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In this document, we summarize our results from [1], de-
scribing the transactional computation framework and #fe d
inition of various memory models for transactional memory
with open nesting.

The transactional computation framework permitsigos-
teriori analysis of a program’s execution on a TM system.
The framework assumes a program execution generatasea
which is abstractly represented as a p&@r®), whereC is - - -
a “computation tree” that summarizes both the information Figure2. A program traceC,®) which, assuming all trans-
about the control structure of the program and the nesting actions are committed, is not serlallzable or race-free,lgt)u
structure of transactions, aielis an “observer function” that  Prefix race-free. Nodes are numbered in a legal execution or-

describes the behavior of read and write operations. der, 1-17. Blue dotted edges represent the observer fantio
The computation tre€ is an ordered tree with two types of ~ For example, node 5 denotes a write to locaiiomnd 8 de-

nodes:memory-operation nodeas leaves andontrol nodes notes a read frowwhich observes the value written by 5.

as internal nodes. Each memory operation node represents

either a read from or a write to a single memory location Instead of specifying the value that an operation reads or

Control nodes capture the computation’s parallel strectlfr writes to a memory locatior, we follow the computation-

X is labeled as ars-node, its children are executed in series ~centric framework in [2, 3] and abstract away the values en-
from left to right. OtherwiseX is aP-node, and its children tirely using anobserver function®. In the computation dag,
can be executed in parallel. As we describe in [1], frGm consider a memory operatiorthat either reads from or writes

we can construct aomputation dagG(C). Intuitively, every to a memory locatior!. The node®(v) is defined to be the
internal nodeX corresponds to a subd&@&fX) represented by ~ operation that wrote the value 6thatv sees.

the subtree of rooted aiX. In the framework, we mark some In the framework, it turns out that a memory model is
subset of internal nodes as transactionsX Ifs so marked,  defined as a subset of traces “allowed” by that model. In [&], w

thenG(X) is a transaction. Transactions are further categorized define two transactional memory modetace-freedomand
as being committed or aborted, and as being closed or open.prefix race-freedomand prove the following theorem.
Figure 1 illustrates an example computation t@end its

corresponding dag(C). THEOREM 1. The memory models of serializability, race-

freedom, and prefix race-freedom are all equivalent for com-
Control Node putations with only closed-nested, committed transastibat
Closed Xaction distinct when computations have open-nested transactions

Open Xaction

Memory Op. Informally, the memory model oprefix race-freedomis
the set of all trace$éC, @) such that there exists a topological
sorts of the computation dag(C) that satisfies two condi-
tions. First, for all memory operationghat read from or write
to a location?, the node®(v) is the last node in the sort order
S which precedes, writes to location?, and is not “hidden
from” v because of an aborted transaction. Second, for every
memory operation “belonging to” a transactioil, in the or-
der s there should be no operatiomsbelonging to an inde-
pendent transactiofi’ that appear betweetbegin(T) andu
which “conflict” with u.

Race-freedom strengthens the second guarantee of prefix
race-freedom, to require that there are no operationstween
xbegin(T) andxend(T ) which “conflict” with u. Serializabil-
ity offers the strongest requirement, that no operatiofiom
an independent transactidi can appear betweetbegin(T)

p andxend(T). Figure 2 illustrates a trad€, ®) which is prefix
pegin() T, 2D cioses Open race-free, but is not race-free or serializable.

We prove that the open-nesting semantics described in [4]
- - guarantees prefix race-freedom, but not race-freedom. Pro-
Figure1. A sample (a) computation tré@and (b) the corre-  posed implementations of TM with open nesting in [4, 5] both
sponding dags(C). admit the trace illustrated in Figure 2.

No Xaction
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