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Figure 14. Instructions executed for each SPECint2006
benchmark running under DynamoRIO and Pin. Results are
normalized to a native run.

est slowdowns when running under Pin or DynamoRIO. Some
benchmarks have a similar number of mispredictions running
under Pin or DynamoRIO compared to a native run. A common
characteristic of these benchmarks (mcf, 1ibgquantum and
bzip2 for Pentium4 and mcf for Core2) is that the running
time of the translated binary is close to the running time of the
native binary. The benchmarks with no significant increase in
mispredictions correlate to those with better performance. Pre-
vious results [12] have suggested a strong correlation between
the handling of indirect branches and the total slowdown ex-
hibited by the translated application.

There are two challenges to achieving similar branch pre-
diction performance in a translated program. First, resolving
the target of an indirect branch is a costly process that needs to
invoke the DBT’s routines. Second, the code cache can compile
and duplicate the same original code into several, sparse basic
blocks in the code cache. These basic blocks correspond to the
same original program instructions, but the hardware branch
predictor does not see the correlation. Thus, part of the branch
history used to predict the branch in the original program is lost
since it is scattered into several translated branch instructions.

Instructions Executed Figure 14 shows the number of ex-
ecuted instructions by Pin and DynamoRIO normalized to the
number of instruction executed by the original program. We
see that the benchmarks with the lowest overhead — mcf,
libquantum, bzip2, hmmer — are those with less inter-
vention from the DBT. Other researchers discuss several char-
acteristics that make a program run under the control of a DBT
without significant slowdowns: small binary image, low num-
ber of indirect branches [12], and long running times. A small
binary image means that the DBT has to translate fewer in-
structions, so the overhead from the JIT process is reduced.
A low number of indirect branches reduces the possibility of
having to transition from the code cache to the DBT routines
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Figure 15. Percentage of instruction memory references for
each of the following groups: next instruction is stored in the
same cache line, next instruction is on the same page, next
instruction is on a different page. We compare the original
program instructions to Pin’s code cache.

to resolve the target address of an indirect branches, which is
expensive. Finally, a long running time amortizes the overhead
from the initial translation (JIT compilation process). All these
causes of overhead directly correlate to an increasing number
of executed instructions. Thus, the near native performance
that some benchmarks exhibit is a direct result of the light in-
tervention of the DBT (few JIT compilation and indirect branch
solving required) and a long running time.

4.2 Simulation

We use the Pintool described in Section 3.2 to visualize the spa-
tial locality of translated binaries. Figure 15 shows the spatial
locality of the SPEC benchmarks executed under the control of
Pin on x86-64. (We also performed this experiment on x86-32,
and saw similar results.) On both architectures, the vast major-
ity of the instructions are followed by an instruction in the same
cache line. Furthermore, page changes are not very common.

In Figure 15, for both the original and translated programs,
there is a similar distribution of instructions in each category. In
relative numbers, there is not a significant difference, although
original binaries tend to have a slightly higher percentage of
instructions in the same cache line. Thus, the code layout in
the code cache is not responsible for the poor instruction cache
performance.

We repeated these experiments after reducing the maximum
cached trace length in Pin from its default value of 70 instruc-
tions. Despite exploring trace length limits of 15 and 40 in-
structions, we did not observe a significant impact on the local-
ity or number of instructions executed.



5. Related work

Our work relates to the various dynamic binary translation
systems that have been developed over the past few years, such
as Dynamo [2], DynamoRIO [6], Valgrind [19], Strata [25]
and Pin [16]. We have focused on Pin and DynamoRIO in
this paper, although we believe that the results will scale to
other DBTs that use a JIT compiler to translate code, and store
translations in a code cache.

In the original Dynamo paper [2], the authors mention that
most of the speedup gained by Dynamo was due to trace se-
lection, which improves code layout. There are several papers
where the authors report that programs running under the con-
trol of a DBT have run-time performance similar to the origi-
nal program [16, 29]. Some studies have pointed to the icache
effects as a benefit of DBTs [2, 3, 18, 24] and the main justi-
fication for superior performance when compared to the orig-
inal program [8]. However, most of the benchmarks analyzed
in our study of instrumentation-oriented DBTs exhibit slow-
downs compared to native execution. Only two benchmarks
show speedups: hmme r and mc £, while another three (bzip2,
libguantum, and astar) break even with the original bi-
nary in terms of performance. Two of them — hmmer and
libgquantum — exhibit superior cache performance. Thus,
the benchmarks hmmer and libguantum are the only ex-
amples of positive icache effects. In general, both Pin and Dy-
namoRIO have a significant negative impact on the instruc-
tion/trace cache performance.

Cache performance and locality are very important concepts
in computer architecture. Thus, in the past decades there have
been many studies [9, 26, 27] that have analyzed the perfor-
mance impact and improved the design of caches. Apart from
hardware solutions, software solutions have been proposed to
reduce the miss rate of the instruction cache [17] and the data
cache [23]. These software optimizations are implemented in
compilers [7, 14, 22] or using profile information [20]. A DBT
uses compilation techniques to generate the translated traces,
but also may collect run-time information similar to profilers.

Several researchers have carried out cache performance
measurements using hardware performance counters to ana-
lyze the impact of compilation techniques [21], Java virtual
machines [4, 28], or profiling techniques [1]. Our study uses
the hardware performance counters to assess the impact of dy-
namic translation on the system cache. This approach presented
a key inconvenience in that hardware counters are unable to
differentiate the impact of the translated code from DBT code.
Thus, we used instrumentation to provide an intuitive picture
of the change in spatial locality as a result of the DBT.

Some authors have analyzed the best strategies to form
traces in DBTs, by describing several possible implementations
and evaluating the performance of each [3, 11, 12, 18, 24]. Our
work differs from these efforts in that the fragment construction
policies are fixed in Pin and DynamoRIO. Our motivation
is to provide a better insight into the impact of DBTs on
instruction/trace cache performance independent of the trace-
selection policy.
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6. Conclusions

Dynamic binary translation is an effective way to modify appli-
cations for purposes such as security, program analysis and op-
timization. In order to modify the program and to maintain con-
trol, DBTs use JIT compilers which translate fragments of the
original application code, often storing them in a code cache.
Since cached code is executed in lieu of the original applica-
tion, program layout is affected.

In this paper, we have measured and analyzed the impact
of Pin and DynamoRIO on hardware cache performance. Con-
trary to earlier results with DBTs such as Dynamo, we have
found that the icache is negatively affected by binary trans-
lation systems. For the SPECint2006 benchmarks, Pin and
DynamoRIO increase the number of trace/instruction cache
misses by an average of 248% and 170%, respectively. This in-
crease in miss rate did not necessarily correlate with run-time
performance, however. Our measurements also reflect a large
I-TLB miss increase and a less dramatic increase in L2 cache
misses — 20% for Pin and 24% for DynamoRIO. Finally, the
L1 data cache performance is similar for both the translated
and original binary meaning that the DBT’s data structures did
not add significant pressure on the data cache.

To explain these results, we presented a visualization of the
spatial locality of translated binaries by dynamically analyzing
the location of the instructions executed. Our experiments on
two processors, Xeon Core 2 (instruction cache) and Pentium4
(trace cache), show that the major factor that affects cache per-
formance is the increase in the number of executed instructions
in translated programs.
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