeeVee and many more
exists.
Apache Wave: It is a framework for real-time collaborative
editing. Google originally developed it as Google Wave.
Collaborative document editing means multiple editors are
able to edit a shared document at the same time. It is live
and concurrent where a user can see the changes another
person is making, keystroke by keystroke [10]. Google
Wave offers live concurrent editing of rich text documents.
The result is that Google Wave provides a platform where
you can see what the other person is typing, character by
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character. Google Wave allows for more productive
collaborative document editing environment, where people
need not worry about stepping on each other toes and still
use common word processor functionalities such as bold,
fonts, italics, bullet points, and headings. To achieve these,
Google Wave uses a concurrency control system based on
Operational Transformation.
Google Docs: It is a web-based word processor part of a
software offered by Google within its Google Drive, which
provides the functionality of creating and editing documents
online and collaborating them with users. Google Docs
handles online edits in real time, and editors can see
changes made by other collaborators. Docs can be shared,
opened, and edited by a number of users simultaneously. A
notification occurs whenever there is a comment or
discussion or reply is made by a user. Sidebar chat allows
users to discuss edits. One of the major features is that it
works offline too. All changes are saved in a local cache
and synched later to Google Docs once the user goes
online [12].

3 LITERATURE REVIEW
3.1 WEB-SOCKETS
One of the most common hacks to create the illusion of a
server initiated connection is called long polling. With the
help of long polling, the client opens an HTTP connection to
the server, which keeps it open until sending a response,
which doesn't make them well suited for low latency
applications. The main function of Web Socket is in web
browsers and web servers though it can be used in a clientserver application. The goal of this technology is to provide
a mechanism for browser-based applications that need twoway communication with servers that does not rely on
opening multiple HTTP connections [13]. They allow a longheld single TCP socket connection to be established
between the client and server which allows for bidirectional, full duplex, messages to be instantly distributed
with little overhead resulting in a very low latency
connection.

Figure 3. Life- cycle of web socket session
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The communications are done over TCP port number 80.
The Web Socket protocol is supported by various browsers
like Google Chrome [14], Firefox 6, Opera 12.10, and
Internet Explorer 10. It requires web application on a server
to support it. Server side implementation can be done in
any language like Node.js, Java, Socket.IO, Ruby, Python,
.NET and many more. Web Sockets are used in
applications like Real-time Social streams, Chat
Applications, Multiplayer online games.
API to create a new web socket object:
var Socket= new WebSocket( url, [protocol]);

3.2 CODEMIRROR
CodeMirror provides a code editor in the browser. It is
specialized for editing code and comes with a number
of language modes and add-ons that implement more
advanced editing functionality. It is a functionality of
JavaScript. It provides a number of features like auto
indentation,
add-ons
for
auto-completion,
syntax
highlighting, and broad programming API. The desktop
version is supported by Firefox, Chrome, Safari opera and
Internet Explorer [19].

4 PROPOSED WORK
The intention of this project is to provide a collaborative
environment for editing the code document for which
combination of web sockets, code mirror and ajax requests
are used.

4.1 IMPLEMENTATION
In the application, to implement the concept of Operational
Transformation, web sockets are used. Web Sockets are
used to send data from one user to the other which helps in
providing speed, security and removes lag, which may arise
due to polling. For the editor purpose, we used CodeMirror
which is based on JS lightweight. Ajax request gives 3
types of information, a particular location of the character
inserted, an action performed and data. Action can be
insert, delete, cut, paste. To access the application, the
user needs to Login to the application. In case the user
forgot or loses his password, a random pass-code will be
sent to his GMAIL ID, after entering the code he can reset
his password. For new users, Sign Up facility is integrated
within the application. One aspect of the application is that it
works online only, so any user who wants to code or edit
file needs to be connected to the Internet. After logging into
the system, user have two options:- to create a new file by
providing file name, extension type(ex. .java, .js, .css) and
the email id of a person with whom he wants to share the
code and the other option is to edit the file previously
created by him or shared with him. To remove the
ambiguity of typing at same line location at the same time,
we are displaying the line number of user at which he is
working at. (in future we can use the concept of latency or
bandwidth for maintaining consistency in data as it is used
in Google Docs). The feature of emailing the code file is
also incorporated into the application using the JAVAMAIL
API which will send the document as an attachment to the
email id being provided by the user who wants to mail it.
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4.2 LIMITATIONS
 At present, the file can be shared between two
users only but it can be further made available to
multiple users to edit the same file.
 The user must provide GMAIL ID only for any
purpose (login, sign-up, forgot password or while
sharing document).
 Synchronization issues arises if one person is
offline while other is editing the shared
document,that is, if user A has created file and
shared it with user B and user B joins user A later
while user A has started editing text, then user B
will be able to see contents which are written by
user A after the instant user B came online. user B
will be able to view the previous contents once
user A saves the document.
 If both the persons are online and first one creates
a file and share it with other, then the second
person will have to refresh his page to view the
shared document.
 Content synchronization problem also arises when
a user performs cut operation on text in editor
involving multiple lines. In that case the user which
has performed cut operation will have normal file in
which text will be shifted upwards but in other
user’s editor the code won’t be shifted up and will
remain on the same line number as it was
previously, but the intermediate lines will be blank
as the data is deleted.
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