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ABSTRACT

During the last decade, polyhedral model has begtely used as a mathematical model for auto-
parallelization, and in recent years, with the dewment of multi-core architecture, polyhedral miokias
been employed to transform sequential code to lphade that can run simultaneously on differemes.

At the same time, the rapid development of GPU mak®@U/GPU architecture become increasingly
popular because of GPU’s powerful parallel procegssapabilities. However, we have no other mettodds
using GPU except for CUDA and Stream SDK, whichatdased on explicit programming. Apart from
this, there are two constraints for explicit pragraing: binary incompatibility among different GPEs
well as the cost of rewriting source code. Congidethese constraints, we use polyhedral modeland
dynamic binary translator to build a virtual exéeatenvironment: GXBit. GXBit is composed of anadys
and execution stage, and the former one is the fwmins of this paper. Analysis stage uses binary
instrumentation and binary analysis to probe paémarallel parts (usually nested loop) of a bynar
executable and then polyhedral model is employatetect whether there is data dependence or nat@gmo
all iterations of a nested loop. Execution stagaliscussed briefly in this paper. Although there ar
performance loss in binary translation, GXBit has8x speedup on average to X86 compute-intensive
version through the result of running two appliocas taken from the CUDA SDK Sample and one test cas
from the UIUC Parboil Benchmark Suite.

Keywords: Auto-Parallelization, Polyhedral Model, GXBit, idl Execution Environment

1. INTRODUCTION cannot run on a new one). So we need an effective
method to resolve these problems.

Modern computers not only have multiple cores, . .
they are also equipped with one or more GPUs té) Currgntéy, there ISI alrea%ym:f\ method of u3|rr]19
implement the efficient data level parallelis ynamic binary translator ( ) to overcome the
support for some computation-sensitive applicatio inary incompatibility among d|ffere_nt
domains such as image processing, linear algeb%Ch'teCtures' However, DB.T gets serious
and encryption. To exploit the GPU’'s power inerformance loss when we get rid of this problem..
computation, vendors provide C-like explicit Now that there are no better methods of
programming environment to program on a certaimodifying or optimizing DBT itself to improve its
GPU such as NVIDIA’'s CUDA [13] and AMD’s performance, we can put our focus on the
Stream SDK, whichis the only way we can use thepplications executed on DBT. Many compute-
GPU recently. intensive applications spend most of their time in
ested loops and if we can accelerate these nested
ops, the performance of DBT will be improved.
uring the last decade, the polyhedral model has
geen widely used as a mathematical model for auto-
parallelization [4, 5, 7, 10]. If we can get nested
loops in a binary executable and use polyhedral

However, there are two constraints for eprici{]
programming: the cost of rewriting the source cod
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model to analyze the data dependence among all GXBIT

iterations of nested loops, we can make some As the main aim of GXBit is to improve the
transformations about these nested loops thoperformance of DBT, it is necessary for us to talk
don’'t have data dependence and put them to execateout Crossbit, which was designed as a
on GPU. So, in order to overcome the two problem&sourceable and retargetable binary translation
above and improve the performance of DBT, wénfrastructure.

use polyhedral model and a dynamic binary
translator of our own lab to build a virtual exaont
environment: GXBit.

As GXBit is the improved edition of Crossbit,
most parts of them are same and there are three
main differences between Crossbit and GXBit. First
The rest of this paper is organized as follows. Iof all, the execution mode of GXBit is 2-phase, one
section 2, the architecture of GXBit is discussedor binary analysis and the other for execution.
Implementation of constructing CFG and buildingSecondly, to those parallel parts, GXBIit has totsta
polyhedral mode are presented in Section 3. Sectitiie special translator to translate them into targe
4 briefly discusses the mechanism of GXBit tanstructions that can be recognized by the
execute those parallel parts on GPU and shows tberresponding GPU. Finally, the execution engine
performance evaluation. Related work andf GXBit is also different from Crossbit's because
conclusion s are discussed in Section 5. GXBit needs to execute those parallel parts on
GPU. The architecture of GXBit is shown in Fig. 1.

First Stage Second Stage
Binary Code Binary Code
J L 1 loadJ L
2 load
G-Crossbit G—Crossbit »  Entries
N n
@ J L 4 call
Records
IR Profile Infomation 3 call 9 .
1 I return 5 load
J L J L GPUUnstTranslator ‘ PTXExecution
Analyzer A
6 load
M M produce o 7 8 return
A A
. Hot Spot
Entries (GVINST) Records GPU Inst GPU

Figure 1 Architecture Of Gxbit. The Arabic Numb@isThe Second Phase Demonstrate The Execution flema W
Gxbit Encounters A Parallel Part.

3. IMPLEMENTATION is used to determine whether there is data
dependence between iterations for these potential
In GXBit, we have to discover potential parallelparallel parts.

parts, usually nested loops, and some information . :
that will be needed for GXBit's execution of these We have noted that the execution mode of GXBit

gtwo phase and GXBit will execute these parts on

parallel parts on GPU, so we need to use staf] :
binary analysis and dynamic analysis. At the firs PU at the second stage, so after these potential

stage of GXBit, static binary analysis is used tgarallel parts are probed and input and output

probe the nested loops in the code section (.t#xt) mformation are col!ected, we have to store all of
source binary. Then the dynamic binary analysig]em in the form of intermediate representation.

starts to collect input and output information abou In the process of building polyhedral space and
these parallel parts at the runtime and after thahalyzing data dependence between iterations of

polyhedral space is built. Finally, polyhedral mbdenested loops, GXBit must have the control flow
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information of each parallel part, so it is necegsa4. EXECUTION AND EVALUATION

for GXBIit to construct control flow graphic (CFG)

for current execution path of binary executable. As the first phase has been discussed before, we
CFG is composed of hundreds of CFG nodes amuit our focus on the second phase, the same to the
each node contains the following information: first phase, GXBit firstly loads binary executable
and starts the execution engine, which will loagl th

VBlock - a basic block located in Currententries analyzed at the first stage for all parallel

executing path.

parts.
entry point - address of the VBlock's first This section will present experimental results.
instruction. Table 1 shows the hardware configuration of our

experimental environment. As we note before, we
evaluate our virtual execution environment's

next block[2] - record the address of branch'performance by running two applications from
first intruction. CUD SDK Sample and one test case from Parboil

Benchmark Suite. We compare the time of these

) The process of.const_ructing CFG starts when t plications running on GXB with running directly
first stage of GXBit begins. When a VBlock locate n X86 and present the speedup of GXBit.

in current executing path is produced, GXBit . . .
creates new instance of CFG node with setting entrjable 1. Hardware And Software Configuration Distai
point of the new node to the address of currg

path number - number of branch.

"Hardware configuration Software configuratioh

VBI_ock’s first instruction and initializing other~=5 7T 4%ntel  Xeon| OS Linux_ with
variables noted before. 5110 clocked a kernel

To an n-nested loop, the process of building 1.60Ghz 2.6.18
polyhedral space starts from the outermost loop and (1066Mhz
a new polyhedron is produced when the executing FSB), 4M L2
flow enters the inner loop and finally n polyhedronps cache
with different dimensions are generated. RAM | 8GB, DDR2-| Complier| GCC3.4.3,

667 NVCC2.3

There is a classic book named Compute
Architecture A Quantitative Approach [16], in GPU GNglllBrlée cTX CUDA 23
which the author talk about three data hazards 260.896MB '

(RAW, WAW, WAR) in detail. RAW (read after ZoD.SIoMB | Version
write) happens when j tries to read a source before .
L i , : multiprocessors
writes it. WAW (write after write) happens when |j clocked at
tries to write an operand before it is written by |i 1243MHz
WAR (write after read) happens when j tries te
write a destination before it is read by i [16]. The two applications that we choose from CUDA

Through the analysis above, we get our squtioSDK Sample are Matrix Multiplication and

to analyze the data dependence for iterations Q ?\_/ol!utpnFF'l;ZD[M]. Th's appllcl?tlon IS
nested loop. In GXBit, we record all reading ancﬁnu'{Ip ication of two matrices. To make a more

e . . perfect experiment, we set the size of matrices as
writing operations for memory by storing entry

. . 4 . 7128*128, 512*512 and 1024*1024. To check the
points of VBlocks which contain these operations ' ) .
o . : . .correctness of the first stage, we examine theeantri

and writing operations into two maps (container in . . i
. o .and disassemble the corresponding binary

STL) respectively when the static binary analysis

g executable (objdump -d app-name >output) to
&%gdir;' iXth?)nm treiegvor(;(atgf dbeu'E;r:j%ngglygﬁglrallocate these potential parallel parts. To the size
) pieted, P yi§8*128, after executing the first stage, we get the
begins. In the bwldmg po_lyhedral space, we tal ntries at the following: Enter = 0x0804820e, exit
about that each iterative analysis puts ag ' '

) . . L . D x8048292.
instructions in this iteration as a point into
polyhedral space, so when adding a new point into  Table 2 Performance Of Matrix Multiplication

1 A
the polyhedral space, we compare reading andros—o o Native (ms) GXBit (ms)
writing instructions contained in this point with "
instructions of other points in current polyhedr {28 * 128 25 35
space to see whether data dependence exists or hgt12 * 512 1970 930
1024 * 1024 47109 2530
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Table 3 Performance Of Convolution FFT2D random initializing the input data array and this

: . . process will be executed by binary translation
Input size Native (ms)| GXBit (ms) procedure of GXBit.
1000 * 1000 | 1615 1350
2000 * 2000| 6520 930 5. RELATED WORK
4000 * 4000 | 25860 15320 . .
In the process of transforming the sequential

After disassembling the executable, we locate theode to a parallel one, to find the potential patall
entry point and find that the instruction located ifiegions is the first step, and there are a lot of
0x804820e is the first instruction of inner loop andiesearches about that on both source code and
that is what we expect. As examining entries ar@inary level. [8, 11, 18, 9, 19, 20] do the work in
similar, we don’t show this process in the follogin source level. In binary level, Moseley [1] uses an
experiments. Table 2 shows the performance of thigstrumentation-based approach together detailed
application with different sizes and Figure 2information about loops. For our work, we not only
displays the speedup ratio. From Figure 2, we cdliscover the nested loops of a binary executable,
see that the speedup of GXBit rises with th&ut also use polyhedral mode to analyze the data
increase of matrix’s size. The performance of theependence and put these loops without data
128*128 is abnormal because the size of matrices@ependence to execute on GPU as well.
too small and the acceleration in computation- To polyhedral model, there have been many

intensive part can’t make up the performance logkorks using it to optimize regular programs,
of DBT. especially for nested loops. Bondhugula[5]

. . ) designed and implemented an automatic polyhedral
Matrix Mutliplication source-to-source  transformation framework to
i optimize regular programs (sequences of possibly
: imperfectly nested loops). Pouchet[7,17] used
14 - polyhedral model to achieve good performance on
] large loop nests, Baskaran [6] employed polyhedral
B - gl model to develop a compiler framework for
automatic  parallelization and  performance
optimization of affine loop nests on GPGPUs. In
= = these works, the usage of polyhedral model is based
s A o on source code, but in our work, it is based on

Figure 2 Speedup Of Matrix Mutliplication binary level.

ConvolutionFFT2D 6. CONCLUSION & FUTURE WORK

L&
1.6

igd | In this paper, we describe how to use binary
el analysis and polyhedral model to detect potential

1 parallelizable parts in X86 binaries, analyze
08 1 mspeedup whether there are data dependence in these parts or

i not and briefly discussed how to execute these

o1 parallelizable parts on GPU. Several data strusture

o are designed to store information about these

parallelizable parts, such as entry and exit point,

Figure 3 Speedup Of Convolution FFT2D data address needed to copy from main memory to

, L . GPU’s memory and etc. Our experimental results

This  application ~ uses ~ Fast  Fouriergjiqate the correctness of probing parallelizable

Transformation (FFT) algorithm to implement 8arts in X86 binaries and demonstrate the
Fourier-based general 2D convolution, which i?)erformance improvements using GXBit.

more efficient than the straightforward method. Gxgit focuses on simple benchmarks, not deal

Similar to matrix multiplication, we set the input,,;th more general and complicated applications. As

data array size as 1000*1000, 2000*2000, an@ire work, we plan to tackle more universal and
4000*4000. Table 3 shows the performance a’gractical applications.

Figure 3 shows the speedup ratio. In the Figure
we clearly see that the speedups do not vary
between each other because of the overhead of

1000 2000 A000
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