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Management Summary

Application integration remains one of theedrivers of innovation in service engineeriAgplication
integrationserves as a meanef developing erviceenabled pplicationsbased on strategic technology
capable of creating arsliccessfullyexecutingendto-end business processé&se trend will be to move
from relatively stable, organizatiespecific applications tintegrateddynamic, highvalue ones where
process interactions and trends are examined closely to understand more accurately apaddion
and dynamics. Such collaborative, complex-tmdnd processnteractions give rise to the concept of
Service Networks (SNs) (see RBA-2.1.1 & POJRA-2.1.2).

This deliverable targets the concept of a business transactioexgiates howtransadbnal processs

and procesfragmentdit in the context of a running scenario whidbals with endo-end processes in

a service network that possesmnsaction properties. Conventional (ACID) and unconventional
(applicationbased) types of atomicity armtroduced, including contractpaymentand delivery
atomicity, in the frame of a business transaction model. The transaction moueties a
comprehensiveet ofconceptsand several standard primitives and conventions thabeautilized to
develop conplexServiceBased Aplicatiors (SBAS)involving transactional process fragments
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The main purpose of the deliverable is to preffsmtlesign aspects of theitial version of theBusiness
TransactiorLanguage (BTL) that realizes the business tranmactiodel and thas used to specify the
elements of a business transactibhe initial BTL specificatiomresented in this deliverabtiefines a
transaction model andnechanisms for transactial interoperability between end-end service
constellationsn SNsand provide a means talefine and enforcamong other thingsransactioal
Quality of Services@o0Ss) and SLA stipulationsnto SBAs. The abjective of BTL is to provide the
environment tobuild robust andsuccessfulmissioncritical SBAs, usinga fusion of concepts from
applicationintegration transactiorbasedand businesprocess management technologies.
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The S Cube Deliverable Series

Vision and Objectives of SCube

The Software Services and Systems NetworC(bBe) will establish a unified, multidisciplinary,
vibrant research community wiicwill enable Europe to lead the softwaervices revolution,
helping shape the softwaservice based Internet which is the backbone of our future interactive
society.

By integrating diverse research communitiesCube intends to achieve wonldde scentific
excellence in a field that is critical for European competitivene§uti® will accomplish its aims by
meeting the following objectives:

e Realigning, reshaping and integrating research agendas of key European players from
diverse research areamdaby synthesizing and integrating diversified knowledge, thereby
establishing a londasting foundation for steering research and for achieving innovation at the
highest level.

e Inaugurating a Europ&ide common program of education and training for re$eas and
industry thereby creating a common culture that will have a profound impact on the future of
the field.

e Establishing a practive mobility plan to enable crofartilisation and thereby fostering the
integration of research communities and thealshment of a common software services
research culture.

e Establishing trust relationships with industry via European Technology Platforms (specifically
NESSI) to achieve a catalytic effect in shaping European research, strengthening industrial
competitiveness and addressing main societal challenges.

o Defining a broader research vision and perspective that will shape the sefeméce based
Internet of the future and will accelerate economic growth and improve the living conditions
of European citizens.

S-Cube will produce an integrated research community of international reputation and acclaim that

will help define the future shape of the field of software services which is of critical for European
competitiveness. -Bube will provide service enginerg methodologies which facilitate the
development, deployment and adjustment of sophisticated hybrid sbased systems that cannot be
addressed with todayds | i mi t-@ute wdldurtiemigirooece ann gi ne e
advanced training pgyam for researchers and practitioners. Finallzube intends to bring strategic

added value to European industry by using industry-frestice models and by implementing

research results into pilot business cases and prototype systems.

S-Cubematerals are available from URlhattp://www.scubenetwork.eu/
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1 | ntroduction

Application integration remains one of thereodrivers of innovation in servicengineering
Application integrationserves as a meanf developing erviceenabled pplications based on
strategic technology capable of creating andcessfullyexecuting endo-end business processes.
The trend will be to move from relatively stabteganizatiorspecific applications to more dynamic,
high-value ones where business procasd SBA interactions and trends are examined closely to
understand more accurately application needs and dynamics. Such collaborative, compmesnednd
service interactions give rise to the conceptSiis(see PQIRA-2.1.1 & POJRA-2.1.2).

Currently, SBAs concentrate on composing software services into processes but do not explicitly
correlate critical business activities and events, QoS requirements, and eppljbasiness) data,

such as delivery dates, shipment deadlines and pricing, in one process with related activities, events,
QoS and business data in other processes in atoamdl process constellatiomhis implies that
application management informaii and proedures are deeply buried in SBAde which severely

hinders maintenance and adaptation, botiwlith are essential for SNSuch hardwiring means that

any change or update to the application management logic already fabricated within aatiapplic
requires programmatic changes to the SBA itself. This renders the potential reuse, customization, and
monitoring of application management capabilities impossifileis also introduces intrinsic
discontinuities between eid-end business processes iaformation flows may be disrupted. For
instance, a possible decoupling of payment information in payment and invbigimesgprocesses

from the ordering and deliveipmformationof goods and services in order management and shipment
business processeéncreases risks, could violate data integrity and contractual agreemenisaynd
introduce discrepancies between the various information sources, which underlie these processes.
Fixing this problem requires expensive and time consuming manual redimtilialrhe principal

activities required to sustain SBAs that collectively enact-terehd processes, as outlined by

[ Yang2000], include the Acollection, management,
activities and data to make moresditigent and effective transactione | at ed deci si onso.

SBAsthat support entb-end processes BNstypically involve welldefinedstandardgprocessssuch

as payment processing, shipping and tracking, determining new product offerings, granting/extending
credit, managing market risk and so ohhese standard processapply to a variety of application
scenarios. Although sudtandardroces&sor process fragmentaaydrive transactional applications
betweenSN partnersthey arecompletely external taurrentWeb servicedransaction mech@ams

and are only expressed @art of application logidndeed, there is a need for explicitly managing fine
grained tenets od8BAs such as business datarrelatedevents, operations, process fragments, local
and aggregated QaSand associated Key Performance Indicators (KPIs), and so on, to guarantee a
continuous and cohesive information flow, correlation of-erend process properties, termination

and accuracy of interacting business processes that is dygivagplication control (integration) logic.

The above considerations give rise tamalti-modal transaction processirsghemeby enabling
reliable business transactions thgppan from froneend SBAs to backend systemlevel transaction
supportand beyondto organizations that are part of SN. Thus, the need foapplicationlevel
management technologiethat can ensure highly reliablapplication (not only sysm)level
transactions and engser performance via rapid fmem diagnosis and resolutiewhile at the same
time support change and capacitgarming - is paramountin particular, we argue in favour of the
neel to provide rich features and Qa8nilar to that offered by transaction processing mosibut at
the level of application management amplication control logic.

BusinessTransaction Manageme(BTM) views everything from an application perspective. In the
world of BTM, an application is considered as a collectiotudinesdransactions and events, each
triggering actions on thappication and corresponding on timérastructurelevel, which is handled
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by transaction monitors using Wandards such as \WISansaction and W& oordination The goal

is to track every business transaction in an-tmdnd processand correlatdt to the information
collected from the infrastructurseo that solving problems and planning is done efficiently and
holistically. It should be possible tdhave the ability to "stitch together”" the individualisiness
transaction data poistinto a map of the traastion topology and to monitor the metrics of each
transaction forService level Agreement(SLA) compliance. Serviceanalytics e.g., simulation
scenariosand monitoringcan then be applied to the transaction data to proactively manage services
and accurely pinpoint problemsSuch an endo-end view enables to quickly isolate and troubleshoot
the root cause ddpplication bottlenecks, e.g., failure of an order due to the unavailability ehjust
time production alternatives, potential performance pnwoisleand tun@roactively.

Effective Business Transaction Management can be achievedrbgucingfine grainedapplication
management techniques applied to various tggeanules)f SBAs ranging frombusiness data.g.,
delivery times, quantities,riges, discounts, etcto business processof transactional nature, e.g.,
payment, delivery etc. This facilitates potential reuse, customizatiomf application granules
expressed in terms of processes and process fragnasnigell asmonitoring of applications.The
philosophy ofthis work packagés that this information andhtegrationlogic shouldbe carved out,
isolated and made visible to facilitate the design of transactional pescesprocesfagments that
could be combined into eftd-endprocessem SBAs (see Figurdl).

Loosely speaking, a transactional process fragment is a transactiofaosabs that is realized
within an endto-end process, while meeting granular process propdridist of granular process
properties is showmiFigure 1) Figurel shows that SBAs need to ssecorrelate ganularprocess
propertiesthat spanacrossspecific processes in an esid-end proces$ormation. Clearly, granular
process properties go far beyond conventional application propertiesetairsidered in traditional
system transaction modeland include: operational level agreements (SLA/SLO), underpinning
contracts, policies, rules and QoS thresholds for services at the appllestbnSome of these
process properties may be designaedeing transactional in nature as they can be used to drive a
service composition, e.g., etiotend SLAs.In this way, granular process criteria can be used to drive
and manage the composition of @neend processes at the application level. In pddicendto-end
processes exhibit transactional characteristics to deliver on undertakings or commitments that govern
their formation and execution at the Siavel. In other words, an entire etmend process or parts

of it may fail if some transactionglrocess properties, e.g., noonformance to SLAs or aggregate
meanvalue KPIs, are violated.

Endto-end processes exhibit transactional characterishiascan besupportedby an appopriate
transactioninfrastructure that employs Web services statglasuch asWSi Transaction, WS
Coordination,WS-Policy (WSSecurity),and BPEL $ee Figurel). Currently, this quartet of Web
services standards is used to implement Web service transactions.

The transaction management infrastructure (see bottom lajégure 1) could for example be based

on an open source implementation framework provided by JBoss Transactions (http://www.jboss.org)
which supports the latest Web services transactions standards, providing all of the components
necessary to build interepable, reliable, muHparty, Web servicebased applicationsin such
environments there is a clear need for advanced SBAs to coordinate multiple services and processes
into a multistep business transaction. The focus of this deliverable is to devizé@aversion of the

BTL and we will concentrate on the transaction management infrastructureiRR@.1.4.

The suggested apmch requires that several service operations or processes attain transactional
process properties reflecting SBA semantics, which are to be treated as a single logical (atomic) unit
of work that can be performed as part of a business transdhtibrtan ader certain conditions
succeed or fail (alternatives can also be tried.daty example, consider &N populated by a
marufacturer and various supplierdjet manufacturer develops SBAs to automate the order and
delivery business functions thiits suppliers as part of a businessgeation famed Provider-B in
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Service
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Provider E> SBA

Provider [:>SBA

Application
Management
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Transaction Management Infrastructure
WS-Coordination, WS-Transaction, BPEL, WS-Policy, WS-Security

Figure 1 Service networks, eneto-end processes and transactional process fragments.

Figure 1). The transaction between the manufact(tiez client in the same figurand its suppliers

may only be considered as successful once all products are available in stiweked to their final
destination, which coulthke days or even weeks after the placement of the order, and payment has
ensued.

Some participating services in a SBA mayital to a successful outcome of an @neknd process.

For example, a succeskfrder for goods is a prerequisitestrong requiremenfor the entire endbo-

end process to succeed followed by shipping and payment of goods. Given this vital precondition,
there are several viable (successful and useful) outcd@dmesziable optioncould be as shipping and
insurance. Within each viable combination, there may be a further subdivisionpetitive
(alternative)selection There might be several prices and types of shipping insurance available from
which a selection must be made. Theeeespond to different instances of insurance services and
insurance prices offered by diverse service providers.

The above rationaldirectstowards a business transaction driven service composition and eventual
service selection. Such business transast differ from conventional atomic (databdie)
transactions by the ability to interact with a pool of potert@hposableservices and participants
(providers) arun-timeand ponder different outcomes, before making a pres@ssific decision on a
subset of those services and associated providers. Such ppeesg decisions are based on
granular process constructs (e.g., SLA mandates, -cavsslated business operations and data,
policies, meastime KPIs, and so on).

In a SN environment transactions are complexnvolving multiple parties, spanning many
organisations, and can have a long duration. More specifically, they are automatednitng
propositions involving negotiations, commitments, contracts, shipping and logistics, trackieg, v
payment instruments, and exception handling. Business transactions are very dynamic in nature. Parts
of a business transaction may be retracted, alternatives may be tried out and optional activities may
fail without influencing the transactioiital activities of a transaction behave as conventional short

lived ACID transactions and need to commit in order for the overall transaction to successfully
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commit its resultsin addition, data for example, a customer account number or inveinwist be

passed between the individual actions that make up the business transaction and some application
control logic is required, to "glue" the actions together and make them succeed or fail (individually or
collectively) depending on the requirements of the SB#.example, there must be logic to deal with

the conditional invocation of actions and with failur@grformance of all these tasks requires the
infusion of advanced and unconventional transactional properties onto the services paradigm.

To achieve somef theabove statedbjectivesbusiness transactions rely on and extend transactional
workflow technology{ Shetl1993] [Alonso1996] Like a general workflow, a transactional workflow
consists of tasks that satisfy a set of coordination constrainpaticular, atransactional workflow
involves coordinated execution activities which can have logical decision points that determine which
branch of the flow of a work item may take at+time in the event of alternative patigansactional
workflow suppors extensions to traditional databa8€IDity to ensure workflow correctness and
reliability, and to accommodate additional application functionality (e.g., to foster collaborative
activities) and improve throughput (e.g., by minimizing transaction blogkiidgeorgl1995].
Unfortunately however transactional workflows haveypically resulted intohighly application
specific solutions in which application and coordination codehégbly intertwined. In ddition,
transactional workflows are limited in that yhpreserve consistency and correctness of concurrent
workflow executions by adhering tpplication correctnesgriteria such as temporal, serialization,
visibility and cooperation dependencies, while largely neglecting granular process constructs that
determineprocessorrectness and consistentising the BT approach the logical decisional points in

a workflow could be guided bgither SLA or QoS. This means the executiorhgah a transactional
workflow are explicitly controlled and enforced by gramupaocess specific criteria and standard
transactional processes (paymeldjvery, etc).

In this frame of mind this deliverable sets out to define
requirements as well as the hilglvel design principles for Business Transaction Languag¢gefined

as anextendedXML vocabulary) whilst outlining the fundamental propertiegwolved Through
integrative efforts, bringing knowledge from various disciplines including SOC, CSCW, BPM and
Software Engineering, thisetiverable defines how we should view a business transaction, which
incorporates the processvel approach with the more conventional applicatiensl view and
sketches the constructs for an initial transactional language. In partitidamain purpas of the
deliverable is to present the design aspects of the initial version of the Business Transaction Language
that realizes the business transaction model and that is used to specify the elements of a business
transaction. The initial BTL specificatiggresented in this deliverable defines a transaction model and
mechanisms for transactional interoperability betweentesmhd service constellations in SNs and
provides a means to define and enforce among other things transactional Quality of Sen&ss (Q

and SLA stipulations into SBAs.

The deliverable is organideas follows. We first describthe essential characteristics of business
transactionsleading to our own definition of the conce@ased on the essential characteristics of
business transdons we then provide a list of requirements for definiBy&.

Process fragments are an essential part of business transactions as they can comprise building blocks
for creating and defining transactiofifius we thendescribe how thprocess fragmesare related to

a business transaction. Subsequently, we introduce a detailed scenario that serves for explaining the
various concepts that we introduced thre earlier sectionsThe gaphical representatiorof the

scenario isprovided using the BisinessProcessModelling Notation (BPMN) Following this we

introduce a conceptual business transaction model, which describes the various essential business
transaction properties and constructs. The business transaction model is then used as a basis to develop
and illustrate some initiadore BTL elementsThereafter, we explore the formal underpinnings of the
business transaction model to ascertain the internal validity of the BTL. Lastly, we summarize the key
findings of thisdeliverableand outline directios for future work.
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The relationship of this deliverable with work performed in other workpackages such-3RAAP2,
WP-JRA-2.3, and WRIRA-1.3 is highlighted in section 3 of this deliverable.

2 Essential Characteristics of Business Transactions

As organisationsnd technologg ont i nue to evolve, our wunderstand
transact i on 0 maltitudeoof chamgkg mftuenddeom the classical schools of thought,

which we arguenow need modifications due to continudashnological developments. Therefore, it

is critical that we formulate a deeper understanding to what a business transaction actually constitutes.

Todaybs organisational st r u SBAs which éxscutdveeltiefired v i nf |
busiress processe?apazogloR006]explairs that althougtserviceapplications executeell-defined

business functionsyhich may drive transactional applications, they are normally external to current

Web service (WS) mechanisms.

The unprecedented growth $BAsin a short period of time has emphasised the need to understand
the mechanisms anghderlyingtheoriserelated to thébusiness transactiaroncept Understanding
the logic of business processes requires us-éxamine what is meant by a busingassaction.

In this vein,the goal ofthis section of the deliverabig to help achievingn understanding of what is
a business transaction, what do business transactions achieve, and how do they compare with
conventional transaction procedures.

As research workandtechnological developments broaden the scope of transaction manageenent,
will align transactional developments witbur developments to improve functionality and
performance within &N environment.

2.1 Business Transaction Overview

Transactions are mainly associated with the business domain as they represent both tangible and
intangible items (goods, money, information, and service). In recent yleaf®cus within computer
science was on the automation of business transacti@nsp(ocess, execute and coordinate). In
addition, the transaction model has undergone some significant changes through the introduction of
businesandinformation technological influences.

Nowadays,most businesto-businesgB2B) collaborative applidgons require transactional support,
while presenting many difficulties incorporating transactional properties such tasichty,
Consistency, Isolation, andDurability (ACID). The ACID model is comprised othese four
fundamental properties, whichareson der ed t he A btrarisdcttbmn mogelstithoogh k s 6 f o
extremely reliable, classic ACID transactions aré swtable for loosely coupled environments such

as WS based systems and transactions, which rely on long running processesat&tnicity and
isolation is not appropriate to a loosely coupled world of autonomous trading partners, where security
and inventory contramnayissueflexible atomicity andorevening hard locking of local databases. The
major issue is the isolation of a databasagaction. This property requires resource locking that is
impractical in the services world. It would also preclude clients from participating in a business
process, which is a strong requirement for SBAs. Sometimes loosely coupled or long running
activity, it may be desirable to cancel a work unit without affecting the remaimmdsuchcass, the

strict atomic property of transactions needs to be flexiflhis is very similar to the properties of
nested transactions where the work performedimvitiie scope of a nested transaction is provisional
and subtransaction failure does not affect the enclosing transaction.
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The concept of the business transaction is heavily documented throughous bodies odliterature,
where many authorshare sirilar meanings and others argue its meaning within various contexts. The
increase in manisations adopting a servinetworked approach challenges our traditional
understandings of the businesansactionparadigm.In the following we summarise most ofeth
important work and definitions for reasons of completeness.

The emergence of-markets hasreatedopportunitiesfor organisations to combine capabilities and

configure businesgransactions to integrate roles and relationships across partnering rsetivoek
relationships of these networks play a fundamental role in the archite€twaesactions. [Amit2001]
capture the essence of the change which busines:
unprecedented reach, connectivity, and-tmst information processing power, open entirely new
possibilities for value creation through the structuringofdsranct i ons i n novel wayso.

[Kratz2004]al so makes reference t o trdansactiah.rAedordingito ns hi p
[Kratz2004Ja business relationship is fiany distribute:
is subject to some contractual constraints previouslyeadre t o by t hose ,tharti eso.
describes a business tr an sside dfiabusinessgelafioashigachnsi st e
party in a business transaction holds its own application state corresponding to the business

relationship with other parties in that transact

[Kambil1997] also adopts an operational view and states that sithéss transactions should present
Asignificant information processing and communic
i.e. quality, commitment, and protocols in plane for resolution over conflicts. Reducing uncertainties
within a transation heavily influeces its outcomes.

[Hofman1994]s i mply defines a transaction as a fAseque
transaction is triggered through the exchange of messages within a business manageme(itesyste
the initiator).

[Papaoglou2006]reporst h at a business transaction is defin
possibly multiple parties that strives to accomplish an explicitly shared business objective, which
extends over a possibly long period of time and which is tetieih successfully only upon
recognition of the agreed conclusions between t

atomic or oOall or not hingé approach to meet def
rolled back.
Accordingb [Clark2001] a business transaction is a fAset of

exchanges amongst two commercial partners that must occur in an agreed format, sequence and time
period. If any of the agreements are violated then the transastiterminated and all business

i nformation and business si gn thé doammenthflannsyretsire mu s t
(time, format, and sequence) which existsween parties is important. [Kim20Q23$tates that a

business transaction consistsfofo ne or two predefined business d
busi nes s[AissiR092) suggssts.that document flow is important and defines a business
transaction as fan atomic unit of work between
requesting (incoming) document and an optional r

However, the flow of these documents often only indicates the pattern in which a transaction
relationship exists, for example [K2003 and[Aissi2002]do not propose thatteansaction provides

any businessgain. [Papazoglu200§, includes the businessmlue factos and states that business
transactions are driven by fieconomic needs and
upon conclusion among trading pastie i s reached, e.g., payment i n exX

One of the most important evolutionary factors of the traditional transaction rhadebeerthe
transition from the single level transaction structure to the #myél structuresBusinesgprocesses
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now interact across and between organisationcreate a&SN. Therefore, wthin a typical business
transaction there must be at least two parties involved, i.e. a supplier who has a product or service to
sell, and a customer who buys this prdaducservice in exchange at a cost. A business model should
therefore explicitly describe the collaborative interaypée business processemat arerequired to

fulfil a business transaction.

Theformation of a business transaction evolves to encapsalatore networked and collective effort

to reach predefined agreements, practices, procedures and aitcboedd to this effort,
[Papazoglou20dg introduas a business transaction model encompadsirginess principles and
models transactions with Qa®aracteristics, which highlights the need to describe the collaboration
aspectsodo of b Mamdgingetise scomplexdransastions ¢s.extremely difficult, and these
services ar e managed t hr ou gthof defriee ledeh ageme n&a 5 B 0 n
[PapazogloR00qg.

As the definitions outline a number of key factors above, it may be useful to summarisénthese
Tablel.

Author Definition Key Words

[Hofman1994] isequence of messageso Message, sequence
Asignificantn procedsiogr maah( Information

[Kambil 1997] communication to reduce uncertainties for buyers | processing, reduce
sell erso uncertainties

fi s eot business information and business sig Information and
exchanges amongst two commercial partners that | business signals,
[Clark 2007 occur in an ageed format, sequence and time period exchange, format,
any of the agreements are violated then the transa| sequence, violain,
is terminated and all business information and busii termination
signal exchanges must b
fan atomic unit of wor k| Atomic unit, request,
[Aissi2004 business transaction has one requesting (incon] respond

document and an optional responding (outgoi
document 0.

[Kim2002] Afone or ted busimesseaacenfent lows al Predefines flows
additional business sig
i a consi stent te lofa @ dwsinedy Distributed

[Kratz 2004 relationship.Each party in a business transaction hg relationship, change,

its own application state corresponding to the busir transaction state
reld i onship with other pg
Afa trading interaction Interaction, parties,
that strives to accomplish an explicitly shared busiry accomplish,
[Papazoglo200q | objective, which exteds over a possibly long period { objectives, long
time and which is terminated successfully only up periods, negotiation,
recognition of the agreed conclusions between | conclusion
interacting partieso

Table 1 Summary of business transaction dfinitions

From the aboveit is evident that the concept of business transactions has adopted several
interpretations. It is therefore important to attempt to tie in these meanigvelop a more holistic
vision of what costitutes a business transaction.

Within endto-end processesn a SBA, complex information is exchangddr example expected
service, financiaknd contractual[Medjahe@003] draw our attention to the concept of scalability of
transactiorbased systemehich need to grow to support the relationships within these transactions,
especially in the case where organisations are increasing the level of negotiating and interaction in
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transactios with other organisatiornt® provide some form of business solutidiis places greater

emphasis on the choreography of business transitions (specifies business states and trahsi®ms

business states). [Kim2002& x p| ai ns t hat ithe purpose of chore
business transaction activity aad/collaboration activity within a binary collaboration, or across

bi nary <coll aborations wi inhthanrespect, rbudiness framsattign c o | |
describes the mission, behavioaction, sequence, correlationt collaborative interaabns with an

objective of securing a business relationship to request or supplgacpay service under predefined

conditions.

We critically analyzed and assessed the previous business transaction definitions and draw a list of
requirements based onnaost recent workin the area of SNIn addition, we havereformulated the
definition of a business transaction as follows:

fA series ofcollaborative activitiesthat explicitly enfeces the achievenent ofan agreeeupon
business objective iandto-end processesThis objectivas subject toservicelevel agreemert that
govern the choreographefbrchestrated behaviour, nonfunctional and timing requirements
correlated exchange of informatigand control flowof composed servicés.

A shared business ttive extends over a possibly long period of time and is terminated successfully
only upon recognition of the agreed conclusions, e.g., stipulated QoS, compliance to business and
regulations, etc, between the interacting parties. A transaction usutlihesuhe liabities of each

party in the event whetthe intended actions are not carried out (e.g., promised services not rendered,
services rendered but payment not issued). If a business transaction completes successfully then each
participant will ave made consistent state changes, which, in aggregate, reflect the desired outcome
of the multiparty business interaction.

3 Requirementsof a Business Transaction Language

BusinessTransaction Manageme(BTM) views everything from an application sgective. In the
world of businesdransaction management, an application is considered as a collectiusioéss
transactions and events, each triggering actions onafipdication and corresponding on the
infrastructurelevel, which is handledy transaction monitors using WStandards such as WS
Transaction and W&oordination The goal is tarack every business transactiomnan endto-end
processand correlate to the information collected from the infrastructoresolving problems and
planning isdone efficiently and holisticallylt should be possible tchave the ability to "stitch
together" the individuadbusinesgransaction data poisinto a map of the transaction topology and to
monitor the metrics of each transaction for Stanpliance.

A BTL plays a pivotal role in BTMThe core requirement for BTL is the ability to describe the
granular transactional process properties of-terehd processes, such as business commitments,
mutual obligations and agreed upon KFRh a standard form thatan be consumed by tools for
business transaction implementation and monitoring. In this section, we will refine this all
encompassingTL requirement.

Table 2 summarises the behavioural characteriatidskeyfactors, which differ within a transaction

and need to be expressed as partBTh. As summarised in Table there are several characteristics

and key factors, which distinguish certain stages within a business transaction. These stages, including
transaction activities, business service dimensions leid implications forSNg are captured in
Table-3.
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Characteristics Key Factors
Generic Who is involved

What is being transacted
Destination of payment and delivery
Transaction time frame

Permissible operations

Distinguishing Links to other transactien
Receipt and acknowledgment
Advanced Ability to support reversibility (compensatible) and repail

(contingency) transactions

Ability to reconcile transactions with other transactions
Ability to specify contractual agreements, liabilities, g
dispute solution policies

Table 2 Behavioural characteristics and key factors of transactions (Adapted fromn
[Papazoglow?003]).

Business Transaction Main Business Service Applications in
Transaction Activities Dimensions Service networks
Stage 1: Source and produc| Marketing Information Product
Information identification & Service Service information,
Gathering potential supplier response to
listed inquiries
Stage 2: Evaluate supplier Communications
Negotiation & analyze supplier Service
guote
Stage 3: Contract | Order, Payment, Logistics Order and Order process,
Fulfilment Delivery, Service Payment Service| invoice, leadtime
Operations Delivery transportation,
management Service tracking shipment,
Inventory advance ship notice|
Service inventory
transparency,

response to
inventory variety

Operations Product Product quality,
Service Service feature offering,
Production cost, production
Service scheduling, cycle
time, capacity
Stage 4: Collaboration Collaboration | Product Planning
Collaboration planning, Service Collabaation coordinator,
collaboration geographical
product location, alternate
development, co delivery channel
location Information Updated
Collaboration information, joined

planning and
forecasting

Table 3Business transaction tages and dmensions

As Table 3 (partly based on Opefeé&iranic Data Interchange (Open ED[DpenEDI1995) above
outlines in order to deliver a business transaction, there are business processes, transaction activities,
dimensions, and behaviour whinbedto be agreed upon, at various phases upon entering a
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trans&tion agreement. The last column (far right) summarises the key tasks required at each stage
within a transaction occurring in&i\.

While the information gathering and negotiation stages fall outside the scope of this de&iverabl
(instead we refer to JR1.3 end-to-end quality provision and SLA conformance), we will concentrate
in this deliverable on language requirements emerging from stages 3 and 4.

Based on an extensive literature survey and associated comparative analysis of existing business
transction modelsinotably Open EDI,the UN/CEFACT Modelling Methodology UMM)
[UMM2009] and dectronic business using eXtensible Markup Languag¥Nib) [ebXML2001]71 in
connection with the €ube reference architecture, we have distilled the following kays#ction
language requirements for stages 3 and 4:

Req 1 Expressing collaborativactivitiesthat explicitly enforce thachievenent ofan agreeeupon
business objective iendto-end processeFheBTL is pervasive in that it will be defined over etad

end processes involving orchestrated and/or choreographed services that exhibit transactional
properties.

Transactioal propertiesmay be expressed by combining existing transactional services or process
fragments and associating them with applicatewel characteristics as well as contractual
agreements in order to develop SBAs &MXs Some of this work will be performed jointly with
research activities in WPRA-2.2.

Req 2 Expressing an ocdemanddelivery model for SBABusiness ransactions are required to
furni shdeammn@on del i ver y -usecsdray spdcify theirhpreferences, red.,
desirable @S, mandatory regulations, etc, as regards art@pdd process. This implies that services

are tentatively (r@ selectedfrom a pool of servicgroviders on the fly. Services and transactional
process fragments can then be tailored, composed and then deployed over a variety of platforms. Some
of this work will be performed jointly with research activities in \fRA-2.3.

Req 3 Facilitating reusallity and extensidity: The BTL will impart constructs that define reusable
and extensible transactional process fragments. Some of this work will be performed jointly with
research activities in WPRA-2.2.

Req 4 Expressingconventional atomic actionsThe transaction language needs to cater for
conventional atomicity as in some circumstances, service operations or transactional process
fragments in an entb-end process have to be strictly atomAssuming for instancethata client
application decides to invoke one or more operations from a partproleess fragmerguch asorder
confirmation, or inventory checl is highly likely for the client application to expect these operations

to succeed or fail as a unit. We dais view the set of operatiprused by the client in each process
fragmentas constituting an atomic unit of work (viz. atomic action).

Req 5 Expressingapplicationlevel atomicity criteria:ln addition to reed, the language should be
able to expressind associat@pplicationlevel atomicity (described in section 6.1.2yiteria For
instance, we may be able to express that a tctioeds a paymerdéware. This meanthat if payment

is not made within a prepecified period then the transaction fasmilarly, transactions could be
made QoS, or SLAaware and succeed or fail depending whether QoS criteria or SLA terms are met.

Req 6: Expressinglong duration nestedctivities Longduration (business) activitiesould be
expressed asggregations ofeveral atomic actions and may exhibit the characteristics and bahavio

of open nested transactions and transactional workflole atomic actions forming a particular leng
duration business activity do not necessarily need to have a common outcorae.application
control (business logic), some of these may be performed (confirmed), while others may fail or raise
exceptions such as time outs or failufe.exemplify a longduration business activitgonsider a
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slight variation of the order processisgenario where a manufacturgsks one of its suppliers to
provide it with valuable and fragile piece of equipment.

Now consider that one atomic action arranges for the purdidbis product, while a second arranges

for its insurance, and a third ofar its transportation. If the client application is not r@skerse (due

to excessive costs), then even if the insurance operation (atomic action) votes to cancel, the client
might still confirm the transaction and get the item shipped uninsured. Melst however, the client
application would probably retry to obtain insurance for the item. Once the client discovers a new
insurer, it can try again to complete the lahgation business activity with all the necessary atomic
actions voting to confirmmthe basis of the particular coordination protocol used.

Req 7 Expressing and enforcing policieshis helpsSNs achievethe global control of endo-end
processes by enforcing policy consistently across the runtime environment, withairingeq
applications to be recoded and deployed. This involves constructs to define policies and SLA
thresholds based for example on transaction averages. It also involves constructs to define and enforce
policies. Some of this work will be performed jointlith research activities in WPRA-1.3.

Req 8: Expressing and enforcinQoSand complianceriteria: Activities in business transactions will

be able to express compliance with regulations, SLA terms aSdc@aracteristics in an eiolend
fashion. Tke BTL will therefore be equipped with constructs to define controls and counter measures.
Some of this work will be performed jointly with research activities in¥®A -1.3.In addition to the
above characteristics the BT system that is builaround theBTL should be able to puide the
following functionalities provide applicatiom management solutions, enalilee maintenance of
application availability, ensure¢he right performance anservice levels, and identifgnd resole
problems.

Reqg 10: Incident management The language needs to be endowed with constructs to feed the
transaction management infrastructure with information on business transaction events and SLA
violations (in addition to current component based events) that is useful for remipngcess
anomaly or problem, thus reducing the mean time to repair. This includes constructs to define stalled
transactions, missing steps, faults, and application exceptions, as well as other issues such as incorrect
data values, boundary conditions, aadon.

Req 11: Business transaction monitoringraditional transaction monitors are able to monitor only
systemrelated activities anghberformance. Another capabilityf the BTM system is the ability to
compute and monitor KPIs using rules that trigg@iomated alerts or process actions when they move
outside their target range. Process owners can then respond instantly to events that affect the bottom
line. This thus implies that the BTL will contain constructs and operators that will define exaatly h
processes and services will be monitored (e.g., through logging or actively checking), and how
procesdevel KPIs will be mapped down to SBlAvel SLAs and QoS (see Deliverable JRA.2).

Req12: Endto-end visibility and optimizatianThe purpose iso provide visibility into the service
interactions within the scope (fAcontexmanre of th
visible to process owneedalso to providea platform for problem escalation and remediationVBT

system should pride the ability to measure performance across organizational and system
boundaries and detect exceptions in service irierac As processes run, the BTayistem should be

able to continuously capturthe snapshots of process instance data and aggreégete in a

meaningful manner.

The above list considers the most important requirements for a useful BTL that offers a flexible and
extendable structure. In the initial version of the language we intend to address requirendrite 1
remaining requiremestwill be addressed in close collaboration with the other work paskagelay

a form foundation fotheforthcoming WR2.2 deliverables.
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The requirements described above are essential in determining the characteristics and functionality of
theBTL thatis described in sectien of this document.

4 Process Fragments and Business Transactions

While the exact demarcations of process fragments are still unclear, there exists some consensus that it
can be defined as connected process elements that bigarlaviel of potential reusability in various

usage contexts [Ma2008]. Process fragments can be defined at any level of granularity ranging from
decision points or joins to fufledged sukprocessesSuchprocess fragments designate sliced models

or codeaccording to some predefined criteria. For example, a process cassbetel into process
fragments or a suprocessby dissecting information flows from a BPMN model. Likewise, BPEL

code may be fragmented based on the Sikgley-SingleExit criterion where each fragment has
exactly one incoming and one outgoing ediete that this definition of process fragments is
orthogonal to the one used in situational method engineering; there a process fragment refers to a
reusable design process lifecycle [Haem1997].

The ability to define process fragments at various levels of granularity given various fragmentation
criteria makes process fragments extremely powerful and flexible building blockN®The key
philosophy behind process fragments is thatytcan be wired into a process, while offering a
complexity reducing mechanism, leveraging reuse and boosting flexibility.

Transactional process fragments denote a special type of process fragments that exhibit conventional
and applicatiodevel atomicty. In particular, transactional process fragments render common business
processes that are generic, industry neutral angsable and can be used to develop business
transactions in a multiplicity of ertb-end processes. In this way we remove excesgplaxity from

the business transaction, allowing common business processes such as ordering, distribution and
payment to be expressed in a form analogous to abstract data types and rationalizing them across an
endto-end processThe basic structure of the transactional process fragments (which could be also
appropriately extended and customized) provides a standard definition for building business solutions.
Transactional process fragments not only h&dpstreamline and rationalize common business
pracices across an erid-end process, they also hétpenforce participant commitments.

e —— Transactional End-to-end
[ — — Process model

% On time F F
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Choreographies &
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Figure 2 Modelling and enacting business transactions
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Parameterization plays a pivotal role in customization of tramsagtrocess fragments: the
parameterization process allows setting parameters of transactional process fragnteatshey

satisfy granular process properties. For example, delivery notes can be processed in an order
management transactional process rfragt without any reference to a preceding order (option 1),
referencing an individual sales order (option 2), referring to a delthesylist (option 3), or from a

stock transport order (option 4)In particular, with customization we imply that the
paraneters/variants of granular features (processes, operations and/or events) in a transactional
process fragment are set according to specifictermhd process requirementdore specifically we

may distinguish between the following types of parameterarf&zki2000]:

e Dimensionwhoseall subfeatures represent a variant
e Dimension with optional features

e Extension point

e Extension point with optional features

e Extension point with OReatures

Our initial approach towards leveraging parameterizatsoimspired by [Rosemann2007], in which
extensions to classical Event Process Chd&HERCs) are proposed that allow for configurable
functions (that may be included, skipped or conditionally skipped) and connectors (Joins and Splits).
For this purpose, paramedtgtion will be extended to accommodate configuration of transactional
granular process properties such as SLAs, QoS, policies and rules.

Once customised, transactional process fragments can be aggregated -tokerehgrocesses and

then may be implaented as transactional orchestrations or choreographies. This is firstly achieved at
the modelling levélusing an extension to BPMRLO that accommodates transactional choreographies
not only involving dataand control flow, but also granular processpganrties such as SLAs, QoS and
policies (see Figure 2). This figure represents a-tagal view of how business transactions can be
modelled, defined and executed.

Next, transactional BPMN models are transformed to BTL and afterwards are mapped intaldeec
transactional entb-end processgmssiblyusing a combination of BPEL4Chor, W&nsaction, WS
Coordination and Wolicy.

5 Motivating Scenario

The following scenario deals with an integrated logistics process involving a customer, supgdliers a
logistics service provider. This logistics model consists of forecast notification, forecast acceptance,
inventory reporting, shipment receipt, request and fulfil demand, consumption and invoice notification
activities. In particular, this scenario part of the automotive suppkhain case study proposed in
JRA-2.1 vision paper illustrating the use of simple businesangactions and associated event
monitoring.

Figure 3 depicts the flow of information between the interacting nodes @ssspartns) in a very

simple SN involving three parties (car manufacturers, part suppliers and logistics providers). Service
interactions aregoverned by a simplified SLAThis figure showsthe sequential ordering of the
interaction events between the businestpas in terms of message exchanges. The message "Notify

of Forecast", contains car part demand information (planning demand), is sent by a forecast owner (the
car manufacturer) to a forecast recipient (the supplier).

The message fAFor atchack fromAhe supplier aackicowlédges that the demand
forecast has been accepted. Next, the message "Distribute Inventory Report" is performed by an
inventory information provider to report the status of the inventory to an inventory user. The inventory
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report can include any <car par't held in invento
allows a shipper to notify a receiver that a shipment has been assigned. This notification is often a part

of the shipment pr oces s perfdiheed lsya goesigies to iepornthenstatusRe ¢ e i
of a received shipment to another interested party, such as another consignee, a transport service
provider, a thireparty logistics firm, or a shipper.

SLA

Product info, part release.
part price, delivery
conditions, penalties, ...

Plan-to-Order Business Transaction

CarManufacturel, _ o @ o = = = = = — e e e e e e = == Suppliers
8. Remittance Advice N
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Figure 3 The Integrated Logistics Scenario

Receipt of a shipment igeported after it has been delivered by a carrier and inspected by receiving

personnel. The customer then issues an filnvoice
to the supplier, allowing the supplier to trigger irsing for the consumed maial. The message
Al nvoice Notificationd enables a providea to ir

services performed.

Finall vy, the message ANotify of Remittance Advi
payee (in this cas@ée supplier), which indicates which payables are scheduled for payment.

Message exchanges are bundled together in three separate message exchanges (AAB sino).
in figure 3, the message exchanges 1,2,6,7 am&r@ed A)can be bundled together tihe form of a
businessaware transaction, which is governed by a simplifé@ between the two trading pasdrs,

i.e. the car manufacturer and the supplier.

As a whole our global business transaction scenario consists of three binary business dres)saeti
transaction A between the aamanufactureand the supplier, B between the car manufacturer and the
logistics service provider, and C between the logistics service provider and the supplier. The SLA for
each transaction contains a set of poliogatraints, such as temporal and spatial constraints, penalties,
some business regulatory rules, etc, that must be fulfilled during the transaction execution. It also
prescribes the recovery strategies for the business transaction in case any of the exe$sames

fail, for instance either this business transaction must be compensated by some medssuiag.
another forecast or invoice, or the entire transaction fails. Besides, the SLA also drives the-business
aware transaction with other agreements the KPIs of the transaction, which enables the
performance monitoring and measurement of the execufionsum up a business transaction
between two trading partners is driven by the conditions specified in the agree&LA.
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Some sample condition® the SLA that should be monitored and enforced by the transaction
management systeduring the transaction execution are

Has the supplier acknowledged the order?

Has the supplier and logistics service provider committed to a ship date?

Will the suppler start manufacturing etime?

Will the order be shipped ettme?

Does this order meet our-0ime delivery goals and other KPIs?

If the order shipped by the logistics provider does not arrivenes, how should we proceed?
Does it affect other partneifsthe logistics service provider cannot deliver the order? How to
compensate this problem?

Figure 4 provides more details of the sample integrated logistics scenario using BBdNing
notation In this multiparty BPMN process model, not onre the public messaging activities
between the partnersodelled but also the private process activities inside each partner. The process
activitiesand message exchandkat belong to a business transaction are marked with the same color,
A with blue, B with yellow, and C with magenta. In the scendnioFigure 4, we assume that all three
partners have already agreed upon following the business protocol, i.e. the sequential ordering of
business interactions, described in Figure 3.

Furthermore, they have alsagreed on some particular KPIs specified in the model, e.g. the time for
preparing and sendiraninvoice by the supplier must be equal or less than two days.

A process activitycan be vital or nowital for its businesdransaction. If thevital one fals, its
transaction wil/ fail, e. g. the activity HfAPrepa
since without the invoice, the payment between the trading partners in A cannot be conducted. Process
activities in the same or different lisss transactions can have weakly or strongly istarg

atomicity relationshipsiwWe a k| y 6 me a n s thétWwaactivitees sudeemd or ib ané df them

fails and is compensated/recovetieen the other one will also fail or be compensated/recovetbe

near futureA St r ongl yatcoomisciostemhances HBhemifieow@aklkyatcioaos
requiring that if both activities fail, they must result int@ansistent gredefinedl state (see section

8.1.2 which explains formalization of costntatomicity) . For instance, the act
in transaction B and fAiReceive | natomicceo i n transa

Traditional transaction monitoring mechanisms are able to monitor only syst&ied activities and
peformance. However, it is important to understand that busengase transactions correlate
applicationlevel events and situations with the supporting infrastructure. For example if the
manufacturer requests a change in the order, can we accept theiohzorgeection with agreedpon

KPIs? Alternatively, if an infrastructuievel change has been made, we can assessptct on the
application (SBA level. More importantly, we can deduce if the processes are still working to plan, if
there are any bdénecks and where they appear, if there was a process improvement or worsening,
and so on. Correlating lower level activities, e.g., from the service composition or the infrastructure
level, with higher level business events in the form of transactiomsjdps opportunities to
continuously monitor and measure the lifecycle of a transaction, while providing data and events to
trigger and populate controls, as well as tinased data for etime measurement.
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Figure 4 BPMN Model of the Integrated Logistics Scenario
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