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Abstract. Aiming at solving the problems in the mobile computing environ-
ment such as low bandwidth, frequent disconnection and low battery capacity,
we propose an improved optimistic transaction processing method -- the virtual
time optimistic transaction processing protocol. This protocol improves the per-
formance of optimistic transaction processing by extending the concept of
committability or, more specifically, by releasing the constraint of the total or-
der relation between all transactions based on our analysis of the transaction
processing approaches from a different angle. In this paper, we first explain and
give the algorithm of the virtual time optimistic approach. Then we present and
show the result of a simulation on the virtual time optimistic approach. Finally,
we make comparison and performance analysis based on the simulation. The
comparison and performance analysis show that the protocol has interesting
performance gain in the metric of the number of abort.

1 Introduction

With the advent of third generation wireless infrastructure and the rapid growth of
wireless communication technology such as Bluetooth and IEEE 802.11, mobile
computing becomes possible. People with battery powered mobile devices can access
various kinds of services at any time any place. However, existing wireless services
are limited by the constraints of mobile environments such as narrow bandwidth,
frequent disconnections, and limitations of the battery technology. Thus, approaches
to efficiently process transactions have received considerable attention [1, 3, 4, 9, 10,
15, 17, 20].

The pessimistic approach successfully serializes all the transactions that have data
dependency with each other [9]. However, it is the least efficient one in the mobile
environment for the overhead of locking, waiting for locks and deadlock. The opti-
mistic approach is therefore proposed and successfully address some of the above
problems by the optimistically assuming that the data items accessed by a transaction
would not likely to be updated before it commits [2, 5, 6, 7, 8, 11, 12, 13, 14, 16, 18,
19]. The virtual time optimistic approach, which is our contribution, allows that the
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imaginary time when a transaction performs all its operations and then commits to be
a virtual time and consequently extends the concept of committability, and therefore
offer an interesting performance gain.

The paper is structured as follows: Section 2 discusses from a different angle the
way to handle concurrency control and show the advantage of the virtual time opti-
mistic transaction processing approach. Section 3 provides the algorithm and proof
for the virtual time optimistic approach and some complementary algorithms. Section
4 provides an simulation to do experimental comparison and performance analysis to
our approach and section 5 concludes the paper.

2 Motivating Analysis

If the relations between committed transactions could be represented by a directed
acyclic graph in which each transaction is a vertex and each precedency relation is an
edge, they are serializable because any directed acyclic graph has at least one topo-
logical order. But it seams that a transaction cannot easily be represented by a dot
because transactions do not happen in instant but have durations of execution and
might interleave with each other in time. However, if certain constraints are satisfied,
it is possible to imagine transaction to be an instant action. If so, transaction process-
ing could be implemented using a directed acyclic graph. Actually, some of the trans-
action processing approaches could be through of as trying to do that. For example,
by making the data items visited by a transaction temporarily “invisible” to the other
conflicting transactions, the Strict 2PL in [3] provides the illusion that a transaction
only executes on the time it commits. As another example, the optimistic approach,
such as the one proposed in [16], also provides the same illusion by facilitating the
local cache and installing the data items modified by the transaction into the database
only when it commits if the optimistic assumptions are satisfied. The later is obvi-
ously more desirable in the mobile computing environment because it eliminates the
overhead on locking, waiting for lock holders and restarting when deadlock occurs.
However, both of the above approaches have the dots corresponding to a real time,
that’s each dot is a spot in the time vector. Thus, the dependence relation between
transactions is a total order relation. But it is possible to be a partial order because not
all the transactions do have conflict operations. By not corresponding each dots of
transactions to a real time, or using virtual time to represent the virtual execution
instant of a transaction, we could extend the concept of committability and hence
improve the overall efficiency of transaction processing.

The virtual time optimistic transaction processing approach is an extension to the
traditional optimistic approach. In the traditional ones, such as in [16], timestamp is
used to present the precedency relation between transactions, and the transaction
commits earlier has a smaller timestamp than the transaction commits later. This con-
stitutes a total order relation between all transactions, because any two transactions
are comparable to each other in timestamp. This approach is effective, but it is not
efficient however, because only those transactions have conflict operation is need to
have a precedency relation between them in order to ensure valid executions and
otherwise it is unnecessary. The virtual time optimistic transaction processing ap-



proach releases this constraint by presenting the partial order precedency relation
between transactions in a directed acyclic graph..

3 The virtual time optimistic approach

For the purpose of simplifying the system model that our simulation is based on and
for the consideration of the limitations of the mobile devices, we could make the
assumptions that there is only one database server and the amount of data items that
each transaction access is very small so that the limited amount of available local
storage on the mobile devices can cache the data items they process and there are
only short transactions. So, we use a very simple system model where there is only a
single database and a number of mobile agents where transactions are running. Each
data item records the number of the last transaction that updated it. Some information
about the committed transaction is also maintained on the database, including the set
of the data items red or written by the transaction and the directed acyclic graph used
to hold the partial order precedency relation between transactions. We use the follow-
ing denotation convention: Ta <(>) Th denotes an edge in the DAG which means The
virtual execution time of transaction Ta is earlier(later) than that of transaction Tb.

Algorithm 1, This algorithm is executed in the respect of an executing transaction,
and any transaction that is visible to the others is committed with their information
sent to the database.

Each transaction T maintains a DAG in the local memory to hold part of the DAG
in the database.

Add T > Tewd in the local DAG if Tewd updates a data item D (executes) before T
read D.

Add T < Tlwd in the local DAG if Tlwd updates a data item D (executes) after T
read D, that’s Tlwd > Tewd.

Add T > Trd in the local DAG if Trd read a data item D (executes) that T updates.

When T is prepared, try to add the local DAG into the global DAG in the database.
If it constitutes a cycle in the global DAG, restart T. Otherwise, commit T.

When committing T, for each D updated by T, if T < Twd, where Twd is the last
transaction updated D, ignore T’s update on D. Otherwise install T’s update on D in
the database and add T > Twd on the global DAG.

Theorem 1. The The virtual time optimistic approach generates serializable execution
of transactions. Proof: Because the global DAG is acyclic, T and the rest of the
transactions have a topological order on the precedency relation, therefore they are
serializable.

The above algorithms should be combined with some other techniques in practical
situations, including the technique to detect incommittable transactions before they
prepare and the technique to delete something obsolete from the global DAG on the
database periodically.



Algorithm 2, This algorithm uses Invalidation Report (IR) to earlier abort
transactions that are impossible to commits successfully before they are prepared.
When an IR containing the read-set and write-set of a committed transaction Tc is
disseminated to T, the checking is perform in T’s host agent as described in algorithm
1. If after the checking the local DAG is cyclic, restart T.

Algorithm 3, As time goes by, the DAG would occupy a great amount of disk space.
This algorithm is used to delete the obsolete information. Any information represent a
transaction has a life span (which is much larger than the general duration of a
transaction), and the information is eliminate at the end of this time span. Using this
algorithm, a change should be made to algorithm 1. That’s, any prepared transaction
trying to add an edge from a non-existed transaction in the global DAG should be
restarted.

4 Simulation and performance evaluation

We use the aforementioned system model in our simulation in this section. This sec-
tion consists of 3 parts. In the first part, we simulate the real execution of the transac-
tion processing system to approximately testify the correctness of the virtual time
optimistic transaction processing approach. In the second part, we compare the virtual
time optimistic transaction processing approach with the optimistic transaction proc-
essing protocol in [16]. The third part is a performance analysis of the virtual time
transaction processing approach.

The major experimental parameters are listed in the table below. In each of the per-
formance analysis, one or two parameters vary to get the curve while the other values
remain unchanged.

Table 1. Eexperimental parameters setting

Parameter Name Value
Number of transaction 100
Transaction starting time 1~100
Number of data items 30
Number of mobile agents 20
Number of operation in a transaction 1~5
Percentage of write operation in a update transaction 30%
Offset of accessed data item in the subsequent operation. 1
Time to perform a read operation 3
Time to perform a mathematic operation 5~20
Time to perform invalidation checking 3
Time to transfer data 50

Time to restart a transaction 10




The method to testify the correctness of the virtual time optimistic transaction
processing approach is described as follows: 1) randomly generate a number of trans-
actions T and data items D1; 2) using the virtual time optimistic transaction process-
ing approach to process all the above transactions T and get the DAG and the result-
ing values D2 of the data items; 3) restore the data item to value D1 and execute the
transactions T again serially in a topological order of the above DAG and get the
resulting values D3 of the data items; 4) compare to see if D2 and D3 are equal. If so,
the virtual time transaction processing protocol is equal to a serial execution. We
repeat this test for 100,000 times and found completely correct results, thus we testi-
fied approximately that the virtual time transaction processing approach generates
serializable execution of transactions

Next we will compare the virtual time optimistic transaction processing approach
to the optimistic transaction processing protocol in [16]. The later is an optimistic
transaction processing protocol designed to improve the overall throughput in the
mobile environment. In the comparison, we use the number of abort as the metric to
evaluate the performance of the different approaches. We assume all transaction
would successful finished their execution if there is no other transactions. The trans-
action is aborted and restarted if it is found conflicting with any of the committed
transaction (The DAG becomes cyclic if the transaction is committed).

Different from some of other optimistic transaction processing approaches, the vir-
tual time optimistic transaction processing approach would not commit read only
transaction autonomously, but if the last time when the transaction summits data
access request to the database server can be pre-determined (for example, the transac-
tion is summit with pre-declaration information provided by the compiler), the pre-
commit request could be appended to that request and send to the server. However,
the overhead to access the data through the wireless link is saved when the first op-
eration to some data items is a write operation. More importantly, in other optimistic
transaction processing approaches, a newly committed transaction must have a
greater timestamp than those have committed, but in the virtual time optimistic trans-
action processing approach, a transaction is committable only if it keeps the DAG
acyclic. So, the virtual time optimistic transaction processing approach releases the
transaction from the stricter total order relation to a looser partial order relation in
theory and enlarger the chance that a transaction is committable in practice. From
figure 1, we can see that the virtual time optimistic transaction processing approach
always has better performance than the optimistic transaction processing protocol in
[16] as the number of transaction increasing from 20 to 100, and the performance
remains tolerable even when the confliction on data items is relatively high (when the
number of data items is 20 and the number of transactions is 100).
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Fig. 1. The optimistic transaction processing protocol in [16] (OTP) vs. the virtual time opti-
mistic transaction processing approach (HTP)

Finally, we will analyze the performance of the virtual time optimistic transaction
processing approach using the experimental results showed in figure 2 and figure 3.
As in the performance comparison, we also use as the metric of the number of aborts
to evaluate the performance. There are 3 curves in each of these figures. In figure 2,
these curves represents the system setting where the number of data items are differ-
ent. The 3 curves in figure 2 represent 6, 12 and 18 data items respectively. In figure
3, each of these curves represents a kind of data access pattern which means the per-
centage of write operations in an update transaction and is showed in these figures as
update rate. The 3 curves in each of these figures represent the update rate of 30, 60
and 90 respectively
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Fig. 2. Number of aborts vs. number of data items and number of transactions
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Fig. 3. Number of aborts vs. update rate and number of transactions

In figure 2, we found as we expect that the number of aborts increase as the num-
ber of transactions increases and as the number of data items decreases. That is be-
cause the chance of confliction between transactions when accessing data items in-
creases as the number of transaction increases and as the number of data items de-
creases.

In figure 3, readers maybe surprising to find that the number of aborts is not al-
ways increase as the update rate increases as would be seen in the results of the other
transaction processing approaches where conflict occurs between read operation and
write operation and between write operations. In the virtual time optimistic
transaction processing protocol, precedency relation between the virtual execution
times of the transactions does not correspond to that of the real execution times nor
does it to that of the commit time. So, some of the conflicts between write operations
would be avoided by adjusting the precedency relation between the virtual execution
time. Observation shows that write conflicts rarely happen in this approach. In the
virtual time optimistic transaction processing approach, the major conflict between
transactions is read-write conflict. As is suggested in figure 3, the number of aborts
does not increase as the update rate increases, but it reaches its maximum value when
the update rate is between 30 and 60, which means that the overall performance be-
come worst when the rate of read operation to write operations reaches a certain
proportion but not in extremes.

5 Conclusion

In this paper, we have proposed an improved optimistic transaction processing
method -- the virtual time optimistic transaction processing protocol which improved
the performance of optimistic transaction processing in the mobile computing envi-
ronment by extending the concept of committability or by releasing the constraint of
the total order relation between all transactions based on our analysis of transaction
processing from a different angle. We have explained and given the algorithm of the
virtual time optimistic approach, and presented and showed the result of a simulation
on the virtual time optimistic approach. And finally, comparison and performance
analysis based on the simulation was performed. Our next step is to make it richer and
deeper on the theoretical side and also more practical than it is now.
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