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ABSTRACT

This paper extends the Transactional Memory (TM) paradigm by
proposing a new powerful abstraction, the transactional future.
Transactional futures, as the name suggests, combine TM with
futures, by allowing programmers to exploit intra-transaction par-
allelism via the abstraction of futures, while delegating to TM the
complexity of regulating concurrent access to shared data. The main
contribution of this paper is the definition of a set of semantics
for transactional futures that explore different trade-offs between
simplicity and efficiency.
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1 INTRODUCTION

Transactional Memory (TM) [9, 14] is an attractive paradigm for
parallel programming that relies on the familiar abstraction of
transaction to shift the burden of coordinating concurrent access to
shared memory from programmers to the run-time environment,
possibly leveraging ad hoc hardware supports [3-5, 7, 10-13, 16,
17, 20].

This work aims at filling an important gap in the literature on
TM by investigating how to extend the TM model to support a pop-
ular abstraction for parallel programming, namely futures (a.k.a.,
promises [8]). In fact, despite the wide body of research that ad-
dressed various aspects of the TM domain (e.g., supporting intra-
transaction using parallel nesting [1][6][15][2]), the problem of
how to integrate the abstractions of futures and TM remains largely
unaddressed at current date, to the best of our knowledge.

We pursue this goal by introducing the abstraction of transac-
tional futures, i.e., transactions that execute wrapped within futures
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and that are spawned and evaluated by other transactions or trans-
actional futures.

We show that due to the ability of futures to generate paral-
lel computations with complex dependencies, there exist several
plausible (i.e., intuitive) alternatives for defining the isolation and
atomicity semantics of transactional futures. Based on these con-
siderations, we propose four different semantics that regulate two
different dimensions: the degree of atomicity between futures and
continuations, and their admitted serialization orders. These alter-
native semantics explore different trade-offs between ease of use
(simplicity of reasoning on the equivalent sequential histories), and
efficiency (ability to avoid aborts or stalls by enforcing different
constraints on the serialization order of transactional futures).

The semantics proposed in this paper extend the ones proposed
in our previous work [18], where we proposed a simplistic model
for what concerns the serialization order of transactional futures
(called strongly ordered in this paper) that imposes the serialization
of futures at their submission point. In this paper, we investigate
multiple definitions of the isolation and atomicity semantics of
transactional futures, which raise interesting opportunities as well
as subtle issues. In the full version of this paper [19], we also present
a graph-based formalization and software-based implementation
of the semantics herein proposed.

2 SEMANTICS OF TRANSACTIONAL
FUTURES

As a first step to reason on the integration of the future abstraction
in the TM paradigm, we first define the assumed model of execution
of transaction and futures. We consider a set 7H = {Thy, ..., Thp}
of threads which can communicate by reading and writing a set of
shared variables V.

In the conventional transactional model, transactions start by
issuing a begin operation, which can be followed by a sequence of
read and write operations, and are finally completed by either a
commit or abort operation. To integrate futures and transactions,
we allow the latter to return values: in fact, the future abstraction
supports the execution of tasks that generate results, and we in-
tend to encapsulate the operations executed by a future within a
transaction.

Further, we allow transactions to issue, besides reads and writes,
two additional operations: submit and evaluate. These two primi-
tives allow, respectively, for submitting and evaluating a transac-
tional future, i.e., a transaction encapsulated in a future that can
run in parallel with the thread that submitted it. We assume, for
simplicity, that future submission and evaluation can only be done
within the context of a transaction.

The submit operation takes as input a transaction T, activates
a parallel thread in which T will be executed, and returns a future
object f € F. The returned future object f can then be passed
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as an input parameter to the evaluate operation, which eventu-
ally returns the value generated by the transaction. As in typical
TM environments, we assume that if a transaction aborts due to
contention, it is re-executed automatically. This implies that if an
evaluate primitive associated with transaction T returns, then T has
either been committed (possibly after several aborts due to conflicts
and subsequent re-executions) or T has aborted due to an explicit
decision of the program to abort T (via the abort operation).

Transactions activated by threads that do not run in the context
of a future are denoted top-level transactions. It is easy to see that
this transaction execution model supports an arbitrary deep nesting
of calls to transactional futures in a top-level transaction. Also, a
transactional future Tr can be uniquely associated with one top-
level transaction Ts within whose context T is submitted, and
with one or more top-level transaction T, within whose context
Tr is evaluated. Importantly, note that our model does not require
transactional futures to be evaluated by the same transaction/thread
that submit them, i.e. possibly Ts # T.

2.1 A Basic Example

Figure 1a illustrates a simple example that allows us to set the
ground in our search for plausible semantics of execution of trans-
actional futures. The top-level transaction T first writes value 1 to
variable X and then submits a transactional future T, which reads
and increments X by 1. In parallel with T, i.e., before evaluating it,
transaction T set the value of X to 10. Finally, after evaluating T,
T reads X and writes its value to variable Y.

Given the simplicity of this scenario, it is intuitive to define
both which sets of operations should be executed atomically and
which are their admissible serialization orders: the read and write
operations of Tr should all be serialized either before or after the
operations of T that follow the creation of T and precede Tr’s
evaluation. We call this set of operations of T the continuation of
TF, and denote it as C(Tf).

We consider two different semantics regarding the plausible
serialization order of transactional futures and their continuations

e Weakly Ordered Transactional Futures (WO): A future and its
continuation should appear as executed atomically, i.e. the future
should be serialized before or after its continuation.

o Strongly Ordered Transactional Futures (SO): A future and its
continuation should appear as executed atomically with the future
serialized before its continuation.

The Figure 1a also depicts the execution interval of the commit
and evaluate operations of Tr (for simplicity all the other operations
are assumed instantaneous). In this example execution, the future
requests to commit in real time before the future is evaluated; the
return of the future’s commit operation is placed after the call to
evaluate, and before the latter operation returns. In general, though,
the timing of the call/return events of the commit and evaluate
operations of future vary.

Note that, if a future is evaluated before it completes its execution
or requests to commit, its evaluation will block until the future has
been successfully committed. This is analogous to what happens
when one attempts to evaluate a plain/non-transactional future
that has not completed executing. A related observation is that
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the choice of WO vs SO semantics has important implications
on the definition of the upper bound of the execution interval
of the commit operation for a future. With SO semantics, in fact,
the serialization order of a future is defined prior to the future’s
activation. As such, whenever a SO future requests to commit (and
there are no previously spawned futures), it is immediately possible
to determine the outcome of the future, i.e., whether this can be
serialized upon its submission. As such, if the future in Figure 1a
were to abide by SO semantics, the return of its commit request
could be also placed before the call of its evaluate operation.

This is not always the case, though, with WO semantics. In fact,
whenever a WO future is serialized upon evaluation, the return call
of its commit operation must necessarily follow, in real time, the call
of its evaluate operation. Consider a case, such as the one illustrated
in Figure 1a, in which a WO future requests to commit before being
evaluated. Assume further that the underlying TM implementation
opts for serializing the future upon evaluation — e.g., because the
future wrote some data item that its continuation read without
observing the future’s write, thus, the continuation would have to
abort if the future had to be serialized upon submission. In such a
scenario, given that the future has not been evaluated yet, it would
be impossible at that point in time for any TM implementation to
determine whether the future can be committed or not.

Thus, if on the one hand WO semantics provide more flexibility
in defining the serialization points of a future, this flexibility comes
at a cost: in order for the future to be serialized upon evaluation, the
future’s commit request may have to be blocked for an arbitrarily
long time, i.e., up until the future is actually evaluated.

2.2 Escaping futures

We now focus on a specific type of executions that are allowed
by the assumed execution model of transactional futures, but that
cannot be supported with parallel nesting: escaping transactional
futures, i.e., transactional futures that are not evaluated by the same
transaction in which they are submitted.

We show an example of escaping futures in Figure 1b. Here, an
escaping transactional future is used as a complementary commu-
nication means (in addition to shared variables) by two distinct
top-level transactions. In this case, the top-level transaction Ty sub-
mits a future Tr. In Tg’s continuation, T; writes the reference of the
future returned by submit(TF) to variable X, reads Y not observing
TF’s write and requests to commit. With WO semantic, it is possible
to serialize T after T;. This allows the top-level transaction T; to
commit without having to block waiting for Tr to commit first!,
making the reference to Tr available to other top-level transactions
possibly executing on different threads, e.g., T, in Figure 1b.

Globally Atomic Continuation. One may argue that by com-
municating the reference of Tr via X, a logical causality has been
established between the write operations to X by T; and the read
operation for X issued by T before evaluating Tr. Despite spanning
two top-level transactions, these operations represent a chain of
causally related events that led to the evaluation of TF. If they were,
in the light of this reasoning, considered as the continuation of T,

1This would be necessary if we assumed SO semantic for Tr. In this case, it cannot be
otherwise guaranteed that T; observes all the writes possibly issued by T unless Tr
completes its execution.
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Figure 1: Example executions of Transactional Futures.

then they should intuitively appear as an atomic block to Tr. We
term this atomicity model Globally Atomic Continuation (GAC).

Locally Atomic Continuation. The above example could be eas-
ily generalized to include in the continuation of Tf, after Ty and
before T3, an arbitrarily long chain of transactions propagating the
reference to T to each other. As already discussed in Section 2.1,
though, this may lead to stretching the execution interval of Tp
arbitrarily, which may be undesirable for efficiency reasons.

This leads us to consider an alternative semantic, called Locally
Atomic Continuation (LAC), which limits the boundaries of a con-
tinuation to its spawning top-level transaction. With LAC semantic
any top-level transaction T is requested, during its commit phase
to implicitly evaluate any escaping futures F it spawned, either
directly or indirectly (i.e., T triggered the spawning of a chain of
futures that led eventually to the submission of F). We call this eval-
uation “implicit”, since it is not requested explicitly by programmers
but is rather imposed by the considered atomicity semantic.

The LAC semantic ensures that a future is serialized within its
spawning top-level transaction. In fact, with LAC, a future that
escapes from its top-level transaction T is serialized either upon
submission or (if WO semantic is used) upon its “implicit” evalua-
tion, i.e., as the last (sub-)transaction of T right before T°s commit.

Figure 1c illustrates the LAC semantics for the same history of
Figure 1b: an implicit evaluation of TF is added as the last operation
of its spawning top-level transaction T;. As a consequence, Ty can
commit much earlier than if GAC semantics were considered. Note,
though, that this come at a cost for T, which is now forced to wait
for Tp’s completion before being able to commit.

Figure 1c also shows an example of repeated evaluations of a
future, namely T, which is first implicitly evaluated by T; and then
(explicitly) evaluated by T>. The semantics we propose for repeated
evaluations of a future is that only the first evaluate determines the
serialization point of transactional futures (assuming WO). Further
evaluations just return the results the future produced during its
first evaluation. This definition follows the common sense that a
transaction is only committed (and, hence, serialized) once.

3 CONCLUSIONS

This work shed lights on the challenges of defining semantic models
capable of reconciling the future’s abstraction with the transactional
memory paradigm. We showed that the key complexity lies in that
futures allow for defining complex concurrency patterns, for which
it is not how to define adequate isolation and atomicity guarantees.
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We analyzed a set of concurrent programming patterns that can
be enabled via the future’s abstraction, and used these examples to
motivate a set of possible semantics for transactional futures that
explore different trade-offs between simplicity and efficiency.
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