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ABSTRACT

Business transactions (a.k.a., business conversatime series of message exchanges that
occur between software applications coordinatingud¢hieve a business objective. Web
service has been proven to be a promising techpatogupporting business transactions.
Business transaction can either be long-runninghort-lived. A transaction whether in a
database or web service paradigm consists of &or-alothing” property. A transaction
could either succeed or fail. Web Service Atomiangactions (WS-AT) is a specification
that currently supports Two-Phase Commit (2PC)qumaitin a short-lived transaction.
WS-AT is developed by OASIS—a standards developroagdanization. However, not all
business process scenarios require a 2PC, in éisat fust a One-Phase Commit (1PC)
would be sufficient. But unfortunately, WS-AT cumtly does not support 1PC

optimization.

The ideal scenario where 1PC can be used instea®®fis when there is only a single
participant. Short-lived transactions involvinglymwne participant can commit without
requiring initial “prepare” phase. Thus, there ie nverhead to check whether the
participant is prepared to either commit or rolkbathis research focuses on designing a
mechanism that can add 1PC support in WS-AT. Thenieal implementation of this
mechanism is developed by using JBoss Transactiin As a part of this thesis, 1PC
mechanism for a single participant scenario wadampnted. This mechanism optimizes

the web service transaction process in terms ofheae and performance in terms of



execution time. The technical implementation solutior 1PC mechanism was evaluated
using three different business process scenariasontrolled experiment as a presence or
absence test. Evaluation results show that 1PCanexth has a lower mean for execution
time and performed significantly better than 2PCcinamism. Based on the contributions
made by this thesis, we recommend OASIS to considkrding 1PC mechanism as a part

of the WS-AT specification.
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Chapter 1

INTRODUCTION

Business transactions (a.k.a., business convarsatime series of message exchanges that
occur between software applications coordinating atthieve a business objective
(Papazoglou, 2003). The conversations in Busiregsisiness (B2B) paradigm are often
complex involving many participants within a netkwar cross-networks. The majority of
the B2B conversations requires transactional supwbich guarantees the correct order of
execution and desired results (Bowles & Moschoygr2008). The web service has been
proven to be a promising technology in supportingitiess transactions (Bowles &
Moschoyiannis, 2008). Service-oriented architect{BOA) is an architectural approach

for the implementation and delivery of loosely claapdistributed services.

A business transaction can either be long-runninghort-lived. Transactions that can be
executed within a few minutes, hours, or even a flays are known as long-running
(Bowles & Moschoyiannis, 2008). Long-running tractgans are required in cases where
conversations are complex and consist of multipisiiess activities. Business activities
typically consist of a series of smaller sub-tratisas within one complex transaction or
just consist of a single transaction. Such tramsasoriginate from different sources which
have multiple web services running to achieve @iipeesult. In contrast, short-running

conversations are required to achieve a speciiglesiunit of task or atomic task ((Little,

Maron, & Pavlik, 2004), pp. 32). Short-running cersations are short-lived transactions



which are usually atomic in nature. A long-runnaamnversation can be a series of multiple

short-running conversations.

For example, consider a trip booking scenario.Uusesay a person wants to book a flight
and a rental car. Step one would be to reservigta followed by a rental car reservation
as the second step. Let us say that step two tladls, it is not feasible to let go of the flight
booking as it may be full when trying to reserve tiext time. In that case, the user can
reserve a rental car successfully through anothen@. As a compensation step, if the
user finds another cheap flight he may cancel theipusly booked flight and book a new
one. This is an example of a long-running transactiith compensation. It consists of two

short-lived transactions.

Let us consider another example which explainstdived transactions. Let us say a
person wants to book three tickets for a music ednfor his family with desired seat
numbers after reviewing the diagram of availablatseln this case the system should
allow him to book all the three tickets within aimansaction which can be considered as an
atomic transaction. It would either book all threekets in the case of success of a
transaction or none in the case of a transactiduréa Both of the above mentioned types

of transactions are important in complex businessaarios.

Regardless of the transaction types and businesssos, short execution time (a.k.a.,
response time) is of high importance for onlineifess transactions as a few seconds

could be intolerable for a human user (Shneiderm&@84; Singhal, 1988; Srinivasan,



Anderson, & Ponnavolu, 2002). A customer has vasgens in online environment, thus,
a frustrated customer would likely switch to a cetitpr's service (Srinivasan, et al.,
2002). Customers expect online transaction pracgssd be fast and efficient
(Constantinides, 2004). Therefore, transactionh ghiorter execution times have a higher
likelihood of maintaining customer loyalty and s#dction. Customer satisfaction and
loyalty have been recognized as important factoas affect the profitability of a business

(Srinivasan, et al., 2002).

There are different web service specifications Wigapport long-running and short-lived
transactions. Long-running transactions are supgdrly several competing specifications
such as Web Service Choreography Description Lagg@@&/S-CDL) (Kavantzas et al.,
2005), Web Service Business-Activity (WS-BA) (Neweer, Robinson, Freund, & Little,
2007), Business Transaction Protocol (BTP) (Cepsrddual., 2002), and Web Service
Composite Application Framework (WS-CAF, 2005). Shiwed transactions are
supported by WS-Atomic Transaction (WS-AT) speaifion (Newcomer, Robinson,
Little, & Wilkinson, 2009). WS-AT specification issimilar to traditional ACID
transactions. All the above mentioned specificatiare OASIS standard except WS-CDL
which is a W3C standard. OASIS and W3C are standavélopment organizations that
utilize consensus-oriented process to bring variodgstry members and experts together
to design web standards including web service Bpatons (Umapathy, Purao, & Bagby,

2012).



This thesis mainly focuses on short-lived transastiand WS-AT specification because in
a short-lived transaction, the resources are btbalketil the transaction ends either
successfully or in a failure state. As discussatieeathat transaction is atomic in nature
providing an “all-or-nothing” property. This properis very useful in many real world

applications where ACID (atomicity, consistencyglasion and durability) properties are
key requirements. WS-AT specification supports shed transactions. There are many
research opportunities in this area which can pusetul in the real world while designing

applications which are transactional in nature.

1.1 Problem Statement

Two-Phase Commit Protocol (2PC) is a widely acagptdustrial standard to maintain the
atomicity of a transaction. This protocol is an emgnent amongst the members
participating in a transaction. The 2PC meanstti@transaction manager first sends out a
“prepare” message to all participants and startsingafor acknowledgement messages
(Newcomer, Robinson, Little, et al., 2009). Onaedeives “OK” from every participant, it
sends out a “commit” message. If it didn't recane’OK” from some or all participants, it

sends out a “rollback” message to all participants.

If a transaction involves more than one resourB€; & necessary. The 2PC protocol (the
“prepare” phase and the “commit” phase) ensures \len the transaction ends, all
changes to all resources are either totally coredhitbr fully rolled back. All the

participants are then informed of the final resttis is the reason why 2PC is needed in



distributed transactions. For example, in caserdéring a book scenario, you might have
two separate participants (one adding a book tbhopmng cart and another, a payment
process) within a single transaction. If the fpsbcess has been committed but the second

fails, there is no way to roll back the first omgyiore.

While 2PC ensures atomicity (a single, indivisiatemic unit of work that either commits
or rolls back), it comes with a high cost of penfiance hit due to the number of message
exchanges and the logging of states which are fesddrther processing. For this reason
several optimizations of the protocol or even catgdy new solutions are required. One-
Phase Commit (1PC) is a widely known optimizatidieto & Reverbel, 2008). When
talking about a single phase commit, the transachanager only sends out one message,
“‘commit”. It does not send “prepare for commit” gsage. This reduction in the overhead
of sending “prepare for commit” message could paaty increase the performance of the
transaction manager. It also reduces the chancéailafe that could occur during the

“prepare for commit” phase.

WS-AT (Web service Atomic Transactions) is a speaifon developed by OASIS that
currently supports 2PC protocol in any short-liviednsaction (Newcomer, Robinson,
Little, et al., 2009). There are some scenario$h g business processes with a single
participant, where it is not necessary to have &€.2R that case, there should be a
mechanism to support 1PC. Unfortunately, WS-AT Bpation currently does not support
1PC optimization.WS-AT specification developed by OASIS follows “Igs by

Committee” process (Purao, Bagby, & Umapathy, 2008)s, in the due process some



functionalities are considered and some are nduded due to various technical and

political reasons (Little, 2007).

The scenario where 1PC can suffice the desiredt i@fsal transaction is when it has only a
single participant. In a current situation, evem iflistributed transaction involves only a
single participant, WS-AT requires execution of thi2PC protocol. The lack of the 1PC
in WS-AT is unfortunate, since it is an importamdawidely known optimization for

performance and overhead of transaction processing.

The objective of this thesis is to enable 1PC in-MISso that in case of a single
participant, there is no overhead to check whethneparticipant is prepared to commit or
rollback. It can do it without requiring the initigprepare” phase. 1PC is an optimization
selected by the coordinator when it observes thit @ane participant has been registered
for the transaction. In many cases, the participmmiot aware of number of participants
registered with the coordinator for a transactidime participant should notify the
coordinator that it is capable of participatingarlPC or 2PC protocol. The coordinator
would then select the 1PC optimization if ther@my one participant registered for the
transaction and only if that participant is 1PCatae. In order for coordinator to allow
individual participants to register for differentopocols, there is a need to add a 1PC
mechanism for WS-AT. This thesis provides a congdpinodel of the 1PC mechanism,

prototype for the mechanism, and preliminary evadneof the prototype.



Chapter 2

BACKGROUND AND LITERATURE REVIEW

2.1 Transactions

A transaction, whether in a database or web semparadigm, consists of an “all-or-
nothing” property ((Little, et al., 2004), pp.4)rahsaction could either succeed or falil. In
the case of success, it will give the desired tesud it reaches a state which can be called
as a success state. But in the case of failuwell ieither revert to its original starting point
or achieve a new state which can be stated asusefatate depending upon the design of

an application.

As mentioned earlier, web service transactions saneilar to database transactions
possessing similar properties. In the real-worlgirenment, transactions are needed to
perform critical tasks like airline ticket reseneat, online money transfers in a bank, etc.
There is a possibility that an operation can go et inconsistent state if it is not bound
into a transaction. Let us take a look at imporfaoperties of transaction which are also
known as ACID Properties ((Little, et al., 2004D,¢):

* Atomicity: In case of a successful completion of transactibcommits. If a

transaction fails, it reaches its origin state \whgcalso called rollback.
» Consistency: In case of success or failure of transaction, dhta will remain

consistent all the time.



» Isolation: Even if transactions are executed concurrentlyrekalts obtained at the
end of each transaction are such that it appedravi® been executed serially.
» Durability: Once the transactions is completed successfullycanamitted, the
effect is permanent.
Every transaction has a coordinator which manages autcome of the transaction
(success/commit or failure/rollback). The coordmnats also known as Transaction

Manager.

2.1.1 Two-Phase Commit (2PC) Protocol

Two-Phase Commit protocol is a widely accepted stiil standard to maintain the
atomicity of a transaction. This protocol is an emgnent amongst the members
participating in a transaction. Figure 1 showspghases of 2PC protocol (Dinn, Connor, &

Little, 2014).

As shown in Figure 1, a transaction first entets phase one. The coordinator C will start
a conversation with the participants A and B eatlsin a transaction. Based on the
response from the participants, it decides whetioercommit or rollback. If both
participants agree to commit, the coordinator weimember the decision and the
transaction enters into phase two. During this @hdise coordinator will inform the
participants to carry out the action whether to wwior rollback depending upon the

response it gets during the first phase.



Image redacted, paper copy available upon request to
home institution.

Figure 1. Two-Phase Commit (2PC) Protocol

2.1.2 One-Phase Commit (1PC) Protocol

One-Phase Commit protocol is an optimization of 2PC protocol. Business transaction
involving a single participant can use 1PC instead of a standard 2PC. In this protocol, there
is only one phase which is the second phase of 2PC protocol. Here is a simple example
which explains 1PC. Consider a transaction in which a user wants to reserve a table at a
restaurant. In this case, the user simply goes to the restaurant’'s website and books a table.

In this scenario, only one participant is involved, so 1PC is a perfect fit.



2.1.3 Compare and Contrast 2PC and 1PC

2PC maintains atomicity in business transactionleMPC does the same thing but with
optimization. 2PC is used in transaction in a rudtiticipant scenario while 1PC is used in
transaction having a single participant. While 28tGures atomicity (a single, indivisible
atomic unit of work that either commits or rollbagkit comes with a high cost of
performance hit due to the number of message egelsaand the logging of states which
are used for further processing. When talking alosihgle phase commit, the transaction
manager only sends out one message, “commit”. ds dmt send “prepare for commit”
message. This reduces the overhead of exchandprémare for commit” message could
increase the performance. It also reduces the ebamicfailure that could occur during

“prepare for commit” phase.

2.2 Web Service

“A Web service is a software system designed topstpinteroperable machine-to-
machine interaction over a network. It has an fat&r described in a machine-processable
format (specifically WSDL). Other systems interadth the Web service in a manner
prescribed by its description using SOAP-messagpgally conveyed using HTTP with
an XML serialization in conjunction with other Weblated standards.” (Booth et al.,
2004). Web service is one of the widely used technologgesichieve communication
between two or more participants within the santevokk or across the networks (Booth,

et al., 2004).

-10-



2.3 WS-Atomic Transactions (WS-AT)

WS-Atomic Transaction is similar to traditional transaction with ACID properties. This
specification is an OASIS standard. This specification is generally used for short-running
conversations. Figure 2 shows the 2PC state transitions (Newcomer, Robinson, Little, et al.,

2009).

Image redacted, paper copy available upon request to
home institution.

Figure 2. 2PC state transition diagram in WS-AT

The participant accepts:

Prepare:

When a coordinator sends this notification, the participant will enter the first phase and
vote on the outcome of the transaction. A participant that is in its Active state should send a

vote as “Aborted”, “Prepared”, or “ReadOnly”. If the participant is unaware of the

-11-



transaction, it must send an “Aborted” notificatiand if it has already voted then it must

resend the same vote.

Rollback:

When a coordinator sends this notification, thdigipant is aware that it has to abort and
forget the transaction. If a participant is not coitting then it must respond by sending an
“Aborted” notification and should then forget abdbe transaction. If the participant is

unaware of the transaction, it must send an “Ali3metification to the coordinator.

Commit:

When a coordinator sends this notification, thdigigant is aware that it has to commit the

transaction. This notification must only be sentemfthe “prepare” phase and if the

participant voted to commit. If the participantuisaware of the transaction, it must send a

“Committed” notification to the coordinator.

The coordinator accepts:
Prepared:
When a participant sends this notification, the rdowtor has the knowledge that the

participant is Prepared and votes to commit thestretion.

ReadOnly:
When a participant sends this notification, the rdowtor has the knowledge that the
participant votes to commit the transaction, and fargotten the transaction. The

participant does not wish to participate in phage t

-12-



Aborted:
When a participant sends this notification, the rdowtor has the knowledge that the

participant has aborted and forgotten the trarmacti

Committed:
When a participant sends this notification, the rdowtor has the knowledge that the

participant has committed and forgotten the tratisac

2.4 WS - Coordination (WS-C)

WS-Coordination (WS-C) specification defines aneastble framework for coordinating
activities using a coordinator and set of coordomafrotocols (Newcomer, Robinson,
Feingold, & Jeyaraman, 2009)his framework enables participants to reach ctarsis

agreement on the outcome of distributed activifidse coordination protocols defined in
this framework accommodate a wide variety of atéisj including protocols for simple
short-lived operations and protocols for complerglounning business activities. For
example, WS-AT and WS-BusinessActivity (WS-BA) dfieations use and build upon

this specification.

This specification describes a framework (see ég@i{Newcomer, Robinson, Feingold, et
al., 2009)) for a coordination service (or coorttmawhich consists of three component

services: (1) an activation service with an operathat enables an application to create a

-13-



coordination instance or context, (2) a registration service with an operation that enables an
application to register for coordination protocols, and (3) a coordination type-specific set of

coordination protocols.

Image redacted, paper copy available upon request to
home institution.

Figure 3. WS-Coordination Specification

2.5 WS-Business Activity

Web Service Business-Activity (WS-BA) specification supports long-running
conversations in B2B applications where the locking of resources for a longer duration is
practically not feasible (Newcomer, et al., 2007). In WS-BA architecture, services are
requested to perform an operation. During the performance of an operation, if there is a
need to revert the changes, the business activity will cancel the operation and will inform

the service to undo the changes ((Little, et al., 2004), pp.328).

-14-



2.6 JBoss Transactions

JBoss Transactions (JBossTS) is the premier opgicesdransaction manager technology
used in the industry for the past 20 years. lbimgatible with various standards including

OMG and Web Services transactions (JBossTS, 2014).

Here are some of the salient features of JBosss&csions (JBossTS, 2014):
Bullet Proof Reliability:
JBoss Transactions has evolved on industry prae@mblogy over 20 years as a leader in

the field of transaction processing.

Reduced Operating Costs:
JBoss Transactions has built-in failure recoverynponents that can handle failures
automatically with no manual intervention requiréthe product can be downloaded free

of cost as it is an open source.

Flexible Deployment Options:
JBoss Transactions can be deployed JBoss Applic&&over as a stand-alone as well as

within a range of different container implementasio

Simplicity...Not Complexity:

JBoss Transactions simplifies application develapras programmers are able to focus on

business logic rather than specialist non-reusabiet-prone failure recovery code.
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Full Distributed Transactions:
JBoss Transactions preserves overall system statgrity regardless of the topology of the
deployment and creates a unified transaction soldtr all resources - databases, message

gueues, and arbitrary custom components.

Industry Leading Interoperability:
JBoss Transactions extends beyond J2EE to Web c8srvinrough support of

specifications like WS-Coordination, WS-AtomicTran8on and WS-BusinessActivity.

Professional Support:
JBoss Inc. delivers the professional support, dinguand training that you need whether
you are testing a proof of concept, deploying asmrscritical application, or rolling out

JEMS across your enterprise. JBoss is also congrtoi partner with Arjuna Technologies.

2.7 Related Work

Congiu et.al. (Congiu, Grawinkel, NarasimhamurtByBrinkmann, 2012) demonstrate
how 1PC can be considered as a low overhead ammymaeitment protocol for scalable
metadata services. The increase in the numberesft chachines in a computing cluster
infrastructure makes it difficult to handle the anging requests by using a centralized
metadata server. This poses a problem to manadebualied transactions such as
CREATE, DELETE and RENAME. The existing 2PC prototo handle distributed

transactions is very expensive as there are afisgmi number of message exchanges
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between metadata servers (participants) and afsmsynous writing of logs to a data store
to keep the important information. In addition stprotocol locks the resources until it logs
the information. Thus, simultaneous operationsamesdirectory will not be possible and
it makes the request to those resources in aigedainanner. This will have a significant
performance hit when the number of requests tateneaw files in the same directory is
very high. The solution proposed here to handldribiged transactions using and
guaranteeing atomicity is to use 1PC protocol w@me customization. The proposed 1PC
mechanism was evaluated by comparing its perforenagainst other protocols using
ACID Sim Tools simulation framework. To aid the qmamison, the following operations
were performed: synchronous and asynchronous ldgsaand message exchanges both
including for critical path. The mechanism was ased using computational latency,
network latency, and disk bandwidth. Authors statg 1PC can comparatively gain more
than 55% performance based on their analysis. Tieshanism is optimization in
distributed file system whereas this thesis focuspSmization in transactions in a

distributed web services environment with WS-AtoMiansaction specification.

Al-Houmaily and Chrysanthis (Al-Houmaily & Chryséad, 2004) proposed a new
protocol called One-Phase, Two-Phase Commit (1-3Gfpcol which can be used to
maintain the atomicity and commit the transactions distributed Wide Area Network
amongst different web applications. This protocghamically selects between the two
protocols depending upon the need. The mechanismwsslsignificant performance
improvement for 1PC protocol while it still maintai the characteristics of two-phase

commit protocol. This protocol accommodates botle-Bhase and Two-Phase commit

-17-



protocols despite of their incompatibilities andchiages the successful commitment of
transactions in a distributed database environniePBC initializes with 1PC and switches
to 2PC if required. Similar to other protocols,c@iinator keeps track of information in a
protocol table such as the identity of each paaict that takes part in the execution of the
transaction. It also keeps track of the protoc@dusuch as 1PC or 2PC. As mentioned
earlier, each transaction starts with 1PC. Eachicpmnt also keeps track of active
coordinators which is known as recovery-coordirgtlst (RCL). RCL is kept in a stable
log and is used during the post failure recoverthefparticipant. For optimized searching
of active coordinator in the RCL, all-active fla§AF) is set for active coordinators. Upon
successful execution, the participant sends ACKsagss to the coordinator and in case of
failure, it sends a NACK. For an update operatibal] consistency constraint validation is
maintained, it follows 1PC and enters the prep@mecbmmit state to invoke the final
decision. If the update operation experiences deferalidation of consistency constraint,
the participant notifies the coordinator and swekhio 2PC by setting up an unsolicited
deferred consistency constraint (UDCC) flag asra@aACK. In this case, the participant
does not enter a prepared-to-commit state as thisiale depends on the message sent from
coordinator. Moreover, 1-2PC protocol can handléh mmmunication failure and site
failures. So this protocol is a perfect fit in ewviments which have a high volume of short
transactions. The protocol is evaluated by compgadr2PC protocol with different
protocols. The basis of comparison was for commdt abort cases on a per transaction
basis. In both cases protocol was assessed bydedng following factors: log force
delays, total forced log writes, message delaymfaibs and locks), total messages, and

total messages with piggybacking. It has been gbddhat the overall overhead in 1-2PC
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protocol is comparatively less and it was provertdayiparing the performance of different
protocols analytically with respect to log, messagd time complexities. This mechanism
of 1-2PC protocol dynamically makes a selectioowben 1PC and 2PC based on the
situation in a distributed WAN environment, wherdhss thesis will be focusing on

designing a mechanism to enable 1PC capabilitydistaibuted web service environment

which uses WS-Atomic Transaction specification.

Neto and Reverbel (Neto & Reverbel, 2008) repatléssons learned from designing and
implementing WS-Coordination and WS-AtomicTransattiOne of the reasons to use
web services is the interoperability in the hetermpus and secured environment. But this
is not enough as it does not handle data inconsigtéssue in enterprise application
paradigm. To handle data inconsistencies, theaenised to provide transactional support.
WS standards like WS-Coordination (WS-C) and WSasitd ransaction (WS-AT) have
provided transactional support. These services wsed to build a custom service which
was implemented as a plugin to XActor (a distributansaction manager that supports an
open-ended set of transports, and enhances ifullittupport for atomic transactions over
Web services). This plugin extends the capabilfty<Actor to provide full support for
atomic transactions over Web services, includirggltrecovery capabilities. It cooperates
with XActor to transparently handle all the complateractions that take place between

the participants involved in a distributed trangarct
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The WS-C/WS-AT service is built upon XActor. Thisrgice was implemented as a third

party TRMI (Transaction Remote Method Invocationdgm which is used to encapsulate

the SOAP/HTTP invocation mechanism. This plugin pases of:

Web services that implement the WS-C/WS-AT poresy/p

Interceptors to propagate and import the transacimtext,

A software layer that encapsulates the SOAP/HT M®aation mechanism and
makes it available to XActor through well-knownarfaces, and

Another software layer that extends the crash mgomechanism of XActor.

Neto and Reverbel described the design and impleti@m of a plug-in that enhances

XActor with atomic transactional support in Webvsegs. The concluding part discusses

the lessons learned during the design and impletientof WS-C and WS-AT:

WS-AT should support 1PC

WS-AT should address heuristic management

WS-AT should standardize Xid URIs

Transaction managers should be extensible

Dependence on a SOAP stack is burdensome i.e cbgipling

Performance-critical Web services require lightweigchnologies.

Neto and Reverbel listed the problems they encoemteduring the design and

implementation of WS-C and WS-AT. The problems emtered by them were a major

reason to define the research problem of thisghesi
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Chapter 3

1PC FOR WS-AT

The objective of this thesis is to design a medmamwhich can support 1PC in WS-AT for
single participant transaction scenarios. Shodedivtransactions involving only one
participant can commit without requiring the inlitiprepare” phase. Thus, there is no

overhead to check whether the participant is pegptr either commit or rollback.

1PC is an optimization selected by the coordinattven it observes that only one
participant has been registered for the transactiomany cases the participant will not
know that it is alone. The participant should notiie coordinator that it is capable of
participating in a 1PC or 2PC protocol. The coaamthn would then select the 1PC
optimization if there is only one participant reégred for the transaction and only if that

participant is 1PC capable.

WS-AT allows individual participants to register fifferent protocols. There is a need to
add another one of those protocols for a 2PC pobtib@t can also do 1PC. Thus, the
proposed solution in this research is to develd®@& protocol mechanism that can work

along with WS-AT.
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3.1 Architecture Diagram of the Proposed Solution

Figure 4 shows the architecture diagram of thegseg solution to enable 1PC in WS-AT.
Here is how it works:

Step 1. The client application (CA) is the initiator of thnsaction. CA will send a
request to the Transaction Coordinator (TC) whighpsrts the WS-AT transaction
model.

Step 2. The Transaction Coordinator will send a respongh thie transaction context
to the client application. The response also coatdhe endpoint reference to
register the web service where participants ainstedl

Step 3. The participant of transaction aware web serviegseotly extends the 2PC
protocol. For more information on 2PC, please rébeChapter 2. With the new
mechanism, the participant now extends 1PC whidpshi® enable 1PC in WS-
Atomic transaction aware web services.

Step 4. The participant will inform the Transaction Cooralior about its capability to
handle 1PC. The coordinator will monitor the numdigparticipants enlisted in the
atomic transaction and based on that invoke eiRé€r or 1PC as an optimization.

Step 5. The client now registers itself as a participand @ammunicates with WS-
Atomic transaction aware web service to executebiiigness logic required to
complete the desired task.

Step 6. The result will be a “successful completion of thek” or a “failure”. In case

of 1PC success the participant instead of sendiegdecision response to the
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Transaction Coordinator, will directly send thep@sse as commit or rollback to

the client application in case of failure.

Client Request Transaction
Application (CA) lg—————p] Coordinator (TC)
Decision (Ws-C)
Response

A '}

Decision Messages

Application Messages

i.- Participant

Extends

1PC

Application/,
Decision
Messages

2P
Transaction ¢

Aware Web
Service

r————

Any Backend Data store

Figure 4. Architecture Diagram of the Proposed Mechanism
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3.2 Selection of Implementation Platform

From the technical implementation point of viewerth are different tools and platforms
such as IBM WebSphere Application Server, JBossliégpon Server, .Net, Oracle
WebLogic Server, etc. available in the market thapport WS-Atomic Transaction.
Research was done on the feasibility and flexybibtimplement the proposed mechanism.
Technical documents of IBM WebSphere ApplicatiornvBeand JBoss Application Server

were referred before making the decision.

IBM WebSphere Application server has extensive supfor WS-Atomic Transaction.
But it needs licensing in order to use since itasnmercial. It is widely used in the
industry. It requires a machine with a high-enddiaeare configuration. Therefore, from a
cost benefit analysis view point, it is not feasibd implement the proposed solutions for

this research using IBM.

JBoss is an open source platform with the Generali®®License (GPL), and hence using
this platform will meet all conditions of econonieasibility. The JBoss technical team has
a deep interest in this research. JBoss has avedeithnical forum which provides a
development guide using the JBoss Transaction Aikthwwill be used in this research.
Detailed technical documentation is also availafge the JBoss Application server,
transaction API, and integration with the platfoifhe support for WS-AT specification in
JBoss is extensive. Therefore, integration of 1P€chanism on top of the existing

implementation would not be a problem. The reseamhld be completed in a specified
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time frame which can be considered as feasibleaasa$ scheduling is concerned.
Moreover, the hardware configuration required fBosk platform is not comparatively
high and hence, the implementation can be done withachine having the average
hardware configuration. Considering all these aspétcis feasible from a technical view
point. As mentioned earlier, the JBoss technicalrfois an excellent source of information
and knowledge base which will be helpful during thevelopment of the proposed
mechanism. Therefore, the decision was made tahesdBoss platform for the technical

implementation of the proposed mechanism.

Here are the high-level details of the software laadiware requirements:
 Java SE 6.x or 7.X
» JBoss WildFly 8.x (Application Server)
» JBoss web service transaction API

* Eclipse as IDE (Integrated Development Environment)

3.3 Implementation of 1PC Mechanism

Technical implementation to validate this resedrak been completed successfully. The
tools used are:

« Java SE6.x0or 7.X

» JBoss WildFly 8.x (Application Server)

» JBoss XTS (XML Transaction Service) API

» Eclipse as IDE (Integrated Development Environment)
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The JBoss XTS currently supports protocols like @t®rdination (WS-C), WS-Atomic

Transaction (WS-AT) and WS-Business Activity (WS-BAIBossTS, 2014). In this

research, WS-C and WS-AT are used. The existings@pports classes for participants for

2PC transaction. Figure 5 shows the sequence diagrth 2PC mechanism. The

implementation of a normal 2PC scenario is as\alo

The user will send a request to the Servlet, whichurn, will initiate the
transaction with a User Transaction object.

Next the servlet class will invoke an implementatitass with business logic.

This class will initiate Transaction Coordinatorhieh in turn, enlists 2PC
supported Participant class which is WS-AT traneacaware web service and
extends the main Participant class.

During the Transaction Coordinator initiation, itillwegister and activate the
participants via Participant Processor.

Participant Processor will now activate the PgstiotStub for 2PC, which in turn
activates the Coordinator Engine. Coordinator Emgimaintains the state of the
Transaction Coordinator.

Since this is 2PC, the ParticipantStub for 2PC initiate the Coordinator Engine
with “Active” state of WS-AT as an initial state.

The Participant Engine maintains the state of E&lpents.

The Transaction Coordinator activates the Partntiiangine with the initial state

set as “Active”. This will trigger the “prepare” pbe.
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 The Transaction Coordinator will wait for the voté®m all the registered
participants.

* During this phase, the 2PC supported Participamaissclgoes through the
“Preparing”, “Prepared” and “PreparedSuccess” stat&VS-AT.

» It will send a response back to the Transactionr@oator and changes the state to
“Committing”. This is a “commit” phase. Finally theransaction Coordinator will
make the decision based on the response and wdkssfully commit transaction

via Coordinator Engine.

In this research, the support was added for ppatits in 1PC transaction. Figure 6 shows
the sequence diagram of 1PC mechanism. This igthswnplemented:

 The user will send a request to the Servlet, whichturn, will initiate the
transaction with a User Transaction object.

* Next the servlet class will invoke an implementattass with business logic.

* This class will initiate Transaction Coordinatorhieh in turn, enlists 1PC
supported Participant class which is WS-AT traneacaware web service and
extends the main Participant class. This is a niassccreated to achieve 1PC
mechanism which is isolated from existing clasbas $upport 2PC mechanism.

* During Transaction Coordinator initiation, it willegister and activate the
participant via Participant Processor.

» Participant Processor will now activate the PgstiotStub for 1PC, which in turn
activates the Coordinator Engine. Coordinator Emginaintains the state of a

Transaction Coordinator. The ParticipantStub fo€ 1 another class created to
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achieve 1PC mechanism in isolation with existingssl supporting 2PC
mechanism.

Since this is 1PC, the Participant Stub for 1PC iiate the Coordinator Engine
with “Committing” state of WS-AT as an initial séat

The Participant Engine maintains the state of E&lpants.

Transaction Coordinator activates the Participargife with the initial state set as
“Committing”.

The Participant Class which supports 1PC, will exgcute the “Prepare” phase as
the initial state is “Committing” unlike 2PC scelmawhere the initial state is
“Active”

The participant in this case will execute “commyifiase of the transaction and
successfully commits the transaction without redpun back to Transaction

Coordinator.
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Chapter 4

RESEARCH METHODOLOGY

The research methodology used in this thesis iggp&cience Research methodology.

4.1 Design Science Research Methodology

Design science research involves the design of Inovennovative artifacts and the

analysis of the use and/or performance of suclfaetsi to improve and understand the
behavior of aspects of Information Systems (ISkhSartifacts include, but certainly are
not limited to, algorithms (e.g. for informationtnieval), human/computer interfaces and

system design methodologies or languages.

The design science research paradigm is highlywasteto information systems (IS)
research because it directly addresses two ofdhéskues of the discipline:
* The central, despite controversial, role of thaliifact in IS research (Benbasat &
Zmud, 2003; Orlikowski & lacono, 2001; Weber, 198)d,
* The perceived lack of professional relevance ofdS&earch (Benbasat & Zmud,

1999; Hirschheim & Klein, 2003).

Design science research in IS addresses what astdeced to be wicked problems, like

(Hevner & Chatterjee, 2010):
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» lll-defined problems with unstable requirements,

* Problems with complex set of interactions amongatsponents,

* Problems that require flexibility to change degigocesses and artifacts,

* Problems that require highly creative solutionsl an

* Problems that rely on human social abilities (egamwork) to produce effective

solutions.

4.2 Design Science Research Guidelines

The design science methodology in the IS discipliae been defined via a conceptual
framework for understanding information systemsaesh. There are certain guidelines
which help the researchers to conduct and evaltia@ research based on this
methodology. Again these are just guidelines andtnizt enforcement of laws (Hevner &

Chatterjee, 2010).

Guideline 1 — Design as an Artifact:

As per the first guideline, a design science retearust produce a viable artifact in the
form of a construct, a model, a method, or an migthon. The focus of this thesis is to
create a conceptual mechanism for WS-AT with 1R€liRinary details of this proposed
mechanism is described in Chapter 3. Thus, thisighfellows the design as an artifact

guideline by designing a 1PC mechanism for WS-AT.
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Guideline 2 — Problem Relevance:

As per the second guideline, the objective of aigescience research should be
development of technology-based solutions to ingpdrand relevant business problems.
1PC can reduce overhead costs during short-livadséction scenario involving one
participant. The relevance of this problem is dsthed in Chapter 1. This thesis follows

the problem relevance guideline as well.

Guideline 3 — Design Evaluation:

As per the third guideline, the utility, qualityna efficacy of a design artifact must be

rigorously demonstrated via well-executed evaluatioethods. This thesis follows the

design evaluation guideline as the 1PC mechanidhbaiimplemented by developing a

proof of concept (POC) system and evaluated us$iregtdifferent scenarios as discussed

in Chapter 5.

Guideline 4 — Research Contributions:

As per the fourth guideline, an effective desigemsce research should provide clear and
verifiable contributions in the areas of the desagifact, design foundations, and/or design
methodologies. This thesis makes research conbitsubn several fronts. It produces a
design artifact by developing a conceptual mechais WS-AT with 1PC. It develops a
proof of concept system which implements the 1PChaeism using JBoss Transaction,

and subsequently evaluates the proposed mechamidemionstrate its utility.
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Guideline 5 — Research Rigor:

As per the fifth guideline, a design science redeahould rely upon the application of
rigorous methods in both the construction and etaln of the design artifact. This thesis
utilizes appropriate methods in the constructioth @valuation of the 1PC mechanism. The
1PC mechanism is built using the JBoss Transaé®hand subsequently evaluated in
terms of reduction in overhead due to a fewer nunolbenessage exchanges and hence

improvement of the performance in terms of execuiime.

Guideline 6 — Design as a Search Process:

As per the sixth guideline, search for an effectivtfact requires utilizing available means
to reach desired ends while satisfying laws inpitelem environment. During the process
of designing and developing the 1PC mechanism &ed ROC system, appropriate
alternatives were considered and alternatives apgropriate merit and fit to the problem

were selected.

Guideline 7 — Communication of Research:

As per the seventh guideline, a design sciencergsanust be presented effectively to
both technology-oriented and management-orientedieaces. This thesis follows
communication guideline as the research work ismsamcated in the form of a written

document and an oral presentation as a part @ssstproposal and a final defense.
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Chapter 5

EVALUATION

WS-Atomic Transaction (WS-AT) specification curignsupports Two-Phase Commit
(2PC) protocol for the short-lived transaction stém In many situations, 2PC is not
required. Instead, One-Phase Commit (1PC) canceuffnd produce the similar desired
results as 2PC with optimization. The problem &t MWS-AT does not currently support
1PC which makes the short-lived transaction venyeasive in terms of overhead costs,
Transaction Coordinator failure, and wait time actidion making. The ideal scenario in a
distributed service environment where 1PC can bd usstead of 2PC when there is only a
single participant. This research focuses on sglthe above real world problem. The

solution is evaluated both statistically and padly.

The 1PC protocol mechanism implemented in thisarebeis tailored for WS Atomic
Transaction specification with one participant scen The 1PC mechanism is an
optimization that is expected to reduce the timeertato complete transactions in one
participant scenarios. In the case of a singleigyaant in a distributed environment,
enabling one phase protocol can reduce the ovelieadtting down the “prepare” phase
as compared to 2PC. This will definitely improve therformance in terms of execution
time (a.k.a., response time). The reason behirgdishihat there are fewer messages that
need to be exchanged between the Transaction @atwdiand Participant in a 1PC

scenario.
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Another important factor that can significantly irape the performance is there are fewer
recovery logs to be written as the outcome of thiesiaction is solely based on the decision
made by the single participant. Transaction Manalgers not take part in the decision-
making process in a 1PC scenario. In a typicaldff@ration, writing recovery logs are

more expensive as compared to writing data on la lmesause all the resources will be

blocked until the disk confirms that the logs haeen written successfully.

By avoiding the “prepare” phase, the participarit also show a significant performance
improvement as it is not blocked by the coordindietween “prepare” and “commit”

phases, which is not the case in a typical Two-l@snmit scenario. In 2PC, a prepared
Participant has to wait until it gets the final demn message from the Transaction
coordinator before it can proceed. In the case rah3action Coordinator failure, this
notification can be delayed or may not be receineithe case of failure at the Transaction
Coordinator level. This would not be the case witle 1PC mechanism since the

participant does not have to wait for a decisiemfiTransaction Coordinator.

Thus, the objective of evaluation is to test whetti?C mechanism performs better than
2PC mechanism in terms of execution time (a.k.aspanse time). 1PC and 2PC
mechanisms are evaluated to test their performanae simulated environment using

business process scenarios with single participant.
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5.1 Experimental Setup Scenarios

Single participant business process scenarios themexperiment setup developed to
evaluate 1PC and 2PC mechanisms for WS-AT. We teveloped three business process
scenarios that best fit with this research as ttdize web service and include a single
participant. The aim is to implement identified rs@eos using both 1PC and 2PC

mechanisms, and independently gather performartagida, execution time.

5.1.1 Scenario 1: Balance Inquiry in Online Banking

In this scenario, the user does an inquiry on aticbalance. The participant here will be
called as “balanceinquiry”. Since there is a singgticipant in this scenario, 2PC is not
required. The web service will simulate the procetaiser inquiring on his account
balance. Figure 7 shows the Business Process MaddWotation (BPMN) diagram for the
restaurant table booking process. BPMN diagrarndasrtdustry standard to depict business

processes (BPMN, 2011).

-37-



77N User inquires ¥ Commit Views
[ —*  Account L) €5, toview ——» account
NS Balance E‘.ue:érin balance balance
Start ) "~ Transaction
o .
Rollback
the
request
Q End Transaction
I
I
|
I
¥ |
Balance
inquiry error

Figure 7. BPMN Diagram for Inquiring Bank Account Balance process

5.1.2 Scenario 2: Bill Pay

In this scenario, the user pays a bill. This sdenhas only a single participant called
“paybill”. Therefore, 2PC is not needed in this reem@o. The web service simulates the

process of paying a bill where the user can pdydure 8 shows the BPMN diagram for

the bill paying process.
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Figure 8. BPMN Diagram for Bill Paying process

5.1.3 Scenario 3: Restaurant Table Booking

In this scenario, the user books a table in awemtd for a family. This scenario has only a
single participant called “makebooking”. Theref@®C is not needed in this scenario. The

web service simulates the process of booking @ tabh restaurant. Figure 9 shows the

BPMN diagram for the restaurant table booking pssce
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Figure 9. BPMN Diagram for Restaurant Table Booking process
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Chapter 6

EVALUATION RESULTS

6.1 Independent Samples t-Test

In this research, we aim to analyze the statistiiférence between data sets gathered
from 1PC and 2PC implementations for three experialescenarios. For this analysis, we
have two unrelated or independent groups (1PC &l hechanisms) and a dependent
variable (execution time, a.k.a., response timmegependent Samples t-Test is appropriate
for this research as it complies with the followimgsumptions ((Morgan, Leech,
Gloeckner, & Barrett, 2007), pp.143-144):.

» Assumption I Both groups should have equal variances of tipemdent variable.
Levene’s test for equal variances is used to s@sestimption 1 is met or not. If the
Levene’s test is not significant (i.e. p > 0.05gr the assumption is not violated,
and data from “Equal variances assumed” row candeel for interpreting the t-
Test and related statistics. If the Levene’s ®significant (i.e. p < 0.05), then data
from “Equal variances not assumed” row should bedusas it violates the
assumption of equal variances.

* Assumption 2 Within each group, the dependent variable is @dlgndistributed.
Independent Samples t-Test is robust to that extenteven if this assumption is
violated the results can still be considered asnabrTherefore, this assumption is

not taken into consideration when the independamiptes t-Test is performed.
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» Assumption 3 The data for both groups are independent. To thesassumption,
the data collection should be such that the gragpsot interfere with each other.
As the 1PC mechanism implementation is independérihe 2PC mechanism
implementation, data collected for the 1PC mecimanis independent and

unrelated to that of the 2PC mechanism.

IBM SPSS statistics version 22 (SPSS, 2014) is tseerform the t-Test for independent
samples. As discussed in the Chapter 5, the expetahdata set was gathered from
simulated study of different business process smena

Scenario 1: Online Bank Balance Inquiry

Scenario 2: Online Bill Pay

Scenario 3: Restaurant Table Booking

For each scenario, this research measures thetiexetime (a.k.a., response time) of 1PC
and 2PC mechanisms for 50 users, 100 users, 138 asd 200 users. Data for both
groups are independent, i.e. the execution timid@f is independent and does not interfere
with that of 2PC. A total of twelve data sets weodlected for three scenarios with four
variations each. Detailed explanation of t-Testultsshas been provided for Scenario 1
(Online Balance Inquiry) with 50 users. Similar Exm@tion holds true for 100 users, 150
users, and 200 users for Scenario 2 and 3. Takleolvs descriptive statistics for two
independent groups, 1PC and 2 PC, for a populafi&@®, 100, 150, and users groups for

Scenario 1.
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Table 2 shows a summary of independent samplesttfésults for Scenario 1 with a

population of 50 users. Levene’s test is for Asstimnpnumber 1, i.e., variances of the two
groups is equal. It can be observed that Leverstsg not significant (p > 0.05); therefore,
data from “Equal variances assumed” row is use@malysis. From Table 2, it can also be
observed in the “t-Test for Equality of Means” aolo, at the 5% level of significance there

is significant (i.e., p < 0.05) difference in exgon time between 1PC and 2PC groups.

From Table 1, it is inferred that 1PC had a loweamfor execution time in comparison to
the 2PC mechanism. Thus, the execution time for i@€hanism is significantly different
from the execution time for 2PC mechanism. The rolU'95% Confidence Interval”
indicates that if the experiment is repeated 19@4i then 95 times the difference will fall
within the confidence interval (upper bound and dowound). For other scenarios, the

same explanation on the confidence interval holgs t

Table 3 shows a summary of the independent sarflest results for Scenario 1 with a
population of 100 users. It can be observed teaehe’s test is not significant (p > 0.05);
therefore, data from “Equal variances assumed”isoused for analysis. It can be also be
observed that in the “t-Test for Equality of Mearslumn, at the 5% level of significance
there is significant (i.e., p < 0.05) difference arecution time between 1PC and 2PC
groups. Similar explanation holds true for Scenarwith 150 users. From table 4, it can
be observed that there is a significant differdmesveen 1PC and 2PC groups for Scenario

1 with 150 users.
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No. of

Protocol Sample Size Std. Std. Error
Users  Mechanism (N) aleCh Deviation Mean
1PC 50 488.880 298.011 42.145
>0 2PC 50 806.620 377.224 53.348
1PC 100 413.890 201.854 20.185
100 2PC 100 588.340 239.990 23.999
1PC 150 410.780 273.655 22.344
150 2PC 150 572.780 286.462 23.390
1PC 200 379.810 180.758 12.782
200 2PC 200 547.030 246.932 17.461

Table 1. Group Statistics for Scenario 1 - Online Balance lquiry

EXp.
groups:
1PC and

2PC

Equal
variances
assumed

Levene's Test
for Equality
of Variances

0.366

0.547

-4.674

98

t-Test for Equality of Means

0.00D

-317.740

67.9

87

Equal
variances
not
assumed

-4.674

93.018

0.000

-317.740

67.987

-182.823

Table 2. Independent Samples t-Test Results for Scenario litw 50 Users
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Levene's Test

Exp. fcf)rVEq_uaIity t-Test for Equality of Means
. of Variances
groups:

1PC and
2PC

Equal
variances| 3.406 | 0.066| -5.563 198 0.000 -174.450 31.359 -236|2-112.609
assumed

Equal
variances
not
assumed

-5.563 | 192.352| 0.000 | -174.450| 31.359 | -236.302| —-112.598

Table 3. Independent Samples t-Test Results for Scenario littw 100 Users

Levene's Test

Exp. f(;rVEq_uaIity t-Test for Equality of Means
groups:  Of Variances

1PC and
2PC

Equal
variances | 0.337 | 0.562| -5.009 298 0.000 -162.000 32.347 -B75,6-98.343
assumed

Equal
variances
not
assumed

-5.008 | 297.379| 0.000 | -162.000| 32.347 | —225.658| —98.342

Table 4. Independent Samples t-Test Results for Scenario litw 150 Users

Table 5 shows a summary of independent samplesttf€sults for Scenario 1 with a
population of 200 users. It can be observed tlaehe’s test is significant (p < 0.05);
therefore, data from “Equal variances not assumed’is used for analysis. It can be also
be observed that in the “t-Test for Equality of Mgacolumn, at the 5% level of

significance there is a significant (i.e., p < Q.@8ference in execution time between 1PC

and 2PC groups.
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Levene's Test

Exp. forVEq_uaIity of t-Test for Equality of Means
groups: ariances

1PC and
2PC

Equal
variances| 10.369| 0.001 -7.728 398 0.000 -167.220 21.639 ¥B19. -124.680
assumed

Equal

‘rg;'a”ces -7.728 | 364.691| 0.000 | -167.220| 21.639 | —209.773| -124.667

assumed

Table 5. Independent Samples t-Test Results for Scenario litw 200 Users

Table 6 shows descriptive statistics for two indejsnt groups 1PC and 2 PC for a
population of 50, 100, 150, and 200 users groupSéenario 2 (Online Bill Pay). Table 7
shows a summary of independent samples t-TestsdoulScenario 2 with a population of
50 users. It can be observed that Levene’s tesitisignificant (p > 0.05); therefore, data
from “Equal variances assumed” row is used forysigl It can be also be observed that in
the “t-Test for Equality of Means” column, at th&65level of significance there is
significant (i.e., p < 0.05) difference in executibme between 1PC and 2PC groups.
Similar explanation holds true for Scenario 2 witbO users. From Table 9, it can be
observed that there is a significant differenceveen 1PC and 2PC groups for Scenario 2

with 150 users.

-46-



No. of

Protocol Sample Size Std. Std. Error
Users  Mechanism (N) 2l Deviation Mean
1PC 50 536.180 376.069 53.184
>0 2PC 50 757.340 428.335 60.576
1PC 100 336.940 | 220.957 22.096
100 2PC 100 565.770 | 331.307 33.131
1PC 150 379.473 253.344 20.685
150 opC 150 494.040 | 291.751 23.821
1PC 200 310.335| 197.316 13.952
200 2PC 200 477.3850( 241.61063| 17.08445

Table 6. Group Statistics for Scenario 2 - Online Bill Pay

Levene's Test
for Equality

| t-Test for Equality of Means
of Variances

Exp.
groups:

2PC

1PC and

Equal
variances
assumed

0.130 | 0.719| -2.744 98 0.007 -221.160 80.610 -381{12-61.192

Equal
variances
not
assumed

—-2.744| 96.386 | 0.007 | —221.160| 80.610 | -381.161| -61.159

Table 7. Independent Samples t-Test Results for Scenario 2itiw 50 Users

Table 8 shows a summary of independent samplesttf€sults for Scenario 2 with a
population of 100 users. It can be observed tlaehe’s test is significant (p < 0.05)
therefore data from “Equal variances not assumew’is used for analysis. It can be also
be observed that in the “t-Test for Equality of Mgacolumn, at the 5% level of

significance there is significant (i.e., p < 0.@bference in execution time between 1PC
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and 2PC groups. Similar explanation holds trueSioenario 2 with 200 users. From Table

10, it can be observed that there is a signifidéference between 1PC and 2PC groups for

Scenario 2 with 200 users.

Levene's Test
for Equality t-Test for Equality of Means

of Variances

Exp.
groups:

1PC and
2PC

Equal
variances | 8.925| 0.003| -5.746 198 0.000 -228.830 39.823

assumed
Equal
variances -5.746 | 172.523| 0.000 | -228.830| 39.823| -307.433| -150.227

not
assumed

-827,3 -150.299

Table 8. Independent Samples t-Test Results for Scenario 2itw 100 Users

Levene's Test
for Equality t-Test for Equality of Means

Exp. }
of Variances

groups:

1PC and
2PC

Equal
variances| 2.050 | 0.153| -3.631 298 0.000 -114.567 31.549 -546/6-52.480

assumed
Equal
variances -3.631| 292.253| 0.000 | -114.567| 31.549 | -176.659| -52.474

not
assumed

Table 9. Independent Samples t-Test Results for Scenario 2t 150 Users
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Levene's Test

for Equality of t-Test for Equality of Means
Variances

Equal
variances| 16.796| 0.000, -7.573 398 0.000 -167.050 22.058 4240. —123.686
assumed

Equal
variances
not
assumed

—7.573 | 382.722| 0.000 | -167.050| 22.058 | -210.420| —-123.680

Table 10. Independent Samples t-Test Results for Scenario 2t 200 Users

Table 11 shows descriptive statistics for two iretefent groups 1PC and 2 PC for a
population 50, 100, 150, and 200 users groups ¢en&io 3 (Online Restaurant Table
Booking). Table 12 shows a summary of independeamipes t-Test results for Scenario 3
with a population of 50 users. It can be obsethetl Levene’s test is not significant (p >
0.05); therefore, data from “Equal variances asstim®v is used for analysis. It can also
be observed that in the “t-Test for Equality of Mgacolumn, at the 5% level of

significance there is a significant (i.e., p < (.@8ference in execution time between 1PC
and 2PC groups. Similar explanation holds trueSoenario 3 with 100 users and 200
users. From Table 13, it can be observed that ikexssignificant difference between 1PC
and 2PC groups for Scenario 3 with 100 users. Fatbe 15, it can be observed that there

is a significant difference between 1PC and 2P@Qpugdor Scenario 3 with 200 users.

-49-



No. of

Protocol Sample Size Std. Std. Error
Users  Mechanism (N) Deviation Mean
1PC 50 457.360 360.626 51.000
50 2PC 50 612.180 279.648 39.548
1PC 100 395.470 251.381 25.138
100 2PC 100 545.220 229.262 22.926
1PC 150 445.627 205.949 16.816
150 2pC 150 571.167 324.997 26.536
1PC 200 406.580 192.655 13.623
200 2PC 200 510.680 205.795 14.552

Table 11. Group Statistics for Scenario 3 - Online RestauranTable Booking

Levene's Test
for Equality
of Variances

t-Test for Equality of Means

EXxp.
groups:
1PC and

2PC

Equal
variances
assumed

Equal
variances
not
assumed

0.163| 0.687| -2.399 98 0.018 -154.820 64.537 -282|8926.748

-2.399 | 92.280 | 0.018 | -154.820| 64.537 | -282.992| -26.648

Table 12. Independent Samples t-Test Results for Scenario 3t 50 Users
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Levene's Test
EXp. for Equality t-Test for Equality of Means

groups:

of Variances

1PC and
2PC

Equal
variances | 3.257 | 0.073| -4.401 198 0.000 -149.750 34.023 -2B6/8-82.657

assumed
Equal

\rg;'ances -4.401 | 196.344 | 0.000 | -149.750| 34.023 | -216.847| -82.653

assumed

Table 13. Independent Samples t-Test Results for Scenario 3t 100 Users

Table 14 shows summary of independent samplesttfésslts for Scenario 3 with a
population of 150 users. It can be observed tlaehe’s test is significant (p < 0.05)
therefore data from “Equal variances not assumew’is used for analysis. It can be also
be observed that in the “t-Test for Equality of Mgacolumn, at the 5% level of

significance there is significant (i.e., p < 0.@Bference in execution time between 1PC

and 2PC groups.

Levene's Test
Exp. for Equality of t-Test for Equality of Means

groups:

VEUEEES

1PC and
2PC

Equal
variances | 12.439| 0.000, -3.996 298 0.000 -125.540 31.415 3B47. -63.716

assumed
Equal

‘r'lz:'ances -3.996 | 252.050| 0.000 | -125.540| 31.415 | -187.410| -63.670

assumed

Table 14. Independent Samples t-Test Results for Scenario 3t 150 Users
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Levene's Test

Exp. f(f>rVEq_uaIity t-Test for Equality of Means
groups:  Of Variances

1PC and
2PC

Equal
variances| 0.059| 0.808| -5.227 398 0.000 -104.100 19.933 -883\2-64.912
assumed

Equal
variances
not
assumed

-5.222 | 396.280| 0.000 | —104.100| 19.933| -143.288| -64.912

Table 15. Independent Samples t-Test Results for Scenario 3t 200 Users

It can be noted that all t-Tests resulted in sigaift differences between 1PC and 2PC
mechanism groups. Further analysis of mean difta®iisee tables 1, 6, and 11) indicates
that 1PC mechanism had lower mean for executioa tmtomparison to 2PC mechanism
for all twelve experiments. Thus, reduction in teeecution time produced due to

optimization implemented in the 1PC mechanismagsiically significant.

6.2 Effect Size

Statistical significance is not the same as praktsignificance. Statistical significance
indicates that difference between two groups aranmgful and not a random chance of
occurrence, while practical significance indicatesgnitude of the difference. A difference

that is practically significant implies that theeatment utilized in the experiment has a
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higher chance of creating substantial practicabichplt is not necessary that an experiment

which is statistically significant is practicalligsificant.

Effect size is used to determine whether the ouécoha research is practically significant
or not. Effect size can be defined as “the strengfththe relationship between the
independent variable and the dependent variadiédrifan, et al., 2007), pp.92-93). There
are many methods to calculate the effect size. fidssarch follows Cohen’s guidelines
and uses “The d family of effect size measures’h@p 1988). According to this method,
the value of d will help to determine whether thecome is practically smaller or larger
than typical effect i.e. the execution time (a,krasponse time) of 1PC mechanism is
practically lesser or more than it's typical valde. per Cohen’s guidelines (see Equation
1), effect size (d) is absolute mean differencéséen 1PC and 2PC groups divided by the
pooled standard deviation. The pooled standarcatieniis the square root of the average
of the squared standard deviations of 1PC and 2Bapsg. Table 17 shows the effect size

for all three experimental scenarios.

[Mean of 1PC-Mean of 2PC

Cohen’s Effect Size (d) = ,
’(SDZlPCJr SDSpQ
2

Equation 1. Cohen’s Effect Size

k/vhere SD is standard deviation.

A smaller than typical effect size (d < 0.5) wadedeed for Scenario 1 — 200 users,
Scenario 2 — 150 users, Scenario 3 — 50 users@hdskrs experiments. A typical effect

size (0.5< d < 0.8) was detected for execution times for &denl - 100 users and 150
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users, Scenario 2 -5 users and 200 users, Sc@ar®0 users and 200 users experiments.

A larger than typical effect size &l0.8) was detected for execution times for Scenbro

50 users and Scenario 2 - 100 users experiments.

Standard Pooled  Effect
Scenario  Users Deviation : Standard  Size
1PC 2PC 1PC ! Deviation  (d)
50 | 488.880 806.620 298.011 377.224 -317.y40 339.93B935| 0.996
100 | 413.890 588.34D0 201.8%4 239.990 -174.450 231.7D.787| 1.000
' 150 | 410.780 572.78D0 273.655 286.462 -162.000 280.13.578| 0.999
200 | 379.810 547.03p 180.7%8 246.932 -167.220 407.30.410| 0.983
50 | 536.180| 757.340| 376.069| 428.335| —221.160| 403.050 | 0.549 | 0.776
100 | 336.940| 565.770| 220.957| 331.307| —228.830| 281.591 | 0.813 | 1.000
? 150 | 379.473| 494.040( 253.343| 291.751| -114.567| 273.223 | 0.419 | 0.951
200 | 310.335| 477.385| 197.316| 241.611| —-167.050| 220.578 | 0.757 | 1.000
50 457.360, 612.180 360.626 279.648 -154.820 322.68%7480| 0.661
100 | 395.470 545.220 251.381 229.262 -149./50 280.50.622| 0.992
° 150 | 445.627 571.16f 205.949 324.997 -125540 242.p8.461| 0.978
200 | 406.580 510.680 192.6%5 205.795 -104.100 199.33.522| 0.999

Table 16. Effect Size and Post Hoc Power for all three Sceniais

Thus, the mean difference between 1PC and 2PC meats for execution time for
Scenario 1 with 50, 100, and 150 users; and See@anith 50, 100, and 200 users; and
Scenario 3 with 100 and 200 users experiments fastatstical significance and have
moderate to high practical significance. Whereasstte rest of scenarios, the results were
statistically significant but were not of practicagnificance as effect sizes are lower than

0.50. In the next section, we provide discussiopast-hoc power analysis.
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6.3 Power Analysis

Post hoc (means “after the fact”) analysis is cotetli as follow-up tests after statistical
analysis to further examine relationships betwedgsoups of sampled population ((Spatz,
2010), p. 248). Post hoc statistical power analysas performed using G*Power (Faul,
Erdfelder, Lang, & Buchner, 2007) software to deiee the likelihood of finding
statistical difference between 1PC and 2PC medmanier the given sample size and
observed effect size. Post hoc power that rangsgeba 0.5 and 0.8 can be considered as
adequate power and Post hoc power greater thamsOlgh power (Onwuegbuzie &

Leech, 2004). Table 17 shows the post hoc powallfthhree experimental scenarios.

Adequate power was observed for Scenario 2 withdsds and Scenario 3 with 50 users
experiments. High power was observed in the regsh@fexperiments. Thus, for all the
experiment scenarios utilized in this researchethisra high probability of observing

similar findings in future experiments with a siamilstructure, effect size, and standard
deviation at the 5% level of significance, with t#eception of Scenario 2 with 50 users

and Scenario 3 with 50 users which has moderatspiidy.

In summary, out of twelve scenarios, all scenahad significant mean difference with
1PC mechanism producing lower execution times, tesglenarios had either large or
typical effect size, and all 12 scenarios had lmighdequate power. Thus, we conclude that

1PC mechanism performed better than 2PC mechaige). further argue that 1PC
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protocol optimization for WS-AT offers significaméduction in the execution time for

transactions involving a single participant in c@mgon to 2PC.
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Chapter 7

CONCLUDING REMARKS

The current WS-Atomic Transaction specification mts only 2PC. This research has
provided a support for 1PC mechanism in WS-AT sl available for implementation in
a single participant scenario. 1PC will optimize tlveb service transaction process in
terms of overhead and improvement in performancteims of execution time (a.k.a.,
response time). In a single participant scenahn® decision to either commit or rollback is
solely based on the participant. By avoiding theefyare” phase, the number of messages
to exchange between a participant and Transactioordihator would be less when
compared to that for the 2PC commit protocol. Basedexperimental results, it can be
concluded that there is a definite improvement @nfggmance for the 1PC mechanism
when compared to the 2PC mechanism in terms ofuérectime. Shorter execution time
of 1PC mechanism can be helpful in providing fast afficient online business
transactions in one participant scenarios. Findingsthis thesis have considerable
implications for businesses as fast and efficianine transactions are known to maintain

customer loyalty and affect the profitability obasiness (Srinivasan, et al., 2002).

We have identified areas which can be considereflifore research work. Enabling One-
phase commit (1PC) will also prevent the failure do the failed state of a Transaction
Coordinator. The reason behind is that, tight cogdbetween Transaction coordinator and

Participant is removed. This will remove the potitybof a failure of coordinator where
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Participant cannot progress until the Transactioar@inator recovers from the failure. The
experiments used for evaluation in this thesis midl test for Transaction Coordinator
failure contexts. We suggest as a future work tuate performance of 1PC mechanism
for WS-AT for Transaction Coordinator failure sceas. Further, based on the results of
this thesis, it is recommended that OASIS shouldsicer including 1PC mechanism in
WS-AT specification and JBoss should consider ipomting 1PC mechanism in their

JBoss Transactions technical implementation franewo
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