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An Effective Parallel Implementation of Sound Synthesis
of Guitar using GPU

Sung-Mo Kang, Jong-Myon Kim
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Abstract

This paper proposes an effective parallel implementation of a physical modeling synthesis of
guitar on the GPU environment. We used appropriate filter coefficients and adjusted the length of
delay line for each open string to generate 44,100 six-polyphonic guitar sounds (E2, A2, D3, G4,
B3, E4) by using physical modeling synthesis. In addition, we analyzed the physical modeling

synthesis algorithm and observed that we can exploit parallelism inherent in the length of delay
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line. Thus, we assigned CUDA cores as many as the length of delay line and effectively

implemented the physical modeling synthesis using GPU to achieve the highest performance.

Experimental results indicated that synthetic guitar sounds using GPU were very similar to the

original sounds when we compared their spectra. In addition, GPU achieved 68x and 3x better

performance than high-performance TI DSP and CPU, respectively. Furthermore, this paper

implemented and evaluated the performance of multi-GPU systems for the physical modeling

algorithm.

» Keywords : Physical
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T2 1. GeForce GTX 580 7
Fig. 1. GeForce GTX 580 Architecture
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2. OpenCL
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HE AFE ZgdelZolth. OpenCL2 CUDA(Compute
Unified Device Architecture)¢t @] of2] Azi#9|
GPUE 94 HdHel~E B3l Adste Aol Utk
OpenCL2 2] 7§e] ¥ E(thread) oA 27] th2 dlo]E
£ AHgslo] BEA o2 43 E]= SIMT (single instruction
multiple thread) W22 23}

3% 2= OpenCLelA 2] ND(N2H)-Range2] 748

Yepdct, ¢ 3otoldl (work-item) & CUDA ~AH =9} &
ofnjo|n] 7} 2R Thele] Mg MA oI}, Z47te] §Folo]E]
< TYS A TE sl 2L =R FAG 93
& (work-group) CUDA thread block® 22 2]u]o]
o, §Zole|dE7]E] TV} 7hssle] Y Adle v
4 9tk ND-Ranget® 91232552 49U

work-group size

S.

X
Ve work-group (Wy, Wy)

v work-item
] Xx)
% % 4~ - E;E-‘ D iaé‘ 1D
= (0,0) (S¢1,0)

—— . . .

. L4 .
% %\ [T~ < | [work-item ork-item
> 22D |eee [ZHD

(0.5,1) (Sx1, Sy1

work-item

<
w

<

work-group size

NDRange size
o

—G — N

NDRanxge size

N

12! 2. ND-Range 7=
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Fig. 3. A block diagram of the string model of Guitar
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Aelek 71et A (guitar body) 2 HEA] (guitar bridge)
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& WYL AEAE £, 7 AL 1R Tk fo2 A
()34 o] ATt
L=f./fo (D

a7 gt £z ZE(loop
filter) H,(2)& A9 53} FE (low-pass filter)2] 54

< 7H9 A (2)3 o] EAETHI0).

o714 g& OHzelxe ZE o5
A%ete I Aol

Excitation signal

1st signal o —
2nd signal work-item
3rd signal D] loop filter
L P g diiad
J )
- <
134th signal . 2
135th signal - »
0
136th signal . 5
L= work-item e
----- loop filter
......... P o fiter |
269th signal |-
— first iteration
............. » second iteration

T2 4. JEfe] ¥ =Y HWH I
Fig. 4. A parallel implementation of the string model of
Guitar
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1. A2 B

Table 1. System Environment

A @4 x| o
CPU () Intel Xeon x5690 3.46GHz (2)
Memory 144 (GB)

oS CentOS 5.8

GPU NVIDIA GeForce GTX 580

E 2. NVIDIA GeForce GTX 580 Aft
Table 2. Specification of the NVIDIA GeForce GTX 580

s o
Global memory 3GB
local memory 48KB
Clock Frequency 1.51GHz
Max workGroup 1024
Max Compute Units 16
CUDA version 4.2.1
OpenCL version 1.1
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Fig. 7. Synthesis Time for each string on guitar

£ =2ME 1719] GPUS CPU 7te] A% Hla Byt
o} tee] GPUE AHE3IS A9 & 34 ¢uelgey
3T Frol WglE FAIT). ol2igh tre] GPU oA
s B3] §l8l NVIDIACIAM  A|&ske  Visual
Profiler& ©|83l9tlk.  Visual Profilere CUDAY
OpenCL A3 719-& Hasio] eldelRlE B3l GPUY
oA gue|Fe AT A HE A dig HEE = 5
U T2~ FYE A5 ZEIHYE E7olvk(11). Visual
Profilerg o] &3l 714155 Z2E(Host)ollA tulo]
2~(Device) 2 A=t 23 A7F HtoD, 4 22 ¢
Hlo| zolX $2ER glojeod Fadk A7k DtoH, A
< Al AlgEE AIZEE Y319

8 Transfer Time DtoH [ms]
zTransfer Time HtoD [ms]
EExecution Time [ms]

Time[ms]

2l 8. ZE| GPUS| M= Hlw
Fig. 8. Performance comparison between multi-GPU
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