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Abstract

In this paper, we propose a method of transactional behavior description in component-based software
architectures. We fucus on the specification of transactional models employed in components. Especially,
wetry to specify the creation and canceling dependenciesamong transactions. For this pur pose, we enhance
the SOFA softwar e ar chitecture so that it can be dynamic: at runtime, new interface instances can be added
or removed, and new components instantiated and tied. Thus, SOFA behavior protocols in such a
dynamically reconfiguring architecture are also dynamic. The transaction manager, as the coordinating
component, provides an interface for a transaction initiation and completion. If a subtransaction of a
transaction is created, a new transactional interface instance is created and a protocol of the parent
transaction is modified. The key achievement of the paper is that it introduces a method for semi-formal
specification of the transactional model used by a particular component (replacing thus the classical
transactional specification in plain English).

1 Introduction

It is broadly accepted that in the near future software will be composed of small parts with well defined
interfaces softwarecomponents. Recently, weenhanced our SOFA component model by behavior protocols
which extend a component interface with component behavior specification [6]. An interesting area of
behaviorprotocols employment is a component’s participation in transactions. For example, as there are
manytransactional modelsatransaction manager asthe cooperating component should specify which of the
transactionaimodelsit supports. Naturally, specifying the particular transactional model in plain Englishis
not sufficient for this purpose.

The goal of the paper is to demonstrate the expressive power of behavior protocols in describing
componentstransactional behavior, especially the ability to clearly reflect the transactional model chosen.
In principle, in an application, the architecture protocol of the application’ stransaction manager determines
the current transaction model supported by the transactional manager. The transaction model is not
hard-wired, it is specified bgrotocol modification rules.

The paper is organized as follows. In Section 2 we provide an overview of behavior protocols. Section 3
showshow transactional models are specified using behavior protocols. Moreover, dynamic behavior
protocolsareintroduced in this section. In Section 4, adiscussion of and acomparison to other approaches
areprovided. Section 5 is devoted to a brief discussion of future inventions. Section 6 concludes the paper
by summarizing the key achievements.



2 Component behavior specification

2.1 Component model

In SOFA ([2],[3]), an application is built as a hierarchy of software components. Analogously with the
concepbf an object asan instance of aclass, weintroduce softwar e component as an instance of component
template. The template frame defines a set of individua interfaces that are provided or required by a
template.Interfaces, frames and architectures built from frame instances are defined in the SOFA CDL
architecturedescription language [5]. In an architecture, there are three types of interface ties. (1) Binding
of a requires-interface to a provides-interface. (2) Delegating from a provides-interface to a nested
component'provides-interface. (3) Subsuming of asubcomponent’ srequire-interfacetoarequire-interface.

2.2 Behavior protocols

Thebasicideaof behavior protocol sisto consider acommunication between componentsthrough interfaces
as sequences of communication events. An event can be arequest or aresponse; we distinguish those events
by suffix 1 resp. |. To express, whether an event is emitted or absorbed, we prefix the event identification
by the! resp. ? symbol. Behavior protocol (protocol for short) isaregular-like expression, which specifies
the required ordering of method calls (requests and responses). In a behavior protocol, a sequence,
alternative, repetition, a reentrant or a parallel processing of a method (subprotocol in general) can be
specified [6].

2.3 Interface protocol, frame protocol, architectur e protocol
In SOFA CDL, behavior protocols are associated with interface, frame, and architecture specifications [6]:

An Interface protocol specifiestheway of using a particular interface. For example, imagine an Account
interfacewith thecreate ,terminate ,balance , deposit ,andcredit methods. Such an interface can
have the following protocol:

interface Account {
/I methods’ declaration should be here
protocol
create ;
( balance + deposit + withdraw )* ;
terminate

}

Theprotocol specifiesthat an account isto be created first. Then, the balance can be examined and money
can be deposited or withdrawn to/from the account. Thideaepeated many times. Finally, the account
can be terminated.

A frame protocol specifies dependenciesbetween the provide-interfaces protocolsand requires-interfaces
protocols of a particular frame. As an example, consider the frame MyAccount providing the accou nt
interface:

frame MyAccount {
provides:
Account a;
requires:
Database db;
protocol:
?a.create { !db.addRecord } ;
( ?a.balance { !db.query }



+ ?a.deposit { !db.modi(ij }
+ ?a.withdraw { /db.modify }
* -

?a.terminate {'db.removeRecord }

Notethat { resp.} symbols postfixing a method msubstitute corresponding andmi events, i.e. m{x} =
m ;Xx;m .

An architecture protocal is generated automatically from all frame protocols of the nested frames in the
correspondingrchitecture. It is automatically generated by an CDL compiler; the composition operator is
emplyedntheway that al participated frameprotocols"run” in parallel, being synchronized in themoments
of mutual communication via their tied interfaces [6].

3 Specifying transactional behavior of components

3.1 Motivation

Asfor transactional behavior specification, most of the component technol ogiesuse avery limited approach
basedon plain-English description. As an aside, they are usually based on an implicitly chosen simple
transactionamodel - usually aflat or nested one. Briefly, atransactional behavior isdetermined by: (1) the
waytransactional context ispropagated (involves creating, suspending, passing, and deleting acontext), (2)
the commit protocols policy and (3) the transactional model chosen.

The current technologies include CORBA Object Transaction Service (OTS), Enterprise JavaBeans (EJB),
or Microsoft Transaction Server (MTS):

- CORBA Object Transaction Service[ 7] usesthe nested transactional model. Technically, onthe ORB, the
requestgargeting aserver object whichissubject to atransaction (transactional object) containarecordwith
transactionakontext bearing all the necessary information about the current transaction. Conceptually,
transactionalcontext is propagated implicitly (involves all the methods of a particular interface) or
explicitly. An explicit propagation gives the possibility to determine the context propagation with the
granularity of single methods thus making it possible to emulate creating suspending, and passing a
transactional context.

Sincetransactions are coordinated directly by the ORB which, therefore, takes the role of a transaction
manager, the transactional functionality of CORBA OTS is wired-in inside the ORB.

- Enterprise JavaBeanstechnology [22] supportstheflat transactional model. An enterprise bean isdeployed
to EJB container together with its deployment descriptor (this could be considered an ADL level), which
determinesyia transactional attributes of particular bean methods, the semantics of transaction context
propagationHowever, only some combination of creating, suspending, passing can be specified thisway.
Forexample, a particular method of abean can be associated with the TX_REQUIRESAtribute. In this case,
the method is always invoked in the scope of a transaction in the following sense: If the method is not
invokedin the scope of aclient’s transaction, the EJB container creates a new transaction and the method
is called in the scope of the new created transaction.

- Microsoft Transaction Server [23] uses transactional attributes with similar functionality for specifying
transactional behavior of COM component methods.

To summarize, all these technol ogies use a hard-wired transactional model, the way of context propagation
is aternatively determined by the underlying implementation or can be chosen from predefined options
(importantspecial cases are predefined by the technology in question), and the commit protocols are also
predefinedby the particular technology (all of these technologies support the two-phase protocol with
actions). By all means, this situation cannot be considered satisfactory particularly with respect to the fact
thatconceptually most of the component semantics should be expressed at the ADL level. It isthe key goal



of this paper to target this issue.

3.2 Basicidea

Our key idea is to specify component transactional behavior via behavior protocols. In principle, we will
assumehat, in a particular component based application, there is a transaction manager component that
coordinates transactions. Such a transaction manager provides the following Transaction interface:

interface Transaction
lIspecification of TrBegin, TrCommit, and TrAbort becomes here
protocol
TrBegin ; ( TrCommit + TrAbort )

A transaction manager is usually a multithreaded server, because several transactions are typically to be
processeaoncurrently. In principle, to express multithreading in protocols, we could use the reentrancy
operator ("as described in [6]. However, we need to caputre the notion of "session" which is not directly
supportedy the” operator. Moreover, in some frame specificationsit is desirable to express dependencies
amongclient threads, whichisalso not possiblevia”. Therefore, weintroduce dynamic interface instances.
A frame can provide (or require) a pool of instances of the same interface to express that methods are
implicitly parametrized by the established session. This parametrization is expressed via the index of an
interface instance.

3.3 Reéflecting a particular transactional model

In this section, we introduce our approach to transactional models specification by means of behavior
protocols.In principle, a transactional model is characterized by: (1) the participating (sub)transactions
controlflow, usually specified in terms of dependenciesbetween transactions, and (2) theway of supporting
consistencyyisibility, and recovery (in other words by the transactions effects on data objects, i.e.,
resources).

In this paper, we limit ourselvesto reflection of transactional modelsintermsof control flow. Wewill show
thatastate diagram of atransaction can be approximated by abehavior protocol. Thishasthe advantage that
we do not have to know any details of the internals of the corresponding transaction miaséegs, the
knowledgeof the interface and frame protocols of the transaction manager characterizes the transactional
model which the transaction manager implements.

Let uslook at the nested transaction model more closely. The transaction manager TM supporting nested
transactiorprovides one instance of the NestedTransaction interface representing the root transaction:

interface INestedTransaction
/I methods begin, split, commit, and abort to be specified here
protocol
begin ; split* ; ( commit + abort )

Methodsof thisinterface correspondsto the significant events of the nested transaction model. If aclientis
boundto this interface, as a response to its invocation of split , a new NestedTransaction interface
instanceis created in TM. The TM frame protocol has to be modified, because there are dependencies
betweerthetwo NestedTransaction interfaceinstances; when commit isinvokedintheroot transaction,
TM has to wait until the child transaction has finishetien abort is invoked in the root transaction, the
abort method of the child transaction has to be invoked by TM.

An example of atransaction manager architecture supporting nested transactionsison Figure 1. To support
creationof nested transactions, there is a transaction factory component providing the ITrFactory
interface. The ITrFactory  interface supports the creation of an initial transaction (the root nested
transaction in our case); the interface protocol takes the form:



interface ITrFactory

b'rotocpl _
( InitNestedTransaction )*

In general, atransaction manager can support many transactionmodels, for example, ITrFa ct or y cancreate
aninitial sagatransaction, or a split transaction. There isthe TransactionFactory frame (TFin Figure
1) providingITrFactory  interface. In our exampléhe TransactionFactory frame supports creation
of nested transactions. The TransactionFactory frameprovidesITrFactory  interface only; therefore,
its frame protocol does not differ from theFactory  interface protocol :

frame TransactionFactory {
provides:
ITrFactory iTrFact;
protocol:
( ?itrFact.InitNestedTransaction )*

TransactionManager x.y.z
/ DBApplication
(TransactionF actory .
™ TF trFact TMtrFact 7 trGen @

\ L
/" NestedTransaction nested TR[i] B
r L
\_
/" NestedTransaction nested TR[j] ( tr2
rChild i

i o

Figure 1: Architecture of a transaction manager supporting nested transactions

TheNestedTransaction ~ frameprovidesthelNestedTransaction interface. Whenthesplit method
is invoked, a new subtransaction is created. Each transaction may have many subtransactions. The
NestedTransaction frame provides the INestedT r ansact i on interface only, so its protocol doesn't
differ from thelNestedTransaction interface protocol:

frame NestedTransaction {
provides
INestedTransaction iTr;
protocol:
?iTr.begin ; ?iTr.split* ; ( ?iTr.commit + ?iTr.abort )



3.4 Modeling dependencies using protocols. dynamic protocols

As mentioned in Section 3.2, we intend to introduce dynamic behavior protocols. In fact, the main obstacle
of employing the current version of SOFA behavior protocolsistheir static character. They are constructed
to specify the behavior of a static software architecture. Not considering the (a bit clumsy) reentrancy
operator®, eveninone of the simplest transactional models- nested transactional model, we can not specify
the control flow of a transaction behavior protocols in their form specified in [6]. The reason is that, in
generalwedo not know the structure of thetransaction (thetree structure of nested transactions) in advance.
A proposed remedy is to allow dynamic modification of behavior protocols, e.g., by specifying some rules
for "well-done" modifications.

3.4.1 Transaction manager frame protocol

The Tr ansact i onManager frame provides one instance of the ITrFactory  interface and a pool of the
INestedTransaction interfaceinstances. Thenew event andtherules  section areintroduced to achieve
the required dynamics in tHeansactionManager  frame protocol:

frame TransactionManager {
provides:
ITrFactory iTMTrFact;
INestedTransaction iNestedTr]];
protocol:
( ?iTMTrFact.InitNestedTransaction { new INestedTransaction iRootTr } ;
?iRootTr.begin ;
?iRootTr.split* ;
/\( ?iRootTr.commit + ?iRootTr.abort )

rules: o _
INestedTransaction iTrParent.split {
new INestedTransaction iTrChild ;

( ?iTrParent.commit 1->
?iTrParent.commit 15 (??iTrChild.commit + ??iTrChild.abort )
( ?iTrParent.abort 1->
?iTrParent.abort 1 ; NTrChild.abort
)
}

}

Thenew event specifies creating anew interfaceinstancein the pool of interfaceinstances. The name of this
newlycreated interfaceinstance can be used later in the protocol. Thisnameisnot areal instancename. Note
thatthe new event can be applied to thoseinterfaces, which are pooled in aframe (thisis specified using []
brackets irthe provides  section). While events on static interfaces can be used in the correspond frame
protocols,events on dynamically created interfaces cannot be used. Newly created interface’s protocol is
usedas a new part of the frame protocol; this new part joined together with the original protocol using
composition operator in the following way:

old_protocol n new_part_of _protocol

Therules keyword beginstheframe protocol modification section specifying frameprotocol modifications
doneafter the appearance of specified events. To allow to change a particular frame protocol after an event,
protocol modification rules are introduced. Each rule has a left side and a right side separated by the ->
operatorOntheleft side, thereisapart of aframe protocol, which isreplaced with the protocol on the right
sideof the rule. Moreover, to alow to synchronize parts of a frame protocols joined by the composition
operatornew primitives are added to the protocol. Using ?? and !!  prefixes you can synchronize any two
methodswithin protocol partsjoined by thecomposition. ??inst.method  inprotocol specifiesthat thenext
acceptedevent will be the method invocation on the inst interface instance. linst.method event
meaning is that themethod method is invoked oimst interface instance.



In our exampl e, the parent transaction hasto wait until the child transactionisfinished (the parent transaction
is abort dependent on the child). When the parent transaction is aborted, the child transaction is al so aborted
(the child transaction is abort dependent on the parent).

Before the creation of a subtransaction ofriba transaction, a transaction manager frame protocol 1ooks
as defined in the protocol  section. After the creation of a subtransaction, in other words, after the
application ofiTrParent.split event rule, the transaction manager frame protocol looks as follows:

( ?iITMTrFact.InitNestedTransaction { new INestedTransaction iRootTr } ;
?iRootTr.begin ;

?iRootTr.split* ;

( ?iRootTr.commit + ?iRootTr.abort )

N

)

-
( ?iChildTr.begin ;
?iChildTr.split* ;
(IChildTr.commit {
??iRootTr.commit
+ ??iRootTr.abort

+
?iChildTr.abort {
lliRootTr.abort

}
)
)
Similarly, after the creation of a new subtransaction of any existing transaction, a new part of the frame
protocolwill be created and joined with the original part using composition and new dependenciesby means

of protocol parts' synchronizationswill be established. Notethat we alsointroducethedelete  event for the
deleting interface instances and the correponding synchronization events’ removal.

3.4.2 Transaction manager architecture protocol

A transaction manager architecture depicted at Figure 1 is specified using the following protocol:

architecture TransactionManager version X.y.z {
inst TransactionFactory TF;
inst NestedTransaction NestedTr(];
delegate iTMTrFact to TF:iTrFact;
rules:
?TF.InitNestedTransaction {
new NestedTransaction TrRoot ;
new INestedTransaction iTrRoot ;
delegate iTrRoot to TrRoot:iTr ;

+

?NestedTransaction TrParent.split {
new NestedTransaction TrChild ;
new InestedTransaction iTrChild ;
delegate iTrChild to TrChild:iTr ;

}

Transactiormanager supporting nested transactionscompoundsoneinstance of the TransactionFactory
frameand many instances of the NestedTransaction ~ frame. Eachinstance represents one subtransaction
(consideringhat root transaction is also subtransaction). There is one news in the architecture description:
the rules section,which begins the architecture modification section specifying architecture protocol
modificationsdone after the appearance of specified events. Here, new instances can be created (using the
new event), deleted (using thedelete  event), tied (using the bind , delegate , and subsume events), and
untied (using thelisconnect  event).

Thereal picture of atransaction manger is, of course, more complicated. There are more special components



involved to transactional software system; log manager, lock manager, and resources are some of them.

3.5 Maodeling permit and delegate using protocols

In the previous section, we focused on transactions' flow control. We omitted what visibility, recovery and
consistencyddress. There are also data objectsinvol ved to transactions; each data object isrepresented via
aframe and each object hasitsframe protocol. In our idea, delegation of resources can be viewed as moving
partsof protocols from one frame to another. Similarly, giving permissions to invoke some operations can
beviewed as publishing parts of protocol to another frame. These techniques are one of our nearest future
intentions.We have to design transactional environment, where resources are registered to transactions,
delegated from one transaction to another, and permitted for using by another transaction.

4 Discussion, related work

Theproposed method makesit possible to specify transactional model supported by atransaction manager.
Dependenciesamong transactions are not described in plain English; instead, they are specified by
dynamicallymodifiableregular-likeexpressions. A particul ar transaction model ischaracterized by theinitia
transaction manager’s protocol and by a set of protocol modification rules. Our approach alows for a
spedfication of any (potentially even user-defined) transactional model. Even though we use the SOFA
notation in this paper, but our approach is applicable in component-based architectures in general.

Chrysanthisand Ramamrithan in [9], [10], [11], and [12] introduce ACTA, a forma framework for
specifyingextended transaction models. ACTA allows for intuitive and precise specification of extended
transactiormodel s by characterizing the semantics of interactions between transactionsin termsof different
dependencies between transactions, and in terms of transaction’s effdata @ects. However, ACTA
frameworkis not focused on components exhibiting their behavior. Moreover, behavior protocols make it
possible to check whether a particular transaction model is abided.

Aster [8] extends its architecture description language by non-functional properties defined by means of
temporallogic rules. Transaction models are defined by such rules and an architecture is build from
middlewarecomponents associated with the required non-functional properties using integration rules.
However,the integration rules approach does not scale well if more middleware components are used to
describe the architecture. Moreover, the specification of transaction models is not easy to read..

ASSET[13] providesaset of transaction primitivesextending aprogramming language. Using dependencies,
delegatiorand permitting, a programmer can create any transaction model. In contrast to our approach, the
transactionabehavior is not reveal ed in an explicit specification; instead, the transaction model is specified
indirectly, being spread over a programing language code.

PJama[24], [25] extends an orthogonal persistent language by support for customizable transactions.
However, the current version of PJama does not support extended transaction models.

5 Futureintentions

In future, wewould like to specify transaction model s by means of behavior protocols more precisely. Also,
we intend to design a transactional environment, where transactions could be mutually dependent, data
resourcescould be registered to a transaction, delegated from a transaction to another transaction, and
permissiongo access resources could be delegated by a transaction to another transactions. We intend to
elaboratentheideathat delegation of resourcescan beviewed asmoving parts of protocolsfrom oneframe
to another. Similarly, giving permissions to invoke some operations could be viewed as transferring parts
of protocol to another frame. We would like to create a prototype of transactional SOFA node, which will
participate in transactions and which will reflect the transactional behavior of a transaction manager.



6 Conclusion

This paper proposes a method for describing transactional behavior in component-based software
architecturesThekey ideaisthespecification of transactional model sby meansof behavior protocols, which
especially includes the specification of dependencies artrangactions. The SOFA component model is
extended in the way that it is dynamic: New interface instances or ties tccothygonents can be created
or canceled at runtime. Therefore, behavior protocols of these dynamic architectures are also of dynamic
nature.Transaction manager as a common component provides an interface for atransaction initiation and
completion. If a subtransaction of a transaci®ereated, a new transactional interface instanceis created
andaprotocol of the original transaction is modified. The key achievement of the paper isthat it introduces
amethod for semi-formal specification of transactional model used by a particular component, instead of a
specificationin plain English. An architecture protocol of transaction manager determines a corresponding
transactiormodel. A transaction model isnot hard wired, it is specified by means of protocol modification
rules.
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