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A Study of Parallel Processing Methods for Geometric
Calculation in PHIGS

Taxkasai Matsumoro,! Ket Kawase!t and Takao Morivamatt

High-speed 3D graphics is a key technology for developing more user-friendly man-
machine interfaces. In present high-end graphics systems, geometric calculations for 3D
graphic images are bottlenecks in system performance. To solve this problem, parallel
processing technique is being introduced. If the Programmer’s Hierarchical Interactive
Graphics System (PHIGS) is adopted as an application programmer’s interface, however,
there are some obstacles to efficient parallel processing. In the first part of this paper we
show that homogeneous multiprocessors are superior to pipeline-type multiprocessors in ge-
ometric calculations. To obtain quantitative data for the design of a geometry subsystem,
we analyze the characteristics of geometric calculations (coordinate transformations, light-
ing calculations, clipping calculations, and data translations). From the analysis we conclude
that a simple shared-bus architecture can be used for a geometry subsystem, and that a
shared-memory architecture is superior to a distributed-memory one in terms of generality.
To solve difficulties resulting from the adoption of PHIGS, we finally propose two me-
chanisms that enable shared-memory/shared-bus multiprocessors to perform efficient geo-
metric calculations in PHIGS.
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Fig. 1 An overview of the system.
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Fig. 2 An example of hierarchical data
structure.
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GPICD Set Interior Color Direct
CYAN
GPSPR Set Surface Properties
diff. coefl. =0.9
GPPG3 Polygon 3
Vi
V2
V3
GPICD Set Interior Color Direct
PINK
GPTS3 Triangle Strip 3
Vi
V2
V3
V4
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Fig. 3 An example of display list generated
by structure traversal.
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Fig. 4 Load balancing by per primitive dispatch.
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Table 1 Processing time for Triangle Strip.

Lights
Clocks
Positional Directional
1 0 339
3 0 469
3 3 635
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Table 2 Processing time for NURBS.
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Triangles | CPUs | from CSS | to Drawing

(Poly/s) |(#CPU)| (Byte/s) (Byte/s)
0.5M 4(3.4) 12M 24M
M 7(6.8) 24M 48M
2.5M 17 60M 120M
5M 34 120M 240M
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Fig. 5 Single-bus configuration.
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Fig. 6 A system with the mechanism for
DP method.
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Fig. 7 Structure of TTS in a processor element.
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Table 4 Items of processing time for

Polygon3.
noB N R Wi (clock)
BEiEL i (MC->WC) 39
fich; o g 359
HIRETE 53
B2 2 OERAL 43
F 55 (3 Positional) 251
ZDH 12
B EZE L (WC—-NPC) 66
2V eV Fzv s 36
HefgEzr i (NPC—-DC) 39
i 30

# 5 Triangle Strip QMO PR
Table 5 Items of processing time for
Triangle Strip.

n B AN K M (clock)
B (MC-WC) 20
R~ 2 OEHUL 36
TR 2 DB 56
BEHE

1 Positional 138
3 Positional (268)
3 Positional+3 Directional (434)
BEEEZE L (WC—NPC) 42
IV YT F2v 12
ReigEzsi (NPC—~DC) 15
#pmm 20

¥ 6 NURBS fhmossiEonR
Table 6 Items of processing time for NURBS.
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THAREEEE 42

ERETE (E#IL) 139
B~ 2 OERE 43
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3 Positional+3 Directional (434)
BEiEZE . (WCHNPC) 42
V- R 12
RefEzsit (NPC—DC) 15
ey b 40
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