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Open-nested transactions [2-5] have been proposed as// Thread 1 Il Thread 2
a loophole for transactional memory (TM) to increase con- 1 atomc { IA 6 atonmic{ // C
currency on highly contended resources in transactior®l pr 2 Int a=x 7 W+
grams. Programs that use open nesting can be difficult to rea- 3~ open_atonic { // B 8 y=w
son about because open nesting breaks serializabilityeat th 4 Wt 9}
level of memory semantics. Evidence suggests that an uncon- }
strained use of open nesting cannot be encapsulatedhae., t int b=y; Hwe X, oy, a_nd Z are
programmers may need to be aware of whether subroutines1l zZ = x +y; Il global variables

contain open-nested transactions. Despite this adverse ou 12}

look, we are optimistic that serial_iz_ability can be recmdar_ Figure 1. A program execution allowed by hardware open
abstractly in a TM system by providing the programmer with  pagting in which transactiof is not serializable.
simple but unobtrusive guidelines and language consttboats

provably encapsulate the effects of open-nested traosacti
Although ordinary TM with only closed nesting presents ing which breaks physical serializability, but providesrso
the programmer with simple semantics, these semantics pro- high-level language constructs to enable encapsulatibis T
vide no way for the programmer to tell the TM system to  system requires programmers to incorporate high-leveli-app
ignore a conflict which abstractly he/she deems as safe. Pro-cation semantics when using open transactions; in paaticul
posed hardware open nesting mechanisms (e.g., [2-4]) allow programmers must specify constructs such as compensating
programmers to avoid such conflicts by breaking physica ser  transactions and abstract locks. Although this systemlases
alizability. By allowing some nonserializable behavidnsy- guage constructs to prohibit some anomalous behaviors for
ever, these mechanisms also permit other arguably anomalou open nesting, it is unclear under what conditions the system
behaviors, even in the case where all transactions cominit [1  can provably guarantee that the effects of open-nestesacan
For example, Figure 1 shows a program execution in which tions are fully encapsulated. Since this system’s semmatie

transactionA is not physically serializable. AfteA's open- still complicated, use of open nesting in this system apptear
nested transactioB commits, it is possible for a concurrent  pe limited to expert programmers writing libraries.
transactiorC to depend on values committed By(e.g.,w), Theoretical models can provide a foundation for under-
and then itself commit and change values (e/ywhich the standing how modularity and composability might be pro-
remainder ofA depends on. Existing hardware open nesting vided in a TM system with loopholes. A theoretical explavati
proposals do not detect a conflict betweeandC; therefore, should facilitate the design of a structured programmingeho
these systems permit a program execution in wAighneither that provides programmers with provable guarantees they ca
physically serializable before or aft€r use to reason about their code. Moreover, by understankiéng t

TM systems which guarantee only a transactional memory apstract semantics of transactional memory with opennggsti
model ofprefix race-freedonpermit program executions such  we believe that other unsolved problems in TM, such as how

as the one in Figure 1. Our prior work [1] formally defines to incorporate 1/0 within a transaction, can be fruitfullg-a

prefix race-freedom and shows that the open-nesting seman-dressed.

tics of McDonaldet al. [2] implements this memory model.
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