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Attribute Processor: An Efficient Parallel Processing Method
for 3D Graphics Geometry Calculation

KE1 KAWASE! and TAKAO MORIYAMAt

Efficient handling of drawing attributes is one of the most important design:points of paral-
lel rendering of interactive 3D graphics such as PHIGS and OpenGL. We invented Attribute
Processor method for such applications. In this paper we present our method along with
several alternatives, and describe the superiority of our method by simulation using real ap-

plication traces.
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Fig. 1 Overview of the system.
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M2 Broadcast 53
Fig. 2 Broadcast method.
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1 CATIAD I L—RF— ¥ Ot
Table 1 Statistics of CATIA trace data.

Count| Total| Ave.|Element type
words| words
5796 11592 2.000{ ADD NAMES TO SET
57371 11474| 2.000| REMOVE NAMES FROM SET
5683 | 11366 2.000|SET HIGHLIGHTING INDEX
5672 11344| 2.000|SET LINE WIDTH SCALE FACTOR
5672| 11344| 2.000|SET LINETYPE
5672| 11344 2.000{GSE SET FRAME BUFFER PRO-
TECT MASK
5671{285190|50.289 | GDP DISJOINT POLYLINE3

143 429| 3.000(SET PICK IDENTIFIER

®2 CATIAD b L—=RAF— ¥ DO~
Table 2 A portion of CATIA trace data.

Seq | Element type Value

+00| ADD NAMES TO SET 00000001
401 [SET HIGHLIGHTING INDEX 00000007
+02(GSE SET FRAME BUFFER PROTECT|FF000000
MASK

+03[SET LINE WIDTH SCALE FACTOR 3F800000
+04|SET LINETYPE 00000001
+05{GDP DISJOINT POLYLINEZ  |........
+06 | REMOVE NAMES FROM SET 00000004
+07{ADD NAMES TO SET 00000001
+08 | SET HIGHLIGHTING INDEX 00000007

+09|GSE SET FRAME BUFFER PROTECT |FF000000
MASK

+10{SET LINE WIDTH SCALE FACTOR 3F800000
+11{SET LINETYPE 00000001
+12|GDP DISJOINT POLYLINE3 [........
+13| REMOVE NAMES FROM SET 00000004

TrYE2— 2L

CDMLV—AF—FDT)IFATET P Ea—
FOBTEDIPLELIRTAS. T2V —2X
F=FO—8EFEGPNZLIDOTHS.

CCTEETREAR, 1207V IF 47 L
T6MEDT PV Ea—PRERRI L INTRAEWN
S3EE, AEO7F)Ea—bilonwTiEESNT
VWEEBRESR L THE LWL THL. CADT
TV —a v TREF) VT -5 OFRELBHEIC
FTBH0I, ZEZRAL7 M E2—rDETH-T
BTV IFATORFHICEET M Ea—F 2RE
THEIEDNH B,

RIZ, OpenGL #F — % £ LT OPC Viewperf
CDRS-03 L DX-03 DEFRL—RA% LD, 2hE
NHBEFIEICE-D0D 2R3 LT4 ITRT.
"CDRS-03 i 7THDTF AL EThABD, DI
HL7 PV Ea—bOREIEVNod DT A M ER
BL7. 72, DX-031d No3 D7 A b ZHA L.

CDRS-03 Tid glBegin (GL_.TRIANGLE_STRIP)
& glEnd() DEIZ glTexCoord2fv(), glNormal3fv(),
glVertex3fv() DFIHTRAK 4 B4 & B 2067 El#E 1 &
STz, FHER LA 420 B TH 5.

DX-03 Tt glBegin (GL.TRIANGLE_STRIP)
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#3 CDRS-03DF L —A7— ¥ DkEt
Table 3 Statistics of CDRS-03 trace data.

Count Total words Element type

31380 125520 | glVertex3fv()

31380 125520 glNormal3fv()

31380 94140 | glTexCoord2fv()
71 355 | glColordfv()
71 71 | glBegin(GL.TRIANGLE.STRIP)
71 71 glEnd()

F4 DX-03DbFL—R7 ¥ OHAE
Table 4 Statistics of DX-03 trace data.

Count Total words Element type

93536 374144 | glVertex3fv()

93536 374144 glNormal3fv()

93536 467680 glColor4fv()
976 976 glBegin(GL-TRIANGLE_STRIP)
976 976 glEnd()

D & glEnd() DMIC glColordfv(), glNormal3fv(),
glVertex3fv() DF| Y HRAK 22 2 5 B 100 B4 1 K
ST e, PIEGE LB 95.8 BITH 5.

7. YXalb—Yar

AR TIE 4.2 H T~/ Broadcast R B L U
Broadcast-Unicat 53, % L T4 H 5.2 HiCTREL
7z Broadcast-AP FEICOW Ty Iab—Ya vtk
HUREEM 24T o 72, 72751, 422 HTHRNE B
), Broadcast-Unicast 53\ % PHIGS {Zxf L C#EH
THDIEEETH 5728, CDRS-03 & DX-03 DARIZ
BH L.

71 ¥XalL—Y3>OFR

AEOEFNVTIEHEE AT YESR WD, Y Ia
L—2a v OMELEBLTHA VY I —%%
C++® Task Library Tiak L7z,

TrIE2— b BIUOTY IF A 7OBETEIZ A
EVOBBAXALREEIAIERELTHEDL, ¥
Ial—YarBiREOF—TVORBLTT O
VOREZSBLESOREZTI LI L.

7.2 NS A—2DHRE

VIal - Y ORETREENTA-FIDI)L, ¥ 3a
V=33 VILBWTURELZER /ST XA— Y DEREN
BELUTICHET 2.

MPU 12 100 MHz CTE)fEL, HREERE/MLS ORK
fizEEray 7 ETTE5HDET S, Dispatch Bus
1273 A8 64 bit T 50 MHz TEIfET 5.

HE/ - FTORBEIAME2RE IWRT. RO m
B7OFINDOT-FHETHEB., T Ea—bOA
HEMPUOF Yy v axBLTFIbDEL, Fyv
Yad fill-in R L #AT L TEFTSINBOTERE D
AMCBBAZW DL L7-.



Vol. 40 No. 3

®&5 WH/-—FoRFaz}b
Table 5 Calculation cost.

Item Cost (clock)

FRUEa—PAEIZF |10 4 2(m — 1)F
FYIF4TAATAR
TYIF4TEHEIRL

m

109 (CATIA f§$% A.1 &)

157 (CDRS-03, DX-031f$} A.2 2R)
TYIFATHPIAL [8/HEA

£6 HEIELELIINLTFIEa—bORE
Table 6 Frequent attribute set.

Set Frequent attribute set

A glNormal, glTexCoord

B glNormal, glTexCoord, glColor,
glMaterial, glEdgeFlag

C glNormal

¥/, FARNYyF SOy YHPT Y IF 4T %E
BO—FIZEIRAEICIETS Y F oYy FREHEW
5157, OpenGL T XH 1) ICRGRA LD
% FiE% AT glBegin (GL_TRIANGLE_STRIP)
FL2TEEIEICHELTT A ANy F RO &
25 X 912 L7z, Broadcast-Unicast FRICB W Tid
[HEBICEEINLT ) a— ] OFREEERE D
I 3MEL Lz, catch-up BIfERICIZZ T MY
Va— M1 7—FOAy FHPFmsEh, S5I1264bit
B EiFonTELESINE DL L.

8. #& ®

Y3alb—Ta YL AEREREZUTIORNT.

8.1 CATIA

CATIA O TIE, 7PV E2—=FPBEVDT2H
R CHEBICREREINTHTWS ([7). Broadcast
FHRTIE7 b)Y Ca— MAEIEFLEORREIH

Wiz, BB/ — FEEEML e Ok LR

REET LTS

—7, Broadcast-AP FR TIHHE / — FEIIxL
THIELBERAEEON TS, HE ) — F 528
P ECHEEDTEIT B 10 % o TV 5 $EI8 T Dispatch
Bus "M L CVWAB I Ay Ialb—% ETHE &
.

8.2 CDRS-03

k12 CDRS-03 D#EETH 545 Broadcast-AP 5
# & Broadcast TR Tt CATIA O — R L Ffk%
EEAMR 55 (X 8). Broadcast-AP B L F
Broadcast-Unicast FRDKE A LRE B TiX, ¥
DHE ) —FHEBRIRETE o/ (R LR

T EHRIME 4.2.1 HEYBBOZ &, %7 Broadcast-AP FRO
BERT7FIa—- b0y YR TREENLDTRMT
toaxbiz0oTHS.

FThrUEa— b7y 2 HAVTHELLZVF X VEEOBFILE 1145

10 Broadcast-AP -+—
Broadcast -+--

M vector/sec

e s w6 = w = =
# processors

®7 CATIAOFL—RAEHWVZzYIal—va #R

Fig. 7 Simulation result of CATIA.

10} Broadcast-AP —+—
Broadeast-Unicast A 4+~
Broadcast-Unicast B -g--
Broadcast-! Unxcastc Mo
roadcast -4~

M polygon/sec

L " n n L L z '
1 4 8 12 18 20 24 28 32
# processors

8 CDRS-03DFL—AZHWIYIalb—Yar iR
Fig. 8 Simulation result of CDRS-03.

bRz %h. INLIXCATIA DFITRASNIZ L)
IZ Dispatch Bus DfgfIFEHTH 5.

Broadcast-Unicast 53 Tl catch-up X% & §
57 b Ea— b OREDHFT THRIVRECERRS.
£3 o505 &I, CDRS-03 T glTexCoord
& gIlNormal DA% [HBICEEENET M) Ea—
M THBEDT, FNLDOAE catch-up T5 &)1
L723E ADPRDHENRV. L2 LEd s, 2085
Bl2BVTH catch-up D727 Oty S OMEE
% 5728 Broadcast-AP FRICHRT, oty
Bz OMBREIOETH > TW5b., iz, NADH
FEBIZ BT D catch-up D7D DL /N Al
HPLER 720 Broacast-AP IR THRESS -

TWB I EPTP5h

Broadcast-Unicast ﬁ‘t@ %E B CIIHEPICER
ENB T & D%\ glMaterial % glEdgeFlag D7 F
JEz—b b catch-up DIFE LTWAB 20D, HE
J—=F&H1) OWEEIGRE AICHREILIETLTS
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M potygon/sec
®

T L . ' ' ‘ L s s
1 4 8 12 16 20 24 28 32
# processors

9 DX-03DFL—ARHVAEYIal—~Ta R
Fig. 9 Simulation result of DX-03.

D, NAOEHMFRIIBWTORRETSRONS.

Broadcast-Unicast FRDiETE C Tl [HHEICEE
ENBT MY ¥a—1] THb glTexCoord 757 1 —
FEXYRAPENTWE D, Ty FONEED%
BELTBOMEEIRBIIMELE 5. FiELL
T Broadcast AU V.

8.3 DX-03

DX-03 Dy Ialb—va #ER¥E9 ITRT.

Broadcast-Unicast FRDHF TR EB IR LEN
HREZHL TS, BE A TXIBICERETL,
CLRE—DHEEICLEE > T3, BE B IHEKE
catch-up 27 o TiE V5%, [HBIEEEN LT T
Y¥Ea ]| ThsglNormal & glColor " HE & b
catch-up DIFRIZE-THY, ThIEa—FDEK
EOFRETVR, ZRISK L, #%E A Tl glColor
BERGE SR, SOy FORBEHEAE CREL
TWBZEPRRETORRTH 5.

Z ? X 912 Broadcast-Unicast HR Tl [
BENBE7 M a—b | OBREET SV r—av
DEHICEDLETREIGER L2V EHEMET LT
LE). Ber2BHo7 7Y r—Ta v RT3
B, 1207 TV r—a Y ORTHENIEDS X
D RBATIE, ORICRELRELBRL B2
IEEL .

—7%, FIRED Broadcast-AP F R Tid Dispatch
Bus D7 — ¥k, BLPEE / —FTO7 P Ea—
N UEN ORI BEIFDNADT, 7T S —Y s
CORFEIC L ST O RICERMERELF I ST I LT
5. :

9, EhH I
ABETRAES oLy HIZ7 M) Ca— MLEEA

_n‘,—L-

Ep S

D7 IV a—rTuky b2 HAEbEL I LT,
WHIZRTT T 74 7 AVAFADI 4 A ) HEL
AR TAILRRELS.

TrICa— b7 Oy FDEAIZLY, F 1Ay
FNAOEREE & MPU OB RELT 5L LI,
AZ=TF¥y V2% FHALTASLOF~-5DH) L
BEORBILETHORED» OB L Hs DA%
MPU DF vy ¥ 2 Z#E DAL T L2 WREE L.

T, TS —arsDrL—AF— ¥ B/
Y3iab-varicdy, XEXEROFRICHER
CTTNr—a vy ORI TENTHILILE:
~L7z.

BEDEA & LTI, Toolkit % Fiv:T API OIRLF
BLEROTILICLARELOFEIRIBLTE
B, BRREICAD DX I BTV r—varyTcid®
naw%&%?@umbxnacauﬁLmtﬁbn
%. 4% OpenGL T®O CAD "HEI W L2k
T, TNHR2EOELIEL DT TV r—a s T
DB L AT\,

HE AMRICHL CRELEERIHE WS
WERAIBREK, MNFREZIICDETEHEAT 1 -
Y- L (fR) OFBKICRSBILET.
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5 §#

A.1 CATIA DEtERFEOAER
WEANE BER (clock)
FEREZEH. (MC —» WC) 20
FEREZEH (WC = NPC) 42
VAR AT A SR 12
FEHEZE# (NPC — DC) 15
R 20
A5t 109

A.2 CDRS-03, DX-03 OEtEIFEOAR

MEANE B (clock)
FEFEZEH (Model — Eye) 20
HREETE 48
FEEZE R (Eye — Clip) 22
AR R A Y 12
FEFEZEHE (Clip — Window) 35
gk 20
&% 157

(FR 9 4 9 B 1 HEM)
(PR 104 12 A 7 BiRSR)

ThUEa— b Tuby FEHOTHRELTF A D ) EREOEFLE 1147

E # (E&H)

1961 4. 1985 FRFHASFH
T LR 2. 1987 4£[H
REZEBEE TEAFRRHE L AT AR5
T. BERET A - - a ()
W EBHERICA. =X/ 5
740 AV AT AORFFEICHEE.

FL B (E4BH)

1962 4E4, 1985 ERF TE K
TEREHR TSRS, 1987 £RIK
ZREBLHEEET. FEAERT A -
Y L (BR) REEBRTZEATIC
Ak BFIeT O V=T 4
FYRTF A, 75747 ADOWBFINBEORFIEIZHEE.




