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1 Introduction

Simultaneous multithreading (SMT) allows multiple thre&ol sup-
ply instructions to the instruction pipeline of a superacglroces-
sor. Because threads share processor resources, an S sgst
inherently different from a multiprocessor system andyefae,
utilizing multiple threads on an SMT processor creates neal-c
lenges for database implementers.

We investigate three thread-based techniques to exploif &M
chitectures on memory-resident data. First, we considening
independent operations in separate threads, a technigliechp
conventional multiprocessor systems. Second, we desanitovel
implementation strategy in which individual operators anple-
mented in a multi-threaded fashion. Finally, we introduceess
data-structure called a work-ahead set that allows us tousef
the threads to aggressively preload data into the cachestiby
the other thread. This work originally appeared in VLDB 202p

We evaluate each method with respect to its performancedgeimp
mentation complexity, and other measures. We also providt g
ance regarding when and how to best utilize the various dimga
techniques. Our experimental results show that by takingad
tage of SMT technology we achieve a 30% to 70% improvement
in throughput over single threaded implementations on @mory
database operations.

2 The Work-ahead Set

A work-ahead set (Figure 1) is created for communicatiowben
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Figure 1. The Work-ahead Set

of the array. If that slot already contained data, that dateet
turned to the main thread by the post operation. The retutagal

is then be used by the main thread to continue processings, Thu
the main thread cycles through the work-ahead set in a rooioid-
fashion. At the end of the computation, the main thread magne
to post dummy values to the work-ahead set in order to retiies
remaining entries.

During the period between a data item’s posting to the widaa
set and its retrieval by a subsequent post operation, weedgmsit
do not require) that the helper thread loads the data at thengi

the main thread and the helper thread. The work-ahead set is amemory location into the cache. The helper thread has its own

collection of pairgp,s), wherep is a memory address asds state
information representing the state of the main thread’smdation
for the data at that memory location. The size of the workadhe
set is the number of pointers it contains. The main threacdhas
method, post, to manipulate the work-ahead set. The hédipead
has a single method, read, for accessing the work-ahead set.

Because the work-ahead set needs to be particularly effiaieh
simple, we implement it as a fixed-length circular array. Tien
thread posts a memory address to the work-ahead set whéitit an
pates accessing data at that memory location. This addogesher
with state information for the main thread, is written to trext slot

* Funding provided by a U.S. Department of Homeland Se-
curity Fellowship administered by Oak Ridge Institute faiehce
and Education.

offset into the array and accesses the array in sequenshiofa
without explicitly coordinating with the main thread.

The helper thread executes a read on the work-ahead set tireget
next address to be loaded. In practice, we implement theito@d
using something liket‘enp += *((int*)p);” rather than using
assembly language. The value of temp is unimportant; the-sta
ment forces the cache line at address p to be loaded. Notehthat
helper thread does not need to know anything about the nganin
(or data type) of the memory reference. After loading the dite
helper offset is moved to the next entry of the array.

The design of the work-ahead set and helper thread is gemadic
can be used in combination with any database operation. i¥his
a key advantage. If each operation needed its own helpeadhre
that had some special knowledge about its memory accesgibeha

TThis research was supported by NSF Grants 11S-0120939 andthen the implementation would be much more complex. Thednelp

11S-0121239.

thread operates without tuning to a particular workload.
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Figure 4. Throughput of a heterogeneous workload. The SMT
aware techniques, bithreading and work-ahead set, perform
much better than naive parallelism.

Figure 2. Throughput of a CSB"-tree Index Join. Note that
SMT aware methods perform much better than naive methods.

3 EXpe”mental Results threads” data point), the cache misses are higher becausmof

tention in the cache. The “bithreaded” implementation reagef
cache misses because the threads cooperatively proceispuie
Finally, the work-ahead set implementation is shown toctiffely
hide cache misses from the main thread by having the helpsadh
perform explicit preloading. These results show that aelligent
use of SMT technology can effectively overlap computatiathw
high latency cache misses in core database operations.

In our experiments we explored the performance of threécsfies

for using SMT: naive parallelism where each thread wagdcea
as if it were a separate core, SMT aware parallelism where the
input was partitioned and cooperatively processed by treats,

and a work-ahead set implementation that uses a thread lic-exp
itly preload data into the cache. We found that by exploi8idT
technology intelligently, we could improve the performard core
database operations by up to 70% over a single threadedrireple

tation In the case of heterogeneous workloads, the importanceiing us

SMT technology intelligently is even more important, asvghan
Figure 4. In these experiments both an index join and a hash jo
were performed. The leftmost datapoint is a baseline and/sho
the performance of both joins executed sequentially by bresat.
The second data point represents the throughput of the twe jo
executed in parallel, each using one of the Pentium 4's thcea-
texts. The rightmost two data points represent bithreaddawvark-
ahead set implementations, respectively. In these tworgmpats
the index join and hash join are multithreaded and thesei-mult
threaded implementations are run sequentially. In all expnts,
the amount of work performed is the same. The throughput hmu
higher for the SMT aware implementations because theyrdefis
contention for resources, such as the cache, than the paiaéel
implementation and they effectively use thread level peliain to
overlap computation with high latency memory accesses.

Our experiments were conducted on a Pentium 4 with Hypexthre
ing, Intel’'s proprietary name for SMT technology. The Penti4

has two hardware thread contexts, so all of our experimesgd u
two threads. Figures 2 and 3 show some of our experimental re-
sults. These figures show the throughput and L2 cache misses,
spectively, for a tree index traversal using a CSB+ Treevihjch

is an important database operation used to find tuples th@hnaa
specified key value.

Figure 3 demonstrates that intelligent use of SMT technoleg
sults in higher performance. This figure highlights the im@oce
of high latency cache misses on performance. In naivelphsah,
where there is no cooperation among the threads (see the “two
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Figure 3. L-2 Cache Misses per probe tuple processed during a
CSBT™-tree Index Join. In the case of the work-ahead set imple-
mentation, the helper thread incurs most of cache misses and
the main thread rarely misses in the cache.



