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Abstt raetrsm be introduced. for suihem, thim of
the constraints for G" continuity provide for Cho blowu

Parametric spline curve and surface are typically ductiom of a(% + 3) shape functions, dolned &arn Mhe
constructed sothat sone, number of derivative mtch bomdu bewe two surface patchs For polynomial
where the curve segmets or sarfae patch abut. f , te Io m of Bt ant ster
derivative up to order a an continuous. the sgments faiwity through the shape parameters without ab.
or patchs am said to meet with C*. or n order p- heg tie polynomial d tgree.
rnatric coatinoit. ft Ji ben shown previousl that 1ee approacI we tae 6 Important for sbvera
parametric continuity Is =ucist, but not neesay forasons: First, ft gneralls geometric continuity to
geometric smoohnss arbitrary order Jur both curve ad surfa. Secod,

The geometric mnure of unit la.ne t and ow ft shows the fundamental connection between geometric
esisre vectors for curves, ad toeam plow ad Du*. continuity of curveasad that of sufaca. Third, due to
ssietiu for surfaics, have bn used to detn. AMt and the chain roe derivation, constraints of sy order can
second order eomearn continuity. Le t paper. we be determined mome easiy than using derivations based
extend the notion of eometric continuity to arbitrruy ceusivef.y on geometric meansure
order a (GI) for cu ve sad surfaco,'sad pavent a
intuitive dvolopment of constraint equations that an* o und

necaw ad suffckst for ft. The constraints (known Ler courber et surfaces panmdrique A basn do
as the Bets constraints) nuu from a direct application spfinsont gdalemeat construlte; do 6Mo £ oqu'an
of the univarle chain rule for curve ad the bivariat. cwtain sombre do ddrivi coincident ax raccorde.
chain rule for surfaces. For IM and second order con- mets "ne arm d corb ou lecarrauAR ffur
usilyt the Beta constraints a equivalent to requirig aee. Lorsqu addionnfoemt lea premre ddrivde
continuity of She geometric meaure described abovs6 me continua, be arem on in caneaux se rescontre t

Tie Beta constraints provide r She Introduction ell 05h'il pranrsaifr C". ow d'rdr* in N a dij
of quantile known as shap. paraeterv. Hf two cum Of Etabli quo )a continmaild paramdtriqe et sufsants I
squients an to meet With G continuity a shape pa, 11obtention dun limp gdomdtrique, maim qu Wka Wt

fth vat va mpgme - bII pm!e bW d h. Adveca Lm premier of deuxihme ordre do contiauitd
3muw Vuvj~eb Agemy -- Av eumn muew 10000804 gdomdtque onat gindnl Mim A ide do
0ComgAt fhe WIea M lbYudefs I. pow I~ mures gomitriquer tab is eeer loapat saitie
ucameasi, oh. Sw of C&Wwds~ u~w a Mmehugmhs *I le tlent do eosrsr dame Is ca dee courbe, ainsi
bo Ce M OMpeSIM AtWmh OppraeMu pm. "a a quo k pl e loapat et IW'&cetr4 & Dsep dam k co

haD DoesdtenPsuaw . des surface. Dam cat article, nous gdra.Loa in no.
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o d. coueu itE SdomE rle a pmpors qel aoid a c be thght o lass a &J saiw producing an o.-
(G-) sand Men pour Jar oemh p pour JO onufscog- ,,* turn 7k W deiatv ft01 repesnt
PM piaeoW ieaimt a ddvalppemt InthW Sh, ". of the peti" (in genra, we denote the s'b
des dquations do motraste M&aIrNSI Ot muAflm6.. derIWO of & unlvurae fnction by surcript (*I).
CO CoatraintsNa quo none a PO apulas . Uroi5es66 The velocity Is a vector quSAity and, as such, contains
dkmult dncmat do ri5 do cha. A m WWI Vajormtjon about orientation and ros., or speed. The
able pour Ja coush. of A deux vwa W.p r JON BOW' scond deri'vatfr vector g(M represents the ewevetion

em Pour I. prenlju' ecoad urdrm do ocatinatd, of the particle, so it too contains Information about the
3m ocatraiansbuta mso dpivWWmOn I Is 60011uit des (change of) rate. Thus, a parametuisation contains In-
jmumw gsoindituun ddcrites d~din. fonnatica about the tsomutry (the shape or image of

fLe costrainabets odim t fcaulJo dSlaroduke the curve), the orientation, and the rate.
Cet al quauildrd ana mo kewas di ,sesmft__
4. terms.. XidiUXsW &wdco reoiet a amdu
asw coatimamlO %, a paranitrat fdfo POMt O q(l)
iustoduits. Pour IN suwfucnA I10MUMs~ des coginlnlna
&. CeaInsd G- permiet diawb"NeO .(+ ) /.MCKM

Ieoe., isequem a dwAS E. Is /o doa 3imb.s q
commumm ato urfu nden do &=u carreax fODYMMS.
Da ts ca do *Uas po* cmJaax , MIDSMsAJO des
copLralsapn-lbta permit am gxbAl tJd sca grdce aux PISIus 1. TA suarwwei e Ponol q feerses
paramtree d Ayes., oes pour et, au enter i etjed curn by del M els, ! f t ,he .ed iae

due dur pwaims.e speui luo. %I).
C#e 4PPiWA* nae im.a- anas pour asiRSl

nalos& PnimmWmwt. .Me gbdrafiE is no" do ceaSE
&sltE #&md"twa saw ordain qsalonpna, "last POu Figure 2 show the curve generated by three differ-
J5 cogrber qUi por 5 auMd& DOOmI e 0&i Mt psnmetrisatons. The shape ad the curves s identi-
a n Ejvdence s eAm uadw hAdausmtak ire is co- csI they differ only In orientation and rate. Curve (a)

tbuleE g&Mjtrq* des cubw @I Calkdo sorlsm n mmd (b) have the same orientation at each point, but the

aklma, 5.43.le do chao, kciUkat )a ddlariabstW raise differ. The curve labelled (c) differe from (a) and
de oslraalse d'ordr* quedlcoque, cparwnimenl A (b) in or tation ad rate. if a curve is defined to be
ci qaural ms a o s u simply the geometry property of a parnmetrsation, onece dn arnamet gomdo .vaim would conclude that Agur (a), (b), and (c) representegevskal curve. We win refer to this as the C0 ,.dl
KE YWORDS: geometric modelig & a curve. Another poesbility is to consider the pom-etri crve, erametuk sudacna, d e- etry and oientation, which we wi call the 0 modeL

Using the 00 model, one would my that (a) and (b)
1.e equivalent, but (c) diferent. The las poesibil-1rmy we wM consider Is the GOR medsl4 where gometry,

Curve are defined or nier.Isdby gumugat orientation, and rate am al relevant to the definition
(psurfce will be addrsed n Section 8). A .mmrm- gf a curw Using this modd, no pair of the curve is
d. (ceo wadle) perametrisat Is a funac sch A equivaleat-
q(S) - ((e), Y ) where the dAmei pamameter a is b recent yea., heavy use has been made of piece-
alowed to range aw rm* Iterval jus,,). Pr a gI wise parametric functions known as psvseuhnc spis. _

vaue of a, the function q(%) can be thought of as loca- Spine c rve an typically coutructed by stitching to-
bS a particle Is 3uclde two-op" As v Is Incresed gther univarlate paramestric functions, requiring that
owr the interval, the particle Irsmem a path deied some sumber of derivative match at each *%I (the
by q, tracing out a curv Is the prcem (me TIur I). points where the curve segments mset). If a derivatives
If Iwo, j) is thougt ofasas OQS uit sermsg , then agr at a vOe joint, the pamrametrisatione there are
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bg gsomstrlc men. Far curves, Fowler A: WIse,' 0,
&abin". M .. is , hux & Prtt*, sad Dusaky' eoch
ladependently deined lint order continuity by requir.
Ing that the a "01"d Woder agree 6 the Joints. 7o
acheve second order continuity, both the unit tangent
sad euroeufs vectors were required to match. Kid-.

(a) (b) (C) ungoercm asus mnallndspoe te VS i

AMgui 2. Seek of th.ea. oin s IA do M dtriigmeb
image; tkey owl differ in riestebe ad "d. O rio- F rs fa ei Iscomm os to require maci g o
Belie is kmdisiedby rmok"ed ad tole is iadigifed £eq*a## forsbi order giometric continuity(d
___sectors_____________Coins__________d________ alP). For surfaces of second or-

der geometuic continuty, Vrce at al and Kahmann"s

said to meat with A*~ eier peeatui. suiiait (C* Muir coetinuity of nae m rshm in every dirfc-
cotnito short). dion, at every point on the boundary share by the com-

stiuet srfcepatches. As Veron at Wt and Kahmaan
we maintain that the choice of a particular moe sach show, this is equivalent to requiring that the Dors

for a cumv, and hence the choice of how the cumv sag ia (d. DoCarmo') of each patch agre at the
menus ane stitched together, should be appication de- boundary cumv. The Dupin indicatrix is a measure of

9.pendent. For instance, If a spline Is being used to damne curvature, but the curvature properties of surfces awe
the motion of an object In an animation System, the nsufcientl complex that they cannot be characterised
001 model is most appropriate aim Ofointto by something as simple as a scalar or a vector.

4and rate aweof importance. Intibistype of applie-Atoghtegoeri prahe ecietics, parametric continuity is required to maintain the aeth ou th andometi e appr ach seconbd
amoothom of the rate properties. In other words, p, aoder connit andor alrint eveo pmt is seod

*rametric continuity will ensure that the object will nof oarde coleti y f or re tlconbraity eeofmn highe orer
smoothly. esutdfrheetnontcotntyohihrre.

Nowm, n CGD he ateaspct f aparmw The approach we take Is based an topautviuso
Howeven isotn unimotat Cosero a eampe the proees of obtaining a now parametrization given an

theato use oftlien unimpcrtant Consrider for wialedt old me. Under the G0 model, reparametrisation may
theI u ae of spnec o escaribe ooc n umerl ly trie dim-t change rate, but not geometry or orientation. By allow-
tem Ifthmye cutesr to hpcify uniquelyathe but the kg reparametrisation before making a determination of

ticsof he utlr a eah pont n te pthbutthe continuity, the rate aspects of P- rumetrisations may be
speed of the cutter may depend spot te hardnm of Ignored. Alternately stated, j approach is baed on
the material being cut. For this typ of appication, the the following simple WIG&-
G0 model is most suitable, but parametric continuity Is
overly restrictive since it places emphasis on Irrelevant PI: Don't bane ooatluully on Goe parametrsbationa at
gats Information. Many other applitis In CAGD hbud; ,vparametrip, Naemaq, to obtals panam-
require only the 0 model, but It seow diliuh toS de drstn thtme wilk parametric contiaulty.
velop a uoul formalism without the structure provided Nf this cam be dorne, ase orgNAl Paramatrimatme
by orientation. We will therefore adopt the 00 model. am"s abo Meet gmoot~b, ast" insh a geotrc
and develop an appropriate Measur of continuity, me
based based only on the geomsetry ad oriestation poep-
at*es we refe to thi as tommen se .liait. The above coscept is not a sew oee; similar prim-

It bas recently come to owr aeeic that mnyw ciles have been discussed by For%8 and Voice It a".
authors have independentl defned this kind of on- What is new is th e mof the prlacipi. to construct cme-
tNaulty of AMt and second order (which we denote by strat equatioas (knows a the Net. Constraints) that
a' ad 02, respectively) for curves sand/or surfaces ws are necmary and euSciest for geometric coetinuity of
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arbirary order for both cwure and serfaces of porr on (m, Fiur 3) fto q ad mst
noe Deta, constraints goenra the parametric on- have the same orientation, a must be an increasing fusc-

tnity constraints through the istroduction of freely tim of 1. implying that a mudt satisfy the oncatiou
variable quantities called sl aroswmer 0nce the presali CMWOU U(s) > 06 Intuitively, (-%) deforms
gets constraints are determined for a given order of Con- the interval uoa %)into the Interval [so, Aa I without Ma
tinulty, they may be used In plc of the parametric coa- versing the orientation of the segment roo. as I. This in
ilnulty constraints when building Wilms~ thereby oh- tuon Implies that q and j will have the sme gemery
taining Inrae saxibibity. Foir Instance, If the Co con- and orientation, but they may differ In rate.
strnints are replaced with the 0' constraints In the un1-________________
form cubic D9splinel, the cubic Deta-epline results''
The cubic Deta-spline Is an wrownwet @PH"n tech- U 8
niue that poees two shae parmeter; an datr- U
Pofebap technique Is described is Dellose & Bu*Wh.
1Pux & Pratt ad Twine thIe extra freedom allowed
by geometric continuity to place BidAlr 6emius eewidese.

Ar. Importat aspect of thset techniquss IS that the
additional Lezbl~ty of geometric continuity in added
without Increasing the degree of the polynms. This
Is particularly important for algorithms that manipult __ _ _

the spline. For instance, the complexity at Bad~eg'
* algorithm's to intersect two polynomial curves, of deree I

a prow. at lead st at as 49. Substantial savings Ffguirs s. The .qsiveu eslndioaS and
can therefore be had by minimising the doese of the an n~te by Me c~i of prmuid
polynomils Involved.

In the remainder of thi paper, we aiekd the Avlalf aaersto snarUteI
notin O gemetrc cntiuityto rbiraryordr a(M) derivative vector does not vanish. It in well known fromad show (in a nonrigorous way) that the derivation dfeeta omr htrslrt s nga,4of the Bets constraints results from a straightforward, sfental gfoetryt thafth eulartin Ingeal, e

*use of the univarAste chain rule iw cumentteil hrforte remtrctthe dson t rgulta curve.Wbiariate (two variable) chai role for sufies Fa wID therefore restritte da mon ore gudlarto parume-
a more complete treatment, the reader is roeru to trisate enwgv oepicn eiiino t
Barsky & De~oe and Delosee. ~

Delsnitlen Is We vQ),l I ejl and q(*),v a is*, *II
Of2. Geometuic Continuity for Curves be two parametrivatioas such that P(91) = q(wo) (ane

Figur d). These Parametrisatioan"ee with 01 costi-
We begen the study of geometric continuity Sir auity at 3 9 and only M there exist CO-equivalent pa.

curve by enaminin the reartri atici pi-Pem. rametrisatloais 1(11 and %(-) that meet with ", conti-
Two parametrisations are said to be OO0eqmieleua N Diy
they have the same geometry and orientation in tdo
neighborhood of each point. Given a paramolestion Defintion I bn simply a restatement of principle Pi,
q6 all GO-equivalent parasetrisatloss may he obtained but In practice one cannot examine all 00-quivalent
by jbeNOinu COMein osw. More specifically, If t(s) parumetrisationa in an effort to find two that meet with
and 4(-) are 00-equivalent, then they aft related by parametric continuity Nowewer, It is possible to find
40J) - C~UP)). for mom aplimpriatlO chosen cum"~ condiion on r and q that ane necessary and suffcient

_____________for the esteac of 00-equivalent parametrisations that
modmaa ad Iavha be. ldupesdally &wqd meset with parametric continuity.

of 11 e 31 eeeetso". 011 ohf uMbeas. d~, gob. Although Definition I suggests that both r ad q
need to be reparametriued, It In posible to show that
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q We am now 'na POsit1.. to State the Primaz7 "MuR
Ofsgometric Continuity 1or cuves. BecaB that T and q

meet with GO continuity If can be iuparametriped to ;I
so that derivatives of r and 4 agree. That is, we require

r(tj)=q(uO0)=j that ,fO(S1) - Vow 5 . d4- 1,..-,a. (2.S)

Positional continuity im Implicitly assuned (me figr
ane 4). Substituting equation (2.4) Into (2.6) yields

Me. som~sm st J. m.I.

Definition I holds If and only f thee ods a % that(2)
meet rwth aramtri cotinuty.in tt. crd~ ~The constraints vasulting frm equation (2.6) awe the

one of the paametnsations needs to be reparametrised SIUaesk ole emlirmik and the aumbers ,.P 8
to deermie smothamare the sApe pevsmdmev. The ahov discussion is sot

WodeerminlUtml e sniot am a proof that the BDaa constraints anomeuary and
properlol~ ultaely be ea sd ru ehai us alliclent conditions for isomestric continuty,~ but each

prprte o . h svriec of los mt a pado cam be comnrcted". Thu, If equations (2.6)express derivatives of j In tersmo the derivative. of q we saife o any choice of the 01m, subject to 01 > 0,and . For eample, the Edrs derivative Is given by the the concidet cavm gment. will meet with GO

its .- q~() conatinuity. Pom inetance, the d&t constraints for G'
Ai A continuity between r and % we

(21 ('Qup~~(o

m- l ~1 ). v(uI(a,) oi t"q'I(NO) + 02q, , (so)

In general, the i'b derivative of j cam be writtenssamm ,(a)(1) oil 4(81(00) + SPS 02' vo (2.7)
function, call It CLj, d the Air derivatives of * and +A0)09

qThat is, V()~ ~qI'1(ve) + W, 3 0(60u)

q(~~~~~) ~~+ (4#p3~ + P)q'()+p t (u.

- Cl(q~'9..* . .,u(E). (.2)Although equations (1.7) were: derived using the

We are actually intorated in GO') evalated al ts ft. chain rule, the first two are identical to the constraints
ppmriSc endpoWn 1s. Thu, derivatives of q and, v reulting from a geometric derivation of unit tangent
must also be evaluated at their left endpoint.: amd curvature vctor continutye"5'. Thus, our approach

I~(&)'m ft~((SJu),... ,('~(s),reduces to previous deulniions of Gs amd GI continuity
VOW- lik 'N). --, 'N o). (2.3) for curve.. It can also be shown that Seta constraints

0106. -- - 006)) fo al order continuity are equivalent to requirig

Sinc U is a scalar function, evlatn -m of It continuity of the firs a derivative. with vapet to we
kho1A

derivative. results In a real number. Im particular, bit When constructing a spine technique, If the Data
vu)(;) - I. j m , .s aualom (2.3) then become. constraints are used In place of the parametric conti-

V W- (3.4 nulty constraints, new freedom Is introduced through
~(i. C*q~'(ue,. ,Q(,, (.4) the shape parameters. These parameters may be made

available to a designer In a CAGD environment to

The orisitation praervin qualit of a Implies that change the shape of the target curv, as the following
*P >a,. exmple shows
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SaanPle 3.1s 7b demonstrate She useof te DeA&
omralnts, we will asetch the esmetrauim of W ep.

me cconinuou analogue of the saaloe quartlc D.
8p0n CAWle (naturally enoughi) the quartic Deta-eplise.

The jib segment of the quartic 3-spha. is generated
by

ej(u) AM is VaD( e 10, 1J (2.8)

whreth 24i f Tc O : 7 ka n ua polynomal

The sequence of esmbwel Wsermvj., comprise a miref

Since the derivative propprties of tbh aig functins
ane Inherited by qj, equation (2.9) impie that the cur
segments meet with Ce continuity. The quarti Deta-
spline is constructed by building quautic polynomials
bA(s) that satisfy the GO constraints indtead of the C4
constraints of equation (2.8). That is.

b C J i(b '(0). -- ,bij(0). pis"A 0,cresalshreM ss3.oar
P1710%n andall Uep A - IWA - 0; they di~ffer
WNl in Ah slu I" o .0 .yulop turne iAm 0 0a

(2.30) sa~ earve Age As m o, dad l"jg a"A
Equation3 (2.30) Implies that the bagls fuctions ane A-30
dependent upon the shape pWMaraee Values. Changing 2 10
a shape parameter therefore chian the shape ag the
resulting cam (see Fgure 5). 0 respect to % and the ju partial with respect to v. In

enera, Is sueSCript (sd) denote the d'b partial with
a. Go"Metuic continuity for Surfaces nopect to the AMe variable, and the jb partial with

rupec t to the seconid. A bivaziate paraetrisation such
1n this section, we exted the notions of geometric We GIs F*#%kr If the Anet order partials (G('' and

Continuity to suriaces. since care was taken in section 2 G(0-0) are linearly Independent; we will deal exclusively
not to base the development at geoetic continuity on With regular parametrlnabuona.

ascet. suchas rc lngt) tht dn't ppl to ua~In section 1, we saw that nalvarlate parametrisa.
bees themachnerydeveope fr nharate an.. is contain Information about geometry, orientation,
tristioa cn hereailyextededto ivarateperme. and rate. The same is true of bivarlate parametrixations.

lA &ow s sdfie yabv.s ago Orientation can be defined by treating Das an eneomw
A e~fuepith i denedby biarlte uncion Pland having a %op side and a %ottom ide., G can

so&h s G(s.9) -( u,)Y ,)Is.),whereu the be thought of as deforming the orientied piane to
and s an allowed to rnp over mom region D at the produce an oriented, at two-sided, surface patch. The
of plane (see ragure 6). Loosel speaking, a ",*fa is rate Information eateun through the partial derivatives
a collection of suc patches. We use the nottion of the parametrivation. We can therefore speak of the
Gli-fi(*,Y) to denote the 06b partial derivaiv with G. GO, and COR models of surfaces. Just w for curve,
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4 -j .4. _W N7 .S -

llae S. bii vi f pi i C dtom. lgi 1. Ghe surface poih. ferreed b, the
me. oined dmauns D to endsf em oruied ou ,f. permetriostion F and G med 4t As Soundev ctwv
P". 7.

the use of a particular model should be application de- Jus for curve, parametric continuity is appro-
pendent. We will adopt the GO model for two resos: prite for the GOR model of a surface, but it is not
Aist, orientation Im necesary in appliction, much W suitable for uns with the GO model since it place em-

ndering, where the two-sldednein of urfacm le impor- phss on Irelevant rate information. The deternina-
tait, sad second, It seam diScult to develop a useul tion of continuity can be made insensitive to rate by
formalism without the structure provided by Waents- allowing reparametrinatlon. Thus, we say that 7 and C
tion, especdally when surfacm an allowed to Intoned meet with G continuity if and osy if there exist GO-
themdelve., equivalent paramtrinstios 7 and G that meet with C*

We now eamine the reparametrlsation procam for continuity.
surface patche. Two bivariate parametriations are
GO-equivalent if they have the same geometry asd
orientation in the neighborhood of each point on the
surface patch. If G(s.u) and G(,- are GO-equivalent,
then they are related by

where the functions a and v satisfy the orientation v(tZi)
preserving condition $0

mfet.0|1 :(0. 3.2

We now examine how surface patcies are ditched . 1'
together with parametric continuity. Referring to FSig-

re 7, •(s,) sad G(%,Y) meet with Ob order pesim- 1iM S. G and G m O O-quivelst pemetris-
@irk continuity if sad only if all like partial derivatives Some nAde d cy hep 9W Cemmetrmt*w deter-
of onler up toa agree for each point of the boundar7  mused bya(;. V ad (,VW.
ncu r 710 ik

In complete analog with curve, only one of the
1000)- (04)(7-), + i f,...,., (383) panametrisations actually needs to be reparmetrised,

Implying that 7 and G meet with G continuity if sadwhen evaluation at7 Is to be Interpreted as evluation only if there exists a a sch that
as an points P of 7.

0'0 Itmm 6lslMM mikh M eWW sded wr M ei
eqmades (S.2) m be JAeobim d a&. &wso. d penmeedM~ Once agpin, in complete analogy with curves, the bivari-

1. D.C••m'l •  ate chain rule can be used to exprem derivativee of G

Graphics Interface '85



Am tems of G. In general, the i4 JO~ partial of can be usllows the determination of the Beta constraints with
esp.rnM as some function, call It CR4 i, of the partal"3 Ior t!1han pruvionaly required.
of1G, u, and Y, up to order i+j. Stated mathematkcally, 'Tbi us of the Beta constraints for G- continuity

- ~ (i) allw the Introductlcs of1a shape parameters for curves,
644 - ~i.(G~A'8hA'(hA (u) and %(a + 3) she" iaction. for surfaces. The shape

whentheIndces(k,1) n t tak onallpostiv vaues parameters and shape function. way be used to modify

eahm thet Ind-ics. )aettacallPiie the shape of a geometrically continuous curve or surface,
suchthat&+1-~j.respectively. However, geometric continuity is only

We may now obtain the hbieri Bets 5n.U553i appropriate for applications where rate aspects of the
byr evaluating (3.6) along the boundary curve, followed pamustonaruipoatsncdiotnute

* by substitution Into equation (3.4) to go In rate are allowed.
- As a final comment, the approach we have taken

V101(') -CliAGC')(,), (3) Is not based on measures that are inherent to curves
Whj)(7.&AM)and surfaces, so the generalisation to h-variate objects

for k+lmi+j and.+j - 1,,n (volumes, hyper-volumes, etc.) can bemnude very sim-
The equations resulting from (3.6) are the bivrariate ply: two k-variate parametrisatioss aft GO-equivalent

Bea ontrinsan te calar function. 06(7() and 9 they are relate by a change cd parametrisation with
Beta-I cntante sandte fucin.Asml onig positive Jacobian; tW corresponding Beta constraints

argu en he ha peI funtos o sI mpldue coutin m)ay be derived in complete analogy to the development

*shape functions when two patches are stitched together oethbionrat chauin rule.kvrascanr npaeo

with GO continuity.th iasecanru.

Just s the univariate Deta constraint. can sup- ~ Id e t
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