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1.0 Introduction

Asthe J2EE environment matures, increasingly complex business applications are placing
greater demands on the container/server middleware to support more sophisticated trans-
actional semantics than the short-lived ACID transactions provided by the Java Transac-
tion Service (JTS)™. For example web service applications deployed into a J2EE
environment are typically composed of loosely coupled interactions for which it may be
necessary to relax the isolation characteristics of atransaction without completely sacrific-
ing atomicity. This requires a different sort of transaction from a JTA transaction, perhaps
extending over amore significant period of time and involving participants that require
compensetion to deliver atomicity. Many strategies are available for dealing with extended
transactions, some appropriate for one type of application and some appropriate for
another. But there is no single extended transaction model that will satisfy all types of
gpplication; what isrequired isa middleware framework that can be exploited by arbitrary,
specific extended transaction models. The OMG Activity servicespecifies such a frame-
work for CORBA-based middleware. This document describes the system design and
interfaces for a J2EE Activity service that isthe redization, within the J2EE programming
model, of the OMG Activity service.

The purpose of the Activity service isto provide a middleware framework on which
extended Unit of Work (UOW) models can be constructed. An extended UOW model
might simply provide ameans for grouping arel ated set of tasks that have no transactional
properties or it may provide services for along-running business activity that consists of a
number of short-duration ACID transactions. The Activity service is deliberately non-pre-
scriptive in the types of UOW models it supports. The advantage of structuring business
processes as activities with looser semantics than ACID transactions, for example by mod-
eling abusiness process as a series of short-duration ACID transactions within alonger-
lived activity, isthat the business process may acquire and hold resource locks only for the
duration of the ACID transaction rather than the entire duration of the long-running activ-
ity. In awidely distributed business process, perhaps involving web-based user interac-
tions and cross-enterprise boundaries, it is neither practica nor scalable to hold resource
locks for extended periods of time. A typical problem with extended UOW modelsis that
the failure scenarios may be quite complex, potentially involving the compensation of
some or all of the ACID transactions that were committed before along-running activity
failed. The responsihility for providing the appropriate recovery from such afailure may
be shared between the application itself, which isthe component that understands what
needs to be compensated, and the extended unit of work service provider, which might
provide facilities to register compensating actions.

The Activity service provides a generic middleware framework on which many types of
extended transaction and other unit of work, models can be built.

1. JavaTransaction Service, V1.0, Sun Microsystems Inc.

2. Additional Structuring Mechanisms for the OTS Specification - OMG document or bos'2001-11-08 (http://www.omg.org/cgi-bin/doc?or bos/2001-11-
08.).
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1.1 Scope

Thisdocument and related javadoc describes the architecture of the J2EE Activity service
and defines the function and interfaces that must be provided by an implementation of the
J2EE Activity servicein order to support high-level services constructed on top of this.
Such high-level services provide the specific extended transaction model behavior
required by the application component.

Specific high-level services and extended transaction models that use the Activity service
are beyond the scope of this specification and should be introduced into J2EE via separate
JSRs.

This specification concerns itself with the rendering of the OMG Activity service? into the
J2EE architecture. Interoperability of Activities distributed across heterogeneous imple-
mentation domains s ensured by requiring the construction of interoperable Activity ser-
vice contexts, defined in the org.omg.CosActivity package and described in detail in 2
Specific requirements for interoperability are described in this specification in “Interoper-
ability” on page 50. The basis for such interoperability is an Activity service context
defined in IDL which iswholly appropriate for propagation over [IOP. It isenvisioned that
alternative schema (for example, XM L-based) and bindings will be defined for Activity
service context appropriate for its propagation over protocols other than [10OP (for exam-
ple SOAP/HTTP), and work isin progress to this end, but this is beyond the scope of this
specification.

Note that the term extended transaction model does not necessarily imply theinvolvement
of any ACID transactions, although it may. Throughout the remainder of this specifica-
tion, the term transaction, if unqualified, will be used to refer to aJTs! transaction which
istypically accessed viaJTA%in J2EE.

1.2 Target Audience

The target audience of this specification includes:
« providers of high-level servicesthat offer extended transaction behavior.
 implementors of application servers and EJB containers.
 implementors of transaction managers, such asa JTS.

3. Java Transaction API, V1.0.1, Sun Microsystems Inc.
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1.3 Organization

This document describes the architecture of the Activity service asit relates to the J2EE
server environment. The different roles of the components of the service are described,
particularly with respect to higher-level services that are built on top of the Activity ser-
vice. Specific Activity service interfaces are described in general termsin this document
and in more detail in the accompanying javadoc packages.

1.4 Document Convention

A regular Times New Roman font is used for describing the Activity service architecture.

A regular Courier font is used when referencing Java interfaces and methods on those
interfaces.
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2.0 Overview

A long-running business transaction may be represented as an application activity, Ag,
which is split into many different, coordinated, short-duration activities. Thisisillustrated
below in Figure 1. A; and A, are Activities (represented by broken ellipses) containing
JTA transactions (represented by solid ellipses) T, and To; Az and A4 do not use JTA
transactions at all. In this example A, and A3 are executed concurrently after A .

Cs T :

A3

FIGURE 1

A long-running application activity

The reason for structuring the application activity as alogical long-running transaction
rather than as a single top-level transactionsis to prevent certain acquired resources from
being held for the entire duration of the application. It is assumed that the application’s
implementors have segmented the transactional activities within the application into
smaller transactional and non-transactional activities, each transaction being responsible
for acquiring (and releasing) only those resourcesit requires. However, if failures and con-
current access occur during the lifetime of these activities then the behavior of the entire
logical long-running business transaction may not possess ACID properties. Therefore,
some form of (application specific) compensation may be required to attempt to return the
state of the system to (application specific) consistency.

Public Review - Draft 0.1 (6-June-2003)
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2.1 Scenarios

|

1 Check Soumee. Y,
t Accomt Balmce p; |\

2.1.1 Fundtransfer scenario

This exampleis a simple money transfer between two accounts, (a source account which
isdebited and atarget account which is credited). It is not desirable to perform the transfer
within the scope of a single JTA transaction. (There are many possible reasons for this,
including, the accounting systems run on separate, remote legacy systems, the remote sys-
tems are high volume transaction processing environments which cannot tolerate the
resource locking overhead of asingle distributed transaction, one or both accounts are
with an external organization which prohibits foreign transactions....).

The customer selects a source account, a target account, and an amount to transfer. The
customer submits the request. Thefirst activity is to check for a sufficient account balance
in the source account. Thisis non-transactional. The next activity is a debit from the
source account (transactional). It completes successfully. Next, a credit to the target
account for the requested amount is attempted. The credit fails and rollback takes place.
The prior debit has already been committed so acompensating credit transaction is per-
formed. Forward progress continues with an activity to update the customer history with a
summary of the customer interaction.

Note: It could be possible to have the debit and credit activities occur concurrently.

FIGURE 2 Fund transfer activity
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2.1.2 Travel Scenario

A travel agency implements a booking system as along running application activity. The
travel agency provides booking for air, rail, bus, rental car, hotel, etc. In this scenario, a
client wants to book travel from Boston to Cambridge, England.

In the first step, the client wants to book a flight from Boston to L ondon Heathrow and
then rail from Heathrow to Cambridge. The client is presented with options for departing
Boston on July 19, arriving at Heathrow July 20. Rail options are provided for departing
July 20 and arriving later that day. The travel agent needs to use two independent systems
for booking these two, the airline reservation system for the flight and the separate rail
system for therail trip.

The client chooses options for the airline and rail. The agent's system then starts two paral -
lel reservation activities, one with the rail system and the other with the airline reservation
system. The two systems require complete control over their own resources and opera-
tional policies of these systems dictate that ownership of their resources cannot be dele-
gated to aforeign transaction. Thus, even though both the flight and rail reservation
systems may run within their own JTA transactions, it is not permitted or desirable to
scope both systemswithin asingle JTA transaction originated from the agent. Instead, the
separate transactions in the two systems are components of a greater reservation activity.
In this particular case, therail reservation system completes first. However, the airlineres-
ervation fails because seats cannot be found for the price that the user wanted and the air-
line transaction is rolled back.

The client then proceeds to pick a different flight that goes to London Gatwick instead.
From that location, the client decides to take a bus instead of train.

The first airline reservation transaction was rolled back by the airline reservation system.
For therail reservation, the travel agent applies a compensating activity that cancels the
rail reservation. At that point, the agent's system submits two new parallel activities, one
to book the new airline reservation (a JTA transaction again) and the other to book the bus
tickets. These succeed and the overall reservation activity completes.

Flight
Reservation
Transaction

... Rollback

.+~ ~"New Flight .
> Reservation 3
: Transaction \

TRl " Cancel Rail ™ " NewBus /
Reservation " Reservation — Reservation

... (Compensating)

Done
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FIGURE 3 Long-running reservation activity

2.1.3 Engineering Design Scenario

Collaborative design can involve designers from different disciplines working together on
acommon design, but each responsible for a different aspect of the design.

This engineering design scenario involves designing a new suburban subdivision in acity.
It includes designing land parcels, roads, water/sewer services, and electrical services.
This city uses a centralized database system that includes the current infrastructure for all
land parcels, roads, and facilities. The single database includes data about the current state
of land and facilitiesin the city aswell asall design data. Thisisaccomplished by treating
the design changes as long running units of work and implementing the High Level Ser-
vice using a versioning mechanism (similar to Appendix A.1). The current state is repre-
sented with an “as-built” version of the dataand each design activity is captured within its
own version space. This example shows a “long running” transaction where “long” really
isalong period of time — could be months.

First, the project manager begins the long running unit of work in the database as a new
project and assigns the design of the land parcels to the land department. The land depart-
ment designers create thefirst transaction for the design. A single designer implementsthe
design using a land design product. That design is then inserted into the centralized data-
base as a transaction that captures that change in anew “land design” version space. Then
the project manager assigns design of water/sewer to an engineer in the water department
and the electrical to an electrical engineer. The water/sewer designer uses a CAD system
that runs directly against the database. Their design can view the land design and adds the
water/sewer design to the databasein awater/sewer version space. Similarly, the electrical
engineer adds their design.
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Vo
Original DB
State

LRUOW — Subdivision Design Project

Desgn
- Activity

FIGURE 4 Long-Running Unit of Work Scenario

At this point, a separate city engineer reviews the design and determines that a change is
needed to the land design. The reviewers were very busy and didn’t get around to review-
ing the design until a month later at which time the other engineers had produced their
designs. At this point the water/sewer and electrical designs need to be removed and a
compensating transaction applied to the land design. Then the water/sewer and eectrica
engineersredo their designs. Thisisaccomplished by first applying compensating transac-
tions against the water/sewer and electrica work by removing those versions of data.

10

Public Review - Draft 0.1 (6-June-2003)



J2EE Activity Service

LRUOW — Subdivision Design Project

v
Water/Sewer

Vo <, : R
Original DB [ :
State

vi2 >
Electrical
Design /.~

FIGURE5 LRUOW Scenario - Undo Intermediate Versions

Then, a new transaction makes the change to the land design, which is reviewed immedi-
aely.

LRUOW — Subdivision Design Project

Original DB pi ( RevissdLand ) “—p

" Review
L Adtivity

FIGURE6 LRUOW Scenario - Create New Inter mediate Version

Next, the water/sewer and electrical designersredo their design work. Then, the work is
carried out in the field where the new subdivision is built.

11
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VO
Origind DB
State

LRUOW — Subdivision Design Project

FIGURE 7

214

215

LRUOW Scenario - Further Versions are created

Finally, this long running unit of work is done and the versions of datain thislong running
transaction replace the “ as-built” versionsin the database using a transaction called “final
post”. This commits the long running transaction.

Billing and accounting scenarios

Billing and accounting resource usage typically involveabilling activity being started asa
result of a service being undertaken; the billing activity completes when the billable ser-
vice complete and islogically a nested activity but might need to complete positively
regardless of whether the service that started the billing activity completes successfully or
not.

Arranging a meeting:

The requirement is to arrange a date for a meeting between a group of people; itis
assumed that each user has apersona diary object which records the dates of meetings
etc., and each diary entry (slot) can be locked separately. The application starts by inform-
ing people of aforthcoming meeting and then receiving from each aset of preferred dates.
Once thisinformation has been gathered, it will be analyzed to find the set of acceptable
dates for the meeting. This set isthen broadcast to the usersto get amore definitive idea of
the preferred date(s). This processis repeated until a single date is determined. To reduce
the amount of work which must be re-performed in the event of failures, and to increase
the concurrency within the application, it would be desirable to execute each "round” of
this protocol as a separate top-level transaction. However, to prevent concurrent arrange-
ment activities from conflicting with each other, it would be beneficia to allow locks

12
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acquired on preferred diary entries to be passed from one transaction to ancther, i.e., the
locks remain acquired on only those entries which are required for the next "round".

2.2 The Need for a Framework

There are several ways in which some or al of the application requirements outlined
above could be met. However, it isunredistic to believe that a single high-level model
gpproach to extended transactionsiis likely to be sufficient for all (or even the majority of)
gpplications. Therefore, the Activity service provides alow-level infrastructure to support
the coordination and control of abstract Activities that are given concrete meaning by the
high-level servicesthat are implemented on top of the Activity service. These Activities
may be transactional, they may use weaker forms of serializability, or they may not be
transactiona at al; theimportant point is that the Activity service itself is only concerned
with their control and coordination, leaving the semantics of such Activities to the high-
level services.

Examples of the types of unit-of-work (UOW) models that may be provided by high-level
services that plug into the J2EE Activity service framework include, but are not restricted
to, long-running business processes that are transactional only during afinal reconciliation
phase, sagas with compensation, open nested transactions, workflows, strict two-phase
OTS and nested transactions. Specific examples of high-leve services that exploit the
Activity service architecture are described in Appendix A, “Specific HLS examples’ on
page 56, and in the OMG Activity service specification®. The qualities of service offered
by a specific UOW model, and any applicetion architecture considerationsthat are implied
by that model, are factored in the external description of the high-level service and, as
such, are beyond the scope of this specification.

2.3 Components of an Activity

An Activity isaunit of (distributed) work that may or may not be transactional. During its
lifetime an Activity may have transactional and non-transactional periods. Every entity
including other Activities can be part of an Activity, adthough an Activity need not be
composed of other activities. An Activity is characterized by an application-demarcated
context under which a distributed application executes. This context isimplicitly propa-
gated with all requests made in the scope of the Activity and defines the unit of work
scope under which any part of an application executes.

An Activity is created, made to run, and then completed to produce an Qut cone. Demar-
cation notifications of any kind are communicated to any registered Activity participants
(Act i ons) through Si gnal s which are produced by Si gnal Set s. A specific UOW
model definesthe set of Si gnal s that may be produced during thelifetime of an Activity
and the set of Qut cones that result. It also defines a discrete set of state transitions that
may occur asthe Si gnal s are consumed by the Activity participants. These state transi-

13
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tions are encapsulated and managed by the Si gnal Set . Act i ons allow an Activity to
be independent of the specific work it isrequired to do in response to broadcastinga Si g-
nal . For example, if aJTSwereto be implemented as a high-level service (HLS) on top
of the Activity service, theor g. ong. CosTr ansacti ons. Resour ces would be
registered as Act i ons with an interest in atwo-phase-commit Si gnal Set which pro-
duced prepare, commit, rollback, commit_one_phase and forget Si gnal s.

The purpose of the J2EE Activity service specification is to define the roles and responsi-
bilities of the components of such a serviceimplementation in a J2EE server environment
and, where appropriate, the J2EE client environment. In particular this specification
defines the interfaces and behavior of an Activity service such that vendors may imple-
ment high-level servicesthat use these interfaces to provide the desired extended transac-
tion, or other unit of work, models. The details of specific high-level service behavior and
the interfaces between such services and the business applications that use them are
beyond the scope of this specification.

14
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3.0 J2EE Activity Service Architecture

The architecture for ahigh-level service (HLS) providing an extended UOW model and
using the facilities of the J2EE Activity serviceis shown in Figure 8.

Application
J2EE Container -
I Lo
| HLS container interface |HLS application ifterface|

High-level service
packages javax.activity.coordination
javax.activity.propertygroup

ActivityManager UserActivity

ActivityCoordinator

Distributed subsystem - context transformation layer.
e.g. CORBA CosActivity service portable interceptor for IIOP.

FIGURE 8 Activity and high-level service architecture

The architecture is partitioned into the following main components:

Application and container -- the application is designed to participate in aspecific type
of extended UOW model and uses, either directly or through the container, the facili-
ties provided by the HLS to control the units of activity supported by the HLS. If the
HLS provided a compensating extended transaction model, for example, in which a
long-running transaction is composed of a sequence of ACID transactions that may
need to be compensated following afailure, then the application component would be
expected to provide the compensation data that the HLS would drive at the appropri-
ate time. The application component does not call the Activity service directly, but
interacts with the Activity service through the HLS. The application component is
externa to the Activity service and is beyond the scope of this specification.

15
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High-level service (HLS) -- the HL S defines the behavior of a specific extended UOW
model and offersinterfaces to the application tha usesit, as well as the application
server and container. The HL S delegates to the Activity service to manageits distrib-
uted context and rel ationships between this context and any JT'S context. It uses the
Activity service as the means by which signals pertaining to the HL S are distributed
to participantsin an HLS unit of work. In particular, the HLS provides implementa-
tionsof thej avax. acti vi ty. coordi nati on interfacesand optiondly the
javax. activity. propertygroup interfaces.

This component is external to the Activity service and is beyond the scope of this
specification.

Activity service -- the Activity service manages the HLS's service context, both with
respect to other Activity contexts and with respect to JT'S context, ensuring its appro-
priate implicit propagation with remote requests. It provides interfaces to a HL S that
support context demarcation and pluggabl e coordination of HL S-specific objects. The
Activity service provides implementations of the classes and interfaces of the
javax. activity package. Thisspecification is primarily concerned with this
component.

Distributed subsystem -- Activity service context may be distributed across execution
domains and potentially between different J2EE providers, and indeed application
server architectures. The means by which that context is distributed is dependent on
the coupling between the domains. For example, the OMG Activity service defines
the interoperable distribution of Activity service contexts over |10P; the context
transformation for distribution over 110P is provided by an OMG Activity service

portable interceptor®.

This component division isintended to be illustrative rather than prescriptive. For exam-
ple, a container may provide the function of a high-level service.

4. Interceptors Published Draft with CORBA 2.4+ Core Chapters - OMG document ptc/2001-03-04

16
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4.0 Elementsof the Activity service

4.1 Features

The features provided by the J2EE Activity service to support the implementation of
extended transaction models as high-level activity services are described in this section.

4.1.1 Pluggable transaction models

The primary purpose of the Activity serviceisto provide ameansto integrate awide vari-
ety of extended transaction services with the J2EE Application server in such aways that:

« the extended services can be managed by the application server without the applica-
tion server needing to understand the details of each service.

« the extended services can be implemented to be portable from one application server
to another. The portability of applications that use the extended services will be
ensured by the provision of portable extended services.

The embodiment of an extended transaction service in the J2EE Activity service architec-
ture isthe High Level Service (HLS). This can be thought of as similar in some respects to
aresource adapter in the Java Connector Architecture® - it is a service-provider compo-
nent that plugs into the application server and offers, to applications, service-specific
interfaces that are mediated by the application server through specific interactions
between the HL S and the application server. An HLS implements the interfaces of the
javax.activity.coordination package; it must implement the Ser vi ceManager interface
and may also implement the Si gnal Set and Act i on interfaces aswell asthe

javax. activity. propertygroup interfaces. Where this document describes
function as being provided by an HLS, it impliesthat such functionisprovided by the HLS
Si gnal Set,Acti on or Ser vi ceManager implementation, or some other HLS-
internal object, without being specific about which object.

The pluggable HL S architecture isillustrated in Figure 9.

5. J2EE Connector Architecture, V1.0, Sun Microsystems Inc

17



J2EE Activity Service

e Architected contract

— Implementation specific Application Component
Application Server * High Level Service
[ service-specific APIs | i

UserActivity ¢ ServiceManager
= SignalSet
ActivityCoordinator
- [ N
Action

FIGURE9 Pluggable HL S architecture

4.1.2 Generic coordination

The coordination of HL S-specific participants by the distribution of HL S-specific mes-
sagesis aresponsibility that is shared between the HLS and the Activity service. The
Activity service provides the framework for sending generic Si gnal s (messages) to
Act i ons (Activity participants), where both Si gnal s and Act i ons are given mean-
ing by and implemented by the high-level service that uses the Activity service. The HLS
providesaSi gnal Set object that isresponsible for producing the Si gnal s; the Si g-
nal Set isobtained fromaSer vi ceManager , supplied by the HLS, and is plugged
into the Activity service Act i vi t yCoor di nat or whichdrivesthe Si gnal Set , a
the appropriate time, to produce Si gnal s and distributesthe Si gnal s to these

Act i ons that have registered aninterest. The Act i vi t yCoor di nat or placesno
semantic meaning on the Si gnal s but manages the relationship with registered

Act i ons andreturnsthe Qut cones received from those Act i ons tothe Si g-

nal Set.TheSi gnal Set isafinitestate machinethat produces Si gnal s based on the
managed state and accepts Qut cones to those Si gnal s to influence state transitions.
The specific semantics of a HL S are then encapsulated by the Si gnal Set and

Act i ons provided by the HLS and the Si gnal s and Qut cones used by the HLS
objects, while the generic management and distribution of the resources of the HLS are
provided by the Activity service.

Figure 10 shows the relationship between the Ser vi ceManager , Si gnal Set , and
Act i ons provided by the HLS, the Si gnal s and Qut cones used by the HL S objects
andthe Acti vi t yCoor di nat or.

18
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<<Interface>>
SeniceManager
(fom coomination)

[®getSignalSet()
[®getSenicelnformation()
[®getPropertyGroupManager()
[®getPropertyGroupNames()
[®getCompletionSignalSetName()
[SgetActivity Type()
[®getSubordinateSignalSet()
[®activityimported()
[®recowverActions()
®recowverSignalSets()

<<Interface>>
SignalSet

(from coordination)

1 0..n
I

[®igetSignalSetName()
[®igetSignal()
[®setResponse()
[®getoutcome()
[SisetCompletionStatus()
[®getCompletionStatus()
[Sdestroy()
[®isetActivityCoordinato...

<<Interface>>
SubordinateSignalSet

(from coordination)

[®isetSignal()
[®igetCurrentOutcome...

<<Interface>>
Action
(from coordination)

®iprocessSignal()
[®destroy()

FIGURE 10 Generic coordination using a pluggable Signal Set provided by the ServiceM anager
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4.1.3 Grouping and management of context

Each Activity started by aHLS may be a child of an Activity already running on the
thread; such child activities are wholly encapsulated by their parent Activity. An Activity
may encapsulate a JTA transaction and may be encapsulated by a JTA transaction. Context
hierarchies of Activity and transaction contexts may be created in one execution environ-
ment (application server) and propagated via Activity service context to another. The
Activity service provides User Acti vity and Act i vi t yManager interfacesto
enable aHL S and an EJB container to manage these context hierarchies; the User Ac-

ti vi ty interface provides simple demarcation methods to begin and complete Activities
whiletheAct i vi t yManager interface provides more complex context management
functions, such assuspend and r esune. The Activity service hides the complexity of
the context hierarchies by enabling the caller of these methods to operate only on the most
recent context (the active or current context) belonging to a particular HLS.

Activities started by different HLS's on the same thread may be wholly unrelated, in
which case it would be inappropriate for their contexts to form parent-child relationships
and to be cooperatively managed. On the other hand distinct, specific HLS's may wish to
have their Activity contexts cooperatively managed with one or more other distinct, spe-
cific HLS sand with JTA transaction contexts. Context groups are supported by the Activ-
ity servicefor thispurpose such that a HLS may specify, through its ServiceManager,
which context group its Activities participate in.

All Activity contexts within aparticular context group are strictly nested with respect to
one another but are independent of Activity contextsin any other context group. A context
group isidentified by a St r i ng name; an HLS that wishes to have its contexts managed
independently of any other HL'S can specify the package name of the HL S as the name of
the context group it wishes to participatein.

A default context group is provided, identified by an empty St r i ng, which must be used
by any HL S that wishes to haveits Activity contexts managed cooperatively with JTA
context. This default context group provides nesting behavior compatible with that
described in the OMG Activity service.

Consider, as an example, two high level services, HLS, and HLS;,. HLS, offers aunit of
work (UOW) scope that consists of an Activity that implicitly starts aJTA transaction.
HLS, offersa UOW scope that is used to control execution parameters determine by con-
text specific to the client instance. An application may consist of componentsthat use
either or both of the contexts of HLS, and HLS;,. While HLS, contexts must be strictly
managed with respect to JTA contexts, HL S, contexts are wholly independent of HLS,
contexts and are not be affected by them.

If the JTA support is provided by a JTS implementation, then it is JTS contextsthat are
managed cooperatively with Activity contexts. A JTA provider does not haveto useaJTS
implementation but is required to represent the transaction context as a JTS context for
remote interoperation.

20
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414

4.1.5

Activity lifecycle

An Activity is started and ended by operations on the UserActivity interface and isrepre-
sented by an ActivityCoordinator instance (for each application server environment that
the Activity is distributed across). Activities may be nested within one another in context
groups, as described in “ Grouping and management of context” on page 20, with the con-
straint that a child Activity must be completed before its parent can be completed. The
Activity service must ensure checked behaviour and strict nesting within context groups
and restricts where and when an Activity can be completed in order to simplify the pro-
cessing of the participantsin that Activity. Specificaly:

« Only the component that started an Activity may request its completion. Any attempt
by acomponent to complete an Activity in an environment different from that in
which is was started should receive a NotOriginatorException. The exception to this
rule is when heuristic completion is requested in a subordinate, as described in “Heu-
ristic Completion and timeout” on page 33.

Any attempt to complete a parent Activity in aforward direction while thereis an out-
standing child should result in a ContextPendingException.

Any attempt to complete an Activity while outstanding work isin progress for that
Activity (for example on an asynchronous thread) should result in an ActivityPend-
ingException.

If an application running under an Activity context is not actively performing work for
extended periods of time, the application’s container may direct the Activity, through the
Act i vi t yManager interface, to hi ber nat e and thenr eact i vat e it later when
further work is received for that Activity. Hibernating an Activity suspendsthe Activity
from the thread and permits the passivation of Activity resources from active memory to
passive storage. Reactivating the Activity resumesthe Activity on the thread and returnsit
to active memory. The hibernation of an Activity does not impact whether or not the
Activity is persistent, merely whether or not the Activity isrequired to beloaded into
active memory.

Distributed service context

The behavior of distributed components running under an Activity context is made loca-
tion independent by use of an Activity service context that is propagated implicitly on all
remote calls. For remote cals over I1OP an Activity serviceimplementation should pro-
vide aportablei nterceptor4 to enable context from aclient to beimplicitly propagated and
established in atarget server environment. Response context from the server isreturned to
the client by the same mechanism.

The format of the interoperable service context is defined in the OMG Activity service
specification?
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4.1.6 Distributed application property data

A distributed Activity may consist of a number of components distributed over a variety
of remote servers. Different components within the Activity may share application-spe-
cific property data that is scoped to the Activity via Pr oper t yGr oup context thatisa
subset of the Activity service context, managed by the application and HLS. The relation-
shipinthePr oper t yGr oup databetween parent and child Activities is defined by the
Pr oper t yGr oupManager , provided by the HLS.

4.2 Activity service packages

The Activity service specification definesthreenew j avax packages, described briefly in
this section and in further details in the javadoc that accompanies this specification. The

j avax. acti vi t y package containsinterfaces and classes provided by the Activity ser-
viceitsdf. Thej avax. acti vity. coordi nati onandj avax. acti v-

ity. propertygroup packagescontaininterfacesthat may beimplemented by aHLS.

4.2.1 javax.activity package

The classes and interfaces of thej avax. act i vi t y package are provided by the Activ-
ity serviceitself. These are summarized in this section and described in full in the accom-
panying javadoc.

4.2.1.1 UserActivity

Ajavax.activity. UserActi vity instanceisused by each HLSto control
demarcation of Activities, through thebegi n and conpl et e and conpl et eW t h-
St at us methods and to provide access to other Activity service interfaces, such asthe
Acti vi tyCoor di nat or. Aninstanceof User Acti vi ty isobtained, by an HLS,
viaaJNDI lookup of j ava: conp/ User Acti vi ty. The HLS must register its
javax. activity.coordi nation. Servi ceManager implementation with the
Activity service, through theUser Act i vi ty. r egi st er Ser vi ce method, before
theUser Acti vi ty instance may be used to start new Activities. The Ser vi ceMan-
ager isused by theUser Act i vi t y to determine specific behavior of Activitiesit cre-
ates, such asthe Pr oper t yGr oups and default completion Si gnal Set they use.

Each Activity started by aUser Act i vi t y instance logicaly creates an Activity context
to represent aunit of work instance specific to the HLS whose Ser vi ceManager is

registered withtheUser Act i vi t y instance. Methods of theUser Act i vi t y interface
that operate on the active Activity context are operating on the HL S Activity context most
recently associated with the calling thread. In practise, the objects that represent an Activ-
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ity, such as the ActivityContext and the ActivityCoordinator, may be lazily created as
required during the lifetime of the Activity.

4.2.1.2 ActivityManager

Ajavax.activity.ActivityManager instanceisused by aHLS or EJB con-
tainer for advanced context management of Activities, suchassuspend and r esune.
These operations are typically executed as aresult of acontainer policy defined by aHLS.
AnHLS s responsible for ensuring, through the specification and implementation of its
EJB container policies, that the Activity Service context(s) active a the completion of an
EJB method are the same as those that were active prior to the method invocation. The
ActivityManager interface also supports hi ber nat e andr eact i vat e operationsto
support the movement of Activity resources between active and passive storage.

TheAct i vityManager interfaceisaspeciaization of User Act i vi ty, withwhich
an HLS should register itsSer vi ceManager . Aninstance of Act i vi t yManager is
obtained viaa JNDI lookup of ser vi ces: acti vity/ Acti vityManager.

Act i vi t yManager instances are only available in EJB and web container environ-
ments, whereasUser Act i vi t y may be made available through a client container. A
container that provide accesstothe Act i vi t yManager may provide atransient bind-
ing at the specified ser vi ces: URL (which it may re-initialize in-memory each time
the container is initidized) but isrequired to provide access to authorized components,
once initialized, regardless of the active J2EE component. For example, a portable inter-
ceptor should be able to perform alookup of this object even in the absence of an active
J2EE component.

4.2.1.3 ActivityToken

Ajavax.activity. ActivityToken isusedtomanipulate hierarchies of Activity
and transaction contexts viathe suspend and r esune operations of the ActivityMan-
ager interface.

ActivityTokensareloca to the execution process but may be used on any thread within
the execution process.

4.2.1.4 CompletionStatus

Thej avax. acti vity. Conpl eti onSt at us interfacedefines afinite set of 3 states
that an Activity may complete in:

CompletionStatusSuccess -- The Activity has successfully performed its work and can
complete accordingly. When in this state, the Activity Conpl et i onSt at us canbe
changed.

CompletionSatusFail -- The Activity has not successfully completed itswork, either asa
result of application failure or smply dueto processing that is not yet complete, and
should be driven accordingly during completion. When in this state, the Activity
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Conpl et i onSt at us can bechanged. Thisistheinitiad Conpl eti onSt at us of
an Activity.

CompletionSatusFailOnly -- The Activity has not successfully completed itswork, as a
result of a system or application failure, and should be driven accordingly during comple-
tion. When in this state, the Activity Conpl et i onSt at us cannot be changed.

4.2.1.5 Satus

Thej avax. acti vity. St at us interface defines afinite set of states that an Activity
may progress through during its lifetime.

SatusActive -- Thereis an active Activity associated with the calling thread.
SatusCompleting -- The Activity associated with the calling thread is completing.
SatusCompleted -- The Activity associated with the calling thread has completed.
SatusNoActivity -- Thereis no Activity associated with the calling thread.

SatusUnknown -- The Activity serviceis unable to determine the status of the Activity
associ ated with the calling thread. Thisisatransient condition.

SatusError -- The Activity service cannot contact the application's signal set to retrieve
signals.

SatusCompletingHeuristic -- The Activity associated with the calling thread is complet-
ing heuristically.

4.2.1.6 Globalld

Thej avax. activity. @ obal | d object uniquely identifies an Activity across the
namespace.

Thisobject’'sequal s method returnstrue if the parameter object represents the same
Activity asthetarget object.

4.2.1.7 Signal

Si gnal s are eventsthat are broadcast to interested parties as part of acoordinated Si g-
nal Set . Eachj avax. acti vi ty. Si gnal isuniquely identified by acombination of
itsSi gnal Nane and the name of the containing Si gnal Set . Si gnal s are produced
byj avax. acti vi ty.coordi nati on. Si gnal Set objects and consumed by
javax. activity.coordi nation. Acti on objects.
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4.2.1.8 Outcome

Ajavax.activity. Qut cone isproduced by, and given meaning by, an Acti on
which has processed aSi gnal or by aSi gnal Set whenit hasfinished producing

Si gnal s for abr oadcast operation or Activity completion. For example, a comple-
tion Si gnal Set producesthe Qut comre that isreturned onthe conpl et e andcom
pl et eW t hSt at us methods of the User Act i vi t y interface.

4.2.1.9 ActivityCoordinator

Thej avax. activity. Acti vityCoordi nat or isresponsible for broadcasting
Si gnal s toregistered Acti ons. TheAct i vi t yCoor di nat or obtainsthe Si g-
nal s, during broadcasting or completion, from Si gnal Set s provided by the HLS. It
has no logic to understand the Si gnal s produced by aSi gnal Set or the meaning of
the Qut cones produced by Act i ons, it simply mediates between aSi gnal Set and
its registered Actions. The only event-processing logic it possessesisto handle Act i on-
Er r or Except i ons or unchecked exceptions from Act i ons by reporting these to the
Si gnal Set through the pre-defined Qut cones with names“Act i onEr r or ” and
“Act i onSyst enExcept i on” respectively. The exception is encoded in the specific
data of the Qut come, retrieved through the Qut cone object’'sget Ext endedVal ue
method.

Thereisasinglelogicd Act i vi t yCoor di nat or instance per Activity, althoughin an
Activity distributed over several application servers there will be an instance of an

Act i vi t yCoor di nat or loca to each application server. In such aconfiguration, the
gpplication server on which the Activity is created containsaroot Act i vi t yCoor di -
nat or and each application server to which the Activity context is propagated contains
an interposed Act i vi t yCoor di nat or whichissubordinatetotheAct i vi t yCoor -
di nat or on the server from which the Activity context was propagated. Subordinate
Act i vi t yCoor di nat or s register an Act i on with their superior Act i vi t yCoor -
di nat or in order to form a distributed coordination tree. Such an Act i on isregistered
with aninterest in the superior’s Si gnal Set (s) for whichtheloca Act i ons onthe
subordinate have an interest.

Thisobject'sequal s method returnstrueif the parameter object represents the same
Activity as the target object.

4.2.1.10 PersistentActivityCoordinator

An Activity service implementation may or may not need to log its own data to support
Activity recovery in addition to the requirement that an HL S persist its own recoverable
data. This might depend on whether the Activity service creates recoverable, internal
objects - for example to support its implementation of interposition - that are not the
responsibility of the HLS. For such an Activity service implementation the Act i vi t y-
Coor di nat or implementsthe optional javax. acti vi ty. Persi stent Acti vi -
tyCoor di nat or interface, which providesaset Per si st ent method. When an
HLS determines that an Activity needs to be made persistent, it determineswhether the
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Acti vi tyCoor di nat or isani nst anceof Per si stent Acti vityCoordi -
nat or and, if so, calsitsset Per si st ent method.

4.2.1.11 Servicelnformation

Aninstanceof aj avax. activity. Servi cel nfor mati on objectisassociated
with each Activity and containsinformation about the HL S to which the Activity belongs.
Thisinformation is propagated as part of theor g. ong. CosActivity. Activityl-
dent ity structure of the Activity service context, in the
activity_specific_dat afield, when thetypefieldof theActi vityl dentity
indicates a J2EE Activity, as described in “Interoperability” on page 50.

4.2.1.12 Activityl nformation

Thej avax. activity. Activitylnformation dassisprovided by the Activity
serviceto assist an Act i on that has registered interest with a system Si gnal Set to
extract the information from Si gnal s produced by that Si gnal Set . Acti vityln-
f or mat i on objects contain information such asthe @ obal | d of the Activity and are
contained in the extended data of system Si gnal Set s.

System Signal Sets are described in “ Predefined Outcomes and Signal Sets” on page 29.

4.2.1.13 PropertyGroupContext

Thej avax. activity. PropertyG oupCont ext utility object is provided by the
Activity serviceto assistaj avax. acti vi ty. propertygroup. Property-

Gr oupManager read and writeor g. ong. CosActi vi ty. PropertyG oupl d-
enti ty context data during marshaling and unmarshaing of the

org. ong. CosActivity. Acti vi t yCont ext that incorporatesit. Marshaing and
unmarshaling occurs at an execution environment boundary when the context needs to be
converted to or from the CDR encapsulated form used for remote propagation over [10P.

4.2.1.14 Coordinationlnformation

Ajavax. activity. Coordi nati onl nf ornati on object isproduced by aSi g-
nal Set and used by the Act i vi t yCoor di nat or during signal-processing to deter-
mine how to proceed after aresponse from a particular Act i on has been processed by
the Si gnal Set.
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4.2.2 javax.activity.coordination package

Theinterfacesof thej avax. acti vi ty. coor di nat i on package are implemented
by the HL S that uses the Activity service. These are summarized in this section and
described in full in the accompanying javadoc.

4.2.2.1 ServiceManager

Ajavax.activity.coordination. ServiceManager isan entity that is pro-
vided by aHL Sthat usesthe Activity service; it isafactory for the HLS's objects, such as
the Si gnal Set s used by the HL'S, and a so specifies how the HLS's Activities should
be managed. In particular, it is used to specify:
e which Propert yGroups the HLS uses
« the default completion Si gnal Set that isused to complete the HLS's Activities.
« the Ser vi cel nf or mat i on for the HLS's Activities (which indicates which Con-
textGroup the HL S participatesin). Thisis propagated as part of the Activity service
context.

The Activity service usesthe Ser vi ceManager when it creates and operateson Activi-
ties specific to that service.

A Ser vi ceManager implementation must be bound into INDI by the HLS provider at
alocation of servi ces: acti vity/<servi ce nane>where<servi ce nane>
isthe value returned from Ser vi ceManager . get Ser vi cel nf or ma-
tion().get Servi ceNane() . TheActivity service needsto be ableto locatea Ser -
vi ceManager implementation from its ServiceName when it imports a service context
containing a J2EE Activity.

If animported Act i vi t yCont ext containsActivitiesof at ype other than a 2EE
Activity, then an administratively configured URL may be obtained by the Activity ser-
viceand aSer vi ceManager for non-J2EE Activitiescould be provided, for example to
identify appropriate Pr oper t yGr oupManager (s) for any received Pr oper t yGr oup
contexts. In the absence of such an administratively-configured ServiceManager, an
Activity service implementation that receives non-J2EE Activity contexts may either
throw an | nval i dActi vi t yExcept i on or may follow the behavior specifiedin
“Behaviour in the case of unknown Activity types, ServiceNames or PropertyGroups’ on
page 52, using the default context group.

4.2.2.2 SignalSet

Ajavax. activity. coordination. Si gnal Set isanentity thatisprovided by a
HL S built on top of the Activity servicethat produces Si gnal s and understands the
responsesto those Si gnal s. The Si gnal Set abstractsfromtheAct i vi t yCoordi -
nat or the knowledge of which Si gnal should be distributed to the registered

Act i ons based on the state of the Activity and responsesto previous Si gnal s. The
Activity serviceitself then needs to provide only avery generic Act i vi t yCoor di na-
t or todrive any specific Si gnal Set . TheActi vi t yCoor di nat or smply asksa
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Si gnal Set for thenext Si gnal and then broadcastsit to each interested Act i on in
turn. The response from each Act i on isfed back to the Si gnal Set which hasthe
knowledge of what that result means, which Si gnal should be sent next and whether the
Act i on that returned a particular Qut come expects to receive further Si gnal s.

4.2.2.3 SubordinateSignal Set

If an Activity is distributed across execution domains then each domain will contain a
local Acti vi t yCoor di nat or /Si gnal Set pair. Thedomain inwhich the Activity is
started istheroot, or superior, and the domains to which the Activity is propagated are
subordinate to theroot. Theroot Si gnal Set produces signals whereas the subordinate
Si gnal Set merely redistributes received signalsto local Act i ons and reconcilesthe
responses. Thej avax. acti vi ty. coor di nati on. Subor di nat eSi gnal Set
interface extends Si gnal Set by adding aset Si gnal method which the Activity ser-
vice implementation calls when signds are received from a superior. Although the Sub-
or di nat eSi gnal Set hasnoroleto producesignals, it may do so asan optimizationif
it can predict the next signal from its superior - for examplea JTS Si gnal Set canbe
confident of receiving arollback signal after a VoteRollIback response.

4.2.2.4 Action

Ajavax. activity. coordination. Acti on isan entity that isprovided by the
HLSand registered with an interest in oneor more Si gnal Set's. AnAct i on may only
be registered with asingle Act i vi t yCoor di nat or .

AnAct i on isthe target object to which aSi gnal , produced by a Si gnal Set , issent
during thebr oadcast , conpl et e and conpl et eW t hSt at us operationsinitiated
viaUser Activity.

4.2.2.5 RecoverableAction

Ajavax. activity. coordi nati on. Recover abl eAct i on encapsulates an
Action and the priority it was registered with. Thisentity is persisted by aHLS onceit has
performed recoverable work.

4.2.3 javax.activity.propertygroup package

The interfaces of thej avax. acti vi ty. propert ygr oup package may be provided
by an HL Sthat uses the Activity service, athough they are all optional. These are summa-
rized in this section and described in full in the accompanying javadoc.
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4.2.3.1 PropertyGroup

Ajavax.activity. propertygroup. PropertyG oup isusedto provide dis
tributed context, scoped to an Activity, that may be set by an application or aHLS built on
top of the Activity service. The format of the distributed context is specific to the Pr op-
er t yGr oup implementation and is neither examined nor understood by the Activity ser-
vice.

The semantics of the behavioral relationship between Pr oper t yGr oups in nested
Activitiesis defined by the specification of each type of Pr oper t yGr oup and not by the
Activity service. Any number of named Pr oper t yGr oup types may be configured in a
Ser vi ceManager and used within an Activity. When an Activity is started, an instance
of each type of Pr oper t yGr oup used by the Activity is created and associated with the
Activity.

4.2.3.2 PropertyGroupManager

Ajavax.activity. propertygroup. PropertyG oupManager isan entity
that may be provided by a HL S and understands how to create and manipulate a specific
type of Propert yGroup. Itisregistered with the Activity service and is used by the
Activity serviceto create Pr oper t yGr oup instances and to manipul ate the Pr oper -
tyGroupCont ext thatisimplicitly propagated as part of an Activity context.

For aparticular type of Pr oper t yG oup, theremust beaPr oper t yGr oupManager
available (from the Ser vi ceManager ) in each client and server execution environment
for which the Pr oper t yGr oup will be accessed. If Pr oper t yGr oupCont ext is
propagated, as part of an Activity context, to an environment in which there is no appro-
priate Pr oper t yGr oupManager registered, thenthe Pr oper t yGr oupCont ext is
not available within that environment although it may be cached by the Activity service
and propagated on to any downstream environment to which the Activity context is fur-
ther distributed.

4.3 Predefined Outcomes and Signal Sets

The Activity service provides implementations of the following predefined Qut conmes
and Si gnal Set s.
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4.3.1 Outcomes

4.3.1.1 ActionError

Thispre-defined Qut cone iscreated by the Acti vi t yCoor di nat or and returned to
aSi gnal Set if the ActivityCoordinator receivesan Act i onEr r or Except i on onan
Acti on. processSi gnal () request.

4.3.1.2 ActionSystemException

Thispre-defined Qut cone iscreated by the Acti vi t yCoor di nat or and returned to
aSi gnal Set if theActi vi t yCoor di nat or receives asystem exception on an
Acti on. processSi gnal () request. The received exception is passed back to the
Si gnal Set in the extended data of the OQut cone and can beretrieved viathe get Ex-
t endedVal ue method. A Si gnal Set may handle thisin any way it deems appropri-
ate.

4.3.1.3 preCompletionSuccess, preCompletionFailed

These predefined Out conmes may be produced by the predefined Synchronization Si g-
nal Set , asdescribed in 4.3.2.1 “ Synchronization”.

4.3.2 SignalSets

4.3.2.1 Synchronization

The org.omg.CosActivity.Synchronization Si gnal Set containsthe Signals pr eCom
pl eti on and post Conpl et i on, which are sent to interested Act i ons under thefol-
lowing circumstances:

preCompletion -- sent prior to distributing Si gnal s from acompletion Si gnal Set if
the Conpl et i onSt at us isCompletionSatusSuccess. Act i ons must respond to
this signd with a pre-defined Outcome of pr eConpl et i onSuccess or pr e-
Conpl eti onFai | ed.

postCompletion -- sent after dl Signals produced by a completion Si gnal Set have
been distributed. A nul | Outcome is expected in response to this signal.

No Qut cone isproduced by thisSi gnal Set . ThisSi gnal Set changesthe Activity
Conpl eti onSt at us to CompletionSatusFailOnly in the event that any pr eConpl e-
t i on signal receives an Outcome of pr eConpl eti onFai | ed, Acti onError or
Acti onSyst enExcept i on.
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4.3.2.2 ChildLifetime

The org.omg.CosActivity.ChildLifetime Si gnal Set containsthesignal chi | dBegi n,
which is sent to interested Act i ons under the following circumstances:

childBegin -- sent when a child Activity context is started. This Si gnal issent after the
child Activity and al its Pr oper t yGr oups have been created, when the child Activity
context is the active context on the thread.

No Qut cone isproduced by this Si gnal Set . Intheevent of any failures being
reported back to the Si gnal Set during the processing of the chi | dBegi n signd, for
example asaresult of an Act i onEr r or Except i on being raised by any of the regis-
tered Act i ons, then the child Activity’s Conpl et i onSt at us is changed to Comple-
tionSatusFailOnly. The parent Activity’s Conpl et i onSt at us may or may not be
changed as aresult of such afailure.

Note: The OMG Activity service specification has an open | ssue (#4711), at the time of
writing of this draft of the J2EE Activity service specification, regarding the means by
which achi | dBegi n signa can be distributed in the case where achild Activity is
started on anode (JVM) that is not the root node of the parent Activity. A suggested reso-
lution to thisissueisthat the chi | dBegi n signal be distributed from the node in which
the child Activity is started. Actions registered with the parent’s upstream superior Activi-
tyCoordinator are not then informed of these events.

4.3.2.3 Failure

The org.omg.CosActivity.Failure Si gnal Set containsthesignalsi ni ti al Fail ure

andf i nal Fail ur e, whicharesenttoActi ons intheevent that aremote Si g-

nal Set ,inwhichtheAct i ons have an interest, cannot be reached during signaling. All
Act i on implementations must be prepared to handle these signal's and respond appropri-
aely.

initialFailure -- indicates that the application Si gnal Set could not be contacted but
that the problem may betransient. An Act i on that receivesthei ni ti al Fai | ure
signal should respond with one of two pre-defined Outcomes or g. ong. CosAc-
tivity. Failedororg. ong. CosActivity. FailureRetry.Any
Act i on that respondswith Fai | ed will not receive any further signals. Any
Act i on that respondswith Fai | ur eRet r y isindicating that it wishes the
Act i vi t yCoor di nat or to continue to retry contacting the application Si g-
nal Set . If contact is subsequently made, signaling with the application Si g-
nal Set may continue.
The Activity service changes the Activity Statusto St at usUnknown prior to dis-
tributing this signal.
The Signal object’s getSignal SetName method returns the name of the failed Sig-
nal Set rather than “org.omg.CosActivity.Failure” .

finalFailure -- indicates that the Act i vi t yCoor di nat or has exhausted its attempts
to contact the Si gnal Set . The point at which thishappensisadetail of the Activity
service implementation and may be configured administratively. Thissignal indicates
tothe Act i on that it should perform whatever processing is appropriate to it in this
situation. The Fai | ur e Signa Set ignores any Qut cone produced for this signal.
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The Activity service changesthe Activity Statusto St at usEr r or prior to distribut-
ing thissignal.

The Signal object’s getSignal SetName method returns the name of the failed Sig-

nal Set rather than “org.omg.CosActivity.Failure” .

If the application Si gnal Set does not completeitssignding, theActi vi t yCoor di -
nat or raisesthe ActivityNotProcessed exception and thisis returned on the UserActivity
conpl ete,conpl et eW t hSt at us or br oadcast method that triggered the signal -
ing.

4.4 Recovery

Recovering applications after failures, such as machine crashes or network failures, is an
inherently complex problem: the states of objects in use prior to the failure may be cor-
rupt, and the references to objects held by remote clients may be invalid. At a minimum,
restoring an application after a failure may require making object states consistent. The
advantage of using transactionsto control operations on persistent objectsisthat the trans-
actions ensure the consistency of the objects, regardless of whether or not failures occur.
ACID JTA transactions, for example, will guarantee that in the event of failuresany trans-
actions that were in flight will either be committed or rolled back, making permanent or
undoing any changes to objects that had occurred within the transaction. Rather than man-
date a particular means by which objects should make themsel ves persistent, many trans-
action systems simply state the requirements they place on such objectsif they are to be
made recoverable, and leave it up to the object implementors to determine the best strat-
egy for their object’s persistence. The transaction system itself will have to make suffi-
cient information persistent such that, in the event of afailure and subsequent recovery, it
can tell these objects whether to commit any state changes or roll them back. However, it
istypically not responsible for the application object’s persistence.

This section does not mandate a specific persistence and recovery mechanism for an
Activity service implementations but states the requirements on such a service in the event
of afailure. It isleft to individual implementors to determine their own recovery mecha-
nisms. In adistributed application, an individua Activity may run on different implemen-
tations of aHL S and different implementations of the Activity service during its lifetime.
Recovery is the shared responsibility of the Activity service, HLS and application in each
domain. The implementations in each domain may perform recovery in acompletely dif-
ferent manner but must alow the services tha consume them to be portable between
domains. The definition of what it meansto recover an Activity islargely dependent on
the extended transaction model and the external behavior of each model must be defined
by each type of HLS. Some may offer to complete an Activity in a state where object data
isleft consistent, some may offer lower forms of guarantee and some may offer to return
an Activity to an intermediate state of consistency and allow the activity to continue mak-
ing forward progress. It is not possible for the Activity service to perform such complete
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recovery on itsown; it requires the co-operation of the HLSthat usesit and potentially the
gpplication that usesthe HLS. Sinceit isthe HLS logic that imposes meaning on

Act i ons, Si gnal s, andSi gnal Set s inorder to drive the activities to completion
during normal (non-failure) execution, it is predominately thislogic that is required to
drive recovery and ensure activity components become consistent.

The HLSisresponsible for deciding at which point, if any, during an Activity the partici-
pants need to be made persistent. An Activity service implementation itself may or may
not need to log its own data to support Activity recovery. This might depend on whether
the Activity service creates recoverable, interna objects - for example to support its
implementation of interposition - that are not the responsibility of the HLS. For such an
Activity service implementation the Act i vi t yCoor di nat or mustimplement the
optional Per si st ent Acti vi t yCoor di nat or interface, which providesaset -
Per si st ent method. When an HLS determines that an Activity needsto be made per-
sistent, it determines whether the Act i vi t yCoor di nat or isani nst anceof
Per si st ent Acti vi t yCoor di nat or and, if so, calsitsset Per si st ent
method. The HLS itself is responsible for persistently recording the essentid state of its
Actions, Signal Sets and PropertyG oups that areregistered with the

Act i vi t yCoor di nat or during the Activity. The recovery of an Activity, following
any failure and subsequent re-initialization of its environment, isinitiated by the HLS
(perhaps with the cooperation of the application that usesthe HLS) by calling the User -
Activity recreate method. TheActivity service usesthe HLS Ser vi ceMan-
ager , during recreation of an Activity, to obtain recovered Si gnal Set's, Acti ons
and PropertyG oups. TheHLSand/or application is then responsible for completing
the Activity onceit has been recreated, although it may perform forward processing (as
though the interruption to the environment had not occurred) if thisbehavior isdesired by
the HL'S. The association of the recreated Activity’s context with the thread may be con-
trolled by appropriate use of parametersonthe User Acti vity recreate cal.ltis
the responsibility of the HLS to re-establish hierarchies of contexts, for example by speci-
fying the appropriate parent @ obal | d for each recreated Activity. An HLS may usethe
UserActivity recover method to determinewhether the Activity serviceimple-
mentation has recorded its own information about persistent Activities. The HL S should
drivetheUser Activity forget method for any Activities returned on the recover
cal for which the HLS has no information. The HL'S can assume that it must have previ-
ously completed and forgotten about such Activities or may assume they never performed
any recoverable work.

If Activities and transactions co-operate within agiven application, then the respective
recovery mechanismswill also be required to co-operate. Obviously it is not necessary for
auser of the Activity service implementation to use transactions at all, in which case only
Activity recovery will berequired in the event of afailure (i.e., it is possibleto have recov-
ery domains that do not require atransaction service implementation at al).

4.5 Heuristic Completion and timeout

In adistributed environment, network failures may occur and distributed Activities may
not be ableto complete in a coordinated fashion. Communication may be lost with either a
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subordinate Action or asuperior Act i vi t yCoor di nat or. Operationa policy will
often determine whether and for how long this is acceptable. Timeout is one mechanism
that can be used to ensure timely cleanup of resourcesin the event that contact with the
controlling superior islost. So long as an Activity has not reached a stage where it is per-
sistent and requires Si gnal s from the superior to make progress, a subordinate environ-
ment may timeout an Activity, causing the target Activity and any child Activitiesto
complete with failure. A timeout period is specified on each Activity that startsand a
default timeout may be set throughthe User Act i vi t y interface. The timeout for an
Activity is propagated withthe Act i vi t yCont ext toremote environments so that it
may be established independently in each environment.

If an Activity fails and has to be recovered by the HL S that started it, then the HLS can
direct completion so long asthe failure and recovery is of aroot Activity. If the recovery is
for asubordinate Activity, for example in an application server to which an Activity con-
text was distributed, then the subordinate should be reconnected to its superior to restore
the situation prior to failure. If, in the meantime, the superior has been administratively
completed, or remains unavailable for an extended period, then the HL S recovering the
subordinate Activity may chose to complete the subordinate heuristically by driving the
Acti vi tyCoor di nat or heuri sti cConpl et e method. Heuristic completion dif-
fers from normal completion in two ways:

1. heuristic completion can be initiated on subordinate Act i vi t yCoor di nat or
whereas norma completion may only be initiated on the root Act i vi t yCoor di -
nat or .

2. theActivity service setsthe St at us to SatusCompletingHeuristic rather than Sa-
tusCompleting when heuristic completion isrequested. Thisgives acompletion Si g-
nal Set the opportunity to produce different Si gnal s or to set different datain
Si gnal s for heuristic completion if desired.
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5.0 Component I nteractions

This section describes sometypica Activity service object interaction sequence diagrams.
These interactions are intended to beillustrative rather than prescriptive.

5.1 HLSInitialization

AnHLS Ser vi ceManager isregistered withaUser Act i vi t y object before that
User Act i vi t y object begins any Activities. This need happen only once, during HLS

initialization.
HLS implementations
: Application : hitialContext - - : UserActivity
HLS. Userlnterface || SeniceManager
1: looku
PO 2: initialize()
/ 8: initialize() Initializes this instance of
/ UserActivity for use by
Lookup HLS . the HLS.
interface in INDI 4: lookup(UserActivity ) /

5: registerSenice() _ |

6: getSenicelnformation|
7: getPropertyGroupNames( )
8: getPropertyGroupManagen()

FIGURE 11 HL Sinitialization sequence diagram.
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1. An application performs aJJNDI lookup of the application interface provided by a
HLSit uses.

2. Aninstance of the HL S user interface object bound in JNDI is created and initialized.

3. The HLSuser interface object initialization obtains areference toits
javax. activity.coordi nati on. Servi ceManager interface.

4. TheSer vi ceManager obtainstheUser Acti vi t y reference from JNDI.

5. TheSer vi ceManager initidlizestheUser Act i vi ty instance by registering
itself viar egi st er Servi ce.

6. TheUser Acti vi t y instance completesitsinitialization by obtaining further infor-
mation from the HLS Ser vi ceManager - specificaly the Ser vi cel nf or ma-
tion..

7. ..listof PropertyG oup namesused by the HLS...

8. ..andaPr opertyG oupManager reference for each of these Pr operty-

G oups fromwhichinstances of the Pr oper t yGr oups may be managed (created,
related to parent and so on).

5.2 Begin an Activity

An application performs an operation that causesthe HLS to begin an Activity.

HLS implementations

: Application o = : UserActivity | | 2 ActivityCoordinator
HLS. Userhterface || PropertyGroupManager
‘ 1: begin() ‘
2: begin()
T
| 3: create()
\T‘ 4: ActivityCoordinator( )
Create an instance of each
PropertyGroup used by the
HLS. L
An implementation may
‘ ‘ defer creation of the
T ActivityCoordinator until
‘ ‘ needed
\

FIGURE 12 Activity begin - sequence diagram

1. Anapplication starts anew HLS activity.

2. TheHLSbeginsanew User Activity.

3. TheActivity service requests creates an instance of each Pr oper t yGr oup, used by
the HLS, throughits Pr oper t yGr oupManager .
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4. AnActi vi t yCoordi nat or instanceis created for the new Activity. The
Act i vi t yCoor di nat or may not be needed until an Action isregistered with the
Activity, so this step may be deferred or eliminated in some Activities.

5.3 Add an Action

An application performs an operation that causes the HLS to register an Action with the
Activity, with aninterest in the specific Signal Set. Although this example doesn’t show it,
an Action may have an interest in more than one Signal Set.

HLS implementations

- : UserActivity |_: ActivityCoordinator o : Action : SignalSet
HLS .UserlInterface SeniceManager
1: begin() ‘ ‘ ‘
/I—H 2: &heAction:createAction() ‘ ‘

3: getCoordinator( )

4: addAction(theAcQon)
|

|
5: getSignalSet ‘ ‘
6: setA tivityCoordinator(L
|

added for a specific SignalSet
inside the current Activity

\
\
o
Called the first time an Action is
|

FIGURE 13 Add an Action - sequence diagram

The HLS begins an Activity.
The HLS creates an HLS Action using an mechanism specific to the HLS.
TheHLS obtainsthe Act i vi t yCoor di nat or fromtheUser Acti vi ty object.
The HL Sregistersthe Act i on with the Activity service by passing it as a parameter
onanaddAct i on cdl, indicating which Si gnal Set the Act i on isinterested in.
5. TheActi vi tyCoor di nat or obtainsaSi gnal Set instance from the Ser -

vi ceManager if itisn't dready using that Si gnal Set within the Activity.
6. TheActi vi t yCoor di nat or passesareferencetoitself to theSi gnal Set
instance; this may berequired by the Si gnal Set if it needs to make the Activity
recoverable. At that timethe Si gnal Set must cal theAct i vi t yCoor di nat or
set Per si st ent method Acti vi t yCoor di nat or isani nstanceof Per -
si stent Acti vityCoordi nat or.

EBE SN I o
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5.4 Complete an Activity

An application performs an operation that causesthe HL S to complete the current Activ-

Ity.
HLS implementations
o : UserActivity H : Activ \tvCoordmatoﬁ Sy nchronization : \Svnchromzaﬂon - Com pletion : Action 1 : Action 2 :
HLS.Usernterface H SignalSet ‘ + Action ServiceManager SignalSet Actin Action

1) comp\eteW\thStat%As()

3: getCorr{p\et\onS\gnaJSelNamei) ‘

2: completeActjvity (

4: seeCompleionStatug( ) ‘ /u

7: setResponse( ) L‘J ‘

8: getCompletionStatys( )
9: setCompletionStatus( ) ‘

! 10: getSignal( ) !

5: getSignal( )

6: process Signal( )

‘ 11: procegsSignal( ) ‘

‘ 12: setResponse( )

Reped steps (10) - (19 ‘ 13: processS\gna‘\()
until getSignal() returns. |
nul. — 14: setResponse( )

I
I —
\~\ 15: getswgnaJ’( ‘
| | |

16: getOutcome( )

|
‘ _— 17: getComp\enonStatus()‘
I

Return this Outcome — I
after the postComplete |~ |18: setCompletionStatus( )

ST Any Outcome to
distributed.
19: getSignal( ) postCompletion is

ignored.

20: processSignall

ZLI:‘ destroy( )

‘ 22: )destroy() ‘

‘ 23: destroyL )

T b

[ N A

e T B e e e B e S —

.
.
.
.
4
-
.
.
.
.
e -
.

FIGURE 14 Activity completion - sequence diagram

1. AnHLSperformsconpl et eW t hSt at us, passingaConpl et i onSt at us, for
example Conpl eti onSt at usSuccess.
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10.

12.

13.

14.

15.

16.

17.

The User Acti vi ty object instructsthe Act i vi t yCoor di nat or to complete
the Activity. The specific Act i vi t yCoor di nat or method to achievethisisinter-
nal to Activity serviceimplementation - conpl et eAct i vi ty isused in the figure
for illustrative purposes.

If no specific completion Si gnal Set has been specifiedtothe Acti vi t yCoor -
di nat or, thenthe name of the default completion Si gnal Set can be obtained
fromthe HLS Ser vi ceManager . Alternatively, the completion Si gnal Set
name could be obtained fromthe Act i vi t yCoor di nat or. TheSi gnal Set
itself will already bein-use by the Activity if any Act i ons have been registered
with aninterestinit.

Processing of the predefined Synchronization Si gnal Set now begins; the Activity
Conpl et i onSt at us is passed to the Synchronization Si gnal Set .

Thefirst signal (pr eConpl et i on) isobtained from the Synchronization Si g-

nal Set if theConpl eti onSt at us isConpl eti onSt at usSuccess.

The Si gnal issent to the highest priority Act i on that registered an interest in Syn-
chronization, which returns an Qut cone response. The Activity context is available
on the thread during the processing of the signal.

Thisresponseis passed to the Si gnal Set ; the Si gnal Set decideswhat to do
next based on this response and returns a Coor di nat i onl nf or mat i on object.
The Coor di nat i onl nf or mat i on object indicates whether the pr eConpl e-

t i on signa should continue to be distributed to any remaining Act i ons.

Once pr eConpl et i on signaling is complete, the Act i vi t yCoor di nat or
obtains the updated Conpl et i onSt at us from the Synchronization Si gnal Set .
It setsthis Conpl et i onSt at us into the completion Si gnal Set , toinfluencethe
completion Si gnal s produced.

Thefirst Si gnal isrequested from the completion Si gnal Set .

The Acti vi t yCoor di nat or sendsthissignal to the highest-priority Act i on
interested in completion and obtains an Qut cone fromthat Act i on. The Activity
context is available on the thread during the processing of the completion signals.
The Acti vi t yCoor di nat or passesthisQut cone to the Si gnal Set which
factorsthisQut cone into its state table and returnsa Coor di nat i onl nf or ma-
t i on object that indicates whether to continue sending the current Si gnal and
whether to continue involving the current Act i on.

Assuming the Coor di nat i onl nf or mat i on object does not indicate that the cur-
rent Si gnal should be abandoned, the Si gnal issent to the next Act i on.
Again, the Action’s Qut cone isfed into the Si gnal Set and a Coor di nat i on-
I nf or mat i on object returned.

If the Coor di nat i onl nf or mat i on object indicates that the next Si gnal
should be retrieved or if the previous Si gnal has been sent to al the interested
Act i ons, thentheAct i vi t yCoor di nat or retrievesthenext Si gnal fromthe
Si gnal Set .

If thereturned Si gnal referenceisnull, then the Si gnal Set has completed pro-
cessing and the Activity service retrieves the fina Out cone fromthe Si gnal Set .
This Qut cone will be returned on theUser Act i vi t y complete method that ulti-
mately triggered the completion.

The Acti vi t yCoor di nat or updatesits view of the Conpl et i onSt at us
fromthe Si gnal Set.

(Not shown in the sequence diagram). Any Pr oper t yG oups used by theHLS are
called with suspended and then conpl et ed. The Activity context of the com-
pleting Activity islogically suspended prior to these callsonthe Propert y-
Groups.

39



J2EE Activity Service

18.
19.

20.

21

22.
23.

Thefinal Conpl et i onSt at us is passed to the Synchronization Si gnal Set .
TheAct i vi t yCoor di nat or retrievesthe post Conpl et i on signal from the
Synchronization Si gnal Set .

It sendsthisto all Act i ons registered with an interest in Synchronization. Any
Qut cones fromthese Act i ons areignored and cannot influence the Out cone of
the Activity. The post Conpl et i on Si gnal indicatesthat no further Si gnal
will be sent tothe Act i on, soit should destroy itself on completion of processing
this Si gnal .

Actionsthat are not registered with the Synchronization Si gnal Set get explicitly
told to dest r oy themselves at the end of the Activity. In this case, Action 1 is
destroyed.

Action 2 is destroyed.

Finally, the completion Si gnal Set istoldto dest r oy itself. After this, the Qut -
cone produced in (16) isreturned to the caler.

5.5 Broadcast Signalsfrom a Signal Set

An application performs an operation that causesthe HLS to broadcast aSi gnal to all
interested Act i ons in the middle of an Activity. An HLS may support any number of
Si gnal Set s and may broadcast Si gnal s from zero, one or more of those Si g-
nal Set s during the course of the Activity.
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HLS implementations

o : UserActivity | : ActivityC o : Action 1 : Action 2 :
HLS.Userinterface Coordinati i Action Action
1: broadcast( ) ‘ ‘ ‘ ‘
2: processSignalSet()
3 se!Cor#pletionSla!us( ) ‘ ‘ ‘
! i
| 4: getSignal() | ‘ ‘
‘ 5: processSignal() LH
6) setResponse( ) ‘ Lﬂ ‘
7: useNextSignal( ) ‘ U
Andl ‘8: processSignal( ) | | U
indicates the end of 9: setRe nsel
signal ! gsponse() |
10: useNextSignal( ) LH
T~ 11 getSignal() |
12: ggtOutcome( ) u ‘ ‘
‘ [l
Y I | | | |

FIGURE 15 Broadcast - sequence diagram

1. AnHLSwishesto broadcast Si gnal s fromaparticular Si gnal Set to Acti ons
with aninterestin that Si gnal Set prior to completion, and does so by calling the
User Acti vi ty br oadcast method.

2. TheUser Acti vi ty object instructsthe Act i vi t yCoor di nat or to distribute
the Signals of the specific Si gnal Set . The specific Act i vi t yCoor di nat or
method to achieve thisisinternal to Activity service implementation - pr ocess-
Si gnal Set isusedinthefigurefor illustrative purposes.

3. TheActi vi tyCoor di nat or indicatestothe Si gnal Set , throughthe set -
Conpl et i onSt at us call, that the Activity is still active and is not completing.

. Thefirst Si gnal isrequested from the Si gnal Set .

5. TheActi vi t yCoor di nat or sendsthissignal to the highest-priority Act i on
interested inthe Si gnal Set and obtains an Qut cone from that Act i on.

6. TheActi vi t yCoor di nat or passesthisQut cone to the Si gnal Set which
factorsthis Qut cone into its state table and returnsa Coor di nat i onl nf or ma-
ti on object

7. TheActi vi t yCoor di nat or enquires of the Coor di nat i onl nf or mati on
object whether to continue sending the current Si gnal and whether to continue
involving the current Act i on.
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10.

12.

Assuming the Coor di nat i onl nf or mat i on object does not indicate that the cur-
rent Si gnal should be abandoned, the Si gnal is sent to the next Act i on.

Again, the Action’s Qut cone isfed into the Si gnal Set and aCoor di nati on-
I nf or mat i on object returned.

TheAct i vi t yCoor di nat or enquires of the Coor di nat i onl nf or mati on
object whether to continue sending the current Si gnal and whether to continue
involving the current Act i on.

If the Coor di nat i onl nf or mat i on object indicates that the next Si gnal
should be retrieved or if the previous Si gnal hasbeen sent to dl the interested
Act i ons, thentheAct i vi t yCoor di nat or retrievesthenext Si gnal fromthe
Si gnal Set .

If the returned Si gnal referenceisnull, then the Si gnal Set has completed pro-
cessing and the Activity serviceretrievesthe final Qut cone from the Si gnal Set .
ThisQut cone isreturned ontheUser Act i vi t y br oadcast method.

5.6 Import an ActivityContext

The following sequenceillustrates the processing of aninbound 110P Activity service
context. In the case of areceived |1OP service context the service context filter is a Porta-
ble Interceptor, as defined by the CORBA specification®. An Activity service implementa-
tion must provide a Portable Interceptor implementation in order to be able to process
Activity-related work distributed over 11OP.

42
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HLS implementations

Activity senvice :
Portablelnterceptor

‘ - InitialContext

- ActivityCoordinator

Serviceﬁanager P rogenme_upManager P I'OEI’IYGEUQO)H text

1: lookup()

lookup the
SeniceManager from
the URL in the
imported context

2: initialize( )

3: getPropertyGrou‘pNames( )
I

4: getPropertyGrou;#Manager( )

in the received context

text( )

¥

|
i
|
L

6: unmarshalRequest( )

5: PropertyGroupCo}ﬂ
\
|
|

\
|
7: ActivityCoordjnator() ,

8: activitlenponed() ‘

Create a PropertyGroupContext
from the PropertyGroupldentity
|

L‘J The Activity senice typically
implements interposition by having
this local ActivityCoordinator also
‘ implement the Action interface and
adding it as an Action to the superior
ActivityCoordinator identified in the
received context

\
\
\
\
\
7
\
\

FIGURE 16

Import an Activity service context - sequence diagram

1

Aninbound I1OP request is processed by an ORB and the registered Activity service
portableinterceptor’sr ecei ve_r equest method isdriven. If the request contains
an Activity service context, the interceptor unmarshalsit and examines the
activity_specific_dataofeachActivityldentity todeterminethe
lookup name of the Ser vi ceManager forthat Acti vityl dentity.ltperforms
aJNDI lookup of the Ser vi ceManager nameto obtain a Ser vi ceManager
object.

A Servi ceManager instanceis returned.

The interceptor retrievesthe list of Pr oper t yGr oup names supported by the Ser -
vi ceManager .

The interceptor requests an instance of aPr oper t yGr oupManager , from the
Ser vi ceManager , for each type of Pr oper t yGr oup supported.

The interceptor creates a Pr oper t yGr oupCont ext object from each Pr oper -

t yGroupl dent ity structure contained withineach Act i vi tyl denti ty.
Theinterceptor passesthe Pr opert yGr oupCont ext for each Pr opert yGroup
to the appropriate Pr oper t yGr oupManager to unmarshal thePr oper t yGr oup
data
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7. Theinterceptor determines whether the received Activity context is aready active
within the receiving server and, if so, associaes that context with the current thread.
If itisnot already active, the interceptor may create anew Act i vi t yCoor di na-
tor andregister it back asan Act i on with the superior (i.e. calling) node's
Act i vi t yCoor di nat or (i.e. it may interpose alocal, subordinate ActivityCoor-
dinator). As astandard performance optimization, the creation of an interposed
Act i vi t yCoor di nat or may bedeferred until an Act i on isregistered locally or
anActi vit yCont ext needsto be marshaled for an outbound request.

8. If anew context has been received from another domain then the Ser vi ceMan-
ager isinformed of this. This gives the HL S an interception point when a new con-
text for thetarget Ser vi ceManager isimported into the server. Any
Servi cel nf ormati on retrieved fromtheacti vity_specific_datais
passed to the Ser vi ceManager .

5.7 Subordinate completion of an Activity

A subordinate Act i vi t yCoor di nat or isregistered asan Act i on with its superior
Acti vi tyCoor di nat or. TheAct i on isregistered with an interest in the pre-defined
Synchronization Si gnal Set aswell asany Si gnal Set s that localy-registered

Acti ons haveaninterestin.
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HLS implementations

Synchronization :

Synchronization : |

Completion :

Action 1 :

Action 2 :

Superior :
ActivityCoordinator

1: processSignal("preCompletign™)

2: setSigpal()

3 pmcz%ig nal()

Subordinate :
ActivityCoordinator | [SubordinateSignalSe!

Action

6: processSignal("sgnal 1*) T

5: getOutcome()

4: setResponse( ) ‘

This Outcome is returned an
given to the superiors
___|Synchronization SignalSet. It
may influence the completion
signal

7: setSignal()

SubordinateSignalSet

8: processSignal()

Action

9: setResponse()

10: processSignal()

Action

11: setResponse( ) ‘

This Outcome is
returned and given to

12: getSignal() ‘77

4: proce§Signal("pos{Comple}ion")

|

15: setSignal()
16: prooe;Signal()

the superior's M
completion SignalSet. e \;L%Lgelcurremo ulcomz%()

l7:desroy()>ﬂ

18:destroy( ) ‘

Repeatsteps @8) - (12)

_|until getSignal() retums

null.

19: destroy() ‘

FIGURE 17 Subordinate completion - sequence diagram

1. Thesubordinate Act i vi t yCoor di nat or - Act i on receivesapr eConpl e-

ti on signd from its superior.

2. Itcdlsset Si gnal onitslocal Synchronization Subor di nat eSi gnal Set to
indicate that a superior has produced this Si gnal .

3. Thesubordinate Act i vi t yCoor di nat or then sendsthis Si gnal to the highest-

priority Act i on that registered an interest in Synchronization, which returnsan

Qut come response.
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10.

12.

13.

14.

15.

16.

17.
18.

19.

Thisresponse is passed to the Si gnal Set ; theSi gnal Set decideswhat to do
next based on this response and returnsa Coor di nat i onl nf or mat i on object.
The Coor di nat i onl nf or mat i on object indicates whether the pr eConpl e-
ti on signa should continue to be distributed to any remaining Act i ons.

Once pr eConpl et i on signaling is complete, the subordinate Act i vi t yCoor -
di nat or obtainsacorrelated Qut corre from the Synchronization Si gnal Set
and returnsit to its superior. This OQut conme may affect the final Conpl et i onSt a-
t us reached by the root Synchronization Si gnal Set and therefore the completion
Si gnal s produced by the root completion Si gnal Set .

The subordinate Act i vi t yCoor di nat or - Acti on receivesacompletion Si g-
nal from itssuperior.

Itcalsset Si gnal onitslocal completion Subor di nat eSi gnal Set toindicate
that a superior has produced this Si gnal .

The subordinate Act i vi t yCoor di nat or then sendsthis Si gnal to the highest-
priority Act i on that registered an interest in the completion Si gnal Set , which
returns an Qut cone response.

Thisresponse is passed to the Si gnal Set ; theSi gnal Set decides what to do
next based on this response and returns a Coor di nat i onl nf or mat i on object.
The Coor di nat i onl nf or mat i on object indicates whether the Si gnal should
continue to be distributed to any remaining Act i ons and whether the called

Act i on should receive any further Si gnal s.

Assuming the Coor di nat i onl nf or mat i on object does not indicate that the cur-
rent Si gnal should be abandoned, the Si gnal is sent to the next Act i on.

Again, the Action’s Qut cone isfed into the Si gnal Set and aCoor di nati on-
I nf or mat i on object returned.

If the Coor di nat i onl nf or mat i on object indicates that the next Si gnal
should be retrieved or if the previous Si gnal hasbeen sent to dl the interested
Act i ons, thentheAct i vi t yCoor di nat or retrievesthenext Si gnal fromthe
Si gnal Set .

If the returned Si gnal referenceisnull, then the Si gnal Set has completed pro-
cessing of thereceived Si gnal and requiresthenext Si gnal to be produced by the
superior Si gnal Set . TheAct i vi t yCoor di nat or - Act i on retrieves the cur-
rent Qut cone fromthe Si gnal Set and returnsthisto its superior, which processes
the Qut cone asit would an Qut cone from any other Act i on.

After all the completion Si gnal s have been produced, the root Act i vi t yCoor -
di nat or drivesthepost Conpl eti on Si gnal , which the subordinate Act i v-
i tyCoordi nator - Acti on hasaninterestin.

Itcalsset Si gnal onitslocal Synchronization Subor di nat eSi gnal Set to
indicate that a superior has produced this Si gnal .

The subordinate Act i vi t yCoor di nat or then sendsthistoal Acti ons regis-
tered with an interest in Synchronization. Any Qut cones from these Act i ons is
ignored and cannot influence the Qut cone of the Activity. Thepost Conpl eti on
Si gnal indicatesthat no further Si gnal will be senttotheAct i on, so it should
dest r oy itself on completion of processing this Si gnal .

The local completion Si gnal Set istoldtodestr oy itself.

Act i ons that are not registered with the Synchronization Si gnal Set get explic-
itly told to dest r oy themselves at the end of the Activity.

Act i on 2isdestroyed.
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5.8 Beginning a child Activity

An application performs an operation that causes the HL S to begin an Activity asachild
of an existing Activity. Actions registered with the parent Activity’s ChildLifetime Si g-
nal Set areinformed of this event.

Child activity Parent activity HLS implementation
o : UserActivity child : o parent : ChildLifetime : childBegun :
HLS.L Activity Coordinator | | Activity! ] ActivityCoor dinator Signal Set Action
1: begin()
2: ActivityCoordinator()
3: create Al
f;: broadcastChildBegin(Al) ‘ ‘
5: getSignal( )
Child activity status is set to
CompletionStatus FailOnly if . ‘
the parent Activity broadcast 6: processSignal()
indicates any eror condition I7: setResponse( ) ‘ U
P
8: failOnly

FIGURE 18 Beginning a child Activity - sequencediagram

1

The HLS begins an Activity, while an Activity isalready active on the thread, by call-
ingUser Act i vi ty intheusua way. This Activity is the child of the existing
Activity.

The Activity service createsitsinternal objects, including the Act i vi t yCoor di -
nat or, asdescribed in “Begin an Activity” on page 36.

The Activity service createsan Act i vi t yl nf or mat i on object describing the
child Activity.

The User Act i vi ty object notifiesthe parent’s Act i vi t yCoor di nat or that
the child Activity has begun, passing the child Activity’s Act i vi t yI nf or ma-

ti on. The specific Act i vi t yCoor di nat or method to achieve thisisinternal to
the Activity serviceimplementation - broadcastChildBegun is used for illustrative
purposes.

In the parent Activity, processing of the predefined ChildLifetime Si gnal Set
beginsif any Actions have been registered with the parent Act i vi t yCoor di na-

t or withaninterest in ChildLifetime signals. The Act i vi t yCoor di nat or
retrieves the first (and only) signa (childBegin) from the ChildLifetime Si gnal Set .
The Si gnal isdistributed to each registered Act i on.

There are no predefined Qut cones for the ChildLifetime Si gnal Set so theonly
response that would be set would be following an exception during signal processing.
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8. Any falurein the parent processing the ChildLifetime Si gnal Set resultsinthe
child Activity Conpl et i onSt at us being setto Conpl et i onSt at us-

Fai | Only.

5.9 Recovering after failure

An HLS recreates an Activity tha was previously made persistent. Any recovery of the
HLSitsdf is outside the scope of the Activity service specification. The HLS is responsi-
ble for initiating the recreation of the persistent Activity following afalure. The HLS
must also complete the Activity at some stage after recreating it.

HLS Implementations

‘ HLS.Userinterface

Senv ceﬁana@r

RecowerableAction

ProgertyGro_ugManager

ActivityC;ordinator

‘ - UserActivity ‘

‘ 1: recever()

HLS-specific
mechanism to
initiate recovery

2: recreate(Globalld,null,false)
|

‘ 4: recoverSignalSets( )|

: recreate(Global IdL

5: recowerActions( )

|
|
|
|
U
|
|
|
\

6: getAction( )

7: getPriority ()

;
i
|
|

8: addAction( )

9: recoverPropertyGroup( )| ———————>

FIGURE 19 Recovery after failure - sequence diagram

1. After performing any required initialization (for example, as described in “HLSini-
tialization” on page 35) the HL S performs a service-specific recovery of itsown data,
including al incomplete and persistent G obal | ds.
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For each recovered G obal | d,theHLScalsr ecreat e ontheUser Acti vity
object. On return from this call the distributed Activity context will have been recre-
ated, associated with the thread (depending on the r esune flag specified) and ready
for the HLS to completeit or make forward progress.

The Activity service createsan Act i vi t yCoor di nat or object for the Activity
being recreated. The specific mechanism for doing thisisinternal to the Activity ser-
vice implementation - the recreate call onthe Act i vi t yCoor di nat or isused
here for illustrative purposes.

The Activity service retrievesthe list of HLS Si gnal Set s used in the Activity
fromtheHLS Ser vi ceManager.

For each recovered Si gnal Set the Activity service retrievesthelist of Recover -
abl eAct i ons registered for that Si gnal Set .

Each Recover abl eAct i on encapsulatesan Act i on and the priority iswas pre-
viously registered with. Selectivity serviceretrieves the Action...

then retrieves the priority...

then re-registers the Action with the ActivityCoordinator.

The Activity service retrieves any PropertyGroup, causing such recovered Property-
Group to become associated with the Activity.
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6.0

| nteroperability

6.1 Reguirementson an Activity service implementation

A J2EE Activity service implementation is required to be interoperable across different
vendors ORB boundaries. The format of the interoperable service context is defined by
theor g. ong. CosActivity. Acti vityCont ext structureinthe OMG Activity
service specification. The IOR for any object that supports the receipt of Activity service
context must havean or g. ong. CosActi vity. ActivityPolicy vaueof
REQUIRES or ADAPTS encoded in the TAG_ACTIVITY_POLICY of the IOR.

A J2EE Activity service implementation is required to be interoperable with a CORBA
Activity service implementation so long as the latter implementsinterposition; that is, the
CORBA Activity service must create alocal or g. ong. CosActivity. Activity-
Coor di nat or when inbound Activity context isreceived from an upstream (superior)
node and register anor g. ong. CosActi vi ty. Acti on back to the superior’s Activi-
tyCoordinator (whose referenceis passed inthe Act i vi t yCont ext service context).

A J2EE Activity service must implement interposition by creating alocal
javax.activity ActivityCoordi nat or wheninbound Activity context is
received from an upstream (superior) node and registering an or g. ong. CosActi v-
ity. Acti on back tothesuperior'sor g. ong. CosActivity. Acti vi tyCoordi -
nat or.

A J2EE Activity needsto propagate information, in the Activity service context, to iden-
tify the type of HL S that created the Activity in order that the gppropriate Ser vi ceMan-
ager belocated inthetarget system. The

org. ong. CosActivity. Activityldentity structurein the Activity service
context contains an unsigned long t y pe field, which for J2EE Activities must be set to
0x4A324545 by the domain that creates the service context. For such Activities, the
activity_specific_datafieldoftheActi vityl dentity isarchitectedto
encode information specific to 2EEHLS's. Theact i vi ty_speci fi c_dat afieldis
of typeor g. ong. CORBA. Any and, for a J2EE Activity type, containsaTypeCode
withaTCKi nd of _t k_struct andavaueof a

j 2ee_activity_specific_dat a structurewhichisdefinedin IDL asfollows:

nodul e j avax
{
nodul e activity
{
struct j2ee_activity_specific_data
{
string service_nane;
string context_group;
any service_specific_data;
any extended_dat a;
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Thej 2ee_acti vity_speci fi c_dat a structureisreferenced, within the J2EE
domain, through aj avax. acti vity. Servi cel nf or mat i on object. Ser vi ce-

I nf or mat i on datafor an Activity is populated by the HLS Ser vi ceManager . The
datais consumed, in the target domain of aremote request, in part by the Activity service
(to determine the Ser vi ceManager to use) and in part by the Ser vi ceManager
implementation in that domain.

6.2 CORBA interfaces

A J2EE Activity service provider must provide implementations of the or g. ong. Cos-
Activity. ActivityCoordi nator andorg. ong. CosActivity. Acti on
interfaces that sati sfies the requirements for interoperability stated in 6.1 “Requirements
on an Activity serviceimplementation”, on page 50. These areinternal to the implementa-
tion of the Activity service and need not be exposed to any J2EE Activity service HLS.

A J2EE Activity service provider may optionally support a configuration in which HLS-
provided Signal Sets are remote from the ActivityCoordinator. This may be desirable for
some J2EE platformsin which application code (and an HL S-provider can be considered
to be application code, athough some HLS s may become part of the application server/
container) is deployed in aseparate VM from the system code (e.g. the Activity service
implementation itself, which is part of the application server/container). Such a configu-
ration would requirethe Act i vi t yCoor di nat or implementation to be able to make
calsto a(remote) or g. ong. CosActi vity. Si gnal Set and would require an
implementation of an or g. ong. CosActi vi ty. Si gnal Set intheremotedomain
that passed these requests onto thelocal j avax. acti vi ty. coordi nati on. Si g-
nal Set .

6.3 CORBA Exceptions

The following CORBA System Exceptions have been added to CORBA 3.0 for use by the
CORBA Activity service. Each of these requires an equivalent J2EE Activity service
java. rm . Renot eExepti on:

INVALID_ACTIVITY -- mapstoj avax. activity. | nval i dActi vi t yExcep-
t i on. This system exception may be thrown on any method for which Activity con-
text is accessed and indicates that the attempted invocation or the Activity context
associ ated with the attempted invocation is incompatible with the Activity's current
state. It may also be thrown by acontainer if Activity context isreceived on a method
for which Activity context is forbidden. This exception will be propagated across
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ORB boundariesviaan or g. ong. CORBA. | NVALI D_ACTI VI TY system excep-
tion. An application should handle this error by attempting to complete the Activity.

ACTIVITY_COMPLETED -- mapstoj avax. acti vity. Acti vi t yConpl et e-
dExcept i on. This system exception may be thrown on any method for which
Activity context is accessed and i ndicates that ongoing work withinthe Activity isnot
possible. This may be because the Activity has been instructed to complete with
Conpl eti onSt at usFai | Onl y or hasended asaresult of atimeout. This excep-
tion will be propagated across ORB boundaries via an
or g. ong. CORBA. ACTI VI TY_COMPLETED system exception. An gpplication
should handle this error by attempting to complete the Activity.

ACTIVITY_REQUIRED -- mapsto j avax. activity. ActivityRequire-
dExcept i on. This system exception is thrown by acontainer if Activity context is
not received on a method for which Activity context is mandatory. This exception
indicates a deployment or application configuration error. This exception will be
propagated across ORB boundaries via an
or g. ong. CORBA. ACTI VI TY_REQUI RED system exception.

6.4 Behaviour in the case of unknown Activity types,
ServiceNames or PropertyGroups

When anAct i vi t yCont ext isreceived by adomain on which no Activity serviceis
configured, the Act i vi t yCont ext isignored.

When anAct i vi t yCont ext isreceived by adomain on which the Activity serviceis
configured, the Act i vi t yCont ext is processed according to the following rules:

e Iftheorg. ong. CosActivity. Activityldentity.typeor
activity_specific_dataaenotrecognized, anl nval i dActi vi t yEX-
cepti onisthrown.

If theservi ce_naneintheacti vity_speci fi c_dat a isnot recognized,
then Activity context is resumed into the cont ext _gr oup defined within the
activity_specific_dat ainorder that the context nesting hierarchy is pre-
served on flows to downstream domains. The Activity context is otherwise not avail-
ableto an HLS in the importing domain.

If aPropert yG oupl denti ty structureisreceived for which no local Pr op-
ert yGr oupManager isavailable, the Pr oper t yGr oupl denti ty datais
cached with the Activity in its marshalled form and will be propagated on flows to
downstream domains. The Pr opert yG oupl dent i t y datais otherwise not
available to an HLS in the importing domain.
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7.0 Impact on other specifications

The following specifications will need to be modified to accommodate the 2EE Activity
service.

EJB specification -- Under “ Support for Distribution and Interoperability”, the table of
mapped System Exceptions needs to be extended to include the following CORBA
standard exceptions, introduced by the OMG Activity service specification.

J2EE exception Mapped CORBA exception
javax.activity.InvaidActivityException INVALID_ACTIVITY
javax.activity.ActivityCompletedException ~ ACTIVITY_COMPLETED
javax.activity.ActivityRequiredException ACTIVITY_REQUIRED

TABLE 1 New standard exception mappings

Under “Exception handling”, 3 new EJBEXxceptions need to be defined with equivaent
meanings to the 3 javax.activity RemoteExceptions. These are:

« javax.gb.InvalidActivityL ocal Exception

« javax.gb.ActivityCompletedL ocal Exception

« javax.gib.ActivityRequiredL ocal Exception

An EJB container may raise these exceptions in the event of amethod dispatch to aEJB
local interface failing for reasons of improper Activity context.

Java-to-1DL specification -- support the new exception mappings.

J2SE -- CORBA Activity service system exceptions (which are defined in CORBA 3.0)
need to be supported by J2SE. These are part of alarger list of new CORBA 2.6 and
CORBA 3.0 system exceptions that J2SE 1.4 does not currently know about. The
inclusion of the new CORBA exceptions in J2SE will be pursued through JSR 176
(J2SE 1.5)

OMG standard tags-- Anorg. ong. CosActivity. Activityldentity.type
needs to be allocated for 2EE Activities. A value of 0x4A324545 has been
requested. Theformat of theActi vi tyl dentity.type isdescribedin 6.0
“Interoperability”, on page 50.
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8.0 Glossary

Action -- An activity participant. Act i ons are provided by aHL S and are registered
withan Act i vi t yCoor di nat or for specific Si gnal Sets. Acti ons consume
the signals produced by a Si gnal Set .

Activity -- A unit of (distributed) work that has a well-defined boundary, within which
participants may register interest for Si gnal s produced during the execution of the
unit of work. An activity isuniquely identified by its@ obal | d.

Activity context -- a set of datathat represents a specific Activity that includes the activ-
ity @ obal | d and areferencetotheAct i vi t yCoor di nat or. An Activity con-
text may be thought of as being associated with the thread of execution of any
gpplication or middleware performing work within the Activity. The context is
implicitly propagated, by the Activity service, with any remote requests such that it
can be established in the execution domain of a remote target process.

ActivityCoordinator -- An Activity-specific object that participantsregister with in order
to receive Si gnal s from the Activity. The Act i vi t yCoor di nat or hasno
understanding of specific Si gnal s and Qut cones but understands how to distrib-
ute signals to participants and feed back the responses.

child/parent relationship -- A parent-child relationship is established when an Activity
(the child) is started when another Activity (the parent) is already active (associated
with the thread of execution). This should not be confused with the superior/subordi-
nate relationship.

context group -- A related set of high level services whose Activities may form parent-
child relationships with one another. Activitiesin different context groups are inde-
pendent of one-another and do not form parent-child rel ationships.

high level service (HLS) -- a provider of a specific unit of work (UOW) model. AnHLS
is the specific embodiment of a UOW servicethat implementsthej avax. acti v-
ity.coordinati on interfaces and provides HL S-specific interfaces to the appli-
cationsthat use it. It consists of a Ser vi ceManager and one or more
Si gnal Set's and Act i on implementations, together with a set of defined Si g-
nal s and Qut cones.

Outcome-- A result produced by anindividual Act i on or the collective result of an
Activity, produced by a Si gnal Set . The meaning of individual Qut cones is
HLS-specific.

PropertyGroup -- HLS-specific data within the Activity context that can be made avail-
able, by the HLS, to the application using the HLS. The Activity service does not
interpret this data.

Signal -- Anitem of dataproduced by aSi gnal Set for consumptionby Act i ons. The
meaning of individual Si gnal s is HLS-specific.

Signal Set -- The intelligent processing engine (state machine), provided by an HLS, that
produces aset of Si gnal s inaprogression that may be influenced by the responses
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to earlier Si gnal s. The Si gnal Set ispluggedinto theAct i vi t yCoor di na-
t or to enablethe Si gnal s it produces to be distributed to the registered partici-
pants (Act i ons).

superior/subordinaterelationship -- If an Activity becomes distributed from Serverl to
Server2, Serverlissaid to be the superior server and Server2 the subordinate, from
the perspective of the Activity service. The superior distributes Si gnal s to subordi-
nates, treating them as Activity participants.
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Appendix A Specific HLS examples

This section contains examples of high-level services that use the Activity service. Other
examples may also be found in the OMG Activity service specification?. None of these
examples are intended to be prescriptive - they merely show waysinwhichaHLS may be
employed to exploit the facilities of the Activity service.

A.1 Long-running Unit of Work (LRUQOW)

A.1.1 The Problem

As business processes execute concurrently over extended periods, itisincreasingly likely
that these processes will attempt to access the same data. To ensure data integrity and con-
sistency, aconcurrency control mechanism is needed, and transactions are often employed
for this purpose.

A.1.2 A simple example

Figure 20 illustrates a simple business process.

Step A
{update X}

Step B
{update Y}

FIGURE 20 Simple business process

This process has two steps. Sep A might involve, for example, updating some object X,
and step B might be involve updating some object Y. In this case, we would like to execute
the entire process as a single atomic action: either both X and Y are updated by the pro-
cess, or neither.

We could execute both steps within asingle global transaction, asillustrated in below in
Figure 21.
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Step A Step B

{update X} {update Y}

FIGURE 21

Business processin global transaction

For long-lived processes, however, there are some problems with this approach. First, if
the processislong-lived, it introduces atemporal dependency between the two steps. In
our example, it requires that object X and object Y be available at the same time. Such a
dependency might not be desirable, or even possible, depending on the system. Further-
more, such temporal dependencies can potentially reduce concurrency; for example, locks
acquired in step A must be held until after step B completes. A consequence of consider-
ing this process as aglobal transaction isthat the entire processisa unit of failure that is,
if one step fails, all stepsfail. If step A is costly, we might like to avoid re-doing it onceit
executes successfully.

Consider splitting each step into a separate transaction asillustrated below in Figure 22.

Step A Step B

{update X} {update Y}

FIGURE 22

Transactional steps

If, after executing step A, step B cannot be executed straight away (because object Y isnot
available, for example), the step can be rescheduled for alater time. In doing so, the pro-
cess becomes forward recoverable: if step B fails, we need not redo step A.

The problem with this approach isthat the process is no longer atomic. For example, what
if we update object X (in step A) but cannot reach object Y (in step B)? We can no longer
simply abort aglobal transaction to reverse the effect of step A. Another problemis that
the process no longer executes in isolation; that is, partid effects are visible before the
entire process compl etes (e.g., there is a point where the update to object X isvisible but
not the update to object V.).

To ensure process atomicity, we could use compensation steps, as proposed in the Sagas,
transactional workflows and Open-nested Transaction models. A compensation step is
used to reverse the effect of some previously executed step (or steps) within apartialy
completed process. In Figure 23, for example, step B cannot be executed, and the overall
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process must be aborted. Having successfully executed step A, compensation step A’ is
used to reverseits effect, returning the system to semantically equivalent initial state.

Step A 5 Step A’

{update X} W {update X}

FIGURE 23 Compensation steps

One consideration with thisapproach i s that compensation | ogi c can become complex, and
difficult to get right. Further, thereislimited support for compensation in existing com-
mercial systems.

A.1.3 The LRUOW Approach

The Long-running Unit of Work (LRUOW) approach6 addresses these problems by all ow-
ing along-running business process to execute as multiple, transactional steps, while pro-
viding isolation and atomicity for the process as awhole.

Figure 24 shows business process executing within the context of an LRUOW. Process
steps execute as transactions within the LRUOW context. Prior to completion of the pro-
cess, the effects of its steps are visible only to other steps executing within that same pro-
cess (i.e., the same LRUOW context). Steps executing concurrently within the same
process execute as concurrent transactions, and interact according to the semantics of the
underlying transaction model.

6. B.Bennett, B. Hahm, A. Leff, T. Mikalsen, K. Rasmus, J. Rayfield, and |. Rouvellou. "A Distributed Object Oriented Framework to Offer Transac-
tional Support for Long Running Business Processes" in J. Sventek and G Coulson, editors, Proceedings IFIP/ACM International Conference on
Distributed Systems Platforms, New York , NY, USA April 2000 (Middleware 2000); Lecture Notesin Computer Science 1795, Springer-Verlag,
Berlin, pp. 331-348, April 2000.
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LRUOW 1

Step A Step B

{update X} {update Y}

FIGURE 24 LRUOW business process

A.1.3.1 Version spaces

Each LRUOW context creates a version space, which providesisolation for the LRUOW:
the effects of steps executing in one LRUOW are independent of a steps executing in other
LRUOWsS.

Seps executing within a LRUOW context represent transactions that transform a version
space between consistent states. The initial state of a version space is the state of the glo-
bal version space at the time that the LRUOW context is created. When a LRUOW com-
pletes successfully, itsversion space must be reconciled with the current state of the global
version space.
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LRUOW 1

Step A Step B

{update X} {update Y}
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FIGURE 25 Version spaces

Figure 25 shows an LRUOW, its associated version space, and the global version space:

+ Attimetl, context LRUOW 1 and associated version space'V , are created. Theinitial
state of V4 is the state of the global version space, Vg, attimetl: V, =Vg={ X, Y
}.

» Attimet2, step A's update to object X is committed: V,={ X", Y }.

* Attimet3, step B'supdateto object Y iscommitted: V,={ X" ,Y' }.

* At timet4, the LRUOW completes, and changes to version space V; are reconciled
with the global versionspace: Vg ={ X' ,Y’ }.

Inthisexample, the global version space did not change during LRUOW 1's execution, so
thereconciled state of Vgissimply V,'sfinal state. If, however, another LRUOW had
completed before LRUOW 1 (but after LRUOW 1 begun), the reconciliation process
would not have been so simple. We will return to this subject later in Section A.1.3.3,
“Version Space Reconciliation”.
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A.1.3.2 Nesting

LRUOW contexts, and associated version spaces, can be nested, asisillustrated in Figure
26.

LRUOW 1

Step A Step B Step C

{update X} {update Y} {update 7}

FIGURE 26 Nested LRUOWS

A.1.3.3 Version Space Reconciliation

The technique used to reconcile aversion space (or subset of a version space) isanimple-
mentation detail of the versioned resource managers implementing the version space, as
described later. As examples of existing techniques, two general methods have been pro-
posed 6. Predicate Transform (P/T) and Conflict Detection and Resolution (CDR).

Predicate/Transform (P/T):

This method associates a predicate with each transform to be applied to a version space.
Before applying the transform, the associated predicate is eval uated within the context of
the version space. If the predicate holds, the transform is applied to the version space, and
the predicate/transform pair is logged. To reconcile this version space with the global ver-
sion space, each logged predi cate/transform pair is examined, in order. If the predicate still
holds when evaluated within the context of the global version space (or parent version
space, if nested), the transform is applied to the global version space. Otherwise, if the
predicate no longer holds, version reconciliation fails, and the associated LRUOW can
attempt to fix the problem.

Conflict detection / Resolution (CD/R)

This method proposes a structured mechanism for detecting conflicts between version
space objects and applying a gorithms that resolve such conflicts when they occur.
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A.1.3.4 Transactional reconcile step

create
version space

In some cases, version space reconciliation can fail. When this occurs, the business pro-
cess can detect the failure and initiate additional steps and attempt to correct the problem.
To avoid version spaceinconsistencies that could arise as part of such afailure, reconcilia-
tion isitself executed transactionally.

As shown in Figure 27, an implicit reconcile step is used to transactionally transform the
global version space between consistent states.

Step A
{update X}

LRUOW 1

——

Step B
{update Y}

(Global Version Space)

{reconcile}

reconcile
version space

FIGURE 27 Transactional reconcile step

At time t4, the effects of the reconcile step are committed. Though the reconcile step
updatesthe global version space (or parent version space, if nested), itis still considered to
be part of the child LRUOW context.
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A.1.4 LRUOW asa High-level Service

LRUOW contexts are model ed as activities, and each business process step executes as a
JTA transaction subordinate to such an activity. Thisisillustrated in Figure 28.

LRUOW Activity 1

LRUOW Activity 1.1

Step A
{update X}

Step B
{update Y}

Step C
{update 7}

FIGURE 28 LRUOW activities and transactions

The completion processing of a LRUOW activity involves an implicit reconcile step
which is used to reconcile changes in the LRUOW’ s version space with any changesin the
global (or parent) version space. Thisis embodied in the LRUOW HLSby aRecon-

ci | eSi gnal Set producing signalsfor registered Reconci | eAct i ons. Like busi-
ness process steps, the reconcile step executes as a JTA transaction subordinate to the
LRUOW activity.

A.1.4.1 Versioned resource managers

Version spaces are modeled using version resource managers (VRMs). A VRM supports
three interfaces: the version space interface (VSl), the JTA XAResource interface [JTA
spec], and an application programming interface (API) (such as SQL).

Version spaceinterface (VSl)

The LRUOW HLS service manager uses this interface to create and reconcile version
spaces, and to associate application threads with version spaces. Below, we briefly present
thisinterface:

vsi_start(vsid) - Start (or resume) work within a version space, given by vsid, associ-
ating the calling thread with the version space. Subsequent invocations (by the same
thread) on the VRMs APl execute within the context of the given version space.
vsi_end(vsid) - End (or suspend) work within a version space, given by vsid, remov-
ing the calling thread's association with the version space.
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vsi_reconcile(vsid) - Reconcile work performed within aversion space.
vsi_abandon(vsid) - Abandon work performed within a version space.

JTA XAResourceinterface

The LRUOW HLS service manager and transaction manager use this interface to associ-
ate application threads with transaction contexts, and to coordinate distributed transac-
tions.

Application Program Interface (API)

Application steps use this interface to manipul ate objects within version spaces.

When multiple VRMs are accessed as part of an LRUOW, each VRM represents a subset
of the LRUOW'’s associ ated version space. Executing the reconcile step as atransaction
ensures that the version space isreconciled as an atomic action. Thisisillustrated below in
Figure 29.

LRUOW Activity

Step A Step B
{update X} {update Y}

FIGURE 29 Atomic version space reconciliation
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A.1.4.2 Reconcile Signal Set

The LRUOW HLSimplementsthej avax. acti on. coor di nat i on package'sSi g-
nal Set and Act i on interfacesthrough Reconci | eSi gnal Set and Recon-
ci | eActi on objects.

When first accessed, a VRM becomes a participant in the LRUOW activity by adding a
Reconci | eActi ontothe Reconci | eSi gnal Set associated with the LRUOW's
activity. To successfully complete the LRUOW, the ReconcileSignal Set produces Rec-
onci | eSi gnal s for distribution to all registered Reconci | eAct i ons during com-
pletion processing.

A Reconci | eAct i on issimply aproxy to an associated VRM. When a ReconcileAc-
tion receivesthe Reconci | eSi gnal , it invokes the vsi_reconcile() method on its asso-
ciated VRM. If successful (i.e., the version space was reconciled), the

Reconci | eAct i on returns an outcome of Reconci | edQut cone; otherwise, an out-
come of Reconci | eFai | edQut cone isreturned.

The reconcile step is triggered by arequest, on the part of the application, to complete an
LRUOW. As mentioned above, the reconcile step executes transactionally; that is, the
broadcast of Reconci | eSi gnal s to Reconci | eActi ons occurswithin atransac-
tion. If any Reconci | eAct i on fals(i.e, produces an outcome of Reconci | ed-
Fai | edQut cone) thistransaction isrolled back, reverting the version space to its
previously committed state. Otherwise, if all ReconcileActions succeed (i.e., produce an
outcome of Reconci | edQut cone), the transaction is committed.

A.1.4.3 VRM adapters

In a J2EE application server environment, application steps access VRMs indirectly
through a VRM adapters. A VRM adapter is analogous to a JCA Resource Adapter® (and
can be implemented as such).

When the application requests a connection, the VRM adapter first enliststhe VRM in the
gppropriate version space and transaction (using the VSl and X AResource interfaces
described above); this may involve adding Reconci | eAct i on’ s asdescribed above.
Then, subsequent application requests through the connection execute within the correct
context. When the application closes the connection, the VRM adapter delists the VRM
from the LRUOW and transaction.

A.2 Open Nested Transactions

The Open Nested Transaction (ONT) model is an example of an extended transaction
model that can be implemented as a High Level Service on top of the J2EE Activity ser-
vice. Thisappendix describesan ONT model and how an ONT implementation (the Open-
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Nested service) makes use of the Activity service framework to provide the desired
function. This exampleisintended merely to illustrate the use of the Activity service; itis
not required that an Activity service implementation provides an OpenNested service.

A.2.1 The ONT Model

Inthe ONT mode an activity may contain any number of nested activities, which may
recursively contain other nested activities organized into ahierarchical tree. Each activity
represents an atomic unit of work to be done; that is, a JTA transaction. The creation of an
activity implies the creation of an associated top-level transaction (which may possibly
contain nested transactions, if the provided Transaction Service supports nested transac-
tions). This combined activity and transaction is referred to asan ONT Activity, and from
the application point of view, an ONT Activity isimplicitly transactional .

The ONT model respects the following rules:

e ONT Activitiesare strictly nested. An ONT Activity cannot complete with success
unless al of its children have completed. Since an ONT Activity isimplicitly transac-
tional, completing with success means that the associated transaction is committed.

When an ONT Activity completes with failure, al of its children that are still inan
active state are completed with failure. Completing with failure means that the associ-
ated transaction is rolled back.

When an ONT Activity completeswith failure, dl of its children that previously com-
pleted with success shall be compensated if compensating actions have been defined
for them. The behavior of the compensation action is defined by the gpplication since
it isonly the application that possesses sufficient information to perform compensa
tion.

ONT provides the User OpenNested interface, which allows end-users to control ONT
Activities. Propagation of an ONT Activity to adifferent execution environment is
achieved through an Activity Context, to represent the activity, and an OT S transaction
context to represent the current transaction.

A.2.1.1 External interfaces

User OpenNested

TheUser OpenNest ed interface defines operations that allow the client to begin and
end ONT Activities and to obtain information about the current Activity and associated
transaction. The methods on thisinterface will generally make callsto the underlying JTA
and Activity serviceinterfaces. SincethisUser OpenNest ed interfaceisintended to be
layered on both JTA and the Activity Service, exceptions raised by those services are
caught by thisinterface and re-raised to the end-user application.
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ToComEensate

Committing

The UserOpenNested implementation needs to be made accessible to applications; in this
exampleitisbound into JNDI at “java:comp/UserOpenNested” and obtained by alookup
on the Initia Context.

ONTActivityStatus

The ONTActivityStatus interface defines Status val ues that are specific to the ONT modd,
rather than using the more genera Activity service Status vaues. The diagram bel ow
shows these states and indicates the transitions an ONT Activity can undergo.

Active

RollingBack
Completed

FIGURE 30 ONT Activity state diagram.

Compensator interface

The Conpensat or interface provides ageneric mechanism to compensate for an ONT
Activity in which the transactional work has been committed, but subsequently needs to
be undone. Compensation for committed work will be performed either if an enclosing
ONT Activity rolls back, or if the Compensator cannot be registered with the enclosing
scope after its transaction commits.

Thisinterface isimplemented by the user of ONT, and performs the applicati on-specific
actions required to compensate for a previously committed transaction.

A.2.1.2 ONT Behavior

An ONT implementation can be used to produce a consistent outcome across a group of
transactions; either all the transactions will be committed or they will all berolled back,
compensated or not attempted.
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Figure 31 shows anest of ONT Activities, with their associated JTA transactions and
Compensations. This has been achieved by use of the UserOpenNested interfaces as fol-
lows:

User OpenNest ed uon = ic. | ookup(“java: conp/ User OpenNest ed”) ;

uon. activityBegin(0); // starts ONTActivityl/txnl
uon. activityBegin(0); // starts ONTActivity2/txn2
uon. activityConm t (conpensator2) // commts txn2
uon. activityBegin(0); // starts ONTActivity3/txn3
uon. activityBegin(0); // starts ONTActivity4/txnd
uon. activi tyConm t (conpensator4) // commts txn4
uon. activi tyConm t (conpensator3) // commts txn3
uon. activityBegin(0); // starts ONTActivity5/txn5
uon. activi tyConm t (conpensator5) // commts txn5
uon. activityCommit(); // commits txnl and ends nest

FIGURE 31 Nested ONT Activitieswith associated JTA transactions and Compensators

If transaction 3 rolls back then compensator4 is automatically invoked to compensate for
the previously committed transaction 4, which was nested within ONTActivity3. If trans-
action 1 rolls back then dl four compensators are driven, to compensate for all the com-
mitted transactions nested within ONT Activityl. If transactions 2, 4 or 5 fail thereisno
automati c compensation performed by the ONT service as they are all bottom-level trans-
actions; they have no committed transactions nested within them; however, the application
could choose to rollback ONT Activity 1 in such a situation, in which case compensators
will be driven for any transactions than have committed up to that point.
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A.2.2 Implementation of the OpenNested Serviceasan HLS

The Activity Service defined in the earlier part of this specification enables the develop-
ment of an advanced transaction model through implementations of ServiceManager, Sig-
nal Set, Signal's and Actions appropriate for the transaction mode. This section describes
how these entities are defined to implement the ONT Model in the OpenNested Service.

Figure 32 illustrates the rel ationship between an application which may define a compen-
sating action and the provider of the ONT model. Within the OpenNested Service, aCom-
pensator object iswrapped in an Action; the Action will receive signals from the
ActivityCoordinator and will respond by calling appropriate methods on the Compensator
implementation.

FIGURE 32 Activity and ONT relationship.

Since the OpenNested Service provider is responsible for coordinating nested activities
according to their final outcomes, it must have the knowledge of the outcomes of their
associated transactions in the case of failure. If the ONT provider chooses to provide a
recoverable service, it will need to register as ajavax.transaction.xa.XAResource object
with the transaction. Registering aresource is away for the ONT Serviceto determineif
the reference of the Compensator object must be logged to be retrieved in case of failure,
aswell as ensuring that it will be notified of the transaction outcome after recovery.
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Once a Sub-activity has committed, its Conpensat or object must be reachablein case
an enclosing Activity rolls back. The ONT provider and the underlying Activity Service
Provider are responsible for maintaining accessto Conpensat or objects.

A.2.2.1 Activity serviceclasses used by ONT

Signal

The OpenNested service creates signals with the following names:
* activity_rolledback
e activity_committed

Outcome

The following identifiers define the Outcome objects used by the OpenNested service:
e parent_add successful
 parent_has completed
* parent_add failed
« compensate_successful
« compensate failed
* heuristic_compensate_decision
* heuristic_cannot_compensate

A.2.2.2 UserOpenNested implementation

When act i vi t yBegi n iscalled on User QpenNest ed, it:
« invokesthe Activity Service to create an activity

« invokes JTA to create a transaction; any existing transaction on the current thread is
suspended before the new activity and transaction are begun.

WhenactivityConmit iscalled on User OpenNest ed, it:
* invokesthe JTA to commit the associated transaction

If the transaction commits:

« if aCompensator object was provided intheact i vi t yConmi t , and the commit is
related to a nested activity, the Open Nested Service adds an Action object, responsi-
ble for compensation, to the par ent activity; this Action specifiesinterest in the ONT
SignalSet.

- If the adding operation fails, the Open Nested Service invokes the Compensator
obj ect to compensate the committed transaction, and invokes the Activity Service
to complete the activity with the completion status Conpl et i onSt at us-

Fai | . Ultimately it throws Act i vi t yRol | edBackExcept i on to the end-
user.
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- If the adding operation succeeds, the Open Nested Serviceinvokes the Activity
Service to complete the current activity with the completion status Conpl e-
tionStatusSuccess.

--  If the Open Nested Service receives the heuristic_compensate_decision
Outcomeon theUser Act i vi ty. conpl et e operation, it throws
Heuri sti cConpensat eExcepti on tothe end-user.

-- A null Outcomereturned by the conpl et e operation on the UserActiv-
ity interfaceisinterpreted as an acknowledgment of the completion with
success decision.

« if the commit isrelated to atop-leve activity, the Open Nested Service invokes the
Activity Serviceto complete the activity with the completion status Conpl et i on-
St at usSuccess using the ONT Signal Set. If acompensator object is provided in
the commit request, an Action object that wrappers the compensator is added to the
current activity; during activity completion the compensator will be invoked to forget.

If the transaction rolls back
« the Open Nested Serviceinvokes the Activity Service to complete the activity with
the completion status Conpl eti onSt at usFai | .

- If the Open Nested Service receives the heuristic_cannot_compensate Outcome,
itthrows Heur i st i cNoConpensat eExcept i on to the end-user applica
tion.

- A null Outcome returned by the conpl et e operation on the UserActivity
interface is interpreted as an acknowledgment of the completion with failure
decision. The Open Nested Service throwsthe Act i vi t yRol | edBackEx-
cept i on tothe end-user.

When User OpenNest ed. acti vi t yRol | back iscalled, the Open Nested Ser-
vice:
» invokesthe JTA to rollback the associated transaction,
« invokesthe Activity Service to complete the activity with the completion status Com
pletionStatusFail .

- If the Open Nested Service receives the heuristic_cannot_compensate Outcome,
itthrowsHeur i st i cNoConpensat eExcept i on to the end-user applica-
tion.

- A null Outcome returned by the conpl et e operation on the UserActivity
interface is interpreted as an acknowledgment of the completion with failure
decision.

If atransaction was suspended when the committing ONT Activity was begun, that trans-
action is resumed onto the current thread.

A.2.2.3 Service Manager | mplementation

The OpenNested Service implementsthe j avax. acti vi ty. Servi ceManager
interface with an object that provides the following information to the Activity service:
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get Ser vi cel nf or mat i on returns a Servicelnformation class that has been con-
structed with a serviceName of “javax.activity.opennested” and anull contextGroup.

get Propert yGr oupNanes returns null as PropertyGroups are not used by this ser-
vice.

get Conpl et i onSi gnal Set Nanme returns the name “javax.activity.open-
nested.ONT”, and get Si gnal Set iscgpable of providing an instance of that Signal Set.

A.2.2.4 SignalSet | mplementation

The OpenNested service implements the javax.activity.coordination.Signd Set interface
with asignal set called “javax.activity.opennested.ONT”. This signal set providesthe
activity_committed and activity_rolledback signals, and responds appropriately to the out-
comes that are generated in response to those signals.

The Activity service providesthe ONT Signal Set with a reference to the ActivityCoordi-
nator through the operationset Acti vi t yCoor di nat or, and with the Completion-
Status of the Activity using theset Conpl eti onSt at us operation, before any signals
arerequested. The ONT Signal Set obtains areference to its parent ActivityCoordinator, if
any, by caling get Par ent on the ActivityCoordinator. Figure 33 shows the states that
the ONT Signa Set passes through as the ActivityCoordinator invokes methods on it.
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Uninitialized

lsetAcnw(yCoordmam ()

Initialized

lsetcamp\emnstatus()

Ready

l getSignal()

failure response to activity_committed
signal prompts SignalSet to switch

i signal returned depends on CompletionStatus
to activity_rolledback signal SlgnaISent 9 P P

and previous responses received

l setResponse()

ResponseReceived tResponse()
called once for each Action registered with ActivityCoordinator

l getSignal()

SignalsFinished
l getOutcome() Outcome depends on CompletionStatus and Responses received
OutcomeDelivered getCompletionStatus()
t '~
¢ destroy()
Destroyed

FIGURE 33 Lifecycle of the ONT Signal Set

Depending on the activity Conpl et i onSt at us, and on any responses already received
by the SignalSet, an ONT Signal Set object returns to the ActivityCoordinator when
requested with get Si gnal , either
« the activity_committed Signa (with the parent ActivityCoordinator in the signal’s
extended data), if the completion statusis Conpl eti onSt at usSuccess, or
« the activity_rolledback Signal (with null in the signal’s extended data) if the comple-
tion statusis Conpl et i onSt at usFai | orif aprevious responseto the
activity_committed Signd indicated afailure.

So the getSignal method could be coded as follows:

1 public Signal getSignal()
2 {
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3 Signal signal = null;
4 _started = true;
5
6 if (!_finished)
7 {
8 if (_conpletionStatus ==
9 Conpl eti onSt at us. Conpl eti onSt at usSuccess )
10 {
1 try
12 {
13 signal = new Signal ("activity_commtted", null,
14 (java.io.Serializable)_activityCoordinator.getParent());
15
}

16 catch (SystenException e)
17 {
18 signal = new Signal ("activity_commtted", null,
19 (java.io.Serializable)null);
20 }
21 }
22 else if (_conpletionStatus ==
23 Conpl eti onSt at us. Conpl eti onStat usFail)
24

{
2 signal = new Signal ("activity_rolledback", null,
2 (java.io.Serializable)null);
27 }
28 }
2 return signal;

After providing the signal activity_committed, if the ONT Signal Set related to a nested
activity receives an outcome on Set Response of:
 parent_has_completed (indicating that the Action failed to be registered with the par-
ent Acti vi t yCoor di nat or becauseit has completed), the Signal Set indicatesto
theAct i vi t yCoor di nat or through the Coordinationlnformation (useNextSignal
= true) that a subsequent signal shall be distributed. This next signa is
activity_rolledback. The Signal Set will subsequently return the outcome
parent_has_completed.

parent_add failed (indicating that the Action failed to be registered with the parent
Act i vi t yCoor di nat or dueto any other error), the Signal Set indicates to the
Acti vi t yCoor di nat or through the Coordinationl nformation (useNextSignal =
true) that a subsequent signal shall be distributed. This next signal is
activity_rolledback. The Signal Set will subsequently return the outcome
parent_add failed.

1 if ( resNane.equal s("parent_has_conpl eted") ||
2 resNane. equal s("parent _add_failed"))
3
{
4 _outcone = new CQut cone(resNane, (java.io. Serializable)null);
5 _conpl etionStatus = Conpl eti onSt at us. Conpl eti onSt at usFai | ;
6 coordl nfo = new Coordinationlnformation(true,true);
7 }
8
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After providing the signa activity rolledback, if the ONT Signal Set receives

« the Outcome response compensate failed indicating that an Action failsto invoke
compensate on the Compensator object the ONT Signal Set will return the outcome
heuristic_cannot_compensate. The same signal is sent to any remaining actions, but
no further signals are distributed.

9 else if ( resNane.equal s("conpensate_failed"))

10 {

un _outcone = new Qut cone("heuristic_cannot_conpensate",

12 (java.io. Serializable)null);
13 coordl nfo = new Coordinati onl nfornation(false, false);

14 }

A.2.2.5 Action I mplementation

The OpenNested service implements the javax.activity.coordination.Action interface with
an object that wraps the Compensator objects supplied by the application, and converts
received signals to appropriate calls on those objects.

If the Open Nested service Action receives the activity_committed signal it then looksfor
aparent coordinator reference in the extended data of the signal:

public Qutcone processSignal (Signal signal) throws ActionErrorException

1
2 {

3 Qutcone result = null;

4 if (signal.getNane().equal s("activity_committed"))
5

6

7

{
Acti vityCoordi nator acp =

(ActivityCoordinator)signal . get Ext endedVal ue();

If aparent coordinator referenceis found, the Action wraps its Compensator object in a
new Action, and registers it with the parent coordinator. The activity_committed signal
indicates to the Action that it is participating in an Activity that has, nominally, completed
successfully, but which may need to be compensated later, which iswhy it needsto ‘pro-
mote’ its Compensator to the parent activity. The Action then returns the Outcome
parent_add_successful. If the registration with the parent fails because the parent has com-
pleted (for example because of atimeout), it returns the Outcome parent_has compl eted.
If the registration with the parent fails due to any other failure, it returns the Outcome
parent_add failed.

8 if (acp!=null)
o {

10 try

un {
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12 int priority = _priority +
13 acp. get Nunber Regi st er edAct i ons(“ ONTSi gnal Set ") ;
14 acp. addAct i on(new Conpensat eActi on(_conpensat or,
15 priority), “ONTSignal Set”, priority);
16 result = new Qutconme("parent_add_successful ",
17 (java.io.Serializable)null);
18 } catch (111 egal StateException ie)
19
{
20 result = new Qut cone("parent_has_conpl et ed",
2 (java.io.Serializable)null);
2 } catch (Exception e)
2 {
24 result = new Qutcone("parent_add_failed",
25 (java.io.Serializable)null);
26
}

ONT SignalSet 1
activity_committed
activity_rolledback

ONT SignalSet n-1

Top level Activity 1

Nested Activity 2
(n-1)

Nested Activity 3
(n-2)

1- getSignal

FIGURE 34 Transactional Activity commitment and Compensation registrations

If the parent scope commits successfully, the Action will then register with the next scope
up; thisrecursively ends up in having al Compensator objects listed in the ONT Actions
and having the ONT Actions registered to the top-level ONT Signal Set asillustrated in
Figure 35.
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Transaction
Rolled back

ONT SignalSet i

Nested Activity i

FIGURE 35 Compensation on Activity rollback

If the Action receives the activity_committed signa with anull parent Acti vi t yCoor -
di nat or, itinvokesaf or get operation on the Compensator object to inform it about
thefinal completion.

1 _conpensator.forget();
2 result = new CQutcone("conpensate_successful ",
3 (java.io.Serializable)null);

If the Action receives the activity_rollback signd, it invokes the conpensat e operation
on the Compensator object. If the Action failsto invoke the Compensator object it returns
the outcome compensation_failed.

1 try

2 {

3 _conpensat or. conpensat e(nul ') ;

4 result = new Qutconme("conpensate_successful ",

5 (java.io.Serializable)null);
6

7

8

9

catch (Exception e)
{

result = new Qutcone("conpensate_failed",
10 (java.io.Serializable)null);

u }

After atimeout or once restarted, the OpenNested Service has the responsibility to inquire
of its associated activity using the get St at us operation onthe Acti vi t yCoor di -
nat or. If theActi vi t yCoor di nat or has completed, the Open Nested Service
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invokes conpensat e on the Compensator object. It has the responsibility to retry the
conpensat e method in case of failure.

An application progranmer may invoke the creation of atransaction or an activity within
theconpensat e operation. However if that transaction rolls back or the activity com-
pleteswith falure, it isup to appliceation to retry. The Open Nested Service which invokes
conpensat e isnot responsible for its behavior, but only responsible to reach the Com-
pensator object.

A.2.3 Example Flow Sequence

The OpenNested Serviceis shown in Figure 36 to begin two ONT Activities. The inner
activity and its associated transaction compl ete successfully, so the Compensator for this
committed transaction is registered with the outer (parent) activity. In this example, when
the parent activity is completed the associated transaction rolls back, so compensation of
thefirst transaction is performed.
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: User o : Activity : JTA senice Cc2: : Action
Us erOpenNested Senice Compensator
‘ 1: activityBegin() ‘ ‘ ‘ ‘
2: begin()
E—
EJ 3: begin() ‘ ‘ ‘
4: activityBegin ‘ /I-ﬁ ‘ ‘
yBegin() T 5: begin()
>
E;6: suspend( ) ‘ ‘ ‘
‘ 7: begin( ) ‘ ‘
8: creat
I | T |
9: actiityCommit (C2) 10: commif() /U
L : |
‘ /IT‘ 11: create( ) ‘

|

12: addAction( ) ﬁ
13: complete( )
= [H Txnrolls back ‘
14: activity Commit( ) Lo

15: commit( )

/I-‘JN: processSignal() ‘
L ‘ 18: compensate( ‘J

16: complete( )

—

FIGURE 36 Use of Open Nested Service: sequence diagram

10. The user requests that the first (outer) ONT Activity is begun

1. The Open Nested service callsthe Activity service to begin an activity.

12.  The Open Nested service calls the transaction service to begin a JTA transaction.
13.  The user requests that the second (inner) ONT Activity is begun.
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14.

15.

16.
17.

18.
19.
20.

21
22.

23.
24.

25.
26.
27.

The Open Nested Service calls the Activity service to begin a second activity, which
is nested by the Activity service within the first activity.

The Open Nested Service calls the transaction service to suspend the first JTA trans-
action and to

begin asecond JTA transaction.

The user performs some transactiona work, and creates a Compensator object which
can compensate that transactional work if necessary.

The user requests that the inner ONT Activity be committed.

The Open Nested Service commits the inner transaction successfully.

The Open Nested Service creates an Action to represent the Compensator for the
committed transaction, and

adds it to the parent activity.

The inner activity is completed with CompletionStatusSuccess; there are no Actions
registered with this activity so no signals are sent.

The user requests that the outer ONT Activity be committed.

The Open Nested Service tries to commit the associated transaction, but in this exam-
ple, this transaction rolls back.

The Open Nested Service completes the outer activity with CompletionStatusFail, so
the activity_rolledback signal is sent to the Action which

calsconpensat e on the Compensator, thus compensating for the transactional
work that was committed in step 10.
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Appendix B Change History

B.3 Publicdraft 0.1, June 6 2003

Change barsin this draft indicate changes made since the Community Review Draft.

B.3.1 Javadoc

Added Recover abl eAct i on class. Returnthison Ser vi ceManager . get Ac-
tions().

Added par ent andr esune paramatersto User Acti vity.recreate().
Added r ecover andf or get methodstoUser Acti vity.

Added Act i vi t yConpl et edExcept i on toSer vi ceManager r ecover -
Act i ons andr ecover Si gnal Set s methods

Added conpl et eActivity, processSignal Set andheuristicCom
pl et e methodsto Acti vi t yCoor di nat or

Added St at usConpl eti ngHeur i sti c toSt at us

Added hi ber nat e andr eact i vi at e methodstoAct i vi t yManager
Added r ecover Propert yGroup to Propert yG- oupManager
Maked obal | d extend Seri al i zabl e.

B.3.2 Specification

“Introduction” on page 3 - tidied up language relating to web services.

“Activity lifecycle” on page 21 - created this section. Introduced hi ber nat e and
reactivate function.

“ActivityManager” on page 23 - associate hi ber nat e and r eact i vat e methods
with Acti vi t yManager interface.

“PersistentActivityCoordinator” on page 25 - added this description of existing inter-
face.

* “ServiceManager” on page 27 - specify INDI location of ServiceManager implemen-
tation.
“RecoverableAction” on page 28 - added description of thisinterface.

“Recovery” on page 32 - updated section to describe the new option onr ecr eat e
to control context association with thread after recovery and also the new r ecover
and f or get methods.

“Heuristic Completion and timeout” on page 33 - created this section.

81



J2EE Activity Service

» “Recovering after faillure’ on page 48 - updated sequence diagram and description.
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