mmmm

Surface intersections using
Contbuion: parallel subdivision

Surface—urTace fersection mmmphjmnmmhuﬂ:w
Lq&ﬂhﬂl“' ﬂmmmhmmmm:wmm

Angel w-ﬂunummmemmm

Mhﬂﬂmﬂﬂmmww.m:m be ob-
byl Faimed using parallel mthods amd vectorization, We give 1 macro-subdigin,
Depastmant of mm“mmMWMMﬂalaWIﬁ
Lirspnicr Stienar, ummgmmﬂmmmmmmm
Eﬂ*;lr mmmmahahﬁmmmmmm
MM 27051, URA mlhmhmh:ﬂmmmrwbhmr-hmm

muﬂdiﬂmusmm-ﬁumdm Proves synchronis
=) Hmiman:meueulzmmﬁudmma For an MIND
imﬁl?;ﬂ"u-ﬁ Wmmﬁmm:&hmrz.mﬂpdmmmmmm
it vectorization msing a “loskabead™ sratepy,

A major probless in extending solid modeling SYEEIS 0 Surfaces mone
tomplex than dquadratic surfaces (e e form™ surfBoes) i the diff-
culty of the surface-—surface IntersEction (S5T) problem (see Frgure 1)

many disjoint branches, For CAD applications behavior a5 close by el

time a5 possible is desired. In order to make practical use of one of the
present sequential algporithms, an fmplementanor mgss make smificant
trade-offs between these Propciies (see [1, 21 We show that paralie]
algmwithens present mqmmh;msmmnmhﬂiﬁcuh}-.

Specifically, we will congider surfaces which are given parameic
miages I* over & rectangular domain L P -0 — B s secamed g be 3
fﬁrmm-mmmmsmmams,m&,wmmmm !
upsder Py &l P of rectngles in &GMEMWﬂﬂm[ﬂ-ﬂh&ﬁnh

H¥ Compute the IMersection curves -, iy amd 9 51y such thar

S:I.I:Dplﬂﬂ:l By Sankia Metional Eabormnses graL SUEP Mo, G54gse taskGe Cray {bme Erazi
B e Matfonal Center fop Superoosicaling Aplicako,

T —
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Parasetrio Sarlisos 1:

Paranctc e Sarfbes 22

Figre 1B o Paramskric Space

Figiire 1. Surfacs

sup amf | Pifw,w) — Fala f) ] e
(a0 b ey, {8, F)E v

Filip, Magedson, and Markor [2] subdivide the domaing £, £y secos-
sively into smaler subdomaing, The idea is that after a sulficient nomber
of subdivisions, the resulting subsorfaces will be fiat within a specified
woberance. The flar subsurfaces can then be inpersecoed as plancs. §f 0 =
divided inp =y pieces and £y g0 me peces respectively, then tee prob-
kem can be sobved by corsidening ny e submsks. A brose-force method
maght proceed by performing afl those wmeks. Insead, for each sebaask,
we cin compute “bounding boxes™. These hoxes give marimom mnges
for the image vahues for the two subdomaing, For oo sorfaces, 51 smd
52 a concepiual algorithm might procesd as fodlowes
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denermins the bounding boxes of 51 and 52:

if the boanding boses do nor inmersect ten nefuen;

desermnne the “flamess” of 5§ and 52

if 51 and 52 ane both flag then rerum the inersecton curve of the

PlanEr appren AN

& =lse subdivide 51 and 52 ingn srmalier surlaces and recoravely apply
the algonthm (o 2l the combirstions of 21 sob-sriaces of 31 and
sub-surfaces of 51,

In what follows we present 3 detailed alporithm which has been imple-

meated on & Cray-2. We will show not only the success of the ntporithm

bt also the care which must be taken o implement 2 seqeential algorithm

om 3 paraliel archijzcnme,

A parallel akparithm for 551

In this section we will present 3 pamalle] algorithm designed for an MIMD
shared memory machine, The algorithm consists of two phases, First, we
find the inersection edges. This part involves the madn work and is catled
ke Computing Fhate. Second, we connect the edges 1o obizin comsecutive
curves. Thig pat is called the Commecning Phase.

Fior the Computing Pliase, the method described above has & smaighdfor-
wanl parallelbration. Wi subdivide both recrangular domsing ieranvely
inbo smaller rectangies, IF one domain i splil oo my reclangles and the
oiber domain 5 SphL inlo my rectangles then the ol numbes of wsks
generated 15 #yng. Bach fsk can be performed by o processor indepen-
dently at each level of the iteration, For fine-prain pamlle] schitechures,
the: domaing are divided ino many very small recemgles. Therefone, the
depth of itemation will be low becanse for each of the reclangles the Bat.
nezs condition will be achisved after jus a few subdivigions. Then all the
processors perfomn a simple imersection over two reciangles (refermed o
& [HE). Alermtvely me can divade each recangle onoe mone 000 [wa
triangdes, and then perform the intersection of pao mangles (FFT), which
is easicr and more accuTabe,

For the coarse and middle grain paralicl archiecnmes considered hese,
there are mmany levels of eraton. Some tasks have an empiy inersection.
Cahers eisher mquire fumber subdivision or have achieved the famess
comdition and requins sarface intersection (IT7 ar IRR). Now grocessor
synchmnization becomss a crucial paee. To mimmize proces synchne
nization fime, we must desizm the apprograe data Srsdemes i incorno-
e 1he subdivision method with guad ree daks sotectires. The algosithm
is mamed the Macro-subdivision method,

Specifically the reciangles will be sobdivided inte 4 subrectangles. This
alloows ug wo use Two quad mees Ty and T 1o represent the subdivizion
(s=¢ Figure ). Leaves ar the deepest level of the quad mee sone e |
imbersection edpes. Addifigmally, fir every veriex m the quad tree, we
keep o split Aag that recends whedher the comesponding region his been
subdivicied.

=
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Figure 2. Curve 1n
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Figure 2A: Curve in parametsic space Il after 551

Fipure X Cogresponding Quadtres Representation

s | denoies a pop-vital area

o denotes aovital ares

To synchromize the parallel computation we keep a Glohal Tusk CQmeae
(GTO) and, for cach processor, p = 1,... P, a Local Task Queue
(LTO{pY). The root msk iz insered into the GTO. In the Feneral sep, A
ser of tasks that &5 gencrated by provessor 1 will be Inserted into LTO(D)
unless the GTO) becomss empty. in which cass the tasks will e inseried
o the ST Anidiz processer g will feteh oz now sk From LT0q)
first, and only uwse the GTO) if ETO(g) is empty. In this way, comtention for
the: shared resource, the GTQ), 18 kept small, A dewiled implementation
i distageed in 3]

After the compeition phase we peed 1 connect the Jine segments whach
are solutions of ITTs 0 form the imersection curve. We employ & vari-
anl &f curee wacing wang the neighbor folliwing method. This method
requires the algosithm 0 mverse up and down the quad mee 1 find the
nedghbor of & node. Thus it requites (Y nr) compatation, whene ¢ is the



Gf  Comnbulions SUPERCCHPLITER NOYEMBER 1330

height of the quad mee and = 12 the nomber of the Jeaves where the
carve passes twough teir cormesponding sub-domadn, (We mefer woan
arca with a carve passing through 25 & vitgl aree; 2 Jeaf with a curve
passing theouph = called a vitel fogf, see Figare 1)

Brtead of going ep and down the quad mee o find a eeighbos for 2 nogs
each time, we keep 2 list of pointess wihich point o the vital nodes in
the quad free with the same level. AL the beginning of fthe conpecting
phase this list concaing the visal leaves in the quadomes, It then fills 2 pew
hist, which conmans those pointers that are parenss of the keaves in the
oid list. For esch parent node, o cosmects a1l the cumve sepmenss within
the area that it corresponds . Each tine it goes up one level, it merges
(comnects] curve stgmients nd forms & new 1. The provess procecds
iteratively ootl ic reaches the 7000 of the tmee, Therefure, connecting the
ierpection curvs can be viewed as 3 procedure similar 12 Bomomeap
e §oTL

Our solation b the same complexity (Hnr) 28 in the saguential neigh.
bor follgwing approach, In the parallel cage, of these sre P prodesors
available, then our zolution may ackieve nearly limesr spesdup, That i,
the complexity is CHnr /Pl

Wectorimtion

In addition w parallelism, vectorization of 2 subdivision job & imple-
mented gy tike advantags of wector pipeline feanmes. For each surface,
a subdivision process needs o compate the paramemic function an five
grict poings in the perametic domain {referred 1o 23 grid evaluspom) and
compute four bounding bowes. We could vectodze them divectly by im-
plemennng vecioe functions that compete grisks and bounding bowes, buz
the improvemcar would nop be sipaficast. The meason is thar the wep-
wr leagth 15 mech oo short o fully ke advantage of vector pipeling
Tearares. To imgeove the performance of our Macro-sabdivision meshod
here, @ smadesy nemed 2 “locknbead™ i5 wsed pooinceease the yecuor
lenymth of the vecior funciions.

The smegy = besed on the following inherimnce properry: i & cures
pasees through @ node in the guad we: [ et algo pats troegh at lexs
one node of s children This means that if 2 node &5 subdivided then
laser somie: children will have b he treated. The Lookahesd subdivision
algorichan precommguates prids ancd bowncling baxes in e next subdivision
levels uging wechor funciions. For exompbs, in oar algorithm, tere ars 25
gl points and 20 boanding boxes o be computed if it looks abead 1o
next descendent level, Similarly, thers are 81 grids and 80 boundang boxes
necded o be compuied iF i books abead inpe the next two descenidan:
lewveis (see Figuee 3]

The bookahesd feane mosesses the compacsson of a subdivision sk
oaly shightly, bt teere will be signaficon: savings simoe it does not need
Loy commpute grid paings and bounding boxes in the next lookahead levels.
Themefor: given the inhertance property, the speed can be significamly
imprnvedl

s S
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{A): Lookahead tree of node P oawith level 2

ERYE
HED

- — %5 = 25 grid poinls
]_. . T A4+16 = 20 bounding boxes

(B} Lockahead tree of node P with lewel 3

[T

479 = &1 grid ponis
i — 4416464 = B0 hounding bowes

:F.;\e:.T;in

Toulahead mbEvision B hmr ks

levels: cures passea o W firs ipaplemened the WMacmo-subdivision algorithm {withoal vectos-

leser pnc il of mmammmmzﬂmmamum%ﬁmm

S machine. The benchmarks for these wsts are summarized in Figure 4,
The rosults indicae that speedup is especilly high For g to 10 pro-
cesmrs, These resglts ﬁwﬂm:pmhmldmmu suised for

Figure § shows the perfonmance comparison of Lovkakead subdivision

{level 2, 3) and MacTo-subdivision with {and without) veciorization methixd
for various wilerance inputs on the Cray-2, The actual 5t sarfaces are

ghoem in Figare 1.

The performance of Laokahesd subdivision method is much better than
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¥ Fgere 4. Perlimmence Koy L 1 ; i grazhy
e T tran of Bdacro-guldivision meathud with (ol withowt) veclorization, The

bt mahod sperdip of e Lookabesd qebdivision msethod can be up i 6 times thal

on the Foquent Baleancs of b sequential algoathm oo the Cray-2. We conclude that, piven the

A, erelerlying architectunes, gur implementations of Macro-sabdivision and
Logicabesnd subcivision alpocithms are close o the expecied thepretical
boands,

T L e e i Sy T
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Wareo-rabdivesios: o
e Cray-7,

Tt & also inscresting &0 note that OnC can increme the precision olersnce
and make up for e loss of speed by using a popomional number of
processors. This gives subsiance 10 our claim that the Tade-off etwesn
spmdammaﬁsimmnhcimmmhymngpmmlprfmﬁﬂng e
alsn oot that for MIMD machines, although an altmost Tinear speedip
can be oboaingd, in acisal implementations, there is an optimal number of



70 Consbulions

SUPERCOMPUTER NOVEMBER 1590

processers 0 achieve the most effectve use of the available processons.
For example from Figare 4, one can notice that the second half of pro-
cestors doss nof condribute as effectively & the first half of processoes.
Thet &=, the second half of processors shoabd be vsed independently.
Since [TFACe METSCCOONS are the “Towest level” computation b sup
pocting Boolean et opersticn, it is recommended to find oat e optimal
mumber of processors so il the rest of processors can be used for inde-
pendent wasks. This makes multi-level paraliclism very useful in 3 higher
beved comgputation (Such as the intersection of Two objects) since we can
divide the processors into several groaps of processors and each group
of processors works independently on different tasks fe.g., mErsction
of twd surfaces) simultaneousty,

Acknowicdprmenis

Wi wani i give our sincere thanks w Donakt Peterson ot Sandia Mazional
Laboratories for many uscfisl discussions We also thank Brian Smith
Tor assisting us in making the necesmary oontacts af Argonme Mationook
Laboratarics.

1

P, LT, amed NI, Criinoiw, SarfecetTur flir
Interreciion Probimmg, irc Grogoes, LA {od.),
The Mhlhozatic of Sofacer, Oeford Uni-
worsty Fress, B0,

3

Chang, LOWW, Boinand B Angel, Paral.
et Algosrichurr for Surfece fntsrraction. Foche
el Report CHME-T, The Linnversiny of Hew
Mexicn, Dey el Crp S,
19,

1

Filip, D B Mapcdum mnd R Mackot, Sar
Jace Alpovithesr wisng Eands g Dherostioass,
Compmer Alded Gesmenie Design 3, 795
T e

L

Bk, Eo el K. Ohazheck, Farinbde Pre-
prarms for Parditel Prodesors, Hell, Rinchan
annd Wirezon, 19T,



