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Abstract- As we already know, the distributed transactions
in mobile peer-to-peer systems are expected to be longlived. So the shared data items would be locked and other
transactions would be blocked for a long time if we adopt
this protocol in mobile peer-to-peer systems.
In order to improve transaction throughput in
the system, we need reduce the constraint of the two-phase
lock protocol. At the same time, we want to control
cascading aborts. We need to find a proper balance
between long blocking and cascading aborts. We propose a
probabilistic approach to concurrency control. Instead of
locks, we use references to record the shared access to
data.
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I.

INTRODUCTION

A. Distributed Transactions
One logical transaction may include multiple
components, which execute at different sites. As we
discussed before, this logical transaction could be a
traditional database transaction or a collaborative
application with transactional properties. A distributed
transaction can be represented as T (P1, P2, …,Pn), in
which P1, P2, …, Pn are participants of the transaction.

groups are formed on the basis of physical connectivity
among participants. For the discussion of transaction
commit protocols in this chapter, we will assume that a
transaction group usually refers to a physical group.
1. Write-SetT: The set of data items updated by
the transaction T.
2. Read-SetT: The set of data items read by the
transaction T.
Based on the above definition, the system
model could be defined as follows. There are N
participants for a distributed transaction. There are M
partitions among these N participants. A transaction
could be represented as <V, G>. V is the vertex set and
each vertex is a participant. G is the group set and each
group represents a connected partition.
II.

PROBABILISTIC CONCURRENCY CONTROL

Current currency control mechanism utilizes
locks to control the access to shared data. There are two
kinds of locks: read lock (shared lock) and write lock
(exclusivelock). Two locks from different transactions
accessing to the same data are compatible if both locks
could co-exist without compromising the serializability.
The compatibility matrix in Table I demonstrates the
compatibility between these access modes.
TABLE I
THE COMPATIBILITY MATRIX FOR ACCESS MODES

B. Transaction Group
There are two kinds of groups in a distributed
transaction: logical group and physical group. Logical
groups are formed on the basis of collaboration
relationships among participants. Nevertheless, all
participants belong to one group.
There are sub-groups within the group. All
these logical groups form the group hierarchy.Physical

Access Mode
Existed

Read
Write

Access Mode Requested
Read
Write
Yes
No
No
No

The two-phase locking protocol is the main
concurrency
control
mechanism
to
enforce
serializability and conflict-free. There are a variety of
two-phase locking protocols depending on when locks
are released. In all varieties of two-phase locking
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protocols, all lock requests precede all unlock requests
for every transaction.
“Cascading abort” occurs when abort of one
transaction leads to abort of other transactions. In order
to avoid cascading abort, usually all locks are released
after the transaction commits. (This is also called the
strict two-phase locking protocol.) Hence,other
transactions cannot access data items locked by
uncommitted transactions.
Instead of locks, we use references to record
the shared access to data. A reference table is created to
record the list of current transactions referencing each
data item. Each mobile device has a reference table for
the data items that it owns. All these referencing
transactions could be regarded as staying at the second
phase of two-phase locking protocols.
A reference table described in Table II is an
inverted index where each data item is followed by
current transactions referencing the data item and
transactions waiting for accessing the data item.
Referencing transactions are ordered based on the order
of accessing a data item.Waiting transactions are also
ordered based on the order of initially waiting for the
data item. Transaction commit probability is used to
describe the possibility of a transaction’s being
committed.

commit probability based on the reference hierarchical
levels of a single data item being accessed by a
transaction. The horizontal aspect describes the commit
probability based on multiple data items begin accessed
by a transaction.Data item ordered list of referencing
Transactions Ordered list of waiting transactions
In the following, we discuss transaction
commit probability based on the vertical aspect, i.e.,
probability based on a single data item. At the first level,
a transaction can access this data item since no other
transactions reference it. The commit probability of
atransaction T,

𝐏𝐜(𝐓) =

𝑵𝒈
𝑵𝒕

(2.1)

in which Ng is the number of transaction participants in
the group and Nt is the total number of participants in
this transaction. If the commit probability Pc(T) of the
transaction T >Pt, the data item could be accessed by the
transaction T.
At the lower level, if the access modes are not
compatible, whether we could grant the access to the
data item is based on the resulting commit
probability.Let X be the dataitem being accessed. Let Pt
be the probability threshold of the transaction Tk+1 at
level k+1.

TABLE II
REFERENCE TABLE
Data Item
….

Ordered List of
Referencing
Transactions
….

Ordered List of
Waiting
Transactions
….

Probabilistic protocol: When a transaction T
tries to access the data items in its write set and read-set,
the scheduler will check the reference table. If the access
mode requested is compatible with the previous
referencing access modes, the transaction T can access
this data item and it will be added into the ordered list of
referencing transactions.Otherwise, instead of blocking
the transaction T in traditional concurrency control
mechanism, the scheduler will compute the transaction
commit probability Pc(T )of the transaction T. If Pc(T) is
less than the probability threshold Pt, the transaction T
will be blocked and added into the waiting list of the
data item.
How to compute transaction commit
probability of a transaction and how to set the
probability threshold are two keys to the probabilistic
approach. We will discuss the details in the following.
Fig I describes the dependency graph among
transactions and data items. Thecommit probability of a
transaction needs to consider two aspects: vertical aspect
and horizontal aspect. The vertical aspect describes the
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Fig 1. Dependency Graph

Let Tk be the transaction at level k. (The level
stands for the referencing level of X.)The commit
probability of Tk+1,
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𝐏𝐜(Tk+1)=

𝑵𝒈 𝒌+𝟏
𝑵𝒕 𝒌+𝟏

∗ 𝐏𝐜 𝐓𝐤 ∗ 𝛂()

(2.2)

Ng(k+1) is the number of transaction
participants in the group for Tk+1,Nt(k+1) is the total
number of participants in Tk+1 and α is a reduction
factor and 0<α <1. If the commit probability Pc(Tk+1)
of the transaction Tk+1 >Pt, the data item X referenced
by Tk could be accessed by the transaction Tk+1.
What is the status of referencing transactions in
the multi-state transaction model?Usually a referencing
transaction is staying at the tentatively committed state.
There is not enough information from all participants of
the transaction to decide whether the transaction will
finally commit. So they could commit or abort. When a
referencing transaction at the top level commits, this
transaction will be removed from the reference table. At
the same time, we will adjust the status of transactions at
the lower level and decide to commit them or continue
to wait for more information. When a referencing
transaction at the top level aborts, all transactions at the
lower level will abort. This causes cascading abort.
Fortunately, the degree of cascading abort is
controlled. When a referencing transaction at the middle
level decides to commit, it remains at the tentatively
commit state. When its high level transaction commits,
it will finally commit. When a referencing transaction at
the middle level decides to abort, it will also abort the
transactions that are at the lower level.
Now, let us look at the horizontal aspect. A
transaction T may try to access multiple data items X1,
X2, …,Xm. So we can compute multiple transaction
commit probabilities
(Pc(T,X1),Pc(T,X2),………Pc(T,Xm))respectively for
data items (X1, X2, …, Xm). The commit probability
Pc(T)=MIN(Pc(T,X1),Pc(T,X2),…Pc(T,Xm))

(2.3)

The other problem is to choose the proper probability
threshold Pt. The choice of Pt decides the level of
transaction commit ratio and the degree of cascading
abort. Obviously, 0<= Pt<=1. When Pt increases, the
possibility of a transaction being blocked increases and
the degree of cascading abort decreases. We can adjust
Pt based on the dynamic environment and the feedback
from previous results.
When Pt= 0, transactions can access the data
items anytime. There is no blocking. The serilizability
may be maintained through other ways; however it will
cause unlimited cascading abort.
Lemma 2.1: When Pt= 1, the probabilistic approach is a
strict two-phase lockingprotocol.
Proof: From (2.1), we have

𝐏𝐜(𝐓) =

𝑵𝒈
𝑵𝒕

When Pt= 1, so Pc(T)>=1. We can deduce that Ng=Nt.
That means all participants agree to commit.
From (2.2), we have

𝐏𝐜 𝐓𝐤 + 𝟏 =

𝑵𝒈 𝒌+𝟏
𝑵𝒕 𝒌+𝟏

∗ 𝐏𝐜 𝐓𝐤 ∗ 𝛂()

Since Pt=1, Pc(T) =1.
𝑵𝒈 𝒌+𝟏

As 0<α <1 and 𝑵𝒕

𝒌+𝟏

≤1

We will have Pc(Tk+1)<1. So Pc(Tk+1) will not be able
to access the data items until Pc(Tk) commits.
As the minimum commit probability is chosen
to be the commit probability of a transaction when the
transaction needs to access multiple data items. The
conclusion still stands.
So the probabilistic approach is a strict twophase locking protocol when the commit probability
threshold is 1.
Another important problem for the probabilistic
approach is to limit the effect of cascading abort.
Lemma 2.2 gives the upper bound of the level of
cascading abort.
Lemma 2.2: The upper bound of the level of “cascading
𝐥𝐧(𝐏𝐭)

abort” is

𝐥𝐧(𝛂

+𝟏

Proof: From(2.2), we have
Pc(Tk)=

𝑵𝒈𝒌

∗ 𝐏𝐜 𝐓𝐤 − 𝟏 ∗ 𝛂

𝑵𝒕𝒌

Recursively applying (2.2), we have
𝑁𝑔𝑘

Pc(Tk)=

𝑁𝑡𝑘

∗

𝑁𝑔 𝑘−1
𝑁𝑡 𝑘−1

∗. .∗

𝑁𝑔2
𝑁𝑡2

∗ Pc T1 ∗ αk−1 (2.4)

From (2.1), we have
Pc(T1)=

𝑵𝒈𝟏
𝑵𝒕𝟏

Replacing Pc(T1)in (2.4), we have
𝑵𝒈𝒌

Pc(Tk)=

𝑵𝒕𝒌

∗

𝑵𝒈 𝒌−𝟏
𝑵𝒕 𝒌−𝟏

∗ …∗

𝑵𝒈𝟐
𝑵𝒕𝟐

∗

𝑵𝒈𝟏
𝑵𝒕𝟏

∗ 𝛂𝐤−𝟏

(2.5)

Let
𝑵𝒈𝒌 𝑵𝒈 𝒌−𝟏
𝑵𝒈𝟐 𝑵𝒈𝟏
β= 𝑵𝒕𝒌 ∗ 𝑵𝒕 𝒌−𝟏 ∗ … ∗ 𝑵𝒕𝟐 ∗ 𝑵𝒕𝟏 1
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Obviously β is a constant and 0<β <=1
So we have
Pc(Tk)= β ∗ 𝛂𝐤−𝟏

accessing multiple data items. When Pt increases, the
possibility of a transaction being blocked increases and
the degree of cascading abort decreases.
(2.6)
III.

As we know, a transaction can be allowed to access the
data items only if it satisfies the following condition:
(Pc(Tk) is the minimum commit probability from
multiple data items)
Pc(Tk) >=Pt
That means β ∗ 𝛂𝐤−𝟏>= Pt
𝑷𝒕

It could translate to 𝛂𝐤−𝟏 >=

𝛃

Take logarithm at both sides, we have
( k− 1) * ln(α ) >= ln(Pt) − ln( β )

(2.7)

Since 0<α <1, so ln(α ) < 0
Divided ln(α ) from both sides in (2.7), we have
𝐥𝐧
(𝑷𝒕) 𝐥𝐧(𝛃)

(k-1)<= 𝐥𝐧(𝛂) -𝐥𝐧(𝛂)
This is equal to
𝐥𝐧(𝑷𝒕) 𝐥𝐧
(𝛃)

k<= 𝐥𝐧(𝛂) -𝐥𝐧(𝛂) +1

(2.8)

As 0 <Pt<=1and 0 < β <= 1, we know ln(α ) < 0 . So we
can know
𝐥𝐧(𝑷𝒕)
𝐥𝐧(𝛂)

𝐥𝐧
(𝛃)

>0 and 𝐥𝐧(𝛂)> 0

From (2.8), we could deduce that
K<=

𝐥𝐧(𝑷𝒕)
𝐥𝐧
(𝛂)

+ 𝟏(2.9)

So this gives the upper bound of the level of cascading
abort.
Discussion: α is the reduction factor that is used to
control the commit probability inthe vertical aspect. As
0<α <1, a transaction T2 in the lower level should have
smaller commit probability than a transaction T1 in the
higher level as T2 accesses the data item after T2. When
α increases, the priority that T1 has over T2 is smaller;
the possibility of a transaction being blocked decreases
and the degree of possibly cascading abort increases.So
α is also called Vertical Control Factor. In contrast, Pt
is called Horizontal Control Factor as it controls the
threshold for the commit probability of a transaction
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A GROUP BASED TRANSACTION COMMIT
PROTOCOL
Although the transaction commit protocol is a
well-researched database topic, it has been studied
mostly in the context of distributed computing. The twophase commit protocol is the most widely used commit
protocol. In the first phase, a coordinator polls all
participants whether they want to commit or abort the
transaction. In the second phase, the coordinator sends
the decision to all components. Usually the decision is to
commit if and only if all participants agree to commit.
In the traditional two-phase commit protocol
and the three-phase commit protocol, they assume that
there is a central commit coordinator and all participants
of the transaction could communicate with this commit
coordinator.
When these commit protocols moves to mobile
and possibly ad-hoc computing, we find that frequent
disconnections and partitions among transaction
participants render current protocols in effective and that
no strategies exist for this setting yet. In turn, we
devised a group based transaction commit protocol,
which is based on our multi-state transaction model, in
the presence of dynamic partitions.
A transaction process can be divided into two
stages: execution and commit. So each participant of a
transaction has these two stages. To simplify the
discussion of the commit protocol in this section, we
ignore the execution stage in the participant.
(Definition 3.1) Synchronous Path: A communication
path existing between two sites that are located in the
same partition at the same time.
(Definition 3.2) Asynchronous Path: If two sites do
NOT have a synchronous path, but they are able to
communicate through other sites passing the information
between them at different time. Such a communication
path is called an asynchronous path. Delay tolerant
networks describe the architectures for forming such an
asynchronous path.
The assumptions for the group based commit
protocol are described as follows:
i) Partitions can be detected.
ii) An asynchronous path exists between any two
members.
iii) Each site maintains a log.
iv) A central coordinator is not always available.
v) Participants of a transaction are decided at the
beginning of the transactionand will not be changed.

Probabilistic Concurrency Control for Mobile Application

As we do not assume a central coordinator, we
need to find a group coordinator for each group. The
process of electing a group coordinator is described as
follows
Step 1: Randomly pick any participants of the group
Step 2: Apply utility functions and find the optimal one.
For example, the utility function could be the cost of
communicating with other participants in the group.
TABLE III
GROUP BASED COMMIT PROTOCOL
Input: G(P1, P2, …, Pm, Q1, Q2,…, Qn)
Process:
Step 1: P1 initiates the transaction, P2, ..., Pm and Q1, ... Qn receive
it. G is partitioned into two groups G1 (P1,..., Pm) and G2 (Q1,..., Qn).
Let G1 and G2 elect the leader sites E1 and E2 for respective
partitions.
Step 2: P1, P2… , Pm continue the process (Assume the process in
each participant does not need the information from participants in the
other partitions. For example, a query may be assigned to multiple
distributed sites.). Similarly, Q1, … ,Qn also continue the process. So
G1 and G2 maintain group ACID properties and are in the group
active state. If there are no conflicts within G1 or G2, G1 or G2
tentatively commits. Otherwise G1 or G2 aborts. Within each group,
the two-phase commit protocol could be used to decide whether it
should be tentatively committed or aborted.
Step 3: When the membership of G1 or G2 changes (e.g., some
participants in G1 join G2 or some participants in G2 join G1, or G1
and G2 are merged into G’), we will know more information to make
the decision whether the transaction should be kept tentatively
committed, aborted or completely committed.
In this protocol, each site maintains a tentatively committed
transaction queue. For each tentatively committed transaction, it stores
the transaction ID, states (variables,corresponding values, constraints),
and the associated group. Each site also maintains an aborted
transaction queue. If the queue is too long, the participant will export it
to the disk. All these tentatively committed transactions and aborted
transactions are recorded in the local transaction LOG.
Now let’s revisit the correctness criteria for commit
protocols proposed by Bernstein,Hadzilacos and Goodman.
i) All processes that reach a decision, reach the same one.
ii) A process cannot reverse its decision after it has reached one.
iii) The commit decision can only be reached if all processes voted
OK.
iv) If there are no failures and all processes voted OK, the decision
will be tocommit.
v) Given any execution schedule containing failures (of the type that
the algorithm is designed to tolerate), if all failures are repaired and no
new failures occur for a sufficiently long time, then all processes will
eventually reach a decision.

The group based commit protocol is described
as Table III. The input is a distributed transaction with
(n+m) participants. Network partitioning divides the
transaction participants into different groups. We need
to decide whether the transaction should be committed
or aborted. In traditional commit protocols, the
transaction will abort and restart later.
If these participants are not connected together
into a partition again, the transaction will keep aborting

and not be able to complete. In the group based commit
protocol, the transaction still could make the decision
even if these participants are not connected into a
partition again. The basic idea is to utilize the frequent
membership change within different partitions. When a
participant changes the membership from one group to
another group, it could carry the transaction states in the
old group into the new group. So the participants in the
new group will know the decisions made in the old
group so it will make the proper decision.
As we can see from the group based commit
protocol, a tentatively committed transaction could be
promoted to being committed or demoted to being
aborted. But acommitted transaction will not be
reversed. This satisfies Criterion ii). Based
onAssumption ii) and the protocol, eventually all
processes (in different groups) will reach the same
decision. So this satisfies criterion i) and iii). An aborted
transaction will abort the transaction from all
participants. For Criterion iv), if there are no transaction
state information exchanges among partitions, a
transaction may be aborted after a long time even if each
participant in every partition votes to commit. However,
assumption ii) will make sure the asynchronous path
among these partitions, so Criterion iv) is also satisfied.
Based on the same reason, Criterion v) will also be met.
So the group based commit protocol will guarantee
correct results.
If we want to extend the group based
transaction commit protocol from abort veto mode to
majority vote mode, the above correct criteria should be
modified to base on majority processes instead of all
processes.
IV.
CONCLUSION
Our
probabilistic
concurrency
control
mechanism provides a generalized approach to deal with
long blocking while controlling the degree of “cascading
abort”. The commit probability threshold could be
dynamically adjusted based on the feedback statistics
from previous samples, changes of environment and
expectation of concurrency level.
The group based transaction commit protocol
utilizes the multi-state transaction model to addresses
frequent disconnections and network partitioning. The
transaction state information in one partition could be
carried over to another partition. A distributed
transaction could still complete even if all participants
could not be connected at the same time. Combining
probabilistic concurrency control mechanism with the
group based commit protocol; we could reduce the
blocking and improve the transaction throughput and the
transaction commit ratio.
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