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Volume—energy conserved) A|1™M¥(Zhang, J., 2016)°]u; EpA] Rgo=
18 FRE  WyPste]  F&ok=  Ellipsoid Bounding  Region—based
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000

2.2.2 3D AW L] Hut(Propagation)

3D AW Au(Propagation)@t ¢Hg3H(Relaxation)®] F 7FA] ¥

= HHEESt] Sttt Aube 949 EAC we AAT ARt

R
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(constraint)2 1135}o] ¥4 .
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} @7E Qe A7) A4l thal Aak wge] F4o] Ho] whc

2N R

1
Ay}
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for (all non-zero object elements) {
determine lowest energy position for the element
relative to its (top, bottom, right, left, front,
and back) neighbors
move element towards that position by step size

(2% 2-2] 3D AIWY daFe] HAst oA A E(pseudo code)
(Frisken—Gibson, S.F., 1999)
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7A1d #A]'(kernel launch)2tal it Jez(2014)o] w2WH, GPU AYS A
She i i 104s9] AZE Hlgo] amd Fze] AAuY FLEL
g wlel g4 528 Hof shtel flad] dig AU Fashe WAlew
T oigitt. ollet AAl= ZF Yo dis] /EA e duEe A8t
+ v 2HS %57 "ol FAMH Ty HE Ay 7¥e A8%t
HP-AIHd-& GPU A& g ¥ AXst= AC=L th49] Ao izt
e A AT 5 A== WA
Launch\
(Device)
cudaMalloc

Device to Host

Kernel

cudaMemcpy
(19 3-1] CUDA GPU =299 7/H&Q
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A __syncthreads() &5 ©]835ty o|FoxH, AL &5 7Ho] F7]3}

cudaDeviceSynchronize() &E &dfl <FoA FhPHT. I A=
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5= IR, AE QFA EE A

o] BAIZ sAs] S8 B ATl GPUSH CPU §7]8H8 Egtshs
M AR o] MPEE FEO] o|he Hstel GPUIN meHom 2
A=g BESHA FAo] FoE BAZ SAs] 8] CPUSA F7HH
57818 sast GPUIAE 2dE W 571818 andoR sastuAg
5, Aste 242 slgss 9

s CPUSIAM HHHd 7ok F7t= 3
gttt o]FA| ez CPUSF GPUS g9 Fx& HAISt #AF9 &
2 Hastoly agAe Sdsisict o2l CPUSH GPU 7he] @8 1z
AASHE deole At A% 7te] 73S wEr] 93 #H

Sok gt o] WS CPUSH GPU 7+] 57188 £3] HS Futddl
= o

| Algorithm 1 : CPU % <joj ] whE otmel=

input : A olvd duES Yo T2 HlolH elems

1 For do]g elems? o 32+ L1 AZ Do
propagate €& GRID, BLOCK > (elems)
CudaDeviceSynchronize()

For 142} §HE 315 Do
relax € GRID, BLOCK > (elems)
CudaDeviceSynchronize()
End For
End For

(o BN BN Y, N - VS B S

# 1] CPU g9 HhHE dale]E
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Algorithm 2 : A3} 340 o] GPU AY Y ¥hE dya]E

222 9o 1x3}1E HolH elems,

b7
AHE £5 W9 x, y, z TF 28E tx, ty, tz

1 For A W ¥ 314 Do

2 e < elemsltz]ty]tz]

3 fastest Neighbor, fastestNeighborDir

4 For ©]-%- ¥4 nd] tsle] Do

5 new Time < n.time + p Time(element, n)

6 If c.time > new Time Do

7 fastest Neighbor < n

8 fastest Neighbor Dir < n.dir

9 End If

10 End For

11 If fastestNeighborol Tt 3lo] Do

12 e.time < fastestNeighbor.time + pTime(e, fastestNeighbor)

13 shiftElement (e, fastestNeighbor, fastestNeighborDir)

14 End If

15 End For

16 _ syncthreads()

(& 2] da} A4 e] GPU AE HF ¥HE dire]s

GPU #d UjRollA 9] w2l Aits Foff Wy Ant Ao a84ds

AAdst ok o] W2 [& 2] =ASE A FEoA AAE HEe}

Zol, Ad A =T dad A RS d&Hor Aiste WAUS
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AR AR 7L s darelse] ool wtet T
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ABSTRACT

A Study on the Optimization of Parallel 3D
Chainmail Algorithm

Lee, Sangeun
Major in Computer Engineering
Dept. of Computer Engineering

The Graduate School

Hansung University

With the advancement of simulation technology and the growing
reality of an aging population, the importance of medical imaging data
for surgical preparation has never been more pronounced. The
enhancement of specific anatomical region details through volume
visualization techniques is a critical step in this process. Among the
various algorithmic advancements, the 3D Chainmail algorithm has
emerged as a notable technique due to its distinctive emulation of chain
armor dynamics and its ongoing evolution. The refined variant, known as
Heterogeneous Parallel (HP)-Chainmail, leverages GPU parallelization to
potentiate its application.

This paper delves into optimizing volume data resolution in the
context of contemporary GPU hardware, which has significantly outpaced

the capabilities of hardware from the era of initial studies. We conduct a
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thorough analysis of the GPU kernel launch overhead and introduce a
'kernel internal loop' as a strategic solution to minimize such costs. We
further scrutinize the block structure challenges inherent in the
HP-Chainmail approach and recommend constraining the block size to
surmount these challenges. By tailoring the block size for GPU
optimization, we fully harness the capabilities of shared memory, an
intrinsic feature of GPU architecture. The methods proposed herein
culminate in the enhancement of GPU-optimized 3D Chainmail, thereby

facilitating swifter and more lifelike medical simulations.

[(Keyword] Medical Simulation, 3D Chainmail Algorithm, Deformation
Algorithm, Optimization, GPU Parallel Computing
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