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Message from the TC Chair

A professional group exists only to serve its members. The service is primarily by members for other members.

A chair is not a sage who divines the needs of members, nor a slave to do all the work. A chair can be collec

tion point for needs, problems and dreams.

As your chair I ask you to communicate with me as part of what you do for yourself through the technical com

mittee. Send me mail or email, fax or phone, bend my ear at conferences, or drop by as you tour beautiful Min

nesota.

What can the TC do for you? How do you want to serve the TC? Are we doing things well? Are we doing the

right things? Are we reaching the right audience? Who else should join and be an active member? What ques

tions should we be asking?

John Carlis Computer Science Dept. University of Minnesota 200 Union St SE Minneapolis, MN 55455 (612)-

625-6092 (612)-625-0572 fax] carlis@umn-cs.cs.umn.edu
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Letter from the Issue Editor

This special issue is devoted to describing some of the activities underway on the topic of

transaction models in applications that go beyond traditional banking scenarios. Most of these new

transaction models stem from a practical need to relax one or more of the ACIDity (Atomicity,

Consistency, Isolation and Durability) properties of a transaction. These papers are, for the most

part, written in the context of a specific system. The systems covered in these papers vary, from

the heterogeneous database, computer publishing, computer aided software development, computer

aided design, active databases etc. Many of these papers address long transactions such as those

found in CASE and CAD systems. The variety of systems are as interesting as the differences in

approaches. I hope that one of the conclusions to be drawn from this particular special issue is

that transactions should be perceived as an enabling technology that can be used to build advanced

applications that are flexible. This flexibility manifests itself in the user’s ability to select the degree

to which he wants certain properties enforced.

The papers are presented in alphabetical order of the first author’s name. The first paper by

Dayal, Hsu and Ladin presents an extended transaction model for long lived transactions and ac

tive databases. The paper by Ellis differs from most other papers in that it only briefly discusses

the collaborative nature of groupware. Instead, it spends more time in discussing the approach to

concurrency control used in groupware. The paper by Garcia-Molina, Gawlick, Klein, Kleissner

and Salem describes nested sagas. Nested sagas allow for composition of long-running activities

into sagas, thereby, gaining the ability to abort or commit activities independently. The paper by

Kaiser and Perry addresses transaction models for cooperative environments. The authors’ expe

rience in software development environments has set the tone for the extensions they discussed.

The paper by Lee, Mansfield and Sheth addresses requirements for transaction processing in a

multimedia telecommunications environment. The paper uses a feedback mechanism to make the

model interactive. This provides the ability to build applications as a set of cooperative tasks. The

paper by Leu presents a transaction model for multidatabase systems. By allowing more than one

acceptable execution path for a single transaction and typed subtransactions, this model relaxes

both the atomicity and isolation properties in a way that facilitates transaction processing in mu!

tidatabase systems. The paper by Muth, Rakow, Kias and Neuhold is written for a fairly unusual

and relevant application. The paper addresses the requirements of a transaction model for pub

lication environments. More specifically, it presents an open distributed publication environment

for multimedia products. The paper by Reuter and Wachter on the contract model, addresses the

limitations of classical models and deals with various mechanisms for managing activities based on

the contract model. This model uses a script to describe the activities in a contract. The paper on

polytransactions by ltusinkiewicz and Sheth describes a multidatabase environment in which data

is interrelated in various ways. After briefly describing interdependent data, the paper introduces

the notion of polytransactions to deal with them. The paper by Unland and Schlageter is probably

more related to the management of transactions than any of the other papers. The adaptable tool

kit approach is described and then various strategies for performing concurrency control and recov

ery are presented based on this approach. The paper on s-transactions by Veijalainen and Eliassen

discusses how the s-transaction model is used to preserve both local and global consistency in a
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highly autonomous multidatabase environment. Finally, the paper by Weikum and Schek gives an

overview of the multi-level transaction model and its generalization for open nested transactions.

They also discuss the various requirements of ACIDity and provide various potential applications.

I want to thank all the authors for putting up with my nit picking. I know some of them have

gotten pushed to the limit at times. I believe that we are all better for this effort of writing and

rewriting. I would also like to thank Mr. Yungbo Leu for helping out at various stages of this

process. Since the papers had to be limited to 5 pages for this special issue, we have decided to

publish extended versions of a subset of these papers, and a few other papers that did not make it

into this issue, in a book to be tentatively published by Morgan Kauffmann later in 1991.

Before closing this letter, I would like to introduce to the readers of the Bulletin the newly

established Indiana Center for Database Systems. The center is a state wide effort by Purdue Uni

versity, Indiana University and various other institutions in the state. The primary objectives of

this center are the establishment of research, technology transfer and outreach programs to benefit

the database industry. The Director of the center is Judith Copier and the Executive Directors

are myself and Edward Robertson of Indiana University. The center was established through a

generous grant from the Indiana Corporation for Science and Technology.

Ahmed K. Elmagarmid
Associate Professor and Executive Director

The Indiana Center for Database Systems

Department of Computer Sciences

Purdue University

3



A Generalized Transaction Model for Long-Running Activities and

Active Databases

Umeshwar Dayal
Meichun ilsu’

Rivka Ladint

Digital Equipment Corporation

1 Introduction

In the conventional transaction model supported by existing database management systems, a transaction is the

atomic unit of work. A transaction is guaranteed to satisfy the concurrency atomicity, failure atomicity, and

permanence properties.
This model is limited for many applications. First, it presupposes strictly sequential transactions. The nested

transaction model Lisk85, Moss8l] overcomes this limitation by allowing a transaction to spawn subtransactzon.s

that execute concurrently. In the nested transaction model, the subtransactions are immediate in that they can

be scheduled for execution as soon as they are spawned.

Sometimes, however, it is necessary to defer the execution of some actions to the end of a transaction.

For example, the deferred actions might check integrity constraints, propagate updates performed during the

transaction to replicas of the updated objects, propagate updates to derived data (e.g., to materialized views),
or execute “automation rules” for postprocessing Hc88]. The execution semantics of deferred actions are not

described by the nested transaction model.

A more serious limitation is that both the conventional transaction model and the nested transaction model

presuppose short, isolated transactions. Sometimes, it is necessary to break off some actions of a transaction and

to execute these actions in one or more separate, decoupled transactions. For example, in an inventory control

application, transactions may update the quantity on hand of some item in the inventory database (to reflect the

consumption of the item). If the quantity of hand falls below a threshold, then the item has to be reordered.

However, there is no need to execute the reordering action as part of the original transaction that consumed the

item. Decoupling some actions permits transactions to finish more quickly, thereby releasing system resources

earlier, and improving transaction response times. A decoupled transaction can execute concurrently with the

transaction from which it was spawned. Often, we want the decoupled transaction to be causally dependent: it

must be serialized after the transaction from which it was spawned, and it can commit only if the latter commits.

Sometimes, however, causally independent decoupled transactions are desirable. For example, suppose we want

to write a record in the security log whenever a user accesses some data object; we want the security log record

to be written irrespective of whether the original transaction that accessed the object commits or aborts. To do

this, we write the security log in a causally independent transaction.

In HLM88, Chak89, DHL9O], we introduced a generalized transaction model, and accompanying language

primitives, that supports different kinds of nested transactions: concurrent subtransactions, deferred subtransac

tions, and decoupled (causally dependent and independent) transactions. We were motivated by real application

needs, rather than some theoretical notion of completeness. In particular, we were motivated by the need to

describe the semantics of active databases and long running activities. (In contrast, the work on generalized

Address: Digital Equipment Corp., One Kendall Square - Building 700, Cambridge, MA 02139; dayal©crl.dec.com.

tAdcfrese: Digital Equipment Corporation, Mountain View, CA 94040; hsu©ocean.dec.com

Address: Digital Equipment Corp., One Kendall Square - Building 700, Cambridge, MA 02139; rivka@crl.dec.com.
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transaction frameworks, such as ACTA CR90], is motivated by the desire to describe and compare all existing
transaction models.)

In this short paper, we first give in Section 2 a brief overview of our generalized transaction model. Then in

Section 3, we illustrate its use as the execution model for active databases. In Section 4, we show how to use the

model to express control flow in long-running activities. We augment the model to support the recovery semantics

(and other desired features) of activities. For details, the reader is referred to HLM8S, DHL9O, DHL9x]. For

details of the algorithms for implementing the model, see Chak89, DHL9x].

2 The Transaction Model

Our model gives the programmer fine control over the scope in which a transaction is executed. To achieve this,

we extend the nested transaction model described in Moss8l, Lisk85]. A nested transaction is a transaction that

is started from inside another transaction (the parent transaction). Transactions can be nested to arbitrary levels,

forming a tree with a top transaction at the root. We first describe briefly the basic nested transaction model.

Then, we present our extensions, which are twofold: the first allows tasks to be explicitly deferred to the end of

the transaction; and the second permits the decoupling of tasks to be performed in a separate transaction.

2.1 The Nested Transaction Model

A transaction may contain any number of nested transactions or subtransactions, some of which may be required to

perform sequentially, some concurrently. We use standard tree terminology in referring to relationships between

transactions, for example, parent, child, ancestor and descendant. A subtransaction may be aborted without

causing its parent transaction to abort.

Concurrency within a transaction is obtained by allowing the parent to start concurrent subtransactions.

While a child is running, its parent is suspended. However, sibling subtransactions may execute concurrently.

Because siblings are serializable at each level of the transaction tree, there is no problem with concurrent siblings

interfering with one another. Sequential siblings are ordered according to when they run. This structure can’t be

observed from the outside; i.e., the overall transaction still satisfies the atomicity properties.
The commit of a subtransaction is always relative to its parent. If a subtransaction commits and its parent

aborts, the effects of the subtransaction will be undone. When a subtransaction T and all its ancestors up to, but

not including, the top transaction commit, we say that T has committed to the top. When T’s top transaction

then commits we say that T has committed through the top. The top transaction commits only after all of its

subtransactions have terminated.

A top transaction and its descendants can be modelled by means of a tree structure called a transaction

tree. The root of the tree is labelled by the top transaction; the interior nodes are labelled by the descendant

subtransactions. For convenience, we assume that there exists a distinguished system transaction, T8~8 every top

transaction is a child of T3~5.
To constrain the execution order of concurrent siblings, priorities can be assigned to transactions. The system

guarantees that the serialization order of concurrent siblings is consistent with their priority order.

2.2 Deferred and Decoupled Transactions

In addition to the nesting of subtransactions described above, we allow three more types of nesting. First, we

allow the creation of deferred subtransactions whose execution is explicitly delayed until the end of the user’s top

transaction T and before any deferred subtransaction is executed, a point we shall refer to as the cycle-O end.

When T reaches its cycle-O end, a deferred subtransaction is started, and runs as a proper subtransaction of T. If

more than one deferred subtransaction is created before T reaches its cycle-0 end, then all these subtransactions

are started as concurrent subtransactions in cycle 1 at cycle-0 end. If the processing of subtransactions in cycle
1 causes more deferred transactions to be created, the latter are started when all subtransactions in cycle 1 have

finished, and are started as concurrent subtransactions of T in cycle 2. The cycles of execution of T continue

until the last cycle finishes in which no more deferred subtransactions are created. Like a regular subtransaction,

the commit of a deferred subtransaction is conditional on its parent (the transaction that created it) committing

through the top.
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Second, we allow a separate top transactions to be started from inside another transaction. Such a “nested

top transaction” is called a decoupled transaction. A decoupled top transaction will be represented by its own

tree. We identify two kinds of decoupled transactions based on whether they are causally dependent on their

parent or not. Let T be the top transaction and let T’ be a decoupled transaction created either by T or by one

of its descendants. Then T’ is causally dependent on transaction T (we say that T’ is a CD Top transaction) if

T’ is serialized after T and the commit of T’ is conditional on the committing of its parent through the top.

Note however, that aborting of T’ has no effect on its parent. It is important to note that CDtop transactions

whose natural parents have committed must be scheduled for execution. Therefore, CDtop transactions that are

interrupted by a system failure should be automatically restarted as part of system recovery.

The execution of a causally independent decoupled transaction T’ has no special privileges relative to its

parent T; the commit of T’ is not relative to its parent, but rather independent. Note that we don’t constrain

the serialization order of T’ relative to its parent.

In the standard nested transaction model, a subtransaction cannot control the fate of the top level transac

tion. We extend these failure semantics to allow a subtransaction to request that its top transaction and all its

decendants (excluding the causally independent decoupled top transactions) be aborted.

To constrain possible execution orders of concurrent CDtop transactions, we support a pip elining mechanism.

We say that a decoupled transaction T’ created by transaction T satisfies the pipelining property if for all

transactions Ti that are serialized before (after) T, any decoupled transaction Ti’ created by Ti is serialized before

(respectively, after) T’. Thus, suppose a decoupled transaction is used to display a moving target’s position on a

screen every time the position is updated. If many update transactions occur in a short period, several decoupled

display actions may be queued. For the display to reflect the correct sequence of updates, the display actions

must be pipelined.

3 Execution Model for Active Databases

In this section, we illustrate the use of the transaction model to describe the execution semantics of active

databases. An active database contains both data and rules Dayas8b, DBM88J. A rule is an event-action pair.
The event may be a database operation, a temporal event, an external signal, or combinations of these; the action

is any program.

A transaction may trigger the execution of a rule’s action by causing its event to occur. In most rule models

(e.g., Ston86, Syba87, KDMSS, WF9O]) the triggered actions execute within the triggering transaction, either

immediately (when the triggering event occurs) or they may be deferred (to the end of the transaction). This

prolongs the original transaction, especially if rule executions are allowed to cascade, causing locks to be held for

a long time and thereby limiting database concurrency. Also, most rule models support only sequential execution

of rules.

In our model, a rule includes the specification of a coupling mode — immediate, deferred, causally dependent
decoupled, or causally independent decoupled. The coupling mode specifies the transaction scope within which

the action is executed relative to the triggering transaction (i.e., the transaction that caused the event to occur).
When the event is detected, the system creates an appropriate (nested) transaction to execute the action part.
If several rules have the same triggering event and the same coupling mode, they are executed concurrently.

Priorities, and the cycling and pipelining mechanisms, may be used to restrict concurrent execution. Also, the

execution of one rule may raise events that cause other rules to be triggered.
In the inventory control example, we can write a rule whose event is the update of the quantity on hand of an

item, and whose action invokes the reorder procedure if the quantity on hand has dropped below the threshold.

The desired semantics are obtained by executing the action part of the rule in a decoupled transaction.

In addition to monitoring events and starting nested transactions, the system may also need to recover events

that were signaled by committed transactions that spawned uncommitted nested CDtop and top transactions.

Therefore, a transaction commits only after its database updates, and the events signaled by it, are stably
captured. With these signals recovered, the system can restart the interrupted decoupled transactions and ensure

the completion of the execution. We distinguish between recoverable and irrecoverable events; all events triggered
by database updates are recoverable events. Temporal events, on the other hand, may be recoverable or not.

Upon recovery, events signalled by commited transactions and for which the necessary action was taken before the

failure, are recovered independent on whether they are recoverable events or not. Events signalled by commited
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transactions, and whose processing has not completed before the failure, are signalled only if they are recoverable

events.

4 Organizing Long-Running Activities

A long running activity involves multiple steps of processing (which may be serviced by different servers, perhaps
on different nodes of a distributed system) and that typically are of long duration. For example, a purchase
order may be issued from an inventory clerk, then passed to a manager who approves it, and then passed to an

accountant who makes proper accounting entries. Executing a long-running activity as a single transaction is not

strictly necessary in most cases, and can significantly delay the execution of short transactions. For example, if

purchase order processing is run as a single transaction, locks on the inventory records and the budget records

may be held for a long time, severely limiting database concurrency. When these steps involve several distributed

servers, commit processing is also expensive, and the transaction can run only when all servers are available

simultaneously.
One approach to handling a long-running activity, therefore, is to have each step run as a transaction; thus,

the long-running activity corresponds to multiple transactions. In conventional transaction processing systems,
the control flow among the steps is embedded in application programs (e.g. McGe78]). However, there is no

system support for handling failures or exceptions across the steps of the long-running activity.
Several extended transaction models to support long-running activities have been proposed 0587, KR88,

Reut89, Garc9O, ELMA9O]. Each step is executed as a transaction. Control flow among steps is declaratively
specified. These models also provide an automatic compensation capability that offers failure atomicity for the

user request.

To govern the execution of multiple application steps that are related, we augment our transaction model with

a control stucture called an activity.
A top transaction is created from within an activity. Activities can be further nested. Thus, children of

an activity may be activities or top transactions or a combination of these. An activity also has three states:

active, committed and aborted. The relationship between an activity and its children is similar to that between

a parent transaction and its children. A parent activity is committed only after all its children have terminated.

However, there are a couple of differences between activities and transactions. If a parent activity is aborted,
then all its active children are aborted; committed children are not affected. Furthermore, sibling activities are

not serializable; their effects on the database may be interleaved.

It is desirable to allow a user to query the status of an activity, or to stop or alter the progress of an activity.
For this purpose, a program that creates an activity is given a handle for the activity. After an activity is created,
the program may query the status of the activity by presenting the activity handle to the system.

The program may also ask the system to abort the activity. Aborting an activity is defined as follows. All

children activities are aborted; all active top transactions are aborted. Committed top transactions are not

aborted, but may be compensated for (see DHL9x] for more information).
The control flow among the steps of an activity is expressed in the application program, or is implicit in

rules as described in DHL9O]. Thus, a step Si that must start another step S2 can do so by starting a nested

transaction to execute S2, or it can signal an event that triggers a rule whose action part executes S2. The use

of rules allows the control flow to be dynamically modified based on the database state or the history of events

that have occurred. Exception handlers (and compensation actions) can be associated with each activity or step
as desired; these are invoked auomatically by the system using a fixed policy as in the saga model; or, they can

be dynamically invoked by rules.
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