Extending the
concept of transaction
compensation

The ability to compensate for previous
activities, often in the case of failure or
exceptional events, is an important feature of
long-running business transactions. In this
paper, we present several extensions to
existing notions of compensation for business
transactions. The extensions are described
using a business process modeling language
called StAC (Structured Activity Compensation)
but are also placed in the context of IBM’s
BPBeans (Business Process Beans) enterprise
technology. The meaning of the
compensation mechanisms is made precise,
as are issues of compensation scoping in
multilevel transactions. The compensation
extensions result in flexible and powerful
mechanisms for modeling and implementing
long-running business transactions.

To compensate is “to make amends for, to make up
for.”! In the context of business transactions, a com-
pensation is an action taken when something goes
wrong or when there is a change of plan. For exam-
ple, when an airline has overbooked a flight and too
many passengers turn up at the gate, something has
gone wrong. The airline needs to take corrective ac-
tion to resolve the problem. In this case, the airline
will typically attempt to encourage some passengers
to delay their journey by offering monetary payments.
The payments and the rebooking of the flight are a
compensation for the inability to seat these passen-
gers on this flight.

In this paper, we present some extensions to the stan-
dard notion of compensation. We show that these
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extensions provide powerful and flexible mechanisms
for modeling and building extended business trans-
actions. Some of the mechanisms described here
have been implemented as part of 1BM’s BPBeans*
(Business Process Beans) technology. BPBeans is
now part of the IBM WebSphere™ Application Server
Enterprise Edition.

The standard approach to compensation involves as-
sociating a compensation activity with the primary
activities of a transaction.® If compensation is re-
quired, the compensation activities of all successfully
executed primary activities are executed. In the ap-
proach of Reference 3, the compensation activities
are expected to undo the effect of the primary ac-
tivity to which they are associated. We refer to the
invocation of compensation activities as reversal. If
we reach a point where compensation will no longer
be required, compensation activities can be forgot-
ten. We refer to this as acceptance.

We present a simple business process modeling lan-
guage called StAC (Structured Activity Compensa-
tion), which incorporates compensation constructs.
We use StAC as a vehicle for describing our exten-
sions to transaction compensation. We present ex-
tensions of two types:

* The first type involves mechanisms that are more
general than the standard concept of compensa-
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tion. Compensation takes place at the application
level. The standard concept of compensation is ex-
tended to include transactions that are not atomic,
and thus compensation is not necessarily a seman-
tic “undo.” Compensation of sequential and con-
current activities is supported and compensation
is hierarchically structured.

e The second type involves new mechanisms sup-
porting multiple compensation. We introduce the
notions of selective compensation and alternative
compensation. In selective compensation, the re-
versal selects which activities should be compen-
sated. In alternative compensation, several com-
pensations may be attached to a primary activity
and the reversal chooses which of these should be
invoked.

We proceed with an overview of the standard ap-
proach to compensation. We then present the two
types of extension to the standard approach.

Transactions and failure

Deciding what to do when things go wrong is one
of the most difficult aspects of software design and
development. Many mechanisms have been devel-
oped to help with the design and coding of error de-
tection and correction. The most basic mechanisms
involve the use of return codes and exception han-
dling. These permit the program to detect and in-
dicate that an error condition has occurred, but they
do nothing to help the program with corrective ac-
tion.

One of the first mechanisms to be introduced in or-
der to help with corrective action is that of ACID
transactions. In general in this paper, by “transac-
tion” we mean a long-running transaction that is typ-
ically not ACID. When we are referring to an ACID
transaction, it will be clear from the context.

ACID transactions. The ACID transaction is a con-
cept that was first introduced during the 1960s (al-
though the term ACID was not introduced until
1983.)* An ACID transaction is a grouping of actions
or operations that together have the following prop-
erties:

Atomicity. The group of actions occurs atomically,
that is, the actions either all happen or none happen.

Consistency. The group of actions together are a cor-
rect transformation of the state of the system.

Isolation. Even though transactions are processed
concurrently, it appears to each transaction that
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other transactions occurred either before or after
it.

Durability. Once a transaction “commits,” its effects
survive any system failures.

ACID transactions aid programmers immensely by al-
lowing them to rely on a transaction processing mon-
itor (a program that manages and coordinates the
transactions in a system) to provide facilities for mak-
ing a group of actions atomic.

The ACID transaction processing monitor normally
provides services to an application to allow it to de-
marcate the work it wishes to perform into ACID
transactions. The application makes a begin call at
the start of the ACID transaction and then either a
commit call (when it wants the actions to occur) or
arollback call (when the application wishes to abort
the actions) at the end of the ACID transaction. This
ACID mechanism assumes transactions are fast and
simple. This may not be the case for complex op-
erations. So, for example, exclusive locks put on data
may be held for a long time, seriously reducing the
throughput of the system. Also, ACID transactions
involving a large amount of work can be very expen-
sive to roll back, especially in the latter stages of their
life. For example, think of a payroll application. If
it were operating as a single ACID transaction, a
server failure that occurred during the payment of
the last employee would undo the successful payment
of all other employees.

Compensation. Compensation is the act of making
amends when something has gone wrong or when
plans are changed. Although compensation can be
as simple as undoing an original action (for exam-
ple crediting an account that has been debited), it
should not be viewed as simply undoing the original
action. For example, if a bill has been sent to a cus-
tomer, it is not possible to undo the sending. In this
case the compensation would probably involve ei-
ther sending an apologetic letter asking the customer
to disregard the bill, or providing a refund.

Generally, a long-running transaction can be bro-
ken into smaller transactions and compensating
transactions, which can then be combined into a form
of extended transaction known as a “saga.”* The saga
is composed of a sequence of transactions, each of
which (except for the very last one) has an associ-
ated compensation. If one of the transactions in the
sequence reverses, the compensations associated
with those transactions that were successfully com-
pleted are run in reverse order.
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By using sagas, a long-running transaction can be
broken into smaller pieces, each of which can keep
fewer exclusive locks, and release those locks much
earlier than the original long-running transaction.
However, the saga violates the isolation principle of
ACID transactions. If another transaction examines
data being changed by the saga, it may see data from
the middle of the execution of the saga.

Introduction to business process beans

In its simplest terms, the BPBeans framework allows
customers to build Java** objects that represent their
business processes. A business process models a par-
ticular piece of work that is useful to the business.
Generally, this work involves inputting data, process-
ing the data, updating some stored data, and pro-
ducing a result.

To be useful, business processes are often connected
together so that the output from one process be-
comes the input for the next. The network of bus-
iness processes for a business function is usually de-
fined in a business process model. These models can
often be complex, especially when error handling and
exception processing is included. To make them com-
prehensible, most business process models are ar-
ranged in a hierarchy of abstractions. At the top level
of the model one can see the major business func-
tions. Each business function can be expanded to
show its main internal business processes, which may
in turn be expanded through many levels until the
simple primitive operations are exposed.

Although business process modeling is very useful
for business managers, it is not straightforward to
take parts of the model and implement them across
anumber of computer systems. This is because a bus-
iness process model normally uses many different
styles of business process, each of which requires a
different piece of middleware technology. For exam-
ple, Component Broker® can run customer-written
objects that communicate with one another in a syn-
chronous manner. WebSphere MQ*,® on the other
hand, is very good at asynchronous message pass-
ing. A business process model is likely to be imple-
mented using both styles of communication, and an
implementation of part of a business process often
involves integrating different types of middleware
that use different terms and modes of operation.

BPBeans provides the means, in the form of the

ABC? (Application Builder for Components) tool,
for an application designer to build an application
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based on a business process model that makes use
of different styles of processing (e.g., parallel or se-
quential processes communicating either synchro-
nously or asynchronously). The BPBeans run-time
environment is then responsible for combining the
necessary middleware to support the application. In
addition, the run-time environment will control
transactions and advanced error recovery mecha-
nisms such as compensation through properties and
constructs added to the business process model. This
means the programming interfaces that the custom-
er-written code uses must be very simple.

Not only is the programming of the system based on
the contents of the business process model, the de-
ployment, monitoring, and debugging is also driven
by the business process model. This means the or-
ganization works with a single view of the system.

BPBeans applications. A BPBeans application is
made up of a hierarchy of nested components. At
the bottom of this hierarchy are the primitive com-
ponents. A primitive component contains a simple
Javabean. This Java bean is loaded into the ABC tool,
which creates some XML (Extensible Markup Lan-
guage) that describes the services required by the
Java bean. It is this combination of the XML and the
Java bean that makes the BPBean.

From the ABC tool, the application designer is able
to pull these primitive components together into
composite components called processes and connect
them. Processes may also contain other processes,
creating a hierarchy of components. The BPBeans
run time provides implementation for a number of
useful primitive components, plus some process pat-
terns such as the following:

 Concurrent processes that can support an arbitrary
number of communicating tasks (activities or pro-
cesses) running in parallel

* Sequential processes that step through a sequence
of tasks, one at a time, using the result (outcome)
of the previous task to determine which task to run
next

e Compensation pair processes that combine two
tasks together, where one of the tasks is run if com-
pensation for the effects of the other task is re-
quired

The BPBeans framework also provides for accep-
tance of tasks and for reversal of tasks. The BPBeans
framework uses a graphical representation of these
patterns as shown in Figure 1. In this figure, the ovals
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