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Problem Statement
•Existing TMs exhibit high abort rates
•Pessimistic conflict detection
•Limits concurrency and performance

Snapshot Isolation (SI)
•Transactions obtain a memory snapshot at TX START

•All reads target the consistent snapshot
•Writes are buffered until TX COMMIT

•Validation only checks for write-write conflicts

Properties of SI
•SI transactions do not abort on read-write conflicts
•Read only transactions always commit
•Requires multiversion concurrency control

SI-TM Avoids Read-Write Conflicts

Head 1 2

read() read()

read() read()

Delete(3)

Delete(1)

3 Tail

read() read()

Head 1 2

read() read()

read() read()

Delete(3)

Delete(1) write()

3 Tail

read() read()

write()

Head 1 2

read() read()

read() read()

Delete(3)

Delete(1) write()

3 Tail

read() read()

write()

CONFLICT!
on head->next

SI-TM Challenges
•How to generate snapshots efficiently?
•How to address the write skew anomaly?

Multiversion Memory (MVM)
• Immutability - Data is never updated in place
• Instead, updates are supported through copy-on-write
•Multiple versions can coexist in the same memory space
•Disambiguate versions through timestams
•Utilize indirection layer to map addresses to data versions

Indirection Layer
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Methodology
•Cycle accurate simulator (Zsim)
•Detailed functional, timing models
•2-phase locking baseline
•Conflict serializability baseline

Evaluation
•3 Microbenchmarks
•STAMP suite
•8 - 32 threads
•Up to 300x fewer aborts
•Up to 20x higher performance

Abort Rate Reduction
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Figure 7: Abort rates

trusion detection, Kmeans a clustering algorithm, Labyrinth
which performs path routing in a 3D grid used in CAD ap-
plications, Scalable Synthetic Compact Applications (ssca2)
which contains four kernels that operate on a large, directed,
weighted multi-graph and finally Vacation, an online trans-
action processing system. For all applications we utilized the
standard configuration as suggested by the STAMP authors
for simulated systems. Each benchmark we run using 1, 2,
4, 8, 16 and 32 threads and we average each run over 5 mea-
surements which we obtain using different random seeds.
We note that the standard deviation for all measurements
is below 5%. We measure the abort rate and application
speedup of every benchmark for 2PL, CS, and SI-TM.

6.3 Abort Rate
The abort rate of the evaluated applications is presented in
Figure 7. Array utilizes transactions that iterate over the en-
tire array in the presence of many update transactions. Hence
for 2PL, a sufficiently long running iteration transaction con-
tains many values in its read set, such that any concurrent
update transaction causes its abort. In fact, 2PL aborts ev-
ery long running transaction as long as update transactions
are present which essentially leads to livelock. The CS pol-
icy reduces the probability of abort as it requires at least
two conflicting writes (a transaction with a single write con-
flict and no read dependencies can always be serialized be-
fore or after the long running transaction) and one read-write
conflict needs to occur before the commit point and another

one thereafter. SI-TM in contrast, allows multiple concurrent
read and write accesses to the same elements enabling all
long running read-only transactions to commit. Write-write
conflicts are rare due to the large size of the array. In this mi-
crobenchmark SI-TM reduces the aborts by 3000x over 2PL
and by 1000x over CS. List represents another well suited
benchmark for SI-TM due to its read heaviness. Each in-
sert, delete and lookup operation requires iteration over the
list starting from the first element until the seeked element is
found, but at most modifies a single element. The probability
for write-write conflicts is, therefore, significantly smaller
than for read-write conflicts which reduces aborts in the case
of SI-TM for 32 threads by over 30x over 2PL and 10x over
CS. In Red Black Tree implementations a single update op-
eration can lead to many transactional writes due to rebal-
ancing. SI-TM benefits from the fact that lookup operations
are read-only and hence do not conflict, however, for insert
and delete operations only, the three TM implementations
perform similar. For all STAMP transactions, SI-TM shows
the least number of aborts, although the characteristics differ
significantly for each benchmark. In Genome, both CS and
SI-TM significantly reduce aborts over 2 PL and perform
almost on par, whereas in Intruder SI-TM reduces aborts
over CS significantly. Intruder only utilizes transactions to
perform concurrent access to data structures including a list
and a tree which as we have seen perform well under SI. In
intruder, for 32 threads, SI-TM reduces aborts by 50x over
2PL and by 40x over CS. Kmeans performs a series of read-


