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Transactional memory (TM) [3] is a simple abstraction for
concurrent programming that affords several advantages over
lock-based synchronization: deadlock-freedom, ease-of-use, and
composability. Transactional memory systems need to interact
with existing code: transactional code like databases, and non-
transactional code that performs messaging, synchronization, and
I/O. In the DALI (Data Access Language Integration) Project, we
are investigating programming languages features for integrating
existing code into a software transactional memory system. soft-
ware transactional memory system. We focus in particular on inter-
acting with existing transactional models.

Challenges

Accessing existing libraries presents a number of challenges that
can complicate the simple transactional programming model pro-
vided by TM or can constrain the TM implementation.

I/0. When one transaction conflicts with another, it may be
aborted and rolled back; however, some operations, such as I/O,
cannot be undone or cannot redone. Common solutions to this prob-
lem are to delay I/O until the transaction commits or to disallow I/O
within a transaction altogether. However, these solutions are not
always feasible or even possible. For instance, a library function
might be implemented as a remote procedure call or might access
a database.

Abstraction violations and inconsistencies. Library state may
become inconsistent with state managed by the TM. This can hap-
pen when there are accesses to the library not mediated by the TM.
For example, a persistent store may become inconsistent with the
transient in-memory state managed by the TM if another process
updates the store. A programmer may invoke library functions that
do not fit into the transactional model. For example,

A mechanism is needed to enforce consistency guarantees be-
tween the library state and the transactional memory. Developers
should be able to specify their desired consistency guarantees.

Other transactional models. Some libraries—JDBC, for
example—support their own notion of transactions. Integration
of disparate transaction models into the same framework enables
a simpler programming model. Issues such as isolation levels
and different transaction implementations make this integration
particularly challenging.

Synchronization. Non-transactional libraries may perform their
own concurrency control, leading to deadlock, priority inversion,
and other problems [1]. In general, transactional languages should
allow programs to use both TM—for expressiveness—and explicit
locking—for performance and interaction with existing libraries.

The interaction of explicit locking and TM needs to be inves-
tigated further. This interaction is strongly dependent on both the
library and the TM implementation. The library may not be thread-
safe. With optimistic TM implementations, conflicting library calls
may be made and may go undetected at transaction violation.

TM implementation. Access to existing code can constrain the
TM implementation. For example, TM can be implemented using
a write-back approach—writes are buffered until commit, when the
heap is updated—or a write-through approach—writes update the
heap immediately, but are logged so they can be rolled back if the
transaction rolls back. With the write-back approach, references
passed into a library need to be prevented from reading stale values.
With a write-through approach, library code that performs a write
to TM-managed locations must do the appropriate logging, or the
library call itself must be logged for undo. In our work, we assume
a write-through policy.

Using open nested transactions to support I/O imposes further
restrictions on the TM implementation.

DALI

In the DALI Project, we address the above issues by introducing
new programming languages features that allow programmers to
adapt existing code to a transactional setting.

Open (trans)actions and compensations. To support interacting
with non-transactional code, we provide open and open atomic
statements.

The statement open S executes S without transaction man-
agement: no locking or logging is performed. The statement
open atomic § executes S as an open nested transaction.

An optional undo clause, or compensation [5, 2], allows the pro-
grammer to specify how a the corresponding open statement should
be rolled back. As the transaction executes, the compensations are
appended to the log. If the enclosing transaction is aborted, the
clauses are executed in reverse order, returning the system to its
original state (or an equivalent state).

open {
c.executeUpdate(

"INSERT into orders VALUES (" + oid ... + ")");
} undo {
c.executeUpdate(
"DELETE from orders WHERE oid = " + oid);
}

Compensating expanders. To make compensations easier to use,
we use expanders [4] to wrap classes in the library with compen-
sating code.

expander UndoableList of List {
public void add(Object x) {
open { inner.add(x); }
undo { inner.remove(x); }

}



An expander extends and overrides the type it expands. When a
compensating expander for a type 7T is in scope, calls to methods
of T invoke the expander instead.

Transaction event listeners. To adapt existing transaction models
to the TM implementation and to make existing non-transactional
code transactional, we introduce transaction event listeners to reg-
ister code to be invoked when a event such as transaction begin,
commit, or rollback occurs.

In DALI, we have used transaction listeners to integrate JDBC
transactions into a transactional memory system; the listener
records savepoints for open JDBC connections on transaction begin
and rolls back to these savepoints when the TM rolls back.

Status

We have implemented these features in an extension of AtomJava
the supports experimentation with composition of transactional
and non-transactional code with AtomJava’s software transactional
memory system. Advanced developers can use our system to de-
velop custom transactional semantics; we have used the language
to develop a transactional SQL library. We are currently working
through the semantic foundations of the language.
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