






Performance model of decomposed first-order
dependent transactions
In order to identify and classify the situations in which the
method of transaction decomposition described in Section
4.2 is effective, we introduce to this discussion the notion of
a record’s volatility, which we define as the frequency with
which a given record is updated.

Under workloads heavy in decomposed dependent trans-
actions, we expect good performance if the transactions’ de-
pendencies are not often updated. As the records on which
transactions in the workload depend become more volatile,
however, performance is expected to suffer.

Let (T1, T2) represent the decomposition of a first-order
dependent transaction T whose read/write set depended on
a set of tuples S. The total time during which an update to
a record r ∈ S could cause T2 to have to abort and restart
is approximately equal the time between T1 initiating the
transaction request for T2, and T2 getting started. We will
refer to this time as D. If R represents total transaction
throughput and V represents the volatility of S, then the
probability that no transaction updates tuple during any
given interval of length D is given by

P = (1− V/R)DR

and the expected number of times T2 will be executed is

∞
X

i=0

P (1− P )i(i− 1) = 1/P

Figure 5 describes the expected number of times a typical
decomposed transaction needs to be restarted as a function
of the volatility of its dependencies.

Experimental measurement of decomposed first-
order dependent transactions
To confirm the above result experimentally, we implement
the decomposition of a simple first-order dependent transac-
tion isomorphic to U in Section 4, which performs a lookup
in a secondary index and then updates a record identified by
the result. As a baseline, we also implement a transaction
which performs the same task (an index lookup followed
by a record update), but in a non-dependent fashion (i.e.
with its full read/write set supplied as an argument). We
then execute a variable mix of these two transactions while
a separate, dedicated processor performs a variable number
of updates per second on each entry in the index, redirecting
that entry to identify a different record.

Figure 6 shows total transactional throughput and the
number of times a transaction must be restarted on average
before executing to completion—both as a function of the
average volatility of index entries. Results are included for
workloads consisting of 0%, 20%, 40%, 60%, 80% and 100%
dependent transactions.

As one would expect, the workload consisting purely of
non-dependent transactions is essentially unaffected by fre-
quency of index updates, while more dependent workloads
loads fare worse as volatility increases.

We observe, however, that even in highly dependent work-
loads, when volatility is reasonably low to moderate (under
1000 updates per second of each record), decomposing trans-
actions to achieve compute read/write sets has almost neg-
ligible impact on performance.
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Figure 5: Expected number of times a decomposed
first-order dependent transaction must be restarted
as a function of total volatility of its dependencies.
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Figure 6: Measured throughput and average num-
ber of restarts of first-order dependent transactions
as a function of volatility of their dependencies.

Additional TPC-C performance characteristics
To support the analysis of the performance advantage of
avoiding two-phase commit in partitioned databases (pre-
sented in Section 5), we include in Figure 7 two additional
measurements generated from the same experiment that was
run to generate Figure 3: chance of lock contention, and av-
erage transaction latency (we include the original Figure 3
showing transaction throughput at the top of Figure 7 for
visual convenience). Lock contention is measured as the to-
tal fraction of transactions which blocked at least once due
to failure to acquire a lock. Transaction latency is measured
from when a transaction begins executing at a replica until
the time it commits at that replica.

Plotting contention and latency reveals two important ef-
fects which help illustrate the details of what is happening
in our experiment:

• The cost of two-phase commit. In the presence of
multipartition transactions, traditional execution suf-
fers much worse latency than deterministic execution.
The resulting longer-held locks give rise to a corre-
sponding increase in measured lock contention.
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• Relative costs of increased contention. Decreas-
ing the total number of warehouses from ten to two
results in increased contention and latency under both
execution schemes. The impact of this on throughput
is very clearly visible in the traditional case. In the de-
terministic case, this is not immediately obvious, since
the two-warehouse version of the benchmark seems to
outperform the ten-warehouse version for most of the
graph. However, the improved cache locality of the
two-warehouse case is hiding what is truly going on.
A more careful examination of the graph will observe a
steeper decline in throughput in the two warehouse case
relative to ten warehouse case as the percentage of mul-
tipartition transactions increases. Hence the increased
contention of the two warehouse case does indeed af-
fect throughput for the deterministic implementation.
Overall, we see that increasing the contention rate has
qualitatively similar effects on the performance profiles
of the two schemes—but due to higher transaction la-
tency, the traditional execution is hit much harder by
the added contention.
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Figure 7: TPC-C (100% New Order) transactional
throughput, measured lock contention, and average
transaction latency.

Future Work
We intend to pursue several future avenues of research:

Preprocessor reordering

While arbitrary transaction reordering during execution is
likely to break the determinism invariant, the initial choice
of transaction order to which to guarantee equivalence is
much freer. It is not hard to see that if a local transaction
request arrives immediately after a distributed transaction
conflict, contention will ensue if the order is preserved, but
can probably be reduced if the local transaction is moved
before the distributed one. We plan to investigate reordering
techniques to be implemented in the preprocessor, so as to
further reduce workload contention levels and expand the
set of workloads for which a deterministic execution model
would be viable.

Seamless transitions between deterministic and non-
deterministic execution/replication models

As short as update transactions tend to be in today’s OLTP
workloads, and as reliable as we expect a deterministic sys-
tem to be given adequate replication, there may be times
where it is still prudent to nondeterministically reorder or
abort transactions in some replicas. This obviously cannot
occur unchecked, as such a scenario would lead to incon-
sistencies between replicas. We therefore intend to exam-
ine the possibility of supporting other traditional replica-
tion methods—inter-replica commit protocols, eventual con-
sistency, and/or log-shipping methods—in such a way that
the system can seamlessly and dynamically switch back and
forth between traditional and deterministic execution and
replication models, depending on the present workload and
other variable conditions.

Thread scheduling in deterministic systems

In traditional systems, transactions block on only one lock
acquisition at a time. Worker thread scheduling therefore
tends to be pretty easy: when you free a contended re-
source, simply wake up the thread which is acquiring it.
When transactions request all locks simultaneously and may
be blocked on multiple contentions, this may not always be
the best solution. Our experimentation thus far has demon-
strated that minimizing superfluous context switches (i.e.
avoiding prematurely scheduling threads blocked on mul-
tiple contentions) is key to maintaining acceptable perfor-
mance in deterministic systems in the face of higher rates
of lock contention. Our current prototype uses timer-based
and randomized techniques to accomplish reasonable thread
scheduling, but we believe further investigation in this area
could yield better scheduling with less overhead.

Other deterministic concurrency control schemes

The lock-based deterministic system proposed in this paper
guarantees equivalence to a predetermined serial ordering of
transactions, but there are certainly other mechanisms by
which such a property can be guaranteed. It would be in-
teresting to develop, compare, and benchmark deterministic
variants of other concurrency control schemes—particularly
multiversion concurrency control.
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