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Abstract

Interactions are open nested flexible transactions
used to define long-lived tasks that access multiple
heterogeneous databases. Interactions operate on a
multidatabase where the local databases are accessed
via procedures called steps. The steps in a local
database encapsulate its information and allow it
to be accessed uniformly.

In this paper, we focus on issues of flexible task
specification in a multidatabase. We define a lan-
guage, TaSL, that allows a multidatabase user to
define an Interaction to the multidatabase in terms
of the steps provided by the local databases. TaSL
allows an Interaction definer to specify sequences of
steps that should be executed atomically (as classic
transactions) in the multidatabase. The user also
can specify constraints that must be maintained on
the data for the Interaction itself to remain consis-
tent. If these constraints are violated, committed
transactions may need to be compensated for, so
an alternative execution can be attempted.

1 Introduction

With the advent of high-speed communications,
applications are being developed that access infor-
mation in multiple, independent databases. These
systems not only include support for gathering in-
formation from different databases operated by dif-
ferent organizations, but also integrating informa-
tion within an organization that is stored in dis-
tinct, “legacy” systems.

The information in traditional databases is ac-
cessed from within transactions. The purpose of a
transaction is to ensure the consistency of the in-
formation in the database by executing operations
within one transaction atomically. However, this
transaction model is problematic if we try to use it
for accessing information in multiple databases in
a consistent manner. For example, a user accessing
multiple databases probably specifies longer trans-
actions than those seen in a centralized system,
if only because the transactions have to access a
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database remotely across a network. Also, the user
may not have the same strict consistency require-
ments that atomic transactions enforce; it may be
acceptable to do a portion of the task now, and a
portion later. For instance, consider a task a travel
agent might do — book a trip for a traveler. The
traveler may not always choose the seat on his flight
and order a special meal at the same time he makes
his reservation. Yet a third problem occurs when
the user is not fussy about how a specific task is
accomplished, but will accept several alternatives.
If a traveler wants to travel from Providence to
Toronto, she may not be fussy about which airline
she takes.

In this paper, we define a mechanism for spec-
ifying tasks that span multiple heterogeneous
databases (multidatabase tasks). We assume that a
task is solely concerned with accessing a set of re-
mote databases using their local, atomic, recover-
able transaction interfaces. Each task accomplishes
a specific goal, such as planning a specific trip. We
provide an overview of our transaction model, In-
teractions, which defines the concurrency control
requirements for the task.

Since the component databases of the multi-
database (local databases) are assumed to be au-
tonomous, we need to define an interface that al-
lows for interoperability. We provide this in two
ways. First, we define a model for the uniform ac-
cess of its local databases, called the step model.
The step model basically assumes that the local
database is encapsulated by a procedural inter-
face. Additionally, it provides the mechanisms for
automatic generation of compensating transactions
if the Interaction aborts and its committed work
must be semantically undone. Second, we define
two processes for each local database that run on its
machine on behalf of the multidatabase. The Agent
coordinates the serialization and commitment of
global transactions and executes their steps on the
local database. The Activator detects conflicts that
occur when a committed global transaction’s effects
are overwritten in a way that makes the Interaction
internally inconsistent. For example, this could oc-
cur if a traveler’s flight is canceled.

The focus of this paper is on issues of task spec-
ification and execution on a multidatabase. We



describe our task specification language, TaSL, for
defining tasks on a multidatabase. TaSL assumes
that each of the local databases has has a step in-
terface. TaSL differs from many of the languages
that support distributed, heterogeneous applica-
tions in that it focuses on the database issues of
transactions and recovery. Thus, it groups steps
on different local databases into a single (semanti-
cally) atomic transaction. These transactions are
grouped into a partially-ordered set specifying how
the task is accomplished. Different alternative sets
can be defined to accomplish the same task in dif-
ferent ways.

TaSL supports the ability to backtrack when
some transaction aborts and causes some subtask
to fail. In this case, backtracking is required before
the task can attempt an alternative execution. It
can also define constraints on the data that must
hold for the duration of the Interaction in order
for its execution to remain consistent. Violation
of these constraints will also cause backtracking to
occur.

2 Overview of Interactions

Interactions are a flexible open nested transaction
model for specifying long-lived tasks that span mul-
tiple databases!. These tasks are broken up into
smaller atomic units, called subtasks. Open nest-
ing [9] means that the different Interactions can in-
terleave their subtasks arbitrarily; there is no con-
currency control assumed beyond the fact that the
subtasks are executed as atomic transactions.

Flexibility [6] allows equivalent alternative sub-
tasks to be specified where possible, so that more
than one set of subtasks can accomplish the overall
task. With Interactions, flexibility is specified as
alternative sets of global transactions. This differs
from other models in that flexibility is implemented
not within atomic global transactions in, but rather
in terms of sets of inflexible global transactions.
When one execution fails (i.e., some transaction
aborts), compensation is used to back out the ef-
fects of that execution from the multidatabase until
a consistent state is reached, so a different alterna-
tive can be attempted.

Unlike other existing models, Interactions also
support a mechanism for regaining Interaction con-
sistency if specific, necessary effects of a commit-
ted subtask are overwritten before the Interaction
itself is committed. This type of overwriting is
possible because of the open nested structure and
the greater concurrency it allows. It causes a type
of event to occur, which ultimately results in the
failure of the (previously successful) alternative.
When such an event occurs, the failed alternative
is also compensated for and a new alternative at-

! A detailed description can be found in [15].

tempted.

2.1 The Interaction Model

An Interaction is defined as a partial order of global
transactions, each of which accomplishes some sub-
task of the Interaction’s task. The atomic global
transactions are ordered according to two criteria.
Because of flexibility, two potential executions of
the same Interaction may order the transactions ac-
cording to which alternative should be attempted
first. Also, within a given potential execution, a
transaction may depend on the completion of a dif-
ferent transaction in order to perform its subtask
correctly.

The state of an Interaction is kept in its variables.
We assume that the variables are maintained in a
state database, which is used exclusively for mul-
tidatabase management information. The different
global transactions of the Interaction access and/or
modify the variables. This is the means by which
information is passed from one global transaction
to another. The partial order of the global trans-
actions reflects the execution dependencies among
the global transactions (i.e. places where one global
transaction must commit before a second can be-
gin) as well as the order in which the global trans-
actions of the Interaction read information in the
Interaction variables from each other.

Task flexibility is represented in Interactions as
alternative subsets of short atomic transactions,
each of which accomplishes the same subtask. Ex-
actly one alternative must have all its transactions
commit for the task to succeed. These alternatives
are prioritized, so the highest-priority subset that
succeeds is the one whose effects are in place when
the Interaction commits. If any other subset is at-
tempted, its committed effects must be compen-
sated for in the multidatabase before the Interac-
tion itself commits.

2.2 Task Conflict and Task Isolation

Because of the arbitrary interleaving of global
transactions in the different Interactions, as well
as independent transactions on the local database,
careful attention must be paid to isolation and
to interference with the Interaction’s task execu-
tion. Therefore, the Interaction model assumes two
forms of isolation. The first, called a strong con-
flict, corresponds to traditional transaction atom-
icity — no conflicting interleaving operations are al-
lowed. The second form is called a weak conflict.
It defines a set of conditions set by the Interaction
which should be preserved for a specific span of
the Interaction’s execution. This form of conflict is
necessary because the other transactions running
on the local databases change the information in
those databases, potentially overriding information
set by the Interaction and necessary for its correct
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Figure 1: Summary of Strong and Weak Conflicts.

completion.

When a global transaction 7; updates a data
item, and that value must remain constant after 7;
commits for the Interaction to remain consistent, a
weak conflict is associated with T; to specify where
to backtrack to if the data item is overwritten. For
example, a weak conflict might be specified stating
that once the traveler’s hotel is booked, his reser-
vation stays around until he actually completes his
stay at the hotel. If, for instance, the hotel is blown
down by a hurricane before the planned stay, the
conflict is violated and the Interaction execution
must be recovered from the point at which the ho-
tel was booked. A simplistic way of accomplishing
this would be to compensate for or semantically
undo, all of the global transactions that depend on
the invalid hotel reservation, then re-execute the
Interaction from that point, choosing a different
alternative.

The two forms of isolation and their differences
are summarized in Figure 1.

2.3 The Execution Model

When an Interaction is executed, the best alterna-
tive set of global transactions is attempted, in the
specified partial order.? Failure of a specific sub-
task may occur if either a subtransaction aborts, or
the user initiates a subtransaction abort because
of some logical failure. In this case, the remain-
ing subtransactions of the global transaction are
aborted. The most recent place in the execution
where an alternative may be selected is located,
and all global transactions that follow that point
are compensated for in inverse order. Then execu-
tion continues from the current state as specified
by the selected alternative.

An Interaction execution is assumed to be cor-
rect if its global transactions are serialized in the
multidatabase in an order consistent with the de-
fined execution order and also consistent with the
order conflicts on the Interaction state were re-
solved. No concurrency control is enforced ex-

2 Alternatives could be attempted concurrently, pro-
vided that it is possible to remove the effects of a
lower-priority alternative if a higher-priority alterna-
tive commits.
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Figure 2: Interaction execution.

cept for that necessary to ensure global transac-
tion atomicity. Therefore, the global transactions
of different Interaction executions can interleave ar-
bitrarily in the multidatabase history (i.e., Interac-
tions are open nested).

If a weak conflict is violated, the current alter-
native fails. In this case, other dependent parts
of the Interaction may have committed since the
invalidated transaction committed. Such invalid
transactions include any transaction that has a pre-
decessor that is invalid, or which read state from an
invalid transaction. Once all of the invalid transac-
tions have been located, the Interaction can regain
consistency by compensating for all of its invalid
transactions in the inverse order of their execution.
Once a consistent state is regained, the most re-
cent place where an alternative can be attempted
is located, and further compensation must occur in
the same manner as if the invalidated global trans-
action had been aborted. Once this is complete, a
new alternative can be attempted.

Figure 2 shows an example of an Interaction
execution.  In this figure, the boxes labeled
GT1,---,GTn represent global transactions on the
multidatabase, each of which is assumed to execute
atomically. The arrows between the boxes repre-
sent the execution dependencies among the global
transactions; thus, G’I'l must commit before GT2
begins, but the executions of GT'm and GT'n can
overlap. FEach of the different global transactions
also accesses the Interaction state in some way;
these accesses are represented by labeled dashed
arrows indicating whether the information is read
from or written to the Interaction state, or both.
In this Interaction, if GT'm writes some informa-
tion read later by GT'n, then GT'm would have to
precede GT'n in the partial order.

2.4 Global Transaction Execution

We assume that each global transaction of some
Interaction is executed as a set of global subtrans-
actions, each of which executes on a single lo-
cal database. The global transactions themselves
span multiple local databases. However, to ensure
that the global transactions are serializable, no two
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Figure 3: Task flow for a trip reservation.

global subtransactions of the same transaction ex-
ecute on the same local database. To maintain
global transaction atomicity, each global subtrans-
action commits atomically with its global transac-
tion commit.

Since each global transaction in the Interaction
is specified as an atomic set of procedure calls
(steps) chosen from those made available by the lo-
cal databases, each global subtransaction executes
the subset of those steps that accesses its data. All
steps in the subtransaction are executed as a sin-
gle local database transaction. Thus, conflicts on
information in the local databases are resolved by
the local database concurrency control.

The subtransactions all commit atomically with
the global transaction.

2.5 Example

Figure 3 gives a flow diagram for an example trip
planning task for a travel agent. In this example,
the traveler specifies information about the trip to
a travel agent, who tries to make reservations for
round-trip plane tickets and a rental car. If no
appropriate flights can be found, the travel agent
is just to book a rental car so the traveler can drive.

In this figure, states are represented by circles,
with the start state indicated by a >. Transitions

are indicated by arrows (—), and are labeled with
the global transactions that cause the transition.
The legend gives a full description of the different
symbols and what they mean.

This example shows the weak conflicts for the
Interaction planning the trip. For example, once
the United flight is correctly booked, that reser-
vation must remain present in the United Airlines
database until the return flight lands. If this is not
the case — for instance, if the flight gets canceled —
then the task must recover in order to remain con-
sistent. Note that this means that the Interaction
remains in existence until at least when the flight
lands.

Weak conflicts in Figure 3 are represented as fol-
lows: The duration of each conflict is indicated by
a lightly shaded box. The label associated with
the box indicates an event that should occur dur-
ing the span delimited by the box. The example
weak conflict on the United flight ensures that the
reservation stays around until the traveler actually
takes the flight.

An example execution of this Interaction might
be as follows: Note the information from the trav-
eler. Make a reservation U on a United flight. Make
a reservation A for an Avis car at the destination
airport. Later, discover that the United flight was
canceled. Cancel the Avis reservation A. Cancel
the United flight reservation U. Try to book a
TWA flight, but discover that it is full. Finally,
make a second reservation B for an Avis car from
home. Take the trip. Commit the Interaction.

3 Multidatabase Support

In this section, we describe the support the local
database must provide for the local database to be
able to participate in an Interaction execution. We
also describe the Interaction support required at
the global level of the multidatabase.

3.1 The Step Model

In the Mongrel multidatabase, each local database
defines its own Step Library, which is the interface
that the multidatabase can use to access the infor-
mation in the local database. Each step is a pro-
cedure that can be executed on its local database
by the multidatabase. Different steps can be com-
posed together into a single local database trans-
action. The “begin”, “commit”, and “abort” op-
erations on the local database are invoked explic-
itly and are distinct from the step invocations that
query and/or update the local database.

Figure 4 shows a local database and its Step Li-
brary. Note that each step in the Step Library
is explicitly paired with its compensating step,
for easy correlation during backtracking. Since
the step knows exactly what is run on the local
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Figure 4: The step library interface between the
local database and the multidatabase.

database, it also can derive and log what its com-
pensating step call and arguments are. The com-
pensating transaction may also log other informa-
tion to be used by the compensating step: for in-
stance, if the original step raised everyone’s salary
by 10%, the information logged may include ex-
actly whose salary was raised, and by how much.
During the step execution, this information can
easily be derived with the help of some supplemen-
tal queries to the local database (within the exist-
ing local database transaction). Given the logged
information concerning the compensating steps, a
global transaction is semantically undone by exe-
cuting its compensating steps in the inverse order
of the original step execution.?

The step approach differs from the two existing
approaches for integrating local databases, which
are the restricted and the unrestricted approaches.
Figure 5 summarizes these differences. The un-
restricted model (e.g. [2]) allows global transac-
tions in the multidatabase to run arbitrary sets of
queries and updates in the local databases. There-
fore, global transactions must include code in the
various local databases” DMLs. The step model
differs from the unrestricted model in that it only
allows access to the local databases through the de-
fined steps. This restriction provides a uniform way
of accessing the information in the multidatabase,
independent of any local database’s DML. It also
frees the multidatabase user from having to specify
compensating subtransactions and ensuring that
they are correct.

The restricted approach (e.g., [11; 1]) states that
each time a multidatabase application accesses a lo-
cal database, it runs a complete, predefined trans-

?For details, see [16].

Restricted | Unrestricted | Step

Local Databases

Encapsulated? yes no yes

Global Transactions
Span Multiple no yes yes
Local Databases?

Can Automate yes no yes
Compensation?

Figure 5: Comparison of different local database
access approaches.

action on that local database. The step approach
differs from the restricted approach in that each
step 1s not itself a separate local database trans-
action. Rather, different steps on the same local
database can be composed into a single atomic
global subtransaction. Global subtransactions on
different local databases can be grouped into a sin-
gle atomic global transaction. Thus, the step model
is more flexible than the restricted model.

[4; 5] extend the restricted approach somewhat
by allowing the steps themselves to be nested, and
by allowing their execution to be decoupled from
the global transaction execution. This extension
allows for more flexibility, but their approach is or-
thogonal to the step approach.

3.2 Global and Local Levels

The multidatabase provides several functions at its
global and local levels to support the execution
of flexible tasks. At the global level, the multi-
database stores each Interaction definition and its
execution state. As the Interaction executes, the
multidatabase uses this stored specification to de-
termine what alternative to try next. The global
level also stores information on which alternatives
were tried and failed, which alternatives succeeded,
and which alternatives were never tried. If back-
tracking is required, it determines which new alter-
natives to retry, once the invalid work is compen-
sated for.

The global level also provides a directory of
the different steps available on the different local
databases, and the arguments to the step calls. The
multidatabase user can access this directory while
defining an Interaction. At the global level the mul-
tidatabase also schedules and executes the global
transactions, ensuring that each global transaction
is atomic and that the Interactions are executed
correctly.

The multidatabase has a local level extension
called an Agent for each local database. It is re-
sponsible for representing the global transactions
to its local database. This includes executing each
global transaction’s steps in the local database as
a single local transaction, logging information re-
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quired for compensation, and taking the place of
the local database in any global agreement proto-
cols such as two-phase commit. The Step Library
resides in the Agent, with its steps and compensat-
ing steps.

Because the Interaction model supports a notion
of backtracking that requires noticing when com-
mitted effects are overwritten, the local level of
the multidatabase also supports an Activator that
monitors the state of the local database explicitly
using queries. The Activator is notified of any con-
ditions that must be maintained in the database
and polls specific data items for changes that in-
validate those conditions. This polling can be done
periodically, although there are also more intelli-
gent schemes that minimize the amount of polling
queries generated by the Activator.

Both the Agent and the Activator properly reside
on the local database’s computer. It is these mod-
ules that allow the different, autonomous databases
to interoperate.

An overview of the modules in the Mongrel sys-
tem is shown in Figure 6.

4 Task Specification in TaSL

In this section, we give an overview of task specifi-
cation in TaSL*. A complete definition of TaSL is
given in Appendix A.

4.1 Interaction Definition

In TaSL, an Interaction definition is enclosed be-
tween begin_Interaction and end_Interaction state-
ments. Following the begin statement are declara-
tions for the variables internal to the Interaction.
The values of these variables are considered part of

*Ta(sk) S(pecification) L(anguage)

the Interaction’s state. After the declaration sec-
tion is the body of the Interaction.

Variable declarations are of the form <type>
<name> or <iype> <namei;>, ... <name,>. A
type is either the standard int, char, etc. used in C
or some object view of information on some local
database. Variables are used in the normal way.
At any time, the results of a step can be assigned
to an internal variable. This is done with a simple
assignment statement:

< vartable > = < step_result > .

The type of the result must match the type of the
variable. As in C, the components of the variable
can also be addressed using a dot notation, e.g.
flight_info.airline. When passed as a parameter,
all variables use call-by-value semantics.

The following sections define the structure of the
body of an Interaction.

4.2 Alternatives

Flexibility is specified as choices between alterna-
tive global transactions for continuing from a given
state if that state is reached during the execution.
These alternatives are prioritized, so the highest-
priority one is tried first and so on, until the one
unique alternative path succeeds in accomplishing
the remainder of the task. For example, in Fig-
ure 3, booking a United flight, booking a TWA
flight, and renting a car are all different alterna-
tives to be considered when the Interaction is in
state b.

Subtasks in an Interaction may be specified as
vital or non-vital. A vital subtask must be accom-
plished for the task to succeed. A non-vital subtask
does not need to be accomplished. Non-vital sub-
tasks are expressed using the NULL alternative.’
In Figure 3, the subtask that reserves the car at
the destination (from) is non-vital, so there is a
NULL alternative (with priority [2]) from state d
to state ¢. Thus, the car rental is tried first. How-
ever, if the car rental did not succeed, the NULL
subtask succeeds automatically.

In TaSL, the representation of alternative global
transactions that can fulfill the task is represented
using a modified form of the standard if-then-else
construct. An example of the full form of the con-
struct is as follows:

“In other work [7; 6], subtasks were explicitly tagged
as vital or non-vital. If a non-vital subtask could not be
accomplished, it still succeeded. We instead provide an
explicit NULL alternative, because the non-vital con-
struct is ambiguous in the presence of prioritized al-
ternatives. For example, consider the case where there
is a higher-priority non-vital alternative and a lower-
priority vital alternative. If the first alternative fails,
do you assume it succeeds or do you try the second
alternative?



if not { <global_transaction,> }

then if not { <global_transaction,,> or
-+ or <global_transaction,,,> }

then if not ...

then { <global_transaction,> }

In this construct, each alternative is represented
by a block of code and has some priority. Two
alternatives A and B of the same priority are joined
with an or to indicate that they can be tried in
any order and/or in parallel. The if not A then
if not B --- then N indicates an ordering to the
priorities, where A should be tried first. If A should
fail, then B should be tried, etc. If N fails, then
the whole set of alternatives fails, and consequently
the Interaction fails. If the definer wants to express
that the subtask executed by the alternative global
transactions is not necessarily vital, then the last
alternative should be then NULL.

4.3 Global Transactions

For correct operation in the multidatabase, each
strong conflict must be enforced by executing steps
within a single atomic global transaction on the
multidatabase. This transaction prevents other
global transactions on the multidatabase or inde-
pendent transactions on the local database from in-
appropriately accessing the resources used by the
steps it contains. For example, since a strong con-
flict is defined between the time the travel agent
finds an available reservation for the traveler and
the time the travel agent actually makes the reser-
vation and updates the traveler’s itinerary, there
must be a single atomic global transaction that ex-
ecutes all of the necessary steps.

Global transactions can specify step statements
that are to be executed on different local databases.
Steps in a single local database that are a part of a
single global transaction are all executed within a
single transaction on the local database (a global
subtransaction). The global subtransactions on
the local databases that execute the steps of a
global transaction must commit atomically with
the global transaction commit.

In TaSL, global transactions are defined using
the atomic construct:

atomic{ < body > }.

Statements not contained explicitly in the body
of some atomic block are executed individually in
their own global transactions.

4.4 Steps

A step defines a cohesive set of operations on a
single local database. In the task flow, an exam-
ple of a step is United::book_rt_flight (from, to, go,
return). Its function is to check the database for
United airlines to see if they have available flights

at the specified times, and make a reservation if
both are found.

Each step is implemented as a procedure call on
the Step Library associated with the local database:

< ldbname > 12 < step_call > ( < arglist >)

The operations of a step are executed within a sin-
gle global subtransaction on some local database.
Because the transactions on the local database are
assumed to be atomic and recoverable, the steps
executed as a part of a single global subtransaction
are also atomic and recoverable. The Step Library
procedures generate the DML that is sent to the
local database, and also formats the information
returned from the local database into the form ex-
pected by the caller.

4.5 Events and Waiting

An event is something that happens externally to
the Interaction, but that influences the execution
of the Interaction. An event is defined more specif-
ically as an update of a specific data item that
causes some condition to be violated

There are two ways we use events in an Inter-
action definition. The first way is to delay the
execution of the Interaction until some event has
occurred. For example, the travel agent may wish
to delay the commitment of an Interaction until the
traveler has completed his trip. An example of this
is shown in Figure 3, where the Interaction waits
for the flight to land before entering final state f.

The second way events are useful is in noting
when weak conflicts are violated. Weak conflicts in-
dicate the events that should not occur in the mul-
tidatabase during a specific execution span of the
Interaction if the Interaction is to be able to con-
tinue executing from its current state. For example,
a weak conflict might occur if some global transac-
tion in an Interaction made a hotel reservation on
a specific date, and that reservation was canceled
(and its record deleted from the hotel database)
because the hotel was closed.

Events in TaSL are represented as updates to a
specific data item to a new value that violates some
condition.

< ldb_name > :: < step_call >< cond >< value >

The step call returns some single value from the
local database, the condition cond is taken from
the set {<,<,=,#,>,>, deleted}, and the value
(when required) is some constant. The arguments
to the step call may consist of constants or values
read from the local database in which the event
occurred.

When the event occurs, it is detected eventually
by the Activator. The multidatabase can then pro-
cess the event as needed.

The wait command is used when an Interaction
wants to pause in its execution until some event



occurs. When a wait command is reached, the In-
teraction is blocked until the specified event occurs.
Then the execution resumes with the statement af-
ter the wait. A wait command has the form:

wait( < event > ).

Currently, we do not support the termination of
the waiting period in the case where the event never
happens, but rather expect that the user will notice
if his Interaction is waiting forever. In the future,
we may implement clock events as well, and allow
the user to wait for an event, specifying a timeout
period. If the timeout period expires, the wait ter-
minates and the user receives a notification of the
timeout event.

4.6 Weak Conflicts and Aborting

A weak conflict specification defines some event,
and also which transaction to backtrack to when
the event occurs. The event acts like a guard,
watching the database for changes that indicate
that might indicate that part or all of the Interac-
tion’s work has become invalid. Since weak con-
flicts do not indicate something that should (or
could) be prevented necessarily, the conflicting op-
eration is allowed to overwrite the Interaction’s ef-
fects. Consequently the Interaction must recover
its consistency by undoing some of its work and at-
tempting a different alternative. The global trans-
action associated with the event specifies where to
backtrack to during this recovery process. Thus,
we treat a weak conflict event analogously to an
explicit command to back out of the subset of the
committed global transactions that has become in-
valid.

Weak conflicts do not fit well into the block struc-
ture of the language. In particular, one possible
use for a weak conflict is to guard some specific
change made for the benefit of the user, such as a
flight reservation. The specific nature of the weak
conflict is not determined until the actual reserva-
tion is made, and the flight, date, and time are
known. However, there may be a window of time
between the point where the reservation is made
and the point where the weak conflict is put into
place. If this window exists, then there may be a
point where the reservation could get canceled, but
the weak conflict would not notice. To close this
window, the weak conflict must be in place before
the global subtransaction that makes the reserva-
tion commits. However, the weak conflict needs to
persist for a longer time, and thus most certainly
should be released outside of that global transac-
tion.

Because of this, TaSL treats weak conflicts more
like exceptions than like locks. It uses a structure
derived from Dayal et al.’s event-condition-action
(ECA) rules [4] to define the exception. Since the
weak conflict may be released at some point of time

that is not the end of the Interaction, there must
be an option to specify the ending time of the weak
conflict. 'This is done using an wuntil statement,
which specifies the label indicating the statement
that ends the weak conflict.

The full construct for defining a weak conflict is
as follows:

[until < label >)
on <event> { abort ( < label, > ) }

where square brackets indicate optional parts of
the construct. If the until statement occurs, there
should be some statement “downstream” from the
weak conflict declaration that has that label. Dur-
ing execution, the weak conflict is released atomi-
cally with the execution of the labeled statement.
If no such statement is reached, the weak conflict
persists until the Interaction ends.

The event in the on statement is a standard
event as defined earlier. The handler specifies a
step to abort using the label associated with the
global transaction that executed that step. At run-
time the current global transaction identifier is as-
sociated with the label, and that identifier is passed
to the Activator along with a specification of the
event and condition.

When the Activator detects that some condition
has been violated, the specified global transaction
is invalidated. This does not necessarily mean that
the global transaction must be aborted in the tradi-
tional sense, because likely it is no longer running.
Rather, compensation must occur for that global
transaction and all of its successors in the Interac-
tion’s partial order, as defined in Section 2.3.

4.7 Concurrency

We need also to allow unrelated subtasks to execute
concurrently. For instance, when planning a trip,
the hotel reservation and car reservation steps for
a specific stop can happen concurrently once the
plane reservation is made. We use the standard
fork and join primitives to express concurrency
in an Interaction. When an Interaction begins a
concurrent thread, it uses the fork construct and
names the thread, as follows:

fork (< name >) { < body > }.

In this case, a concurrent thread named name
is created with the same context as the current
thread, and that thread executes the code in body.
The concurrent thread completes at the end of the
code in body.

If the fork statement occurs within a global
transaction, the new thread is assumed not to be
a part of the same global transaction as the cur-
rent thread. Instead, the new execution thread ex-
ecutes outside the scope of that global transaction,
with its (execution) predecessor being the forking
global transaction. The continuing thread contin-
ues executing the forking global transaction. The



one constraint on the execution of the Interaction
is that the forked thread may not commit a global
transaction until the forking thread’s transaction
has committed (for recoverability).

A thread can join with a named thread using a
join. A join construct has the form:

join ( < namey >,...,< name, >)

where namey, ..., name, are names of concurrent
threads. The thread that executes the join state-
ment is called the primary thread, and the named
threads are called the joining threads. When the
join statement is reached, the primary thread first
waits until all the joining threads are complete,
then it executes the join statement. With Inter-
actions, forks and joins nest, which means that a
primary thread can only join with some thread that
it forked itself, or with some thread that was forked
by another thread that it is joining at the same
time.

4.8 Subroutines

To allow for more code modularity and reuse, we
allow subroutine calls within Interactions. A sub-
routine call may return a typed value, which can be
assigned to some Interaction variable. Subroutine
definitions are of the form:

[< type >] < proc > (< args > ) { < body > }

As with steps, subroutines are allowed to return
values. The return value may be assigned to an In-
teraction variable. Information may also be passed
back to the main body of the Interaction through
its global variables.

A subroutine call is of the form:

[< variable > =] < proc > ( < args >)

We assume that arguments are passed to the sub-
routine by value.

4.9 Summary

In this section, we have discussed the features we
use to specify long-lived multidatabase tasks in a
procedural manner. The TaSL language used to de-
scribe these tasks operates on a multidatabase that
follows the step model for local database access.

Figure 7 shows much of the TaSL code for the
trip reservation example in Figure 3.

5 Related Work

TaSL as a database language is the most procedu-
ral of the languages that support flexible transac-
tion specifications for databases. lso, unlike any of
the languages described below, TaSL is the only
language the explicitly supports being able to note
when some committed global transaction (subtask)
has been invalidated (i.e., its effects were overwrit-
ten in a way that compromised the overall task’s

begin_Interaction {
place from, to;
date go, return;
flight * go, * return;
car_rental * rental;

get_dates(&go &return);

get_cities(&from&to);

Agent::note("leaving from ",to,"on",go);
Agent::note("returning to ",from,"on", return);

if not { /*United first*/
atomic {
book_UN_flights(from,to,go,return);
fork (72) {

atomic { book_Avis_car(go,return,to); }
car_rented: wait (Avis::status(rental.resno)

==RENTED);
}

}
wait (UN::status(return.flight)==LANDED);

then if not {
atomic {
book_TWA_flights(from,to,go,return);
fork (72) {
atomic { book_Avis_car(go,return,to); }
car_rented: wait (Avis::status(rental.resno)

==RENTED);
}

}
wait (TWA::status(return.flight)==LANDED);

/*xTry TWAx/

then if not { /+Rent a car?x/
atomic { book_Avis_car(go,return,from); }
wait (sz's::status(rental.resno)::RENTED);

then abort_Interaction; /*No go.x/

commit_Interaction;
} /+End Interaction*/

/+*Waits donex/

/*x Steps to book an Avis rental car *x/
status book_Avis_car(go,return)
{
rent_car: rental=Avis::book_car(go,return);
if (rental status==0K) then {
Agent::note("car rental ",rental);
on (Avis::check_resv(rental.resno)
==NOT_OK)
{ abort_to(rent_car); }

else FAIL;
}

Figure 7: Interaction definition for trip reservation
example (incomplete).

consistency before the task itself completed), and
being able to recover by backtracking to that point
and trying alternative subtransactions. Other sys-



tems such as Narada [10] and Flex Transactions [6]
support backtracking after subtask failure (abort
or logical failure), but not after a failure due to an
external overwrite.

ACTA [3] is a formalism than can be used
to specify the types of dependency found among
the different subtasks of a task. IPL [2] speci-
fies the subtransactions and dependencies indepen-
dently, separating out issues of local transaction
definition from the specification of the overall task
flow and preferences. IPL also follows the Flex
Transaction model [6], which implements flexibility
within the context of nearly-atomic global trans-
actions. In contrast, TaSL specifies flexibility as a
choice between different global transactions.® Con-
Tracts [18] define a scripting language that sup-
ports similar features to TaSL. It has a notion of
exit invariants similar to that of weak conflicts, but
enforced as predicates that must hold true when a
new subtask is initiated. With Interactions, weak
conflicts are detected independently of subtask in-
vocations. Both IPL and the ConTracts scripting
language use a dependency structure similar to that
defined by the ACTA framework.

VPL [12] is a logic-based language that supports
flexible multidatabase transactions. In contrast,
TaSL supports similar functionality using explicit
control flow and prioritization. Interestingly, the
local database access model assumed by VPL re-
sembles the step model presented in this paper.

ATM [5] is a work-flow system that allows for
nested and decoupled activities on multidatabases.
Its structure is based primarily on ECA-rules.
DOL [17] is a multidatabase workflow language
that supports transactions explicitly. It also sup-
ports tasks that have portions that do not execute
on local databases, and thus have portions that
do not follow transaction semantics. The multi-
system task specification environment Narada [10]
provides an environment for executing tasks speci-
fied in DOL.

Other transaction models that support flexible
transaction definitions include Sagas and Nested
Sagas [7; 8], Flex transactions [6; 13], Con-
Tracts [18], and ATM [4; 5]. The open nested
model of Weikum and Schek [19; 20] supports open
nesting but not flexibility.

6 Conclusions

In this paper, we discussed a transaction model,
Interactions, that can be used to support flexible,
long-lived transactions on a multidatabase. In par-

5Flex Transactions restrict an overall task to have at
most one subtransaction per local database, for serializ-
ability reasons. Interactions allow multiple subroutines
on a single local database, but only one within a given
global transaction.

ticular, the Interaction model addresses the follow-
ing issues:

¢ Breaking up a potentially long-lived task into
a set of related shorter tasks each of which can
execute atomically on the multidatabase.

e Specifying constraints that must hold on the
multidatabase for the duration of the long-
lived task in order for the shorter tasks to be
valid and consistent among each other.

e Specifying tasks flexibly; that is, giving alter-
native ways to accomplish the task.

e Specifying priorities among the alternatives so
the multidatabase can find the best feasible al-
ternative. This implies that the multidatabase
must support some ability to search through
the different alternatives.

e Specifying backtracking properties, so that
if some constraint is violated and the task
becomes inconsistent, the multidatabase can
compute what backtracking needs to be done.
This also allows the multidatabase to deter-
mine, once the backtracking is complete, how
to continue the search for the best possible al-
ternative.

The Interaction model differs from other flexible
transaction models in that it implements flexibility
above the global transactions — the global transac-
tions are not themselves flexible, but they can be
combined in different ways to accomplish the task.
Another unique feature is that it supports reac-
tivity, or the ability to backtrack and re-execute
committed work if the task becomes inconsistent.

Interactions expect the local databases to present
a procedural interface for use by the multidatabase.
In particular, each local database presents a set of
procedures, or steps, that the multidatabase ap-
plications can use to access its data. Each step
has an associated compensating step, and knows
how to log the information required for compen-
sation. Steps in different local databases may be
grouped into a single global transaction. This in-
terface is less restrictive than the restricted access
schemes, where each step is executed as a complete,
atomic transaction. It is more restrictive than the
unrestricted access multidatabase schemes, in that
the multidatabase does not have unlimited access
to the information in the multidatabase. However,
steps do make an easy and intuitive way to specify
the task at the global level, as they encapsulate the
details of the local databases.

Based on the step model for multidatabase access
to the local databases, we defined a task specifica-
tion language, TaSL. TaSL is a procedural language
that allows the task definer to specify prioritized al-
ternative sets/sequences of global transactions, any
one of which can be used to accomplish the task.



The priorities guide which of the alternatives is se-
lected in the case where more than one actually
could successfully complete the task.

In addition to allowing the task definer to spec-
ify tasks in terms of steps grouped together into
global transactions, TaSL also allows the declara-
tion and use of variables internal to the Interaction.
Since these variables may be accessed by concur-
rent global transactions of the Interaction, their use
is synchronized in the same way a local database
synchronizes access to its data.

TaSL also allows the user to define constructs
that allow committed global transactions in the In-
teraction to be backed out of if their work is over-
written or otherwise made invalid before the Inter-
action itself commits. This type of conflict, termed
a weak conflict, cannot be specified in other lan-
guages.

Along with others, we have implemented a proto-
type multidatabase, Mongrel, that contains several
local databases that maintain travel information.
These local databases have a step interface. We
have partially implemented the TaSL language to
run on Mongrel.
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A TaSL Grammar

<interaction> ::=
begin_interaction {
<decls> <body>
} commit_interaction
<subr_set>
<decls> ::= € | <type> <namelist>; <decls>
<type> ::=int | string | ...
<namelist> ::= <name> | <name> , <namelist>
<name> ;= <ident>
<body> ::= €| <tlstmt> <body>
<tlstmt> ::=
<stmtlist> | <altlist> | <atomic>
<alt list> 1=
if not { <eq_pris> } then <altlist> |
if not { <eq_pris> } then { <eq.pris> } |
if not { <eq_pris> } then NULL;
<eq_pris> =
<atomic> | <atomic> or <eq_pris>
<atomic> ::= atomic { <stmtlist> }
<stmt_list> = <stmt> | <stmt> ; <stmt_list>
<stmt> ::=
<step_call> | <jassignment> |
<subr_call> | <fork> | <join> |
<wait> | <weak_conf> | <if>
<step_call> ::=
<db_name>::<proc> ( <arglist> ) |
<label>:
<db_name>::<proc> ( <arglist> )
<label> ::= <ident>
<db_name> ::= <ident>
<proc> ::= <ident>
<arglist> = <arg> | <arg> , <arglist>
<arg> = <ident> | <value>
<assignment> ::=
<ident> = <step_call> |
<ident> = <subr_call>
<fork> ::= fork ( <name> ) { <body> }
<join> = join ( <namelist> )
<wait> ;1= wait ( <event> )
<weak_conf> ::=
on ( <event> ) { <abort> } |
until <label> on ( <event> ) { <abort> }
<event> ::= <step_call> <cond> <value>

<abort> ::= abort_to ( <label> )
<if> =

if( <if_cond> )
then { <stmt list> }
else { <stmt_list> }
<if_cond> ::= <step_call> <cond> <value>
<subr_call> 1= <proc> ( <arglist> )
<subr_set> 1= € | <subr> <subr_set>
<subr> =
<type> <proc> ( <arglist> ) { <body> } |
void <proc> ( <arglist> ) { <body> }
<ident> ::= <string>
<value> ::= <string>



