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Abstract This paper proposes a CUDA simulation framework for non-x86 computing
platforms based on QEMU and GPGPU-sim. Previous simulators for heterogeneous
computing platforms did not support for non-x86 CPU models or CUDA computing
platform. In this work, we combined the QEMU and the GPGPU-Sim to support the
non-x86 CPU models and the CUDA platform, respectively. This approach provides a
simulation framework for CUDA computing on non-x86 CPU models.
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<Table 1> Comparison of CPU-GPU simulators

g Simulator Non-x86
Simulator Developer CPU Models GPU Models Type +CUDA
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. . . GPGPU-Sim Yes (only for
integrated University of gem5 (ARM, Full System .
gemb+GPGPU-Sim[7] | Wisconsin - Madison | Alpha) (NVIDIA GT200 Simulator arch1t<‘3.c‘ture
and Fermi) analysis)
. . QEMU (ARM, B
QEMU+GPUSIm[8] University of 86, Alpha, Many core Fpll System No
Bologna Simulator Simulator
SPARC, etc.)

_16_



Journal of the Korea Industrial Information Systems Research Vol. 19, No. 2, Apr. 2014

o] o} AxZEde] Lo Aoz AEE}7]
#gtabA] ¢kth. QEMU+ GPUSIim[8]2 QEMUZ

o] &3to] x86%} H|x86 CPU RelS ®F 2 g3}
] ARM CPU°lA GPU Rd3te] odFo] 7bs
alth, shA R E21F e GPU RdS thyow 3
A EdolE el #ARE CUDAS A YA &=t}

Boom=RoA Aeks QEMU+GPGPU-Sim<
710 AT A FAES FHET] 93]
x868 W olygt H|x86 CPU RPES A Hsts
QEMUE AM&3t2lil, o]o] CUDAE A Y37
A&l GPGPU-Sime %3] Hx8673el A=
CUDA 7o) 7heet AlEeld ZydYas

TEsA

3. QEMU % GPGPU-Sim Z|gte] Al £ 0]
M =gz i

3.1 QEMU+GPGPU-Sim *+=

NVIDIACI A= #HAFe] CUDA ZHES x86
g7l gisiARt A Yhstar glom, vx86 A
A E CUDA 22189 S 93 nvee AI
de] % CUDA golBeiglE AFstA &al 9l
o mElA] 2 =goA s <9 1>d ®HA
ZE 7FA = Yx86 A gk CUDA A&
ol Z A AE Mt <Y 1>olA =
Altd  ZdAE s JIEE vIx868
CUDA gtelrBelg], 7P~ =l g 7H
s HeA AR A S

2 oE=ToA AckE AlEHeA ZHIYA
x86 CPUE AF&3h= 7|9HA| 28] Aol QEMUSH
GPGPU- Sim< &3 7Hde WaE F3 o
o] ZAsEE 3t QEMUS GPGPU-Sim
< 717} 7pde] CPUSE GPUE Al E# ol Adstm,
H]x86 7oA CUDA T2E = S8 o
23t CUDA glelHB &g & A 2o] 7fHste] AlF
g}, 3 QEMUSF GPGPU- Simzhe] F41
@l 7Y Mo =geolwy QEMUY 55
o] glom, CUDA 22 FT 7]uk x86 A 2~Hl
of A nvec #AFJLHE T3] GPUAAA F4=
PTX #=2 AgdHc)

&

| CUDA Host Code |

Non-x86
CUDA Library

QEMU for non-x86 |

GPGPU-SIim
for CUDA

Linux ERYRUEINTE
Kernel PO

T

| x86 CUDA Library

1 A

Virtual Bus Device

Native System (x86)

CUDA
Source Code

nvce
PTX Code

<% 1> QEMU+GPGPU-Sim Al E@olAd =<

CEEEE
<Fig. 1>  Structure

for  QEMU+GPGPU-Sim

simulation framework

3.2 QEMU+GPGPU-Sim &%}

CUDA source code (.cu)

CUDA host code

gcc complier

CUDA nvcc compilier

gcc compilier

Combined object code

Device code

nvopencc complier

PTX and/or CUBIN

<a¥ 2> nvecE o]&3 AL A

<Fig. 2> Compilation flow using nvcc

712 CUDA # 9+

HAL <2y 2> YE



A Simulation Framework for CUDA Computing on Non-x86 Platforms based on QEMU and GPGPU-Sim

woukel o] nvee AL HE FI Ax A=
£ CUDA 32E 5:=¢ CUDA "Hulolx 5=
2 Fgstth o€ A Eg¥ CUDA $£2E 3=
T gecs FE AvdEW, CUDA tulol~ =
E = nvopenccE £3 PTX It Agdy &
OAl ptxasE B3 AXAEHY. olFEA AAHH
T Y9 e HEHOR gecE £ QBAE =
=2 gAY, 28y CUDAYAM = HIx86 3H74
< A% nvee HIALH7E AFTHA ForF
<oy 2>°] vERd CUDA #A3d 742 x86

SAAARE 7hEete], B AFadAE <2y 3>
WS A ¢tsle] nvee AFdy EAES
At CUDA A2~ F= % CUDA 3.2E

T gec® AY 7HestrR <19 3>9 9
g el Bl vhel o] gecEs A W3t
H|x86 2742l QEMU oA gecEs o83t H

gd gt v, GPUNA 5 2st= CUDA tnf
o]~ HAE+E M|x86% nvee HIAL 7 AFH A

Fomg <y 3> 9EBZE AMANA 7o
719k x86 Al=wlol A Hupdst o]
nvopencc’} AAstE PTX ZEwsS &8 W
. o]l& QEMU %9 CUDA ZXE
GPGPU-Simell Al d&sgto =z H|x8 3
o] CUDA HIAY #AE |43

3, QEMU Aol H]x86 g7l A CUDA =
CUDA golBdgls  %3do
GPGPU-SIim& Alof3soF &A%+ H]x86-8 CUDA
golug g7l AFTEA Fomz H Ao
g goluegs AMFA AEstgrh =3 A

2E FHEFE

PTX Code Extraction Flow

CUDA source code (.cu)

é Host Code Compilation Flow é

: CUDA host code : [ ]

' [ Device code

Host object code (.0) i

QEMU for non-x86

Native System (x86)

<a¥ 3> AltE PTX &% 34
<Fig. 3> Proposed PTX extraction flow

x86-8 CUDA gtelB &g oA GPGPU-Sim< A
o]at7] 94 = QEMUS GPGPU-Sim7F £41
3 9l Ado] FadtrE AStH Al E#H o
Holl A& QEMU “#4¢ 54 /0 ¥ w3 =
= 7P WaE Fdste] oledt AdS whHdt
ATk

¥l CUDA golHelg] 9 7P W2E o
23l CUDA &2~E FZ7} GPGPU-Sim< Al
oate AL <Y 4> YEhd Ak WA
CUDA s 2E 5=7} Hx86€ CUDA gholXE g
g APIE ©&3W tlufol~ =gto|HE F3
Mg Mol B FAE AA 2gt ol 7f
MaE Y Fae g$she x88 CUDA

—

<3 2> 7fEE H|x864 CUDA o= g]e] API
<Table 2> Developed non-x8 CUDA library API

Non-x86 CUDA Library API

Description

cuda_register_fatbinary()

- initializes GPGPU-Sim
- loads PTX code

cuda_register_function()

- generates a map between PTX entry point and application function

address

cuda_malloc() - allocates memory of the device
cuda_memcpy_htod() - copies data to device from host

- sets grid and block
cuda_launch_kernel() - sets up the arguments for the PTX code

- launches the PTX code
cuda_memcpy_dtoh() - copies data to host from device
cuda_free() - releases memory of the device
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Native System (x86) Console :
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@™ 5 layright@ubuntu: ~/QEMU_for_SPARC/debian
[layright] __cudaRegisterFatBinary is called

*%*% GPGPU-Sim Simulator Version 3.2.2 [build 17315] #%#*

SO & layright@ubuntu: ~/QEMU_for_SPARC/debian

[layright] _ cudaRegisterFunction is called

PGPU-Sim PTX: __cudaRegisterFunction _Z6vecSumPiS_S_

t cubin_handle = 1

layright] cudaMalloc is called

layright] cudaMalloc OK

layright] cudaMalloc is called

[layright] cudaMalloc OK

[layright] cudaMalloc is called

[layright] cudaMalloc OK
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[layright] cudaConfigurecCall is called

[layright] cudaSetupArgument is called b7bf3ad4 4 ©
cudaSetupArgument is called b7bf3ado 4 4
cudaSetupArgument is called b7bf3780 4 8
cudaLaunch is called

: hostFun Dx0x0

2 layright@ubuntu: ~/QEMU_for_SPARC/debian

[lavriaht] cudaMemcpy is called 2
[layright] cudaFree is called
[layright] cudaFree is called
[layright] cudaFree is called
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<Fig. 6> Sample program running result
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