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ABSTRACT

Operational Transformation (OT) algorithms for real-time collaborative editing systems are becoming
increasingly important due to the increased demand for collaborative data processing. The operational
transformation algorithm is a technique for real-time concurrency control and consistency maintenance
with non-locking technique, and many studies have been conducted to overcome three issues of
convergence, causality-prevention, and intention-prevention. However, previous work has the
disadvantage of wasting memory by storing all operations that occurred during an edit operation in the
history buffer to solve this problem. Therefore, we propose a memory-saving real-time collaborative
editing system that maintains a constant memory space and concurrency control through a method of
applying the valid-time to each user—-generated operation in order to reduce memory waste. This system
prevents long—term memory occupation of client—generated operations, thus it reduces the space and time
complexity even with low-rate of collaboration work, so that the performance degradation avoids.

Key words: Operational Transformation, Collaborative Editing System, Real-Time Concurrency
Control, Non-Locking, Valid-Time
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‘ Client A ‘ ‘ Server ‘ Client B ‘
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(a) Without Operational Transformation
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ADE ADE

(b) With Operational Transformation

Fig. 1. The processes of two clients A, B by concurrent operations,
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Fig. 2. The process of transformation function by server
operation,
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Fig. 3. Proposed flowchart of data—processing architecture,
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"Operation" : {
"cid" : (string)client's identification,
"pos" : (int)position,
"char" : (char)character,
"state"™ : {
"x" : (int)client state,
"y" : (int)server state
Yy
"opType" (string)operation type,
"timeStamp" : (string)create time,

"valid-time" (double)valid-time

~

Fig. 4. The definition of operation,
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int myMsgCnt = 0; /* number of messages generated */
int otherMsgCnt = 0; /* number of messages received */
int removalCnt = 0; /* number of remove operaions */
int mySid; /* identification of server or client */

func decrease_life() :={
/* first operation of history buffer */
var op = history buffer.head;

if(op != null) {
/* removal conditions */
if(op.lifeTime < 0) {
removalCnt = removalCnt + 1;
myMsgCnt = myMsgCnt - 1;
outgoing.deQueue () ;

send (mysSid) ;
}

/* dt is in millisecends */
op.lifeTime = op.lifeTime - dt;
} else {

removalCnt = 0;
}

}

func removal sync(sid) := {

if(sid = "server") {

otherMsgCnt = otherMsgCnt - 1;
} else {

for(c in client list) {

if(c '= sid)
send (mySid) ;
}

}
}

Fig. 6. The pseudocode of decrease_life() and removal
sync() tasks for removal synchronization,
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Fig. 7. The process of the operation removal, (a) without removal synchronization protocol, (b) with our removal
synchronization protocol,
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