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An Evaluation of Communications Cost for Simultaneous
Processing with Simulation and Visualization

using an Image-Composition Device

MASATO OGATA,t TAKAAKI KIKUKAWAt and KAGENORI KAJIHARA?

We have been developing a volumetric-computing graphics cluster system, a PC cluster with
enhanced rendering and calculation by video boards and dedicated devices. The main purpose
of the system is to interactively perform simulation and visualization in order to intuitively
understand physical phenomena. The higher the computational power requested is, the larger
the required number of PCs becomes, which inversely affects communication costs and creates
a bottleneck for communications with both parallel simulation and parallel visualization. We
study the effects of both types of communications by experiments. Based on the results, we
discuss a performance model and propose a new performance metric for time-critical process-
ing. We evaluate our VGCluster-cluster system using the proposed metric. The metric shows
the effect of sustaining scalability by using a dedicated image-composition device.
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1 Space-partition for parallel simulation. The ghost-
voxel slices are exchanged periodically between adja-
cent subvolumes

B 3 Overview of the VGCluster cluster.
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(a) A volume is divided into subvolumes,
then each PC generates 2D image.

Final image

Sub-images

(b) The composition of two images is repeat-
edly applied while traversing a binary tree from
bottom to top.

B 2 Parallel rendering in the space-partition scheme.

% 1 Specification of the VGCluster cluster.

No. Item VGCluster #1 and #2
1 The number of PCs 9 (8 nodes, 1 host )

2 CPU Xeron 2GHz x 2

3 GPU Geforce 4

4 Memory 2024MB

5 Network Myrinet; 2Gbits/s

6 OSs Linux 7.2,Score5.0.1

7 Image composition H/W PCI32/33MHz

Host PC

IFB: Interface board

Display
GB: Graphics board

B 4 Schematic diagram of VGCluster cluster.
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B 5 Overview of the Imgage composition device.
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(a) Example of simulation
space partition scheme: The
space is divided into 8 sub-
spaces with 2 divisions along
with each axis.

(b) Communications of a cellu-
lar automaton: At each bound-
ary surface of subvolume, ghost-
voxel-slices are exchanged be-
tween adjacent subvolume.

(c¢) Simulated image:
Deformation of head

B 6 Spring model implemented using cellular automaton.
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B 7 Comparing performance between the composition
hardware and a tradition network.
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where: I
f; is the external forece for grid i.
x; is the position vector of grid 3,
m; is the mass of grid ¢,
4; is the viscosity at grid i,
ki; is Fuch’s constant between grid ¢ and j,
@;; is the vector from grid i to grid j,
L;; is the intial length between grid ¢ and j.
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% 2 Result of experiment.

Number of | Average update rate: ( Hz )
nodes With H/W | Without H/W

1 4.04 4.04

7.35 7.12

4 12.94 9.12

6 17.35 9.14

8 20.62 8.29

10 23.13 7.10

12 25.46 6.47

16 28.75 5.26

Overhead ratio
(Amdahl fraction)
P 35 St
To/T: Tip)
p Paraliel )
Speedup ratio
S) =T/Tp)
Amdahl’s law
1
R — S— el = 1A
=iy == stp)=lr

B 8 Theoretical limit by Amdharl’s law.
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% 3 Estimation of parameters in performance model.

Estimated Value

No. Parameter | T; = 0.2473s : v? =322, m?2=512?

with H/W | without H/W
1 r 0.078 0.075
2 cv? 0.00082 0.00082
3 bm? 0.0 0.0106
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where:

T(p) parallel processing time with p PCs,

P number of PCs; p > 2,

T processing time on unit processor,

T overhead ratio T, /Ty or Amdabhl fraction,
v number of voxles for each axis,

cv? communications cost for boundary voxels

in simulation; A volume consists of v3 voxels,

2

bm communications cost for subimage in

rendering, A screen consists of m? pixels.
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hardware and a tradition network.

9 T T T - . rp— — T 045
s ! ’ TR efficiency with HIW™ 04 3
c
/ k]
21 ideal @ {0352
o s
- o
) 8 o speedup with H/W 103 %
© s
a5 . {0258
H o ¢
| 4 £
§ 4 0.2 B

3 4 0.15

i .,
2 / e S a speedup without HW | ¢ 4
M A A A
1 / "3 0.05
TR efficiency without FitWe.eeere..
0 L " L ) N L L ra
0 2 4 12 14 16 18

6 8 10
number of PCs
10 Parallel speedup ratio and time-restricted
efficiency factor

ciency E.(p) Z1REd 3. E.(p) ZX (5) TEHT 5.
Ec(p) = (Tiarget/T(p)) E(p) = nS(p)E(p) (5)
TCTT, Target B7 U —vavicERENS
BEHRETHD, HlZE 33.3ms THB. K103
Ttarget = 33.3ms & U TIRED Metric 16K D Met-
ric 278y bLEEDOTH B, with-H/WICHENT,
(31X 30Hz DEFH L — b EERT 5 16 /— FER T,
PR D Metric DIEFITERNMEZTL TV BDICHL
T, RED Metric "BEAMBIEVVEZRLTVS.

7. b Y Iz

FELIE, T R—REeERESSEN—FY
7 %{# X 7z volumetric-computing graphics 7 5 X%
ZFBEL. COVRATLOEENZ, #HETh-ER
RRZERINCIETER XS ICHEMC IaL—
AV AL RITI CETHDB. VSRRV ATF L
EBVTI, ERINIUEEADNEVIZE PC DK
A%< %D, PCHEDBENR MLy 2 Li3.

EELWR, YIal—varveARtoboEE
X M ZRRTHAN, SHEGEREEN S I 21—



Ta AR OERBIC BV THLENTH B &
ZHOMNC L. X, BRICEDE/—T4—T /A
ETFIWEERL, BRETIVHVAT LOMEER XL
£ T LEMERL, EREETILEADOH LY Metric
ERELU.

AT, AL DOERAN—RY 27 %25
RUED, SEHIERENIZIEET 28RN~ U7
FIZIE FEM ZEEICEHET 5N —FU o7 RRIFEL,
FMYIal—EBERGRALEVEEZEITVS.

AFRO—EGMITEIEAN HHERBEFFHE
(NICT) DBIFD FiciTbhic.

2 & X ®

1) Fan, Z., Qiu, F., Kaufman, A. and Yoakum-
Stover, S.: GPU Cluster for High Perfor-
mance Computing, SuperComputing 2004, ACM
SIGARCH and IEEE Computer Societ, ACM Press
(2004).

2) Heirich, A. and Moll, L.: Scalable distibuted vi-
sualization using off-the-shelf components, IEEE
Symposium on Parallel Visualization and Graph-
ics, IEEE Computer Society, IEEE CS Press, pp.
55-118 (1999).

3) Kruger, J. and Westerman, R.: Linear Algebra
Operators for GPU Implementation of Mumerical
Algorithms, SIGGRAPH2008, ACM SIGGRAPH,
ACM Press (2003).

4) Lombeyda, S., Moll, L., Shand, M., Breen, D.
and Heirich, A.: Scalable interactive volume ren-
dering using off-the-shelf components, IEEE Sym-
posium on Parallel and Large-Data Visualization
and Graphics, IEEE Computer Society, IEEE CS
Press, pp. 115-1158 (2001).

5) Ma, K.-L., Schussman, G., Wilson, B., Ko, K.,
Qiang, J. and Ryne, R.: Advanced visualization
technology for terascale particle accelerator simula-
tions, SuperComputing 2002, ACM SIGARCH and
IEEE Computer Society, ACM Press (2002).

6) Matsuo, Y. and Tsuchiya, M.: Early Experi-
ence with Aerospace CFD at JAXA on the Fu-
jitsu PRIMEPOWER HPC2500, SuperComputing
2004, ACM SIGARCH and IEEE Computer Soci-
ety, ACM Press (2004).

7) Molnar, S., Cox, M., Ellsworth, D. and Fuchs,
H.: A Sorting Classification of Parallel Rendering,
IEEE CG € Application, Vol. 14, No. 4, pp. 23-32
(1994).

8) Muraki, S., B.Lum, E., Ma, K.-L., Ogata, M. and
Liu, X.: A PC Cluster System for Simultaneous In-
teractive Volumetirc Modeling and Visualization,
IEEE Symposium on Parallel and Large-Data Vi-
sualization and Graphics, IEEE Computer Society,
IEEE CS Press, pp. 95-102 (2003).

9) Muraki, S., Ogata, M., Ma, K.-L., Koshizuka, K.,
Kajihara, K., Liu, X., Nagao, Y. and Shimokawa,

K.: Net-Generation Visual Supercompusting using
PC Clusters with Volume Graphics Harware De-
vices, SuperComputing 2001, ACM SIGARCH and
IEEE Computer Society, ACM Press (2001).

10) Nakano, A., Kalia, R. K. and Vashishta, P.: Scal-
able Atomaistic Simulation Algorithms for Materi-
als Resarch.

11) Nonaka, J., Kukimoto, N., Sakamoto, N., Hazama,
H., Watashiba, Y., Ogata, M., Kanazawa, M. and
Koyamaza, K.. Hybrid Hardware-Acceleratated
Image Composition for ort-Last Parallel Render-
ing on Graphics Clusters with Commodity Image
Compositor, Volume Graphics 2004, IEEE Com-
puter Society, IEEE CS Press, pp. 17 — 24 (2004).

12) Ogata, M., Kajihara, K., Kurita, T. and Fu-
jishiro, I.: Volumetric Computing Graphics Cluster,
VSMM2004, International Society on Virtual Sys-
tems and MultiMedia, IOS Press,Inc., pp. 220-224
(2004).

13) Ogata, M., Muraki, S., Ma, K.-L. and Liu, X.:
The Design and Evaluation of a Pipelined Image
Composition Device for Massively Parallel Volume
Rendering, Volume Graphics 2008, Eurographics
Organization, Eurographics Organization, pp. 61-
68 (2003).

14) Oliker, L., Carter, A. C. J. and Shalf, J.: Sci-
entific Comuputations on Modern Parallel Vector
Systems, SuperComputing 2004, ACM SIGARCH
and IEEE Computer Society, ACM Press (2004).

ft %

Al N—TFTIJRAETL

ZERIRENC & B UFED ) S — T +—< Y AEFIVR (2)
ZEMT S, NERREARTEEI NS, H1EHRUE 2H
(X Amdahl DAXEFLTHS. FE3HEIal—ra
VDD OERRT IVEROBEIR b, 4BV THE
BOBRDOIDDEEIAANTHS.

T(p)=rT1+ A —rMIy/p +c"Np+bp (6)
where:

T(p) parallel processing time with p PCs,
P number of PCs; p > 2,

T processing time on unit processor,
T overhead ratio T, /T, or Amdahl fraction,
c* coefficient of communications cost for simulation,

N, number of separating planes,

b coefficient of communications cost for visualization.
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