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Abstract—This paper evaluates processor and application
performance on the basic block level, using a microarchitecture simulator to dynamically profile the behavior of
each basic block of an application. We analyze several
performance characteristics of each basic block, such as
memory accesses, cache misses, branch mispredictions and
contention on functional units.
With this analysis, we can determine the influence of
such characteristics on the performance of each workload
and investigate optimizations to increase instruction level
parallelism on the processor level.
We show that the most important characteristics for
processor performance are last level cache (LLC) misses and
branch mispredictions. Contention on functional units and
L1/L2 cache misses are less relevant as they are hidden by
the superscalar processor and the prefetcher.
Eliminating these two sources of performance degradation,
using perfect architectures without LLC misses and branch
mispredictions, performance was improved by up to 78%
and 127% (10% and 23% on average), respectively.
Keywords-Computer architecture; Performance analysis;
Basic block;

I. I NTRODUCTION
Industry continues to increase the performance of cores
through instruction level parallelism (ILP) [1], vectorization and multi-core technologies [2]. However, details such
as the number of functional units and registers are not
available to the current compilers. Thus, they lack knowledge regarding these increasingly complex architectures
to make optimization decisions when generating code.
This becomes evident with the large amount of hardware
in modern superscalar processors, yet small performance
increases in instructions per cycle (IPC) [3].
This inefficiency derives from code dependencies between instructions, intrinsic to algorithms and necessary
for their correctness. Besides, lack of optimization in the
expression of the algorithm, such as unaligned memory
accesses and unpredictable branching behavior, results in
performance degradation for the code. But such constraints
do not occur in every code block, and identifying in which
blocks they do and how it affects performance can give us
an estimation of the bottlenecks in current architectures.
Examples of such problems are delinquent loads [4] and
hard-to-predict branches [5].
In our work we use a dynamic analysis of performance
at the basic block level. The definition of a basic block [6],
[7] is a stretch of code with only one point of entry and
one point of exit. Thus, it always begins in an address that
is branched to, and generally ends in a branch, or before
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Figure 1. Graph illustrating the difference between basic blocks and
branched blocks.

another instruction that is a branch target. The dynamic
analysis results in accurate understanding of representative
blocks of the algorithm, unlike static analysis, which
suffers of lack of hardware knowledge.
Objectives: The objective of this work is to identify
performance bottlenecks in the current superscalar architectures. To this end, we analyze the behavior of the SPECCPU2006 workload using a cycle accurate simulator to
dynamically obtain statistics for each block, which enables
us to obtain information internal to the hardware, such as
the functional units contention.
Contributions: Our main contribution in this paper is
the evaluation of current architectural characteristics. This
evaluation is made considering the main bottlenecks found
in our experiments. We change individually each of the
bottlenecks, showing the maximum gains if only the
problems with said bottleneck were to be eliminated.
II. M OTIVATION
In this work, we use a simpler block definition which we
call branched block. Only conditional branches are treated
as exit points. This gives us coarser granularity and the
possibility to detect them at first execution dinamically.
In Figure 1 the difference between basic blocks and
branched blocks is shown. Each box represents a basic
block, a vertex in the graph. As only conditional branches
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S YSTEM S IMULATION D ETAILS

end a branched block, the basic blocks are aggregated in
instruction flows which have their behavior aggregated.
The critical point in analyzing behavior at branched
block level is what we call information skew. In a superscalar architecture, the in-order commit warrants that
we can correctly detect blocks. However, statistics take
different times to be registered, which can generate a
variable distortion for each block. To overcome this, in our
simulation we create a table to store the statistics timely
for each block.
III. M ETHODOLOGY
To get statistics, the following was changed in the core:
1) Whenever a conditional branch is inserted in the
fetch buffer, an entry is created for the instruction with
it’s opcode number. 2) Whenever a statistic is registered,
we look in the table with the entries, ordered by opcode
number, for the first entry whose opcode number is greater
than the opcode number of the instruction that generated
the statistic. We then increment the statistic in that entry.
3) When a conditional branch commits, we compare all
statistics multiplied by their weights and choose the largest
result as the relevant characteristic representing the block.
We register the following statistics per block: all cache
misses, branches misprediction and contention on ALU
integer functional units and all floating point units.
Processor Model: In our tests we simulate a current x86
architecture, Sandy Bridge. All contention in functional
units, register dependencies and system constraints are
faithfully simulated, with the exception of instruction
extensions, such as SSE and MMX. In Table I the architecture specifications are detailed. This core architecture was
chosen as it represents a modern, state-of-the-art execution
core.
Workload: We use the SPEC-CPU2006 workload. Each
program was compiled with gcc 4.7.6 with options O1 and -static. These are used to ensure no instruction
extensions which are not modeled will be used. Each

program executes the reference input for 200 million
instructions selected by Pinpoints [8].
Characteristic and Simulation Parameters: The characteristics weights are 8 for L1 data cache misses, 32 for
L2 data cache misses, 200 for LLC misses, 16 for branch
mispredictions and 1 for all contention related, as these
are registered every cycle. To measure the performance of
a single core, we take into account the average instructions
per cycle of the entire execution trace, after a warm-up of
10 million instructions. To evaluate whether our method
can meaningfully characterize blocks, we eliminate each
bottleneck individually to observe if the performance gains
correlate with the characteristics that were pointed as the
most frequent source of performance degradation.
IV. R ESULTS
Figure 2 shows stacked bars representing the characteristics distribution for all branched block executions in the
program. Others represent blocks where none of the events
were registered. In the remaining figures performance
is illustrated per benchmark with a perfect architecture
execution for each characteristic, removing it’s bottleneck.
In Figure 3 we can observe that performance improvements for a perfect branch predictor correlate well with the
programs that had a large rate of mispredictions. Programs
gobmk and sjeng double their IPC, with gains of 127% and
98%. The average gain was of 21.55%.
In Figure 4, all levels show significant performance
improvements, but they do not correlate directly to the
characteristic of the same level. Rather, they all correlate
to the last level cache miss characteristic, as the processor
cannot mask this latency. Gains were of up to 96%,
90% and 78% performance for the three cache levels of
benchmark milc, and 94%, 64% and 27% for benchmark.
We can see that milc can hide latencies of cache levels
better than mcf. The average gains for all benchmarks were
of 18%, 14% and 10% for each level of perfect cache.
In Figure 5 we see results eliminating functional units
contention. The only relevant results are seen in gromacs
and bwaves, where the high latency of the division functional unit cannot be masked. Performance was improved
by 26% and 11% respectively. Still the average improvement was at maximum of 2% for division.
V. R ELATED W ORK
In Panait et al. [4] the authors classify load instructions statically according to several heuristics. They define
delinquency of a load, identifying a small number of loads
that are responsible for most of the cache misses. With
static analysis, the authors were able to point 10% of
the loads that are responsible for more than 90% of the
L1 data cache misses. By profiling the basic blocks with
the compiler, this number was reduced to 1.3% of loads
responsible by 82% of all L1 data cache misses. This is
an example of how effective basic block analysis can be.
Sherwood et al. [9] characterize the behavior of entire
programs based in their basic blocks. They create the
concept of basic block vectors (BBV) to characterize
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Performance of a perfect branch predictor vs. base processor

a program, and choose program slices to represent the
entire program given BBV similarity between the slice and
the entire program. Thus, they can also identify program
phases given BBV similarity to the entire program. This
technique led to Simpoints [10].

execute at which levels of parallelism, defining sequential
and parallel basic blocks. The work shows several scenarios were the mechanism is useful, such as partitioning
of parallel applications, program characterization by parallelism degree and parallelism hotspot analysis.

Recent work by Kambadur et al. [6] creates a static
compiler pass analysis method called Parallel Basic Block
Vectors. Each entry in the vector contains a histogram
of how many threads are running for each basic block
execution. This allows them to see which basic blocks

The advantage of our method is that the statistics
obtained are more accurate due to no information skew
and greater detail due to knowledge over hardware state.
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VI. C ONCLUSIONS
With our results we were able to conclude that, despite
being the focus of processor research in the last years,
cache memory and branch prediction are still the most
relevant bottlenecks in the processor. The characteristic
with the largest influence, even though it the least present,
is the branch prediction. The average gains with a perfect
branch prediction were of 23%, with maximum of 127%
in the benchmark gobmk. Although current processors use
massive resources to increase hit rate, no technique is used
to alleviate the misprediction, and it has too much of a
heavy toll on performance, as there is no way to mask it.
Future Work: The aggregation of characteristics was
not able to gather all characteristics relevant to the code,
and was polluted by functional units contention, which
proved to be irrelevant. For the future, we aim to collect
statistics that take into account clear register dependencies
between instructions, which should occupy and eliminate
the space of others in our tests.
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