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Typographical and Linguistic Conventions and Style

Theinitid letters of wordsin terms which are defined (at least in their substantive or infinitive
form) in the Glossary are capitalized whenever the term used with that exact meaning, thus:

Cancel
Parti cipant
Application Message
Thefirst occurrence of aword defined in the Glossary is given in bold, thus:

Coordinator

Such words may be given in bold in other contexts (for example, in section headings or captions)
to emphasize their status as formally defined terms.

The names of abstract BTP protocol messages are given in upper-case throughout:
BEGIN
CONTEXT
RESIGN
The values of elements within a BTP protocol message are indicated thus:
BEGIN/atom
BTP protocol messages that are related semantically are joined by an ampersand:
BEGIN/atom & CONTEXT
BTP protocol messages that are transmitted together in a compound are joined by a + sign:
ENROL + VOTE
XML schemata and instances are given in Courier and are shaded:
<bt p: begin> ... </btp: begin>
Termssuch as MUST, MAY and so on, which are defined in RFC [TBD number], “[TBD titlg]”
are used with the meanings given in that document but are given in lowercase bold, rather than in

upper-case:

An Inferior must send one of RESIGN, PREPARED or CANCELLED toits
Superior.
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Part 1. Purpose and Features of BTP

1 Introduction

This document, which describes and defines the Business Transaction Protocol (BTP), isa
Committee Specification of the Organization for the Advancement of Structured Information
Standards (OASIS). The standard has been authored by the collective work of representatives of
numerous software product companies (listed on page 3), grouped in the Business Transactions
Technical Committee (BT TC) of OASIS.

The OASIS BTP Technical Committee began itswork at an inaugural meeting in San Jose, Calif.
on 13 March 2001, and this specification was endorsed as a Committee Specification by a
unanimous vote on 16™ May 2002.

BTPisdesigned to alow coordination of application work between multiple participants owned
or controlled by autonomous organizations. BTP uses a two-phase outcome coordination protocol
to ensure the overall application achieves a consistent result. BTP permits the consistent outcome
to be defined a priori -- al the work is confirmed or noneis -- (an atomic business transaction or
atom) or for application intervention into the selection of the work to be confirmed (a cohesive
business transaction or cohesion).

BTP s ability to coordinate between services offered by autonomous organizations makes it
ideally suited for usein aWeb Services environment. For this reason this specification defines
communications protocol bindings which target the emerging Web Services arena, while
preserving the capacity to carry BTP messages over other communication protocols. Protocol
message structure and content constraints are schematized in XML, and message content is
encoded in XML instances.

The BTP allows great flexibility in the implementation of business transaction participants. Such
participants enabl e the consistent reversal of the effects of atoms. BTP participants may use
recorded before- or after-images, or compensation operations to provide the “roll-forward, roll-
back” capacity which enables their subordination to the overall outcome of an atomic business
transaction.

The BTPisan interoperation protocol which defines the roles which software agents (actors) may
occupy, the messages that pass between such actors, and the obligations upon and commitments
made by actors-in-roles. It does not define the programming interfaces to be used by application
programmers to stimulate message flow or associated state changes.

The BTPis based on a permissive and minimal approach, where constraints on implementation

choices are avoided. The protocol also tries to avoid unnecessary dependencies on other
standards, with the aim of lowering the hurdle to implementation.
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2 Deferred topics

Certain issues were considered in the development of this document, but final and complete
resolutions were not included in this edition. These areas are potential subjects for future work of
the BTP Technical Committee.

2.1 Conformance

The BT Technical Committee recognizes that the iggroach to conformance taken in this
Committee Specification (see section * in part 2) may not fully meet the
needs of consumers of an eventual OASIS Standard. We plan to evaluate the conformance

requirements along with comments from implementers and users with a mind to decreasing the
number of conformance points. Comments on this subject will be appreciated.

2.2  Interoperation

BTP isan interoperation protocol: assuming unambiguous specification and faithful
implementation any two independent implementations using an agreed carrier-protocol binding
should exchange and process BTP messages (sometimes in association with application
messages) in such away that they are mutualy intelligible, are processed in sequence and with
consequences as defined in this specification to give effect to agreed business-defined
coordinated updatesin all parties participating in atransaction.

Initswork the BT Technical Committee began discussion of the issuesinvolved in testing
interoperability between implementations of BTP 1.0. Such testing can only be effected when
using an agreed application protocol and data, and a common carrier protocol. |mplementations of
the carrier protocol concerned (e.g. SOAP 1.1/HTTP 1.1) may themselves be non-interoperable,
and that issue can only be addressed independently by the body or bodies responsible for
establishing interoperability for such a carrier protocol.

23  Security

The BT Technical Committee has consciously deferred addressing integration with security
standards or technology. BTP version 1.0 therefore assumes that all actors are within atrust
domain. Comments on this topic are invited.

24  Transaction coordinator migration

Migration of the transaction coordination rolesis an important feature for scalable transaction

systems. The BT Technica Committee plans to examine thisissue before moving to an OASIS
standard. Please see the Informative Annex A for afirst step in thisdirection.

OASIS BTP Committee Specification 1.0, 3 June 2002 Page 12 of 188



358

359
360

361

362
363

364

365

366
367

368
369

370
371

372

373
374

375

376

377

3 Development and Maintenance of the Specification

For more information on the genesis and development of BTP, please consult the OASIS BT
Technical Committee’ s website, at

| httg://www.oasis-open.org/committees/business-transactiongl{

As of the date of adoption of this specification the OASIS BT Technical Committee is still in
existence, with the charter of

0 maintaining the specification in the light of implementation experiences
o coordinating publicity for BTP

o liaising with other standards bodies whose work affects or may be affected by
BTP

O reviewing the appropriate time, in the light of implementation experience and
user support, to put BTP forward for adoption as afull OASIS standard

If you have a question about the functionality of BTP, or wish to report an error or to suggest a
modification to the specification, please send a message to (and, if you wish, subscribe to):

iness-transaction-comment@lists.oasis-open.or

Any employee of a corporate member of OASIS, or any individual member of OASIS, may
subscribe to OASIS mail lists, and is also entitled to apply to join the Technical Committee.

The main list of the committeeis:

PSS ———— |
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4 Structure of this specification

This specification document includes, in Part 1, an explanation and description of the conceptua
model of BTP, and, in Part 2, afully normative specification of the protocol.

The use and definition of termsin the model can be regarded as authoritative but should not be
taken to restrict implementations or uses of BTP. In case of (unintended) disagreement between
the parts, Part 2 takes precedence over Part 1.

Part 1 contains
*  Executive Summary
*  Thisdocument structure description
e Conceptual Model

Part 2 contains the following sections:

e Actors, roles and relationships: defines the model entities used in the specification,
their relationships to each other and indicates the correspondence of these to rea
implementation constructs; this section also lists which messages are sent and received
for each role.

« Abstract message set: defines a set of abstract messages that are exchanged between
software agents performing the various roles to create, progress and complete the
relationships between those roles. For each abstract message the parameters are defined
and the associated “contract” is stated — the contract defines the meaning of the
message in terms of what the receiver can infer of the sender’s state and the intended
effect on the receiver. This section does not itself specify a particular encoding or
representation of the messages nor a single mechanism for communicating the

messages

o Statetables: specifies the state transitions for the Superior and Inferior roles, detailing
when particular messages may be sent and when internal decisions may be made that
affect the state

* XML representation: defines an XML representation of the message set. Other
representations of the message set, or parts of it are possible — these may or may not be
suitable for interoperation between heterogeneous implementations.

e Carrier protocol bindings: defines a“carrier binding proforma’ that details the
information required to specify the mapping to a particular carrier protocol such that
independent implementations can interoperate. The proforma requires an identification
for the binding, the nature of the addressing information used with the binding, how the
messages are represented and encoded and how they are carried (e.g. which carrier
protocol messages or fields they arein) and may include other requirements.

» Using the carrier protocol proforma, this section fully specifies bindings to SOAP 1.1,
using the XML representation of the abstract message set.
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414 e Conformance definitions. defines combinations of facilities (expressed asroles) that an
415 implementation can declare it supports

416  Part 3 contains a glossary that provides succinct definitions of terms used in the rest of the
417  document.

418  Part 4 contains an informational annex that defines a format for the serialised state information of
419 aBTPnode.

420 5 Conceptual Model

421  Thissection introduces the concepts of BTP. Its use and definition of terms can be regarded as
422  authoritative but should not be taken to restrict implementations or uses of BTP. Part 2 of the
423  gpecification is fully normative and in case of disagreement takes precedence over statements or
424 examplesin this section.

425 51  Concepts

426  BTPisdesigned to make minimal assumptions about the implementation structure and the

427  propertiesof the Carrier Protocols. ThisalowsBTP to be bound to more than one Carrier

428  Protocol. BTPimplementations built in quite different ways should be able to interoperate if they
429  are bound to the same Carrier Protocol. Thisflexibility requires that much of the text is abstract
430 and may be difficult to visualise in the absence of a particular implementation pattern or Carrier
431  Protocol. To aid understanding some possible implementation examples are presented in the
432  following text.

433 Example Core

434 An advanced manufacturing company (Manufacturer A) orders the parts and services it
435 needs on-line. It has existing relationships with parts suppliers and providers of services
436 such as shipping and insurance. All of the communications between these organizations
437 iIsviaXML messages. The interactions of these business transactions include:

438 1. Manufacturer A's production scheduling system sends an Order message to a

439 Supplier.

440 2. The Supplier’s order processing system sends back an order confirmation with the
441 details of the order.

442 3. Manufacturer A orders delivery from a Shipper for the ordered parts.

443 4. The Shipper evaluates the request and based on its truck schedule it sends back a
444 positive or negative reply.

445 5. Some shipments need to be insured based on their value, where they are shipped
446 from, and method of transportation. Manufacturer A sends an Order message to an
447 Insurer when thisis necessary.

448 6. Thelnsurer responds with abid or a no-bid response.
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Problems have arisen with some of these interactions.

e Manufacturer A had ordered parts from a supplier and contacted shipper M about
delivering the goods. Shipper M was busy and agreed to the contract but only for a
scheduled delivery the day after the parts were needed. By the time thiswas
addressed it wastoo late to schedul e alternate shipping.

e There were communications problems with supplier Z that resulted in an order not
being confirmed. The shipper arrived to pick up the order and supplier Z knew
nothing about it.

«  Goods have been shipped without insurance when company policy dictated that
insurance was required.

These problems occur because of the unreliable nature of the Internet and the lack of
visibility a company has into the workings and state of an outside organization. By using
BTP in support of this supply application, these problems can be ameliorated.

BTPisaprotocal, that is, a set of specific messages that get exchanged between computer
systems supporting an application, with rules about the meaning and use of the messages. The
computer systems will also exchange application-specific messages. Thus, within the example,
the Manufacturer’ s system and the Supplier’s system (say), will exchange messages detailing
what the goods are, how many, what price and will also exchange BTP messages. The parts of the
application in both systems that handle these different sets of messages can be distinguished, asin
In each BTP-using party thereisan Application Element and aBTP Element. The
Application Elements exchange the order information and cause the associated business functions
to be performed. The BTP Elements, which send and receive the BTP messages, perform specific
rolesin the protocol. These BTP Elements assist the application in getting the work of the
application done. The Application Element, as understood by this model, may include supporting
infrastructure elements, such as containers or interceptors, as well as application-specific code.

Z Supplier
Application
Element

M
Manufacturing Shipping
Application Application
Element Element

Insurance
Application
Element

Figure5-1 —Manufacturer Example
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5.1.1 Business transactions

A Business Transaction can be defined as a consistent change in the state of a business
relationship between two or more parties. A business relationship is any distributed state held by
the parties which is subject to contractual constraints agreed by those parties. For example, an
master purchasing agreement, which permits the placing of orders for components by known
buying organizations allows a buyer and a seller to create and subsequently exchange meaningful
information about the creation and processing of an order. Such agreements (and the consequent
specification of shared or canonical data formats and of the messages that carry those formats,
and their permitted sequences, all of which are needed for an automated implementation of an
agreement) stem from business negotiations and are specific to a particular trading or information
exchange community (group of potential parties). This definition of abusinessrelationshipis
deliberately silent on the nature of the “business’ transacted between the parties: it might be
trading for profit, verification of authorizations for expenditure or loans, consistent publication
(replication) of government ordinances to multiple sites, or any other computerized interaction
where the parties require high confidence of consistent delivery or processing of data. In each
party or site where business relationship state resides an Application System must exist which
can maintain that state and communicate it as needed to other parties.The Business Transaction
Protocol (BTP) assists the Application Systems of the various parties to bring about consistent
and coordinated changes in the relationship as viewed from each party. BTP assumes that for a
given Business Transaction, state changes occur, or are desired, in computer systems controlled
by some set of parties, and that these changes are related in some application-defined manner.
BTP assumes that the parties involved in a Business Transaction have distinct and autonomous
Application Systems, which do not require knowledge of each others’ implementation or internal
state representationsin volatile or persistent storage. Access to such loosely coupled Application
Systems is assumed to occur only through service interfaces.

Thus the state changes that BTP is concerned with are only those affecting the immediate
business relationship. Although these externally visible changes will typically correspond to
internal state changes of the parties, use of BTP does not itself imply any constraints or
requirements on the internal state

5.1.2 External Effects

BTP coordinates the state changes caused by the exchange of Application Messages. These state
changes are part of the Contract between BTP-using parties. In the manufacturing example, an
interaction between the manufacturer and the supplier might involve the supplier receiving the
order (an Application Message), checking to ensure that it had enough product on hand, reserving
the product in the manufacturer’ s name and replying. When the manufacturer agreesto the
purchase (assuming the shipping and insurance are also reserved), BTP messages are sent to
confirm the purchase. In this case, the supplier is offering a BT P-enabled service —the
Application Element and its supporting BTP Elements together offer this service.

! Although a Business Transaction is defined as concerning a business relationship, the facilities
of BTP make it suitable for other environments where loosely coupled systems require
coordination and consistency.

OASIS BTP Committee Specification 1.0, 3 June 2002 Page 17 of 188



514
515
516
517
518
519

520
521
522
523

524

525
526
527

528
529
530
531
532
533

534

535
536
537
538
539

In general, to be able to satisfy such contracts a BT P-enabled service must support in some
manner provisiona or tentative state changes (the transaction’s Provisional Effect) and
completion either through confirmation (Final Effect) or cancellation (Counter-effect). The
meaning of provisional, final, and Counter-effect are specific to the application and to the
implementation of the application. In the example, the reservation of the order isthe Provisiona
Effect, the completion of the purchase is the Final Effect.

Some of the implementation approaches are shown in . From the perspective of BTP and
theinitiator application, all these are considered equivalent. Outside of BTP the underlying
business relationship (or Contract) between the parties can constrain the degree to which the
effectsarevisible.

Tablel Somealternativesfor Provisional, Final and Counter-Effects

Provisional Effect Final Effect Counter effect Comment

Store intended Perform the Deletethe stored | Provisional Effect
changes without changes changes, may include
performing them unperformed checking for validity
Perform the changes, Delete undo Perform undo One form of
making them visible; | information action compensation
store information to approach

undo the changes

Store original state, Allow access Restore original atypical database
prevent outside state; allow approach

access, perform access

changes

These alternatives are not the only ones — they can be combined or varied. The visible state of the
application information prior to confirmation or cancellation may be different from both the
original state and the final state.

Especially in the compensation approach, if the changes are cancelled, the Counter-effect may be
aprecise inversion or removal of provisional changes, or it may be the processing of operations
that in some way compensate for, make good, alleviate or supplement their effect. There may be
side-effects of various kinds from a Counter-effected operation — such as levying of cancellation
charges or the record of the operation may be visible, but marked as cancelled. The possibility of
these side-effectsis considered to be part of the overarching Contract.

5.1.3 Two-phase outcome

The BTP protocol coordinates the transitions into and out of the event states described above by
sending messages between the transaction parties. Thisinvolves atwo-phase exchange. First the
Application Elements exchange messages that determine the characteristics and cause the
performance of the Provisional Effect; then a separate message, to the BTP Element, asking for
the performance of the final or the counter effect.
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In general, the Application Elements in the systemsinvolved having first communicated the
Application Messages, each system that has to make changesin its own state:

e determines whether it isable achieveits Provisiona Effect and then ensure it will be
able either to Cancel (Counter-effect) its operation or to Confirm (give Final Effect to)
its operation, whichever is subsequently instructed, and

* reportsits ability to Confirm-or-cancel (its preparedness) to a central coordinating
entity.
And, after receiving these reports, the coordinating entity:

e determines which of the systems should be instructed to Confirm and which should be
instructed to Cancel

* informs each system whether it should Confirm or Cancel (the “outcome”).by sending
amessage to its BTP Element

When there is more than one system that has to make changes such a two-phase exchange
mediated by a coordinator is required to achieve a consistent outcome for a set of operations.
The two-phases of the BTP protocol ensure that either the entire attempted transaction is
abandoned or a consistent set of participants is confirmed.

5.1.4 Actors and roles

BTP centres on the bilateral relationship between the computer systems of the coordinating entity
and those of one of the partiesin the overall Business Transaction. For each bilateral relationship
in a Business Transaction, a software agent within the coordinating entity’ s systems plays the
BTP Role of Superior and a software agent within the systems of the party play the BTP Role of
Inferior. The concept “Role’ refers strictly to the participation in a particular relationship in a
particular Business Transaction. The software agent performing aRole istermed an Actor. An
Actor is distinguished from other Actors by being distinguishably addressable. The same Actor
may perform multiple rolesin the same Business Transaction (including the case where a
Superior isaso an Inferior), and may aso perform the same or different rolesin multiple
Business Transactions, either concurrently or consecutively.

5.1.5 Superior:Inferior relationship

A basic case of asingle Superior:Inferior relationship, including the association with Application
Elements, isillustrated in Hi -2 In many cases, including the manufacturer supply example,
the Application Element associated with the superior will directly initiate the application
exchanges —as does the manufacturer’ s application Client to the supplier’ s server, for example —
but thisis not invariably the case. It is possible that the first direct communication between the
Application Elementsis from one associated with an inferior to the one associated with the
superior —for example, with an application that requested quotes by advertising the identity and
location of the Superior aong with invitation to quote; incoming quotes would be the first direct
Application Message exchanged. In all cases the topmost Application Element in atree or subtree
will be aware of the Business Transaction first. How the identity of the transaction and the
address of the BTP Superior are communicated to the secondary Application Element is a matter
for the Application Protocol and not strictly part of BTP, although it will commonly be done by
associating aBTP CONTEXT message with Application Messages..
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Figure5-2 Basic Superior:Inferior relationship for BTP

An Inferior is associated with some set of application activities that create effects within the
party, for agiven Business Transaction. As stated above, commonly, though not invariably, this
application activity within the party will be aresult of some operation invocations from elsewhere
(shown as the “initiating Application Element” infFi associated with the Superior to an
Application Element associated with the Inferior (mgvi ce Application Element”). This
second Application Element determines what activities the Inferior is responsible for, and then
the Inferior isresponsible for reporting to the Superior whether the associated operations
Provisional Effect can be confirmed/cancelled —thisis called “becoming prepared”, because the
Inferior has to remain prepared to receive whichever order eventually arrives (subject to various
exceptions and exclusions, detailed below).

5.1.6 Business Transaction Trees

There are many patterns in which the service provider participants involved in a Business
Transaction may be arranged in respect of the two-phase exchange and the determination of
which are eventualy confirmed. The simplest isshownin m nvolving only two parties —
one (B) making itself subject to the decision of Confirm-or- ade by the other (A). This
basic bilateral relationship, in which one side makes itself inferior to the other, is the building
block used in all Business Transaction patterns. In this simplest case, the “coordination” by the
superior, A, isjust that A can be sure whether the operations at the inferior, B were eventually
cancelled or confirmed.

A Superior Inferior

Figure 5-3 Simple two-party Business Transaction

In the next smplest case, asin abilateral, Superior:Inferior relationship appears
twice, with two Inferiors, D and E, both making themselvesinferior to asingle Superior, C. From
the perspective of either D or E, they are in the same position as B in the previous case —they are
unaware of and unaffected (directly) by each other. It is only within C that there is any linkage
between the Confirm-or-Cancel outcomes that apply to D and E.
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Superior
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Figure 5-4 Business Transaction with two inferiors

The same Superior:Inferior relationship is used in Business Transaction Trees that are both
“wider” —with more Inferiors reporting their preparedness to be Confirm-or-canceled to asingle
Superior —and “deeper”. In a“ deeper” tree, asin Figure 5-5, an entity (G) that is Superior to one
or more Inferiors (H, J), isitself Inferior to another entity (F) —it issaid to be interposed or isan
Intermediate (either term can be used). In this case, G will collect the information on
preparedness of its Inferiors before passing on its own report to its Superior, F, and awaiting the
outcome as advised by F.

Superior

Inferior Inferior

Figure 5-5 Business Transaction with an Intermediate (inter postion)

A Business Transaction Tree, made up of these bilateral Superior:Inferior relationships can, in
theory, be arbitrarily “wide” or “deep” —there are no fixed limits to how many Inferiorsasingle
Superior can have, or how many levels of intermediates there are between the top-most Superior
(that is Inferior to none) and the bottom-most leaf Inferior. The actual creation of the tree depends
on the behaviour and requirements of the application. Given the (potentialy) inter-organi sational
nature of Business Transactions, there may be no overall design or control of the structure of the
tree.

Each Inferior has only one Superior. However, a single Superior may (and commonly does) have
multiple relationships with Inferiors, and may have such relationships with multiple Inferiors
within each party to the transaction, and with Inferiors within multiple parties.
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5.1.7 Atoms and Cohesions

As described in the previous section, the Superior receives reports from its Inferiors as to whether
they are prepared. It gathers these reportsin order to ascertain which Inferiors should be cancelled
and which confirmed - those that cannot prepare will have already cancelled themselves. This
determined, directly or indirectly, by the Application Element responsible of the creation and
control of the Superior, which determines the nature of the Superior. There are two dimensions of
variation in the Superior: isit an Inferior to another Superior; doesit treat its own Inferiors
atomically or cohesively. The distinction between atomic and cohesive behaviour is whether the
Superior will choose or alow some Inferiors to Cancel while others Confirm — thisis not allowed
for atomic behaviour, in which al must Confirm or all must Cancel, but isfor cohesive.

The possible cases for a Superior, given these two dimensions of variation, are:

a) the Application Element initiated the Business Transaction (causing the creation
of the Superior), and instructed that dl Inferiors of the Superior should Confirm
or all should Cancel; the Superior is an Atom Coordinator;

b) the Application Element initiated the Business Transaction, but deferred the
choice of which Inferiors should Confirm until later, allowing it (the Application
Element) to choose some subset to be confirmed, others to Cancel; the Superior
isa Cohesion Composer;

) the Application Element was itself involved in an existing Business Transaction,
and the Superior in thisrelationship is the Inferior in another one; this
Application Element instructed that all Inferiors of this Superior should Confirm,
but only if confirmation is instructed from above or al should Cancel; the
Superior isan (atomic) Sub-coordinator;

d) the Application Element was itself involved in an existing Business Transaction,
and the Superior in thisrelationship is the Inferior in another one; this
Application Element deferred the choice of which Inferiors should be candidates
to Confirm until later, allowing it (the Application Element) to choose some
subset to be confirmed, given that confirmation is instructed from above, others
to Cancel; the Superior isa(cohesive) Sub-composer.

In the atomic case, the two-phase outcome exchange means a Superior acting as an atomic
Coordinator or sub-coordinator will treat any Inferior which cannot prepare to Cancel/Confirm as
having veto power, causing the Superior to instruct all its Inferiors to Cancel. A Business
Transaction whose topmost Superior is atomic is an Atomic Business Transaction, or Atom —
the superior is the Atom Coordinator.

In the cohesion case, with the Superior acting as a cohesive Composer or Sub-Composer, the
controlling Application Element will determine the implications of an Inferior’s failure to be
prepared to Confirm-or-Cancel; the Application Element may Cancel some or all other Inferiors,
do other application work, which may involve new Inferiors or may just accept the cancellation of
that one Inferior and carry on. A Business Transaction whose topmost Superior is cohesiveisa
Cohesive Business Transaction, or Cohesion —the Superior isthe Cohesion Composer.
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For a Cohesion, the set of Inferiors that eventually Confirm is called the Confirm-set. Thetermis
also used to mean the set of Inferiors that have been chosen to (potentially) Confirm before the
final outcome is decided — if the Cohesion is eventually cancelled, then Confirm-set cancels. (See
t1). The Confirm-set of an Atom is all of the Inferiors.

If the Superior isitsdf an Inferior, its own action of becoming prepared, and reporting thisto its
own Superior will depend on the receipt of prepared reports fromits Inferiors. If it isaomic (i.e.
is asub-coordinator), it will only Become Prepared if al Inferiors reported preparednessto it; if
it is cohesive (i.e. is a sub-composer), the controlling Application Element will determine whether
the set of Inferiorsthat have reported as prepared is sufficient.

If the Superior isnot an Inferior, the determination of when, if and, for a Cohesion, what it should
Confirm depends on the controlling application. This “top-most” Superior has a different
relationship to the controlling application to that of an Inferior to its Superior: an Inferior reports
that it is prepared to the Superior, which instructs it whether to Cancel or to Confirm; the top-
most Superior is asked by the Application Element to attempt to Confirm, but, dependent on the
preparedness of its Inferiors, the top-most Superior makes the fina decision. Consequently the
top-most Superior istermed the Decider; the Application Element that asks it to Confirm isthe
Terminator.

5.1.8 Participants, Sub-Coordinators and Sub-Composers

An Inferior may directly be responsible for applying the Confirm-or-Cancel decision to some
application effects, or may in turn be a BTP Superior to which others will enrol. If it only handles
application effectsit is called a Participant, in the latter caseit is called a Sub-coordinator or a
Sub-composer, depending on whether it isatomic or cohesive with respect to its own future
Inferiors. (If an Inferior is both responsible for application effects, and isa BTP Superior, it isnot
considered a Participant, according to the strict definitions, though informally it may be referred
to as such.) The Superior is unaware, viathe BTP exchanges, whether the Inferior is a Participant,
Sub-coordinator or Sub-composer. This specification does not define messages or interfaces for
the creation of Participants or for the Application Element to tell the Participant what the
application effects are or how they are to be confirmed or cancelled as necessary. (Although out-
of-scope for this specification, one or more APIs could be standardised.)

5.2  Businesstransaction lifecycle
5.2.1 Business Transaction creation
This section describes in some detail how a BTP Business Transaction is created. The interaction

diagramin al so shows this sequence. The messages shown in lower-case italics
(between Factory and Coordinator) represent interactions that are not specified in BTP.
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Figure 5-6 — Creation of a Business Transaction

A Business Transaction is started at the initiative of an Application Element, which causes the
creation of a Coordinator or Composer. Any Inferiors participating in this transaction will enrol
with this Superior. BTP defines abstract messages (BEGIN, BEGUN) to request this but the
equivalent function can aso be achieved using proprietary means, especialy if the Factory or
Coordinator isan internal component of the initiating application. If the BTP messages are used,
the Application Element performs the Role of Initiator and sends BEGIN to a Factory. The
BEGIN message identifies whether a Coordinator (for an Atom) or a Composer (for a Cohesion)
isdesired. The Factory, after the creation of the new Coordinator or Composer, replies with
related BEGUN and CONTEXT messages. "Related" means they are sent together in a manner
that has semantic significance; how thisis represented is determined by the binding in use. The
Coordinator's or Composer's creation is the establishment of a new instance of aBTP Role. It
may involve only the assignment of a new identifier within an existing Actor (which may also be
performing the Factory Role, for example). Alternatively anew Actor with adistinct address
may be instantiated. These and other aternatives are implementation choices, and BTP ensures
other Actors are unaffected by the choice made.

The BEGUN message provides the addressing and identification information needed for a
Terminator to access the new Coordinator or Composer as Decider; the Application Element
performing the Initiator Role may itself act as Terminator, or may pass this information to some
other Application Element.

Whether thisinteroperable BTP Initiator:Factory relationship or some other mechanism is used to
initiate the Business Transaction, a CONTEXT is made available. Thisidentifies the Coordinator
or Composer as a Superior — containing both addressing information and the identification of the
relevant state information. The CONTEXT is also marked as to whether or not this Superior will
behave atomically with respect to its Inferiors (i.e. isit a Coordinator or Composer).
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5.2.2 Business Transaction propagation

The propagation of the Business Transaction from one party to another, to establish the
Superior:Inferior relationships involves the transmission of the CONTEXT. Thisis commonly in
association with, or related to, one or more Application Messages between the parties. In atypical
case, an Application Message is sent from the Application Element that performed the Initiator
Role (the “sending application” in w to some other element (the receiving application).
The CONTEXT is sent with the Applicaiion Message in such away that the Application
Elements understand that work performed as aresult of the Application Message is to be the
subject of a Confirm-or-Cancel decision of the Superior=" The receiving Application Element
causes the creation of an Inferior (which, as for the Superior may involve just assignment on a
new identifier, or instantiation of an new Actor) and ensures the new Inferior is enrolled with the
Superior identified in the received CONTEXT, using an ENROL message sent to the Superior
using the address in that CONTEXT.

MShows a sequence diagram of the propagation of a Business Transaction. It is assumed
the transaction has already been created, and thus the Application Element and Coordinator exist.
The diagram shows the Enroller as a distinct Role, with non-standardised interactions between the
Application Element, the Enroller and the new Inferior The Enroller Role may in fact be
performed by the Application Element, by the Inferior or by a distinct entity. At least the
Superior-identifier and Superior-address from the CONTEXT has to be passed the Enroller and to
the Inferior so they can communicate with the Coordinator (whose identifier and address these
are).

% The rel ationship between the application activity and BTP is subtle, and summarised in this
sentence.
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753 5.2.3 Creation of Intermediates (Sub-Coordinators and Sub-Composers)

754 If the new Inferior isto be a Sub-coordinator or Sub-composer, this can be created using a non-
755  standard mechanism or the Initiator: Factory relationship can be used again. Frgore5-§ shows a
756  sequence diagram, using the latter mechanism. The Application Element, havimgTece
757  Application Message and a CONTEXT from some Superior — shown as a Coordinator/ain the
758  diagram - wantsto create the new Inferior and acting in the Initiator Role, issues BEGIN to the
759  Factory, but the CONTEXT for the original Superior (Coordinator/a) is “related” to the BEGIN.
760  TheFactory isresponsible for enrolling the new Sub-coordinator or Sub-composer as an Inferior
761  of the Superior identified by the received CONTEXT. The reply from the Factory is arelated

762  BEGUN and CONTEXT —this being the CONTEXT for the new Sub-coordinator (‘b’) or Sub-
763  composer as a Superior. The Sub-coordinator/Sub-composer is hot a Decider, asits decision is
764  subordinated to the outcome received from the Superior. For a Sub-coordinator, further control by
765  theapplication is primarily a matter of relating the new CONTEXT to appropriate application

766  activity. For a Sub-composer, there is aso arequirement for the application to determine which of
767  theInferiors of the Sub-composer must have reported they are prepared before the Sub-composer
768  canreport that it isitself prepared to its own Superior, and then which of these Inferiors are to be
769  ordered to Confirm if the Sub-composer is ordered to Confirm. This specification does not

770  provide an interface or interoperable message to control this; like the relationship between

771 Application Element and Participant, it is|eft to the implementation or independent

772  standardisation.
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Figure 5-8 — Creation of a Sub-coor dinator

The creation of anew Inferior and establishment of a Superior:Inferior relationship does not
aways imply that the BTP Actors are under the control of different business parties or
Application Elements. In particular, an Application Element may begin a Cohesion, then create
and enrol (atomic) Sub-coordinators as Inferiors of the Composer, then associate a different Sub-
coordinator’'s CONTEXT with each of several aspects of the application work, transmitting that
CONTEXT with the Application Messages for that aspect to the other partiesin the Business
Transaction. Those parties can then create Participants (or other Inferiors) that are enrolled with
the appropriate Sub-coordinator. Later, the Application Element (as Terminator, or its equivalent)
can choose which of the Cohesion Composers' Inferiorsto Cancel and which to Confirm. By
interposing its own atomic Sub-coordinator the initiating Application Element can indicate to the
other parties that some associated set of application work will be confirmed or cancelled as a unit.
This may allow the receiving parties to share information between Application Operations and
to make one Participant responsible for applying the outcome to several operations.

5.24 “Checking” and context-reply

In BTP, enrolment is at the initiative of an Application Element that has received or has access to
the CONTEXT which creates an Inferior (BTP usesa“pull” paradigm for enrolment). An
Application Element in possession of a CONTEXT can choose, perhaps constrained by an
overarching business and application understanding, whether and how many Inferiorsto create
and enrol. Consequently, in general, an Application Element which propagates a CONTEXT to
another (viawhatever mechanisms it choose), cannot be sure how many Inferiors will be enrolled
as aresult. Without further controls, there would be a possibility that an Application Element
receiving a CONTEXT might attempt to enrol an Inferior with a Superior after the Superior had
been asked to Confirm, or even had completed confirmation. In such a case application work that
should have been part of a confirmed Atomic Business Transaction could be cancelled, violating
the atomicity in a manner that will not be apparent to the application.
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To avoid this, whenever a CONTEXT istransmitted to another party by or on behalf of the
application, the transmission of the CONTEXT itself can be replied to with a
CONTEXT_REPLY message — thisisrequired for an Atom, allowed for a Cohesion. An
Application Element that has received aBTP CONTEXT is able, because {t-knows the Superior’s
identification and address in the CONTEXT, to enrol Inferiors ( Replying with
CONTEXT_REPLY meansthat the sender (the earlier receiver of a CONTEXT) will not enrol
any more Inferiors. Consequently the sender of a CONTEXT can keep track of whether there are
any outstanding (un-replied to) CONTEXTs that could be used for an enrolment and can avoid
requesting or permitting confirmation until everything is safe. This check isrequired for an Atom,
but is not always essential when the CONTEXT isfor a Cohesion. For a Cohesion, it is a matter
for the controlling application whether al would-be Inferiors must be enrolled before a
confirmation decision can be made; or whether it is acceptable to proceed to confirmation at some
point in time with the aready enrolled Inferiors (or a subset thereof), accepting the automatic
cancdllation of any late arrivals.

CONTEXT_REPLY can aso indicate that attempted enrollments failed. This can occur if the
Enroller is unable to contact the Superior, but it able to return a CONTEXT_REPLY to where-
ever the CONTEXT came from.

5.25 Message sequence

BTP messages are used in rel ationships between several pairs of roles. These particular pair-wise
relationships can be categorised into:

e Outcome Relationships: the Superior:Inferior relationship (i.e. between BTP Actors
within the Transaction Tree) and the Enroller:Superior relationship used in establishing
it

e Control Relationships: the application:BTP Actor relationships that create the nodes
of the Transaction Tree (Initiator:Factory) and drive the completion
(Terminator:Decider).

The Outcome Rel ationships and the messages used in them an essential part of BTP. For the
Control Relationships, it would be possible to achieve the same general function using non-
standardised messages or APl mechanisms. There are other distinguishabl e relationships between
roles defined by BTP that are not standardised in this specification.

[Figure 5-9]shows the message exchange for the conventional progression of a simple transaction
to confirmation with a single Superior:Inferior relationship, assuming the standard Control
Relationship. Two Application Elements using a request/response Application Message exchange
areinvolved —thefirst is represented as the Initiator and Terminator, the second as the Service
and Enroller. The Decider/Superior is shown as a Coordinator, but with only one Inferior there
would be no difference with a Cohesion Composer. The Factory:Coordinator events are non-
standardised, but represent interactions that must occur in some form. There are other interactions

® The “application element” from the perspective of BTP may include infrastructure software
such as containers or interceptors, as well the application-specific code itself.
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837  between the various application groups — Initiator-Terminator and Participant-Enroller-Service
838  that are not shown —in particular the Service:Participant relationship.

839  The message sequenceis shown isthe “conventional” sequence, with all messages explicitly

840  present and sent separately. There are several variations and optimisations possible — these are
841  discussed below.
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Figure 5-9 A conventional message sequence for a simpletransaction

Note that CONTEXT has a“related” (&) relationship to BEGUN and to the application request
(although in the latter case the meaning of thisis defined by the application, not by BTP. The
response + CONTEXT_REPLY has no semantic significance, and could be sent separately;
provided the CONTEXT_REPLY isnot sent until the ENROLLED has returned.
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The progression of asingleinstance of the central outcome (Superior:Inferior) relationship can
also be presented as a set of state transitions. The normative part of the specification includes
state tables for the Superior side of such arelationship and for the Inferior. Since asingle
Superior (Coordinator, Composer, Sub-coordinator, Sub-composer) can have multiple Inferiors,
each Superior will have multiple instances of the “ Superior state”. How these link together is
discussed below in the section “B.2.7 Evolution of Confirm-sef], but the state transitions for
theindividual Superior:Inferior relationships include " decision events’ which constrain the
behaviour of the Business Transaction Tree Node as awhole, and thus define the semantics of
the BT P messages.

The normative state tables distinguish some states that differ only in which messages can be
received and thus allow for alevel of error checking. The progress of the Outcome Relationship
can be followed without dropping to such adetailed level, and the state diagrams shown here
aggregate some of the states that are distinguished in the state tables. The single lettersin
parentheses in the diagrams correspond to the state names used in the tables. For simplicity, the
state diagrams do not include the events leading to the sending of aHAZARD message — the
detection and recording of a“problem” — meaning that the Inferior is unable to cleanly Confirm
or cleanly Cancel the operationsit is responsible for. Asis specified in the state tables, such a
problem can be detected in most states, and reported with a HAZARD message.

It should be noted that, with some exceptions, the transmission of a message from a Superior or
Inferior does not cause a state change at that side. State changes are normally caused either by the
receipt of a message from the Peer, or by a*“ decision event” —which may be an internal change,
including a change in the persistent information for the transactions, or may be the receipt of a
message on another relationship (e.g. as when a Sub-coordinator receives CANCEL from its
Superior, which is adecision event as perceived on the relationships to its Inferiors). It would be
normal for an implementation on entering a new state to send the message it can now send (there
will be only one). It may repeat this message at any interval —in practice only if thereisreason to
believe (due to lower-layer errors, timeout or known recovery events) that messages may have got
lost.
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5.2.6  Control of inferiors

In the case as shown in[Figure 5-12) where the CONTEXT has been propagated from one
Application Element (A) to others (B, C, and from C to D,E), the determination of whether to
create and enrol Inferiorsis, in general, up to the receiving Application Element — thisis an aspect
of the fundamental autonomy of the parties involved in a Business Transaction. This autonomy
may be constrained in particular situations, by inter-party agreement or where the Application
Elements are in fact under common control.
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The relationship between the Application Messages and either the propagated CONTEXT or the
ENROL message(s) sent to the Superior is strictly part of the Application Protocol (or the
application-with-BTP combination protocol). However defined, this allows the Superior-side
Application Element to be aware of what application work will be confirmed or cancelled under
the control of an Inferior. However, from the perspective of the Superior, and the Application
Element controlling it, the Inferior is opague — it is not in general possible for the Superior or its
controlling Application Element to determine whether an Inferior is a Sub-composer or Sub-
coordinator (i.e. has Inferiors of its own) or is a Participant, with no further BTP relationships.
Thus, if the Inferior is a Sub-composer or Sub-coordinator, the Superior has no visibility or
control of its “grand-children” —the Inferiors of its Inferior (thus, in Higure 5-12, the Composer at
A isunaware of D and E)

The opacity of an Inferior does not however apply to the control exercised by the immediately
controlling Application Element. An Application Element, acting as Terminator to a Decider (i.e.
to a Composer or Coordinator), can be aware of and distinguish the different Inferiors enrolled
with that Decider (i.e. Inferiors enrolled with the Decider in its Role as Superior). (E.g.in[Fi
[zg, Application Element A knows of the Inferiors at C, B1 and B2) Thisis especialy the case
a Cohesion Composer, where the Terminator will be able to control which of the enrolled
Inferiors of the Composer are eventually confirmed — more exactly, the application will have
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control of the Confirm-set for the Cohesion. For an Atom Coordinator, visibility of the Inferiorsis
useful but less important, since no selection can be made among which will be in the Confirm-set
—for an Atom, all Inferiors are ipso facto members of the Confirm-set.

For this control of the Inferiors to be useful, the Terminator Application Element will need to be
able to associate particular parts of the application work with each Inferior. In atraditional
transaction system, users do not need to see participants, but they see services or objects. What
participants are enlisted with a transaction on behalf of those services and objectsis not really of
interest to the user. When it comes to commit or rollback the transaction, it acts on the transaction
and not on the individual participants.

In BTPthat is still the case if we work purdly with atoms. While an Atomic Coordinator knows
its participants it cannot pick and choose among them. In contrast, a Cohesive Terminator must
have significant, detailed knowledge and visibility of both the identities of its inferiors and
association of parts of the application work with each Inferior. The user must be able to identify
which participants to cancel/prepare/confirm. This identification can be achieved by various
means. Taking the case of an Application Element controlling a Cohesion Composer:

a) The Application Element can create an Atom Sub-coordinator as an immediate
Inferior of the Cohesion Composer and propagate the Sub-coordinator' s CONTEXT
associated with Application Messages concerned with the particular part of the
application work; any Inferiors (however many there may be) enrolled with Sub-
coordinator can be assumed to be responsible for (some of) that part of the
application, and the Terminator Application Element can just deal with the immediate
Inferior of the Composer that it created.

b) The Application Element can propagate the Composer’'s own CONTEXT, and the
receiving Application Element can create its own Inferior (or Inferiors) which will be
responsible for some part of the application, and send ENROL(s) to the Composer (as
Superior). Application Messages concerned with that part of the application are
associated, directly or indirectly, with each ENROL, and the Terminator Application
Element can thus determine what each Inferior is responsible for.

In both cases, the means by which the Application Message and the BTP CONTEXT or ENROL
are associated are ultimately application-specific, and there are several ways this can be done.

e At the abstract message level, BTP defines the concept of transmitting “related” BTP and
Application Messages — particular bindingsto Carrier Protocols can specify interoperable
ways to represent this relatedness (e.g. the BTP message can bein a“header” field of the
Carrier Protocol, the Application Message in the body).

* AnApplication Message may contain fields that identify or point to the BTP message
(e.g. the“inferior-identifier” from the ENROL may be afield of the Application

Message).

»  BTP messages, including CONTEXT and ENROL, can carry “qualifiers’ — extension
fields that are not core parts of BTP or are not defined by BTP at all. The standard
qualifier “inferior-name” or application-specific qualifiers can be used to associate
application information and the BTP message. The qualifiersreceived from the Inferiors
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on ENROL are visible to the Terminator application on the INFERIOR_STATUSES
message. The application design will need to ensure that the Terminator can determine
which parts of the application work are associated with each Inferior.

NOTE -- For example, a service receiving an invocation associated with a Cohesion
CONTEXT, but where the application design meant that there would be no more
than one Inferior enrolled as a result of that invocation, could be required to include
information identifying the service and the invocation in the “ inferior-name”
qualifier on the consequent ENROL. These qualifiers would be visible to the
Terminator on INFERIOR_STATUSES, allowing the Terminator to determine which
“inferior-identifiers’ to include in the“ inferiors-list” parameter of the
CONFIRM_TRANSACTION which defines which Inferiors are to be confirmed.
Among other alternatives, the“ inferior-identifier” itself could be a field of the
application response — this would also be applicable where there could be multiple
Inferiors enrolled as a consequence of one invocation for the Terminator to choose
between.

These considerations about control of the Inferiors of a Decider aso apply to the contral of the
Inferiors of a Sub-composer (and, again of lessimportance, a Sub-coordinator).

5.2.7 Evolution of Confirm-set

As mentioned above, the set of Inferiors of a Cohesion that will eventualy Confirm is called the
Confirm-set. The determination of the Confirm-set is made by the controlling application, but is
affected by events from the Inferiors themselves. If the standard Control Relationship is used, the
control of the Cohesion Composer is expressed by the Terminator:Decider exchanges, and the
progressive determination of the Confirm-set (its evolution) is effectively the event sequence for
the Terminator:Decider relationship.

An Atom a'so has a Confirm-set, but this aways includes all the Inferiors and so does not evolve
in the same way as Cohesion’s. With some exceptions, the Terminator:Decider relationship isthe
same for Atom Coordinators as for Cohesion Composers; this section deals with both, noting the
exceptions.

The event sequence for a Composer or Coordinator is summarised in the state diagram in
. The step-by-step description refersto “ Composer”, but should be read as referring to
Coordinators as well, unless stated otherwise.

Initially, the Composer is created (by the Factory, using BEGIN with no related CONTEXT), and
has no Inferiors. The Composer is now in the active state.
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Figure5-13 State diagram for a Composer or Coordinator (i.e. Decider)

Whilein the active state, the following may occur, in any order and with any repetition or
overlapping:

» Inferiorsare enrolled — ENROL is received by the Composer — adding to the set of
Inferiors of the Composer.

* Inferiors may resign - RESIGN isreceived from an Inferior (see section @
m'bel ow). The Inferior isimmediately removed from the set of Inferiors,
T ever been enrolled (a RESIGNED message may be sent to the Inferior,
but it no longer “counts’ in any of the Composer-wide considerations here.

»  CANCELLED may be received from an Inferior; thereis no required immediate
effect, but if thisis a Coordinator the Atom will certainly Cancel eventualy (and an
implementation may choose to initiae cancellation immediately).

* PREPARED may be received; there is no immediate effect
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e The Terminator may issue PREPARE_INFERIORS to the Composer (as Decider)
for some subset of the Inferiors; PREPARE is sent to each and any of the Inferiors
in the subset, excluding any from RESIGN, CANCELLED or PREPARED has been
received; the sending of PREPARE will induce the Inferiorsto reply with
PREPARED, CANCELLED or RESIGN; when replies have been received from all,
the Composer (as Decider) replies to the Terminator with INFERIOR_STATUSES,
reporting the replies received (which may in fact have been received before the
PREPARE_INFERIORS). PREPARE_INFERIORS is not issued to Atom
Coordinators.

* TheTerminator may issue CANCEL _INFERIORS to the Composer (as Decider) for
some subset of the Inferiors; CANCEL is sent to each and any of the Inferiorsin the
subset, excluding any from RESIGN or CANCELLED has been received; the
sending of CANCEL will normally induce the Inferiors to reply with CANCELLED
— there are some exception cases; when replies have been received from all, the
Composer (as Decider) replies to the Terminator with INFERIOR_STATUSES,
reporting the replies received. CANCEL _INFERIORS is not issued to Atom
Coordinators. CANCEL_INFERIORS may be issued for an Inferior regardless of
whether PREPARED has been received fromiit.

e The Terminator may issue REQUEST INFERIOR_STATUSES to the Composer
(as Decider) for al or some subset of the Inferiors; the Composer immediately
replieswith INFERIOR_STATUSES, reporting the current state of the Inferiorsas
known to the Superior.

Eventually, the Terminator issues one of the completion messages — CANCEL_TRANSACTION
or CONFIRM_TRANSACTION. These messages have a flag that determines whether the
Terminator wishesto be informed of contradictory and heuristic decisions or hazards within the
transaction — this affects when the reply from the Composer (as Decider) is sent to the
Terminator. (See section “%$.3.5 Autonomous cancel, autonomous Confirm and contradictions’|
for details on contradictory and heuristic cases).

If the message is CANCEL_TRANSACTION, CANCEL issent to al Inferiorsthat it has not
aready been sent to, and from which neither RESIGN or CANCELLED have been received. If
the Terminator indicates it does not want to be informed of contradictions, the Composer will
immediately reply with TRANSACTION_CANCELLED. Otherwise, if and when CANCELLED
or RESIGN has been received from all Inferiors, the Composer replies to the Terminator with
TRANSACTION_CANCELLED:; but if HAZARD or CONFIRMED is received from any
Inferior, thereply is INFERIOR_STATUSES, identifying which Inferior(s) had problems.

If the completion message is CONFIRM_TRANSACTION, the inferiors-list parameter of the
message defines the Confirm-set. If the parameter is absent (which it must be for an Atom
Coordinator), then al Inferiors (excluding only those that have resigned) are the Confirm-set;
otherwise the Confirm-set is only the Inferiorsidentified in the inferiors-list parameter (less any
from which RESIGN has been received). The processing to arrive at the Confirm decisionis:

» If at the point of receiving CONFIRM_TRANSACTION or at any point before making

the Confirm decision (see below), CANCELLED isreceived, then the transaction is
cancelled and processing continues as if CANCEL_TRANSACTION had been received.
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» If thereany Inferiors not in the Confirm-set from which neither CANCELLED or
RESIGN has been received, CANCEL is sent to them (this cannot happen for Atom
Coordinators)

o Ifinitidly or later, there is exactly one Inferior in the Confirm-set, and either PREPARE
has not been sent to it, or PREPARED has been received fromit, then at implementation
or configuration option, CONFIRM_ONE_PHASE can be sent to that Inferior. This
delegates the Confirm decision to the Inferior

» |If at any point, RESIGN isreceived from an Inferior, it isimmediately removed from
the Confirm-set (this may trigger the decision making)

o If thereare any Inferiorsin the Confirm-set from which none of PREPARED,
CANCELLED has been received and to which PREPARE has not yet been sent,
PREPARE is sent to that Inferior

o Ifinitialy or later, PREPARED has been received from all Inferiors in the Confirm-set,
the Composer makes the Confirm decision; it persists (or attempts to persist) information
identifying the Inferiorsin the Confirm-set; if thisfails, the transaction is cancelled and
processing continues asif CANCEL_TRANSACTION had been received; if the
information is persisted, the Confirm decision has been made.

When the Confirm decision is made, CONFIRM is sent to al the Inferiorsin the Confirm-set.
And, if onthe CONFIRM_TRANSACTION the Terminator indicated it did not wish to be
informed of contradictions, TRANSACTION_CONFIRMED is sent to the Terminator.

If the Terminator indicated it wanted to be informed of contradictions, the Composer repliesto it
with TRANSACTION_CONFIRMED if and when CONFIRMED has been received from all the
Inferiorsin the Confirm-set and CANCELLED or RESIGN has been received from any other
Inferiors. If other replies (CANCELLED from a Confirm-set Inferior, CONFIRMED from other
Inferiors, HAZARD from any) are received, the reply to the Terminator is
INFERIOR_STATUSES, identifying which Inferior(s) had problems.

[Figure 5-14 phows an example message sequence for a Composer with three Inferiors. The

Terminator (Application Element) chooses to prepare Inferiors 1 and 3 explicitly —the numbersin
parentheses on the Terminator: Composer messages represent the inferior-identifiersin the
“inferior-list” parameters. Both 1 and 3 prepare successfully, but the Terminator then decidesto
make 1 and 2 the Confirm-set; that is, if the transaction confirms only 1 and 2 are confirmed. The
Terminator issues CONFIRM_TRANSACTION to the Composer. A PREPARED message has
not been received from Inferior 2 yet, so the Composer issues PREPARE to it, and waits for the
PREPARED. At the same time, it sends CANCEL to Inferior 3, which has been excluded from
the Confirm-set by the CONFIRM_TRANSACTION. After the PREPARED isreceived from
Inferior 2, the Composer makes the Confirm decision and issues CONFIRM to the Inferiors, and
waits for the CONFIRMED messages before reporting to the Terminator. The
CONFIRM_TRANSACTION in this case did not ask for reporting of hazards (see below) —if it
had not, the TRANSACTION_CONFIRMED would have been sent at the same time as the
CONFIRM messages.
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1078 Figure5-14 Termination sequence for a composer

1079 5.2.8 Confirm-set of intermediates

1080 An Intermediate, that isa Superior that is aso an Inferior, also has a Confirm-set, but thisis
1081  controlled rather differently to the top-most Superior (Decider) described above.

1082  Asan Inferior, the interface between the application and BTP Elementsis not fully defined in this
1083  specification. However, within the standard Control Relationship, issuing BEGIN with arelated
1084  CONTEXT to aFactory will cause the creation of a Sub-coordinator or Sub-composer (depending
1085  on whether the BEGIN parameter asked for atomic or cohesive behaviour). Initially, of course,
1086  the new Intermediate has no Inferiors — however, unlike a Participant (in the strict sense of the
1087  term), it has a“superior-address’ to which ENROL can be sent to enrol Inferiors. This addressis
1088 afield of the new CONTEXT.

1089 s a state diagram for a Sub-composer or Sub-coordinator.
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Active
CANCEL from superior
or
[Sub-Coordinator]
CANCEL received from an inferior CONFI QM—ONE—PHASE or
or PRERARE from superior
local application decision CANCELLED |received from an

inferior in the confirm set

PREPARED received from
all the confirm set and
prepared decision persisted

CANCELLED recorded from all or
cannot persist prepared decision

from superior

Prepared
CONFIRM_ONE_PHASE received

from superiorjand sentonto  coNFIRM from superior
HAZARD (or CANCELLED) single|inferior

sent to syiperior

CANCELLED or HAZARD
received from an inferior

CANCELLED to superior

remove prepared gecision (if persisted)

CONFIRMED pr HAZARD
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CONFIRMED response recorded
from all the confirm set

HAZARD (orf CONFIRMED)
sent tg superior

?f \ / remove prepared decision \ , \ ,

Confirmed
with hazard

CONFIRMED sent to superior

Cancelled Cancelled Confirmed
with hazard

Figure 5-15 State diagram for Sub-coor dinator or Sub-composer

The behaviour of the Intermediate towards its Inferiors, during the active phase, is basically the
same as for the Decider:

ENROL messages can be received, adding a new Inferior

Inferiors may resign - RESIGN isreceived from an Inferior. The Inferior isimmediately
removed from the set of Inferiors

CANCELLED may be received from an Inferior

PREPARED may be received from an Inferior

In some circumstances, receipt of an incoming message allows an Intermediate to determine that
a state change for the whole Transaction Tree Node takes place. The Intermediate is able to send
messages to its Superior at its own initiative (whereas a Decider can only respond to areceived
message from the Terminator), so the receipt of a message from an Inferior can trigger the
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sending of messages. Thisis especially the caseif the Intermediate knows (from application
knowledge, perhaps involving received or sent CONTEXT_REPLY messages) that there will be
no further enrolments. In particular:

 |f CANCELLED isreceived from an Inferior, and thisis a Sub-coordinator, the Sub-
coordinator can itself Cancel - CANCEL is sent to other Inferiors, and CANCELLED to
the Superior

* If RESIGN isreceived from the only Inferior and there will be no other enrolments, the
Intermediate can itself resign, sending RESIGN to the Superior

* |f PREPARED isreceived from the Inferior, it is known there will be no other
enrolments and this is a Sub-coordinator, the Sub-coordinator can Become Prepared
(assuming successful persistence of the appropriate information) and send PREPARED
to the Superior.

For a Sub-composer, application logic will invariably be involved in determining what effect a
CANCELLED and PREPARED from an Inferior have — though in areal implementation, this
logic may be delegated to the BTP-support software.

The Intermediate may initiate cancellation or the two-phase outcome exchange, either as aresult
of receiving the corresponding message (CANCEL, PREPARE) from the Superior, or triggered
by its own controlling Application Element. For a Sub-composer, this may be partial - a Sub-
composer might be instructed by the Application Element to Cancel some Inferiors and send
PREPARE to others. Receipt of PREPARE from the Superior will often have asimilar effect to a
Decider receiving CONFIRM_TRANSACTION — PREPARE is propagated to al Inferiors that
have not indicated they are PREPARED. However, exactly what happens on receiving PREPARE
will depend on the application — receipt of the PREPARE may be visible to the Application
Element and cause it to initiate further application activity (perhaps causing enrolment of new
Inferiors) before it is determined whether to propagate PREPARE, and with a Sub-composer,
some of the Inferiors may be instructed to Cancel instead.

Assuming the Intermediate does not Cancel as awhole (in which case CANCEL would be sent to
al Inferiors), the Intermediate will at some point attempt to Become Prepared. If it isa Sub-
coordinator, thiswill require that PREPARED has been received from all Inferiors. For a Sub-
composer, application logic will determine from which Inferiors PREPARED is required, with
the others being cancelled. In either case, the Intermediate will persist the information about the
Inferiorsthat are to be in the Confirm-set and about the Superior, if this persisting is successful,
send PREPARED to its own Superior.

If CANCEL is subsequently received from the Superior, thisis propagated to all the Inferiors and
the persistent information removed (or effectively removed as far as recovery is concerned). Itis
not important which order thisis done in, since the recovery sequence will ensure that a cancel
outcome is eventually delivered anyway.

If CONFIRM is received from the Superior (which can only be after sending PREPARED to the
Superior), thisis likewise propagated to the Inferiors. For a Sub-coordinator, CONFIRM is
invariably sent to all Inferiors. However, for a Sub-composer it is possible further application
logic intervenes and some of the Inferiors are rejected from the Confirm-set at this late stage.
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(This can only occur when the application work, as defined by the Contract to the Superior, can
be performed by some sub-set of the Inferiors.) The Intermediate may, but is not required to,
change the persistent information to reflect the Confirm outcome (though a Sub-composer that
selects only some Inferiors probably will need to re-write the information to ensure the correct
subset are confirmed despite possible failures). If the information is not changed, then, on
recovery, the Intermediate will find itself to bein a prepared state and will interrogate the
Superior to re-determine the outcome. If the information is changed, a recovered Intermediate can
immediately continue with ordering confirmation to its Inferiors.

If CONFIRM_ONE_PHASE isreceived from the Superior, either before or after the Intermediate
has Become Prepared, the effect is very similar to a Decider receiving
CONFIRM_TRANSACTION. If thereis only one Inferior, the CONFIRM_ONE_PHASE may
be propagated to that Inferior. Otherwise, the Intermediate behaves as a Decider, making a
Confirm decision if it can.

If one or more Inferiors make contradictory autonomous decisions, or HAZARD isreceived from
an Inferior, the Intermediate may report thisto the Superior using HAZARD. However, BTP does
not require this. Since the Superior may be owned and controlled by a different organisation,
there may be business reasons not to report such problems.

5.3  Optimisations and variations
5.3.1 Spontaneous prepared

As described above, before a Superior can order confirmation to an Inferior, the Inferior must
become “prepared”, meaning that it is ready to Confirm or to Cancel asit so ordered and send the
PREPARED message as areport of this. In the conventional message segquence, as shown above,
the Inferior attempts to Become Prepared when it receives a PREPARE message from the
Superior. The PREPARE in turnis sent by the Superior when it receives an appropriate request
from its controlling application (or from its own Superior, if thereis one). The application
controlling the Superior will request the sending of PREPARE when it determines that no further
application work associated with this Inferior (or, perhaps with the whole Business Transaction)
will occur.

However, for some applications, the Application Element controlling the Inferior will know that
the application work for which the Inferior will be responsible is complete before a PREPARE is
sent from the Superior. In fact, because the Application Element has autonomy in determining
how application work is to be allocated to Inferiors, it is possible for the Inferior-side Application
Element to know the work is complete for a particular Inferior when Superior-side Application
Element will be sending more message to the Inferior-side. (The future work will, probably,
require the enrollment of additional Inferiors.)

BTP consequently allows the Application Element controlling an Inferior to cause the Inferior to
Become Prepared, and to send PREPARED to the Superior without PREPARE having been
received from the Superior. From the perspective of the BTP Superior the Inferior sends
PREPARED spontaneoudly. Apart from this, a spontaneous PREPARED message is the same as,
and has the same effect and implications as one induced by a PREPARE message.
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5.3.2 One-shot

In the “conventional” message sequence shown above and assuming the Initiator, Terminator and
Coordinator on the one side, and “ Service’, Enroller and Participant on the other are located
within their respective parties, there are eight messages passed in one direction or the other
between the two parties. There are four round-trip exchanges: the application request and
response exchange, the ENROL/ENROLLED exchange (going in the opposite direction and
overlapped with the application exchange), then PREPARE/PREPARED and the
CONFIRM/CONFIRMED. However, if the application exchange is a single request/response, it
IS possible to reduce these eight to two round-trips— the first of which merges the first three of the
conventional sequence. The fundamental two-phase nature of BTP (or any coordination
mechanism) means there have to be at least two round trips — one before the Confirm-or-Cancel
decision is made at the Superior, one after. This merging of the exchangesis termed “one-shot”,
asit requires only one exchange to take the relationship from non-existent to waiting for the
Confirm-or-Cancel decision.

[Figure 5-16 khows atypical “one-shot” message sequence. The diagram distinguishes an
additional aspect of the Application Elements, labelled “ context-handler”. Thisisnot aRolein
the BTP model, but is used only to distinguish a set of responsibilities and actions. In areal
implementation these might be performed by the user application itself, or might be performed by
the BTP-supporting infrastructure on the path between the Application Elements. (Figure 5-9
could be redrawn to show the context-handlers, but to no particular benefit) Asin the
conventional case, the CONTEXT is sent related to the application request (the creation of the
CONTEXT by the Factory is not shown and is the same as the conventional case). The “context-
handler” is aware of the sending of the CONTEXT.

On the responder (service side), however, when the Application Element creates the Inferior, the
ENROL is not sent immediately, but retained. The application performs the “Provisional Effect”
implied by the received message and the Inferior becomes prepared and issues a PREPARED
message, which is also retained. When the application response is available, it is sent with the
retained messages and the CONTEXT_REPLY (which indicates that the related ENROL will
compl ete the enrolments implied by the earlier transmission of the CONTEXT.

When this group of messages is received by the context-handler on the Client side, the contained
ENROL and PREPARED messages are forwarded to the Superior (whose address was on the
original CONTEXT and so is known to the context-handler). An ENROLLED message is sent
back to the context-handler, assuring it that the enrolment was successful and the application can
progress. If enrollment fails and the Business Transaction is atomic, confirmation must be
prevented — this responsibility falls on the context-handler and the Client application, since the
failure of the enrolment implies that Superior itself isinaccessible. If enrolment fails and the
Business Transaction is a Cohesion, the appropriate response is a matter for the application.

With “one-shot”, if there are multiple Inferiors created as aresult of a single Application
Message, thereis an ENROL and PREPARED message for each one sent related with the
CONTEXT_REPLY . If an operation fails, a CANCELLED message may be sent instead of a
PREPARED - if the Superior is atomic, thiswill ensure it cancels, if cohesive, the Client
application will be aware of this and behave appropriately.
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1226  Whether the “one-shot” mechanism is used is determined by the implementation on the
1227  responding (Inferior) side. This may be subject to configuration and may also be constrained by
1228  the application or by the binding in use.
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1230 Figure 5-16 A message sequence showing the “one-shot” optimisation

1231 5.3.3 Resignation

1232 After an Inferior isenrolled, it may be determined that the application work it is responsible for
1233  hasno real effect — more exactly, that the Counter-effect, if cancelled, and the Final Effect, if
1234  confirmed, will beidentical. In such a case the Inferior can effectively un-enrol itself by sending a
1235 RESIGN message to the Superior. This can be done “ spontaneously” (as far as BTP is concerned)
1236  or asaresponse to areceived PREPARE message. It cannot be done after the Inferior has

1237  Become Prepared.

1238  AnInferior from which RESIGN has been received is not considered an Inferior in discussion of
1239  the Confirm-set — the phrase “remaining Inferiors’ is used to mean only non-resigned Inferiors.
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5.3.4 One-phase confirmation

If a Coordinator or Composer that has been requested to Confirm has only one (remaining)
Inferior in the Confirm-set, it may delegate the Confirm-or-Cancel decision to that Inferior, just
requesting it to Confirm rather than performing the two-phase exchange. Thisis done by sending
the CONFIRM_ONE_PHA SE message. Unlike the two-phase exchange (PREPARED received,
CONFIRM sent), it is possible with CONFIRM_ONE_PHASE for afailure to occur that leadsto
the original Coordinator or Composer (and its controlling Application Element — the Terminator)
being uncertain whether the outcome was confirmation or cancllation.

5.3.5 Autonomous cancel, autonomous Confirm and contradictions

As described above, BTP does not require a Participant, while it is responsible for holding
application resources such that can be confirmed or cancelled, to use any particular mechanism
for maintaining this state. A Participant that “becomes prepared” may choose to let the
“Provisional Effect” beidentical to the“Final Effect”, and hold a compensating “counter effect”
ready to implement cancellation; or it may make the Provisional Effect effectively null, and only
perform the real application work as the Final Effect if confirmed; or the “Provisional Effect”
may involve performance of the application work and locking application data against other
access, or other patterns, as may be constrained or permitted by the application.

Although a Participant is not required to lock data (as would be the case with some other
transaction specifications) on becoming prepared, it is neverthelessin a state of doubt, and this
doubt may have application or businessimplications. Accordingly it is recognised that a
Participant (or, rather the business party controlling the Application Element and the Participant)
may need to limit the promise made by sending PREPARED, and retain the right to apply its own
decision to Confirm or Cancel to the Participant and the application effectsit isresponsible for.
Thisis described as an “autonomous’ decision. It is closely anal ogous to the heuristic decisions
recognised in other transaction specifications. The only difference is the conceptual one that
heuristic decisions are typically considered to occur only as aresult of rare and unpredictable
failure, whereas BTP recognises that the right to take an autonomous decision may be critical to
the willingness of a business party to be involved in the Business Transaction at all. BTP
therefore allows Participants (and al Inferiors) to indicate that there are limits on how long they
are willing to promise to remain in the prepared state, and that after that time they may invoke
their right of taking an autonomous decision.

Taking an autonomous decision will of course run therisk of breaking the intended consistency of
outcome across the Business Transaction, if the autonomous decision of the Inferior contradicts
the decision (for this Inferior) made by the Superior. The Superior will have received the
PREPARED message and thus be permitted to make a Confirm decision (directly, or through
exchanges with a Terminator Application Element or with its own Superior). An Inferior taking
an autonomous decision informs the Superior by sending CONFIRMED or CANCELLED, as
appropriate, without waiting for an outcome order from the Superior. This may cross the outcome
message from the Superior, or the Superior may not make its decision till later. If the decisions
agree, the normal CONFIRM or CANCEL message is sent. In the case of CANCEL, this

compl etes the relationship — the CANCEL and CANCELLED messages acknowledge each other,
regardless of which travelsfirst. In the case of CONFIRM, another CONFIRMED message is
needed.
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If the Superior’s decision is contradicted by the autonomous decision, the Superior may need to
record this, report it to management systems or inform the Terminator application or its own
Superior. When this has been done (details are implementation-specific, but may be constrained
by the application), the Superior sends a CONTRADICTION message to the Inferior. If an
outcome message was sent earlier (crossing the announcement of the autonomous decision), the
Inferior will already know there was a contradiction, but the receipt of the CONTRADICTION
message informs the Inferior that the Superior knows and has done whatever it considers
necessary to cope.

As mentioned, BTP alows an Inferior to inform the Superior, with a qualifier on the PREPARED
message, that the promise to remain in the prepared state will expire. In turn this allows the
application on the Superior side to avoid risking a contradictory decision by making and sending
itsown decision in time. The Superior side can also indicate, with another qualifier, aminimum
time for which it expects the prepared promise to remain valid.

Aswell as deliberate and forewarned autonomous decisions, BTP recognises that failures and
exceptional conditions may force unplanned autonomous decisions In the protocol sequence
these are treated exactly like planned autonomous decisions — if they contradict, the Superior will
be informed and a CONTRADICTION message sent to the Inferior.

Autonomous decisions, planned or unplanned, are equivalent to the heuristic decisions of other
transaction systems. The term isavoided in BTP since it may carry implications that it only
occurs in an unplanned manner.

54  Recovery and failure handling
54.1 Types of failure

BTP is designed to ensure the delivery of a cons stent decision for a Business Transaction to the
partiesinvolved, even in the event of failure. Failures can be classified as:

Communication failure: messages between BTP Actors are lost and not delivered. BTP
assumes the Carrier Protocol ensures that messages are either ddlivered correctly (without
corruption) or arelost, but does not assume that al losses are reported nor that messages
sent separately are delivered in the order of sending.

Network Nodefailure (system failure, site failur €): a machine hosting one or more
BTP Actors stops processing and all its volatile dataislost. BTP assumes a site fails by
stopping — it either operates correctly or not at al, it never operatesincorrectly.

Communication failure may become known to a BTP implementation by an indication from the
lower layers or may be inferred (or suspected) by the expiry of atimeout. Recovery from a
communication failure requires only that the two Actors can again send messages to each other
and continue or complete the progress of the Business Transaction.

A Network Node failure is distinguished from communication failure because there is 1oss of

volatile state. To ensure consistent application of the decision of a Business Transaction, BTP
requires that some state information will be persisted despite Network Node failure. Exactly what
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real events correspond to Network Node failure but leave the persistent information undamaged is
amatter for implementation choice, depending on application requirements; however, for most
application uses, power failure should be survivable (an exception would be if the data
manipulated by the associated operations was volatile). In all cases, there will be some level of
event sufficiently catastrophic to lose persistent information and the ability to recover—
destruction of the computer or bankruptcy of the organisation, for example.

Recovery from Network Node failure involves recreating an accessible communications endpoint
in a Network Node that has access to the persistent information for incompl ete transactions. This
may be arecreation of the original Actor using the same addresses; or using a different address;
or there may be a distinct recovery entity, which can access the persistent data, but has a different
address; other implementation approaches are possible. The recovered, and possibly relocated
Actor may or may not be capable of performing new application work Restoration of the Actor
from persistent information will often result in a partial loss of state, relative to the volatile state
reached before the failure. In some states, there may be total 1oss of knowledge of the Business
Transaction, including particular Superior:Inferior relationships. After recovery from Network
Node failure, the implementation behaves much as if acommunication failure had occurred.

5.4.2 Persistent information

BTP requiresthat certain state information is persisted — these are information that records an
Inferior’s decision to be prepared, a Superior’ s decision to Confirm and an Inferior’ s autonomous
decision . Requiring the first two to be persistent ensures that a consistent decision can be reached
for the Business Transaction and that it isdelivered to al involved BTP Nodes, despite failure.
Requiring an Inferior’ s autonomous decision to be persistent allows BTP to ensure that, if the
autonomous decision is contradictory (i.e. opposite to the decision at the Superior), the
contradiction will be reported to the Superior, despite failures.

BTP aso permits, but does not require, recovery of the Superior:Inferior relationship in the active
state (unlike many transaction protocols, where a communication or node failure in active state
would invariably cause rollback of the transaction). Recovery in the active state may require that
the application exchange is resynchronised as well — BTP does not directly support this, but
allows continuation of the Business Transaction if the application desiresit. Apart from the
(optiona) recovery in active state, BTP follows the well-known presume-abort model —it isonly
required that information be persisted when decisions are made (and not, for example, on
enrolment). This means that on recovery one side may have persistent information while the other
does not. This accurs, among other cases, when an Inferior has decided to be prepared but the
Superior never confirmed (so the decision is “presumed” to be cancelled), and when the Superior
did Confirm, the Inferior applied the confirmation and removed its persistent information but the
acknowledgement message (CONFIRMED) was never received by the.Superior.

Information to be persisted when an Inferior decides to be prepared has to be sufficient to re-
establish communication with the Superior, to apply a Confirm decision and to apply a Cancel
decision. It will thus need to include the addressing and identification information for the
Superior. The information needed to apply the Confirm or Cancel decision will depend on the
application and the associated operations.

A Superior must persist the corresponding information to allow it to re-establish communication
with the Inferior — that is the addressing and identification information for the Inferior. When it
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must persist thisinformation depends on its position within the Transaction Tree. If it isthe top of
thetree—i.e. it isthe Decider for the Business Transaction -- it need only persist thisinformation
if and when it makes a decision to Confirm (and, for a Cohesion, only if this Inferior isin the
Confirm-set). A Superior that is an intermediate in the tree —i.e. it isan Inferior to some other
Superior —must persist the information about each of its own Inferiors as part of (or before)
persisting its own decision to be prepared. For such an intermediate, the “decision to confirm” as
Superior is made when either CONFIRM is received from its Superior or it makes an autonomous
decision to Confirm. If CONFIRM isreceived, the persistent information may be changed to
show the Confirm decision, but aternatively, the receipt of the CONFIRM can be treated asthe
decision itself and the CONFIRM message propagated to the Inferiors without changing the
persistent information. If the persistent information is left unchanged and there is a node failure,
on recovery the entity (as an Inferior) will bein a prepared state, and will rediscover the Confirm
decision (using the recovery exchanges to its Superior) before propagating it to its Inferior(s).

Since BTP messages may carry application-specified qualifiers, and the BTP messages may be
repeated if they arelost in transit (see next section), the persistent information may need to
include sufficient to recreate the qualifiers, to alow them to be resent with their carrying BTP
message. This applies both to qualifiers on PREPARED (which would be persisted by the
Inferior) and on CONFIRM (which would be persisted by the Superior).

In some cases, an implementation may not need to make an active change to have a persistent
record of adecision, provided that the implementation will restore itself to the appropriate state
on recovery. For example, an implementation that, as Inferior, always used the default-is-cancel
mechanism, and recorded the timeout (to Cancel) in the persistent information on becoming
prepared, and always updated or removed that record when it applied a Confirm instruction could
treat the presence of an expired record as effectively arecord of an autonomous Cancel decision.

5.4.3 Recovery messages

Once the Superior:Inferior relationship has entered the completion phase — BTP does not
generally use special messages in recovery, but merely permits the resending of the previous
message — thus, for example, PREPARE, PREPARED, CANCEL, CONFIRM can all be sent
repeatedly. Resending the previous message means a possible | oss of the original message may be
invisible to the receiver. The trigger for this re-sending is implementation dependent — a reported
communication failure, atimeout expiry while waiting for areply, the re-establishment of
communications or the general restoration of function after anode failure are all possible triggers.
An incoming repetition of the last message received, if it has already been replied to (e.g.
receiving PREPARE after PREPARED has been sent), should normally trigger aresending of the
last message sent — since that sent message may have got losti

Whilein the active phase—i.e. prior to entering completion — there is no appropriate last message
that can be sent. However, for active-phase recovery there needs to be some way for the BTP
Actors to determine that the Peer is still there and still aware of the Superior:Inferior relationship.

* BTP s capability of binding to alternative carrier protocols s part of the motivation for not
having a distinct recovery message sequence, since the carrier binding does not necessarily have a
well-defined communication failure indication.
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In this case, the peers can interrogate each other using the INFERIOR_STATE or
SUPERIOR_STATE messages, informing the Peer of their own state and requesting a response —
which may be the opposite message, or one of the main BTP messages (which perhaps had been
lost). If it isanother SUP|INFERIOR_STATE message, that reply does not ask for a response.
Receiving a SUP|INFERIOR _STATE messages that asks for aresponse does not require an
immediate response — especially if an implementation is waiting to determine a decision (perhaps
because it isitself waiting for a decision from el sewhere), an implementation may choose not to
reply until it wishestoo.

The SUP|INFERIOR_STATE messages are al so used as replies when the receiver of any of the
Superior:Inferior message has determined that there is no corresponding state information — the
targeted Superior or Inferior does not exist (or is known to have completed and is no longer an
active entity). The SUP|INFERIOR_STATE messages with a status of “unknown” isthe
indication that the state information does not exist.

The SUP|IINFERIOR_STATE messages are a so available as replies to any Superior:Inferior
message in the (transient, one hopes) case where, after failure an implementation cannot currently
determine whether the persistent information exists or not, or what its stateis, and so cannot give
adefinitive answer. The SUP|INFERIOR_STATE messages with a status of “inaccessible” isthe
indication that the existence of state information cannot be determined. The receiver of such a
message should normally treat it as a“retry later” suggestion.

5.4.4 Redirection

As described above, BTP uses the presume-abort model for recovery. A corollary of thisisthat
there are cases where one side will attempt to re-establish communication when thereis no
persistent information for the relationship at the far-end, because that side either never reached a
state where the state was persisted, or had been persisted, but then progressed to remove the state
information. In such cases, it isimportant the side that is attempting recovery can distinguish
between unsuccessful attempts to connect to the holder of the persistent information and when the
information no longer exists. If the Peer information does not exist, the side that is attempting
recovery can draw appropriate conclusions (that the Peer either was never prepared, never
confirmed or has already completed) and complete its part of the transaction; if it merely failsto
get through, it is stuck in attempting recovery.

Two mechanisms are provided to assist implementation flexibility while allowing completion of
Superior:Inferior relationships when only one side has any persistent information. The
mechanisms are:

» Address fields which provide the address that will be used by the Peer to send messages
to an Actor (effectively a*“callback address’) can be a set of addresses, which are
alternatives, one of which is chosen as the target address for the future message. If the
sender of that message finds the address does not work, it can try a different alternative.

* The REDIRECT message can be used to inform the Peer that an address previousy

givenisno longer valid and to supply areplacement address (or set of addresses).
REDIRECT can be issued either as aresponse to receipt of a message or spontaneously.
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The two mechanisms can be used in combination, with one or more of the original set of
addresses just being a redirector, which does not itself ever have direct access to the state
information for the transaction, but will respond to any message with an appropriate REDIRECT.

REDIRECT as amessage is only used on the Superior:Inferior relationship, where each side
holds the address of the other. On the other relationships (e.g. Terminator:Decider), one side (e.g.
Terminator) has the address of the other, and initiates al the message exchanges. However, the
entity whose address is known to the other may itself move - e.g. if a Coordinator, which will be
both Decider and Superior changes its address as a Superior, it will probably change its address as
aDecider too. In thiscase, aFAULT reply to a misdirected message can be used, assuming there
IS some entity available at, or on the path to the old address that understands BTP sufficiently to
provide the redirection information.

Some implementations, in which asingle addressable entity with one, constantaddress deals with
all transactions, distinguishing them by identifier, will not need to supply “backup” addresses
(and would only use REDIRECT if permanently migrated).

5.45 Terminator:Decider failures and transaction timelimit

BTP does not provide facilities or impose requirements on the recovery of Terminator:Decider
relationships, other than allowing messages to be repeated. A Terminator may survive failures (by
retaining knowledge of the Decider’s address and identifier), but thisis an implementation option.
Although a Decider (if it decidesto Confirm) will persist information about the Confirm decision,
it is not required, after failure, to remain accessible using the address it originaly gave to the
Initiator (and used by the Terminator). Any such recovery is an implementation option.

A Decider has no way of initiating a call to a Terminator to ensurethat it is still active, and thus
no way of detecting that a Terminator has failed. The Decider dways hastheright to initiate
cancdllation, but if the application (Terminator) and the Decider have different views about how
long a“long time” is, then either the Decider might wait unnecessarily for a completion request
(e.g. CONFIRM_TRANSACTION) that will never arrive, or it might initiate cancellation while
the application is still active. To avoid these irritations, a standard qualifier “ Transaction
timelimit” can be used (by the Initiator) to inform the Decider when it can assume the Terminator
will not request confirmation and so it (the Decider) should initiate cancellation.

5.4.6 Contradictions and hazard

As described above (see mt—tel_t—c_ﬁ_m_t_s"] . UTONOMOUS Cancel, autonomous Coniirm and contradiclions’)),

in some circumstances an Inferior may apply a decision that 1s contradictory to the decision of the
Superior. This can occur in a semi-planned manner, when the Inferior has announced a timeout on
the PREPARED message but no outcome message has been received, or asaresult of an
exceptional condition that forces the Inferior to break the promiseimplicitin PREPARED,
regardless of timers. In both cases, this is considered an autonomous decision by the Inferior. An
autonomous decision, of itself, does not imply a contradiction —it only resultsin a contradiction if
the decision is opposite to that of the Superior (in the case of a cohesive Superior, opposite to the
decision that applies to this Inferior).

In order to ensure that a contradiction is detected despite node and communication failures, it is
required that information about the taking of the autonomous decision be persisted until aBTP
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message received from the Superior indicates either that there was no contradiction (the decisions
werein line— CANCEL isreceived after an autonomous Cancel or CONFIRM is received after
an autonomous Confirm) or that the Superior is aware of the contradiction (CONTRADICTION
isreceived). Note that the Inferior will become aware of the fact of the contradiction when it
receives the “wrong” message, but must retain the record of its own decision until it receives the
CONTRADICTION message, which tellsit the Superior knows too.

The Superior’s action on becoming aware of the contradiction is not determined by this
specification. In particular, if the Superior is a Sub-coordinator or Sub-composer, it is not
required by this specification to report the contradiction to its own Superior (which may, for
example, be controlled by a different organisation). The Superior may report the problem to
management systems or record it for manual repair. However, BTP does provide mechanisms to
report the contradiction to the next higher Superior (if thereisone) or to the Terminator
Application Element.

A contradiction occurring in an Inferior will usually mean the immediate Superior has a“mixed”
condition — some of the application work it was responsible for has confirmed, some has
cancelled (and contrary to any Cohesion Confirm-set selection). If the Superior isa Sub-
coordinator or Sub-composer, it can report the mixed condition to its own Superior with the
HAZARD message. If the Superior isthe top-most in the tree, it can report the problem with the
INFERIOR_STATUSES message, which will detail the state of all the Inferiors.|Figure 5-1
shows a message sequence in a Transaction Tree with two levels. The Participant makes an
autonomous Cancel decision, but the Coordinator decides to Confirm. The Confirm decision from
the Coordinator, passed on by the Sub-coordinator crosses with the CANCELLED message from
the Participant. The Participant waits for the CANCELLED from the Sub-coordinator, which
chooses to report the problem with HAZARD to the Coordinator.
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Figure 5-17 M essage sequence showing contradiction, reported with HAZARD

If a Sub-coordinator or Sub-composer having sent (or attempted to send) the outcome message to
its Inferiors, istemporarily unable to get a response (CONFIRMED or CANCEL LED), it may
either wait until aresponse does come back or choose to reply to its own Superior with a
HAZARD message indicating that a contradiction is“possible’. If it does choose to send
HAZARD, it isrequired to persist arecord of thisuntil it receivesa CONTRADICTION message
from the Superior, or amessage from the Inferior indicating there was no contradiction in fact.

HAZARD is also used to indicate that it has become impossible to cleanly and consistently
achieve either a confirmed or a cancelled state for the application work. In this case, thereis can

be no guarantee that the problem will be reliably reported — especially because it may be the
inability to persist information that is the cause of the problem.

55 Relation of BTP to application and Carrier Protocols
BTP messages are communicated between Actors in two distinguishabl e circumstances:
a) in establishing and progressing the outcome and Control Relationships between BTP

Actors, and between Application Elements and BTP Actors— Initiator:Factory,
Terminator:Decider, Superior:Inferior etc.
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b) inassociation with Application Messages that are communicated between
Application Elements.

In the first case, interoperable communication requires a specification of how the abstract BTP
messages are represented and encoded, and how they are transmitted. This specification isa
carrier protocol binding (or just “binding”, if the context is clear). BTP alows bindingsto a
multiplicity of Carrier Protocols. The only requirement that BTP makes is that the transmission of
amessage either delivers an uncorrupted message or fails. BTP does not require that the carrier
report failure to deliver a message, to either side, nor that messages are delivered in the order they
are sent (though implementations can take advantage of information from aricher carrier, which
can improve performance in various ways). BTP messages communicated in thisway have
semantics that are defined in this specification — a PREPARE message (for example), refers back
to the ENROL viathe “inferior-identifier” parameter and is an instruction to the Inferior to
become and report that it is prepared.

In the second case, the full semantics cannot be defined in this specification. Interoperation with
BTP requires that the parties have a common understanding of what is being confirmed or
cancelled, but this mutual understanding is defined by the Contract of the application, not by
BTP. (The Contract may be explicit or implicit, declared by one side as take-it-or-leave-it, or may
be negotiated in some way.) Part of this Contract will include how the combination of the
Application Protocol (i.e. the Application Messages and their sequencing) and BTP operate such
that the two sides are agreed as to which Application Operations are part of which Business
Transaction. Thiswill often be achieved by sending Application Messages and BTP messagesin
“association” in some way — thus an Application Message sent in association with a CONTEXT
can be specified (by the application Contract) to mean that if work is done as result of the receipt
of the message, one or more Inferiors should be enrolled to apply the Confirm/Cancel decision to
that work. Similarly, an Application Message may be sent associated with an ENROL with the
contractual understanding that the message refers to some application work that has been made
the responsibility of the Inferior being enrolled.

The concrete representation of this“association” is also a matter for the Application Protocol
specification. There are several ways this can be done, including:

» the BTP message is contained within the Application Message, or both are contained
within alarger construct;

» the Application Message contains afield that is the superior-identifier or inferior-
identifier that is also present on the CONTEXT or the ENROL

» the BTP message contains a qualifier that references (afield of) the Application
Message in some way (e.g. if the Application Message is an invoice, the qualifier might
contain the invoice number)

» theencoding of the BTP and Application Messages reference each other (e.g. using
XML id and refid attributes)
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In all cases, the application specificatio@Nill need to define the mechanism so that both parties
have common understanding. Many applications will use the same mechanism and their
specifications can therefore take advantage of standard patterns, and their implementations of
standard tools.

The association of an Application Message with a BTP message is ana ogous to the concept of
“related” BTP messages. “Related” BTP messages are sent as a group, with a declared and
defined semantic for the group. Associated application and BTP messages can be considered as
“related”, with the proviso that the semantic is defined by the application, not by BTP.

Thereis no necessary relationship between how the Application Messages and any associated
BTP messages are transmitted by Carrier Protocols, and the carrier binding for the BTP messages.
BTP messages are invariably sent to a BTP Actor whose address has been passed to the sender by
some means — thus a CONTEXT contains the address of the Superior to which ENROLs will be
sent, and the ENROL contains the address of the Inferior. Similarly, BEGUN contains the address
(as Decider) of the new Composer or Coordinator. These addresses are all sets of addresses
(possibly of cardinality one), and each individual address identifies which binding isto be used.
Thus, for example, when a CONTEXT is sent associated with an Application Message, the
ENROL will travel on acarrier binding identified by the particular address from the CONTEXT
that the Enroller chooses to use — which may have no relationship to how the Application
Message arrived.

Degspitethis, it will be common that the application binding and the BTP binding will use the
same carrier. Thisisthe case in the bindings specified in this edition of the specification, which
define abinding of BTP to SOAP 1.1 over HTTP. Included in this SOAP/HTTP binding
specification, are rules that alow an application to associate (relate) asingle CONTEXT or a
single ENROL (carried in the SOAP header) with the Application Message(s) carried in the
SOAP body.

56 Other elements
5.6.1 Identifiers

An Identifier is a globally unambiguous identification of the state corresponding to one of
Decider, Superior or Inferior. Where a single entity has more than one of these roles (at the same
BTP Nodein the same transaction, as with a Sub-coordinator that is both Superior and Inferior),
the Identifiers may be the same or different, at implementation option - they are distinguished by
which messages the Identifier isused on. (A Superior has only one Superior-identifier, although it
may be in multiple Superior:Inferior relationships, each with a separate state in terms of the state
table).

The state identified by an Identifier can be accessed by BTP messages sent to any of the addresses
supplied with the Identifier in the appropriate message (CONTEXT, BEGUN, ENROL), or as
updated by REDIRECT. An Identifier itself has no location implications. (Identifiers are

> The “application specification”, or “ application protocol specification” may be very informal or
may be a standardised agreement.
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specified, inthe XML representation, as syntactically URIs - by their use as names of BTP
entities, they are URNSs. If an Identifier happens to specify an network location (i.e. itisaURL),
it istreated as an opaque value by BTP)

Identifiers are specified as being globally unambiguous - the same Identifier only ever identifies
one Decider, Superior or Inferior over al systemsand all time. In practice, an Identifier could be
re-used if thereis no possibility of the colliding values being confused. However implementations
are recommended to use truly unambiguous Identifiers (that is to use them as URNS).

5.6.2 Addresses

In most cases, BTP Actors that need to communicate are informed of each others addresses from
received BTP messages. When an Inferior isto be enrolled, a CONTEXT message which
contains the address of the Superior will have been received or otherwise passed to the Enroller
and the Inferior. The ENROL message received by the Superior contains the address of the
Inferior. The BEGUN returned from a Factory to the Initiator contains the address of the Decider,
and this can be passed to the Terminator or any Status Requestor .

The addresses carried in these messages (which are effectively “call-back” addresses, to be used
as the destination of future messages) are sets of tripartite addresses. Each contains an identifier
(binding name) for the binding to an underlying transport, or Carrier Protocol, a“binding
address”, in aformat specific to the carrier which is the information necessary to connect using
that carrier, and an optional additional information field. This additional information is opaque to
al but the future destination (which aso created this address for itself) and is used however the
implementation there wishes (e.g. it can be used to distinguish a particular program object, or to
relay on, perhaps over a different protocol). The multiple members of the set allow support of
multiple carrier bindings (including both different versions of standard bindings and proprietary
bindings) and for relocation of the BTP Actor.

When amessage is actually to be sent, the sender, possessing the set of addresses for the
destination, chooses one - restricting its choice to bindings that it supports obviously, but not
otherwise constrained by the specification. The binding address will be used by the senders
carrier implementation (depending on the protocol, the address may or may not be transmitted —
with http, for example, it is), The additional information, if present, will be included inthe BTP
message. The chosen address is considered the “target-address’ when considering the abstract
message, but only the additional information will normally appear within the encoded BTP-
message (the encoding used is part of the binding specification, which could require that all of the
addressis (redundantly) transmitted, if the specifier so chose).

Where a BTP message invokes areply — as with the Initiator: Factory, Terminator:Decider and
Status Requestor:various roles — the receiver (Factory, Decider, etc) of the message will not know
apriori the address of the sender. Accordingly, in these cases the abstract messages are specified
as containing a single “reply-address’ . Depending on the binding, and the particular use of the
binding, the “reply-address’ may be directly represented in the encoding of the BTP message, or
may be implicit in the Carrier Protocol. Similar considerations apply in the Superior:Inferior
relationship, where although the addresses are normally known by the other side, there are cases
when amessage is received, and must be responded to, but the Peer is unknown. Accordingly, the
Superior:Inferior messages contain (in abstract) a single “senders-address’. As with the “reply-
address’ es, it may beimplicit in the Carrier Protocol.
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The CONTEXT message does not contain a “target-address’, even as an abstract message, asitis
never transmitted between BTP Actors onits own —it is always either related to aBTP BEGIN or
BEGUN message, or is passed between Application Elements with some (application-detailed)
association with Application Messages.

5.6.3 Qualifiers

Qualifiers are elements of the BTP messages used to exchange additional information between
the Actors. Qualifiers can be specified in the BTP specification (“standard quaifiers’), by
industry groups, by BTP implmentors or for the purposes of particular applications. Of the
standard qualifiersin this version of the specification some are constraints on the BTP Contract,
such astime limits, and some are further identifiers used to distinguish specific partiesin the BTP
interchange. Non-standard qualifiers could extend the protocol or carry application-specific
information.
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Part 2. Normative Specification of BTP

6 Actors, Roles and Relationships

Actors are software agents which process computations. BTP Actors are addressable for the
purposes of receiving application and BTP protocol messages transmitted over some underlying
communications or carrier protocol. (See section “Addressing” for more detail .)

BTP Actors play rolesin the sending, receiving and processing of messages. Theseroles are
associated with responsibilities or obligations under the terms of software contracts defined by
this specification. (These contracts are stated formally in the sections entitled “ Abstract M essages
and Associated Contracts” and * State Tables’.) A BTP Actor’ s computations put the contracts
into effect.

A Roleis defined and described in terms of asingle Business Transaction. An implementation
supporting a Role may, as an addressable entity, play the same Role in multiple Business
Transactions, simultaneoudly or consecutively, or a separate addressable entity may be created for
each transaction. Thisis achoice for the implementer, and the addressing mechanisms allow
interoperation between implementations that make different choices.

Within a single transaction, one Actor may play several roles, or each Role may be assigned to a
digtinct Actor. Thisis again a choice for the implementer. An Actor playing a Roleistermed an
“actor-in-role”.

Actors may interoperate, in the sense that the roles played by Actors may be implemented using
software created by different vendors for each actor-in-role. The section “Conformance”, gives
guidelines on the groups of roles that may be implemented in a partial, interoperable
implementation of BTP.

The descriptions of the roles concentrate on the normal progression of a Business Transaction,
and some of the more important divergences from this. They do not cover all exception cases —
the message set definition and the state tables provide a more comprehensive specification.

Note — A BTP Roleis approximately equivalent to an interface in some distributed

computing mechanisms, or a port-type in WSDL. The definition of a Role includes
behaviour.

6.1 Relationships
There are two primary relationshipsin BTP.
* Between an Application Element that determines that a Business Transaction should be
completed (the Role of Terminator) and the BTP Actor at the top of the Transaction Tree
(the Role of Decider);

« Between BTP Actors within the tree, where one (the Superior) will inform the other (the
Inferior) what the outcome decision is.
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These primary relationships are involved in arriving at a decision on the outcome of a Business
Transaction, and propagating that decision to all partiesto the transaction. Taking the path that is
followed when a Business Transaction is confirmed:

1

0.

10.

The Terminator determines that the Business Transaction should Confirm, if it can;
or (for a Cohesion), which parts should Confirm

The Terminator asks the Decider to apply the desired outcome to the tree, if it can
guarantee the consistency of the Confirm decision

The Decider, which is Superior to one or more Inferiors, asksits Inferiors if they can
agree to a Confirm decision (for a Cohesion, this may not be all the Inferiors)

If any of those Inferiors are also Superiors, they ask their Inferiors and so on down
thetree

Inferiorsthat are not Superiors report if they can agree to a Confirm to their Superior

Inferiorsthat are also Superiors report their agreement only if they received such
agreement from their Inferiors, and can agree themselves

Eventually agreement (or not) isreported to the Decider. If al have agreed, the
Decider makes and persists the Confirm decision (hence the term “Decider” —it
decides, everything el se just asked); if any have disagreed, or if the Confirm decision
cannot be persisted, a Cancel decision is made

The Decider, as Superior tellsits Inferiors of the outcome

Inferiorsthat are also Superiorstell their Inferiors, recursively down the tree

The Decider replies to the Terminator’ s request to Confirm, reporting the outcome
decision

There are other relationships that are secondary to Terminator:Decider, Superior:Inferior, mostly
involved in the establishment of the primary relationships. The various particul ar relationships
can be grouped as the “control” relationships — primarily Terminator:Decider, but also
Initiator:Factory; and the “outcome” relationships — primarily Superior:Inferior, but also
Enroller:Superior.

The two groups of relationships are linked in that a Decider is a Superior to one or more Inferiors.
There are also similaritiesin the semantics of some of the exchanges (messages) within the
relationships. However they differ in that

1

All exchanges between Terminator and Decider areinitiated by the Terminator (it is
essentialy arequest/response relationship); either of Superior or Inferior may initiate
messages to the other

The Superior:Inferior relationship is recoverable — depending on the progress of the
relationship, the two sides will re-establish their shared state after failure; the
Terminator:Decider relationship is not recoverable
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3. Thenature of the Superior:Inferior relationship requires that the two parties know of
each other’ s addresses from when the relationship is established; the Decider does not
need to know the address of the Terminator (provided it has some way of returning
the response to a received message).

6.2 Roles

|_Ei.guLe_6;J_|and ELgULP_G_ZI show the BTP rolesthat are specialisations of the central Superior and
Inferior roles.

Superior
JA
Decider Sub-coordinator Sub-composer
%
Coordinator Composer

Figure 6-1 Superior and derived roles

Inferior

[
[ —

Participant | | Sub-coordinator || Sub-composer

Figure6-2 Inferior and derived roles

In the following sections, the responsibility of each Role is defined, and the messages that are
sent or received by that Role are listed. Note that some roles exist only to have a name for an
Actor that issues a message and receives areply to that message. Some of these roles may be
played by severa Actorsin the course of a single Business Transaction.

For each Role, atable shows which messages are received and sent. Where the messages appear

on the same ling, the second is areply to the first. (Consequently the columns are sometimes sent
first, received second, sometimes vice versa.)
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6.2.1 Roles involved in the Outcome Relationships
6.2.2 Superior

Accepts enrolments of Inferiors from Enrollers, establishing a Superior:Inferior relationship with
each. In cooperation with other Actors and constrained by the messages exchanged with the
Inferior, the Superior determines the Outcome applicable to the Inferior and informs the Inferior
by sending CONFIRM or CANCEL. This outcome can be Confirm only if a PREPARED
message is received from the Inferior, and if arecord, identifying the Inferior can be persisted.
(Whether this record is aso arecord of a Confirm decision depends on the Superior’s position in
the Business Transaction as awhole.). The Superior must retain this persistent record until it
receives a CONFIRMED (or, in exceptional cases, CANCELLED or HAZARD) from the
Inferior.

A Superior may delegate the taking of the Confirm or Cancel decision to an Inferior, if thereis
only one Inferior, by sending CONFIRM_ONE_PHASE.

A Superior may be Atomic or Cohesive; an Atomic Superior will apply the same decision to all of
its Inferiors; a Cohesive Superior may apply Confirm to some Inferiors and Cancel to others, or
may Confirm some after others have reported cancellation. The set of Inferiors that the Superior
confirms (or attempts to Confirm) is called the “ Confirm-set”.

If RESIGN is received from an Inferior, the Superior:Inferior relationship is ended; the Inferior
has no further effect on the behaviour of the Superior asawhole.

Superior receives Superior sends

ENROL ENROLLED
PREPARE
CONFIRM
CANCEL
RESIGNED
CONFIRM_ONE_PHASE
CONTRADICTION
SUPERIOR_STATE

PREPARED

CONFIRMED

CANCELLED

HAZARD

RESIGN

INFERIOR_STATE

REQUEST STATUS STATUS

REQUEST_INFERIORS_STATUS INFERIOR_STATUSES

Receipt of ENROL establishes a new Superior:Inferior relationship (unless the ENROL isa
duplicate). ENROLLED issent only if areply isasked for on the ENROL.
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6.2.3 Inferior

Responsible for applying the Outcome to some set of associated operations — the application
determines which operations are the responsibility of a particular Inferior.

An Inferior is Enrolled with asingle Superior (hereafter referred to as“its Superior”),
establishing a Superior:Inferior relationship. If the Inferior is able to ensure that either a Confirm
or Cancel decision can be applied to the associated operations, and can persist information to
retain that condition, it sends a PREPARED message to the Superior. When the Outcomeis
received from the Superior, the Inferior appliesit, deletes the persistent information, and replies
with CANCELLED or CONFIRMED as appropriate.

If an Inferior is unable to come to a prepared state, it cancels the associated operations and
informs the Superior with a CANCELLED message. If it is unable to either come to a prepared
state, or to Cancel the associated operations, it informs the Superior withaHAZARD message.

An Inferior that has Become Prepared may, exceptionally, make an autonomous decision to be
applied to the associated operations, without waiting for the Outcome from the Superior. It is
required to persist this autonomous decision and report it to the Superior with CONFIRMED or
CANCELLED as appropriate. If, when CONFIRM or CANCEL is received, the autonomous
decision and the decision received from the Superior are contradictory, the Inferior must retain
the record of the autonomous decision until receivinga CONTRADICTION message.

Inferior receives Inferior sends

PREPARE

CONFIRM

CANCEL

RESIGNED

CONFIRM_ONE_PHASE

CONTRADICTION

SUPERIOR STATE
PREPARED
CONFIRMED
CANCELLED
HAZARD
RESIGN
INFERIOR _STATE

REQUEST STATUS STATUS

REQUEST _INFERIORS_STATUS INFERIOR_STATUSES

6.2.4 Enroller

Causes the enrolment of an Inferior with a Superior. This Role is distinguished because in some
implementations the enrolment request will be performed by the application, in some the
application will ask the Actor that will play the Role of Inferior to enrol itself, and a Factory may
enrol anew Inferior (which will also be Superior) as aresult of receiving BEGIN& CONTEXT.
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Enroller sends Enroller receives
ENROL ENROLLER

ENROLLED isreceived only if the Enroller asked for a response when the ENROL was sent.

An ENROL message sent from an Enroller that did not require an ENROLLED response may be
modified en route to the Superior by an intermediate Actor to ask for an ENROL L ED response to
be sent to the intermediate. (This may occur in the “one-shot” scenario, where an ENROL/no-rsp-
regisreceived inrelation to a CONTEXT_REPLY/related; the receiver of the
CONTEXT_REPLY will need to ensure the enrolment is successful).

6.2.5 Participant

An Inferior which is specialized for the purposes of an application. Some Application Operations
are associated directly with the Participant, which is responsible for determining whether a
prepared condition is possible for them, and for applying the outcome. (“associated directly” as
opposed to involving another BTP Superior:Inferior relationship, in which this Actor isthe
Superior).

The associated operations may be performed by the Actor that has the Role of Participant, or they
may be performed by another Actor, and only the Confirm/Cancel application is performed by the
Participant.

In either case, the Participant, as part of becoming prepared (i.e. before it can send PREPARED
to the Superior), will persist information allowing it apply a Confirm decision to the operations
and to apply a Cancel decision. The nature of this information depends on the operations.

Note — Possible approaches are:

»  The operations may be performed completely and the Participant persists
information to perform Counter-effect operations (compensating operations) to
apply cancellation;

e Theoperations may be just checked and not performed at all; the Participant
persists information to perform them to apply confirmation;

e TheParticipants persists the prior state of data affected by the operations and the
operations are performed; the Participant restoresthe prior state to apply
cancellation;

» Asthe previous, but other accessto the affected data is forbidden until the decision
is known

SinceaParticipant is an Inferior, it sends and receives the messages for an Inferior.
6.2.6 Su