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Abstract

This paperdescribesa techniqueto evaluateLoop subdivision surfacesat arbitraryparame-
ter values. The methodis a straightforwardextensionof our evaluationwork for Catmull-Clark
surfaces.Thesameideasareappliedhere,with thedifferencesbeingin thedetailsonly.

1 Intr oduction

Triangularmeshesarisein many applications,suchassolid modellingand�nite elementsimula-
tions.Theability to de�ne asmoothsurfacefrom agiventriangularmeshis thereforeanimportant
problem.For topologicallyregularmeshesa smoothtriangularsurfacecanbede�ned usingbox
splines[1]. In 1987Loop generalizedtherecurrencerelationsfor box splinesto irregularmeshes
[3]. Using his subdivision rulesany triangularmeshcanbe re�ned. In the limit of an in�nite
numberof subdivisionsa smoothsurfaceis obtained.Away from extraordinary vertices(whose
valence

���

��� ) thesurfacecanbeparametrizedusingtriangularBezierpatchesderivedfrom the
box splines[2]. Until recentlyit wasbelieved that no parametrizationsthat lend themselvesto
ef�cient evaluationexistedat theextraordinarypoints.Thispaperdisprovesthisbelief. We de�ne
parametrizationsnearextraordinarypointsandshow how to evaluatethemef�ciently . The tech-
niquesareidenticalto thoseusedin our previouswork on evaluatingCatmull-Clarksubdivision
surfaces[5]. Thedifferencesarein thedetailsonly: differentparameterdomain,differentsubdivi-
sionrulesandconsequentlya differenteigenanalysis.We assumethat thereaderis familiar with
thecontentof [5].

Theremainderof thisshortpaperisorganizedasfollows.Thenext sectionbrie�y reviewstrian-
gularLoopsubdivisionsurfaces.Section3 summarizeshow wede�ne andevaluateaparametriza-
tion for suchsurfaces.Section4 discussesimplementationdetailswhile Section5 depictssome
resultsobtainedusingourscheme.Finally, someconclusionsandpossibleextensionsof thiswork
aregivenin Section6. Materialwhichis of arathertechnicalnatureis explainedin theappendices.
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Figure1: A singleregulartriangularpatchde�ned by ��� controlvertices.

2 Loop Subdivision Surfaces

Looptriangularsplinesgeneralizetheboxsplinesubdivisionrulesto meshesof arbitrarytopology.
Onaregularpartof themesheachtriangularpatchcanbede�ned by ��� controlverticesasshown
in Fig. 1. Thebasisfunctionscorrespondingto eachof thecontrolverticesaregivenin Appendix
A. We obtainedthesebasisfunctionsby usinga conversionfrom box splinesto triangularBezier
patchesdevelopedby Lai [2]. This (regular)triangularpatchcanbedenotedcompactlyas:
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where � is a ����� � matrix containingthecontrolverticesof thepatchorderedasin Fig. 1 and
�

�
	���
�� is the vectorof basisfunctions(seeAppendixA). The surfaceis de�ned over the “unit
triangle”:
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Theparameterdomainis a subsetof theplanesuchthat 	

�

� correspondsto thepoint �

�

�6'�� and



�

� correspondsto the point �7'(�

�

� . We introducethe third parameter8
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�90
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 such
that �

8

��	���
�� forms a barycentricsystemof coordinatesfor the unit triangle. The value 8

�

�

correspondsto theorigin �7'(�6'�� . Thedegreeof thebasisfunction is at most : in eachparameter
andoursurfacepatchis thereforeaquarticspline.

Thesituationaroundanextraordinaryvertex of valence
�

is depictedin Fig. 2. Theshaded
trianglein this �gure is de�ned by the ;

�

�=<

� controlverticessurroundingthepatch. The
extraordinaryvertex correspondsto theparametervalue 8

�

� . Sincethevalenceof theextraor-
dinaryvertex in themiddleof the�gure is

�

�?> , thereare ;

�

�@� controlverticesin this case.
The�gure alsoprovidesthelabellingof thecontrolvertices.Westoretheinitial ; controlvertices
in a ;A�B� matrix

��� C �

�7D
CFE G

�IH@H@H*�6D
CFE J

�

4
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Figure2: An irregulartriangularpatchde�ned by ;

�

� <

� �

�@� controlvertices.Thevertex
labelled“1” in themiddleof the�gure is extraordinaryof valence> .

�����������������������

�����������������������

�����������������������

�����������������������

�����������������������

�����������������������

�����������������������

�����������������������

�����������������������

�����������������������

�����������������������

1

23

4

5 6 N

N+1

N+2

N+3N+4

N+5

N+6

N+7

N+8N+9

N+10

N+11

N+12

Figure3: The meshof Fig. 2 afteroneLoop subdivision step. Notice that three-quartersof the
triangularpatchcanbeevaluated.
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3 Method of Evaluation

3.1 Setup

Throughsubdivision we cangeneratea new setof
�

�

;

<

� �

� <

��� control verticesas
shown in Fig. 3. Noticethatwenow haveenoughcontrolverticesto evaluatethree-quartersof the
triangularpatch.Wedenotethenew setof controlverticesby:

��� G �

�7D
G E G

�IH@H@H*�6D
G E J

�

+-,/.

�
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G

�

�7D
G E G

�IH@H@H*�6D
G E J

�6D
G E J�� G

�IH@H@H*�6D
G E �

�

4

Thesubdivisionstepin termsof thesematricesis entirelydescribedby an ; � ; extendedsubdi-
visionmatrix � :

�

G

�

�

�

C
�

where

�

�

��� 	

�

G G

�

G�

�

� (1)

andtheblocksarede�ned in AppendixB. Theadditionalverticesneededto evaluatethesurface
areobtainedfrom abiggersubdivisionmatrix

�

� :
�

�

G

�

�

�

�

C
�

where
�

�

��� ��

� 	

�

G G

�

G�


�


FG

�


�

���

�

�

and
�


FG and
�


�
 arede�ned in AppendixB. Threesubsetsof ��� controlverticesfrom
�

�

G de�ne
threeregulartriangularpatcheswhichcannow beevaluated.If we repeatthesubdivisionstep,we
generateanin�nite sequenceof controlvertices:
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G

�

C
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� 4

For each � �

� subsetsof ��� verticesfrom
�

��� form thecontrol verticesof a regular triangular
patch.Let usdenotethesethreesetsof controlverticesby thefollowing three ������� matrices!

�

E " ,
with #

�

�

�

�

�

� . To computethesecontrolverticeswe introducethe ��� �

�

“picking matrices”
$
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E "

�

$

"
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#

�

�

�

�

�

�(4

Eachrow of thepickingmatrix
$

" is �lled with zerosexceptfor aonein thecolumncorresponding
to theindex shown in Fig. 4. Eachsurfacepatchis thende�ned asfollows:
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We seeka parametrization���
	���
�� for our triangularsurfacefor all �
	���
�� � � . As shown in Fig.
5 wecanpartitiontheparameterdomaininto anin�nite setof tiles �

�

" , with ���

� and #

�

�

�

�

�

� .
Thesesubdomainsarede�ned for �%�

� morepreciselyas:
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Figure5: Theparameterdomainis partitionedinto anin�nite setof triangulartiles.

Thesurfacepatchis thende�ned by its restrictionto eachof thesetriangles:
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wherethetransformation�

�

E " mapsthetile �

�

" ontotheunit tile � (with thecorrectorientationof
Fig. 1):
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Eq. 2 actuallyde�nesaparametrizationfor thesurfacepatch.However, it is expensiveto evaluate
sinceit involvestakingpowersof acertainmatrix to any number���

� . To maketheparametriza-
tion moreef�cient, weeigenanalyze.

3.2 Eigenstructure

Whenthevalence
��


� , theextendedsubdivisionmatrix � is non-defective
G

. Consequently, �

canbediagonalized:
�

�
�����

�

G

� (3)

where � is thediagonalmatrix which containstheeigenvaluesand � containstheeigenvectors.
Thesematriceshave thefollowing blockstructure:
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+-,/.
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C

	

�

G�� G �

4

Thediagonalblocks
�

and
�

correspondto theeigenvaluesof
�

and
�

G�
 , respectively, andtheir
correspondingeigenvectorsarestoredin

�

C and � G , respectively. Thematrix
�

G is computedby
extendingtheeigenvectorsof

�

, i.e.,by solvingthefollowing linearsystems:
�

G

�

0

�

G�


�

G

�

�

G G

�

C

4 (4)
�

Thecase�
��� hasa non-trivial Jordanblockandis treatedin AppendixC.
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In Appendix B we computethe entire eigenstructurefor Loop's schemeprecisely. Let �

�

C

�

�

�

G

�

C betheprojectionof theinitial controlverticesontotheeigenspaceof � andlet
�

�
	���
�� be
the ; -dimensionalvectorof eigenbasisfunctionsde�ned by:
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G
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E "
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	���
��F� ���

� +-,/. #
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�

�

�

�(4 (5)

Theeigenbasisfunctionsfor valences
�

��� and
�

� > aredepictedin Fig. 6. Eachfunctionof
theeigenbasiscorrespondsto oneof theeigenvectorsof thematrix � . Eacheigenbasisfunction
is entirelyde�ned by its restrictionon theunit triangles�

G

G , �

G


 and �

G

-

. Oneachof thesedomains
theeigenbasisis aquarticspline.Thebasisfunctionscanbeevaluatedelsewheresincethey satisfy
thefollowing scalingrelation:
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4

Thetriangularsurfacepatchcannow bewrittensolelyin termsof theeigenbasis:

���
	���
��

�

�

��� C

�

�
	���
��

4 (6)

In thenext sectionweshow how to implementthisequation.

4 Implementation

Theeigenstructuresof thesubdivisionmatricesfor ameaningfulrangeof valenceshaveto becom-
putedonceonly. Let NMAXbethemaximumvalence,theneacheigenstructureis storedinternally
in thefollowing datastructure:

typedef
struct !

double L[K]; /* eigenvalues*/
double iV[K][K]; /* inverseof theeigenvectors*/
double Phi[K][3][12]; /* Coef�cients of theeigenbasis*/

2 EIGENSTRUCT;
EIGENSTRUCTeigen[NMAX]; ,

whereK=N+6. Thecoef�cients of theeigenbasisfunctionsaregivenin thebasisof AppendixA.
Therearethreesetsof controlvertices,onefor eachof thefundamentaldomainsof theeigenbasis.
Thesecontrol verticesaresimply equalto

$

"

�

�

� . The eigenstructurewascomputedfrom the
resultsof AppendixB andby solving the linearsystemde�ned by Eq. 4 numerically. Also, we
numericallyinvertedtheeigenvectorswithout encounteringany numericalinstabilities.We have
includedadata�le calledlpdata50.dat on theCDROM whichcontainstheseeigenstructures
up to NMAX=50. Also includedon theCDROM is a C programwhich readsin andprintsout the
data.

Using this eigenstructurethesurfacefor any patchcanbe evaluatedby �rst projectingtheK
controlverticesde�ning thepatchinto theeigenspaceof thesubdivisionmatrixwith thefollowing
routine.

ProjectPoints ( point *Cp, point *C, int N ) !

for ( i=0 ; i<N+6 ; i++ ) !

Cp[i]=(0,0,0);

6



for ( j=0 ; j<N+6 ; j++ ) !

Cp[i] += eigen[N].iV[i][j] * C[j];
2

2

2

This routinehasto becalledonly oncefor aparticularsetof controlvertices.
Theevaluationat a parametervalue(v,w) is performedby computingtheproductgiven in

Eq. 6.

EvalSurf ( point P, double v, double w, point *Cp, int N ) !

/* determinein whichdomain�

�

" theparameterlies */
n = floor(1-log2(v+w));
pow2 = pow(2,n-1);
v *= pow2; w *= pow2;
if ( v > 0.5 ) !

k=0; v=2*v-1; w=2*w;
2

else if ( w > 0.5 ) !

k=2; v=2*v; w=2*w-1;
2

else !

k=1; v=1-2*v; w=1-2*w;
2

/* Now evaluatethesurface*/
P = (0,0,0);
for ( i=0 ; i<N+6 ; i++ ) !

P += pow(eigen[N].L[i],n-1) *
EvalBasis(eigen[N].Phi[i][k],v ,w) * Cp[i];

2

2

wherethe routineEvalBasis evaluatesa regular triangularpatchusingthebasisof Appendix
A. To evaluatehigherorderderivatives,we replaceEvalBasis with a functionthatevaluatesa
derivative of the basis. In this case,the endresultalsomustbe multiplied by two to the power
n*p , wherep is theorderof differentiation.Therefore,thefollowing line shouldbeaddedat the
endof EvalSurf :

P = k==1 ? pow(-2,n*p)*P : pow(2,n*p)*P;

5 Results

We have implementedour evaluationtechniqueandhave usedit to computethe eigenbasesfor
differentvalences.Fig. 6 depictstheentiresetof eigenbasisfor valences� and > . Noticethatthe
last6 eigenbasisfunctionsarethesameregardlessof thevalence,sincethey dependonly on the
eigenvectorsof

�


FG , which arethe samefor any valence.In fact, asfor Catmull-Clarksurfaces,
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(a)

(b)

Figure6: Completesetof eigenbasisfunctionfor apatchof valence(a)
�

� � and(b)
�

� > .
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(c)                                                                                                         (d)

(a)                                                                                                         (b)

Figure7: Resultscreatedusingourevaluationscheme:(a)Thebasemeshwhichcontainsvertices
with valencesrangingfrom � to

�

, (b) Isoparameterlines, (c) shadedsurfaceand(d) Gaussian
curvatureplot.
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theseeigenbasisfunctionsare equalto simple monomials(see[5]). The eigenbasisfunctions
containall theinformationnecessaryto analyzeLoopsubdivisionsurfaces.

To testourcodewe createdthemeshshown in Figure7.(a)whichcontainsverticesof valence
� to

�

. Figure7.(b)showsa closeupof theisoparameterlinesgeneratedby Loop subdivisionand
evaluatedusingourtechnique.In Figure7.(c)weevaluatedboththesurfaceandthenormal.Figure
7.(d) shows a Gaussiancurvatureplot, wherereddenotespositive curvature,green�at curvature
andbluenegativecurvature.

6 Conclusionsand Futur eWork

In this paperwe have shown thatour evaluationtechnique�rst developedfor Catmull-Clarksur-
facescanbeextendedto theclassof Loop subdivision surfaces.Our next stepwill be to present
theseresultsin a moregeneralsettingin which Catmull-ClarkandLoop areregardedasspecial
cases.Theclassof polynomialsurfacesde�ned by Reif wouldbeagoodcandidate[4].
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A Regular Triangular SplineBasisFunctions

Thetriangularsurfacede�ned by thecontrolverticesshown in Fig. 1 canbeexpressedin termsof
��� basisfunctions. SinceLoop's schemeon theregularpartof themeshis a box spline,we can
�nd thecorrespondingBezierpatchcontrolverticesof thetriangle.Lai hasdevelopedFORTRAN
codewhichprovidestheconversionto thecontrolverticesfor thequartictriangularBezierpatches
correspondingto the box spline[2]. We have usedhis code(with L=2, M=2andN=2) to get a

����� �

� matrix � which convertsfrom theBeziercontrolverticesof thepatchto the ��� control
verticesshown in Fig. 1. We getthe ��� basisfunctionsfor our triangularpatchby multiplying the

�

� multivariateBernsteinpolynomialsby thematrix � . Carryingout this multiplicationleadsto
thefollowing result(thanksto Maple'sbuilt in featurewhichconvertsto LaTeX):
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B Eigenstructureof the Subdivision Matrix

Thesubdivisionmatrix � is composedof threeblocks.Theupperleft blockcontainsthe“extraor-
dinaryrules”of Loop'sscheme.It is equalto
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Wehaveusedtheshorthandnotation
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If weFouriertransformthematrixweget:
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�

�

�

�

�

�

�

�

�
�

���

�

���

' ' H@H@H '

� �

<

�

�

' ' H@H@H '

' ' � �

�

� ' H@H@H '

' ' ' � �

�

� H@H@H '

H@H@H

... H@H@H

' ' ' ' H@H@H�� �

�

0 �

�

�
�

�

�

�

�

�

�

�

�

�

�

where
� �

#

�

�

�

�

<
�

��

���

�

��� #

�

�

�

4

Theeigenvaluesandtheeigenvectorsof thetransformedmatrix aretrivial to computebecauseof
thealmost-diagonalstructure.They are

�

G

�

�

�

�




�

�

� 0��

�

�

���

�

-

�

� �

�

���IH@H@H �

���

� G

�

� �

�

0 �

�

4

Noticethatwe have �




-

�

�


 . This is not surprisingsinceLoop constructedhis schemefrom this
relation[3]. Theeigenvalues�

-

to ���

�

G areof multiplicity two, since � �

#

�

�

� �

�

0 #

� , except
of coursefor thecasewhen

�

is even,then �


 �

���


 is only of multiplicity one.Thecorresponding
eigenvectorsare(whenstoredcolumnwise):

�

�

C

�

��

�

�

�

�

�

�

�

�
�

� 0��

-

�

�

' ' H@H@H�'

� �

' ' H@H@H�'

' '

�

' H@H@H�'

' ' '

�

H@H@H�'

...
...

...
' ' ' ' H@H@H

�

���

�

�

�

�

�

�

�

�

�

4
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By Fouriertransformingthesevectorsback,wecancomputetheeigenvectorsof thematrix
�

. The
resultis

�

C

�

��

�

�

�

�

�

�

�

��

� 0��

-

�

�

' ' H@H@H '

� � � �

H@H@H

�

� � �

�

�

�

�

�

�

� H@H@H

�

�

�

0 �

�

� � �

�

�

�

�

�

:

� H@H@H

�

�

�

�

�

0 �

�F�

...
...

...
� � �

�

�

0 �

�

�

�

�

�

�

0 �

�F� H@H@H

�

�F�

�

0 �

�*�

�

0 �

�F�

���

�

�

�

�

�

�

�

�

�

�

where �

�

#

�

�������

�

������#

�

�

� . Thesearecomplex valuedvectors.To get real-valuedvectorswe
just combinethe two columnsof eacheigenvalueto obtaintwo correspondingreal eigenvalues.
For example,thetwo realeigenvectorsfor theeigenvalue �

-

� " , #

�

'(�IH@H@H �

�

0 � are:
	

�
"

�

�7'(��
��7'�����
��

#

����
��

� #

���IH@H@H���
��F�

�

0 �

�

#

�F�

+-,/.

�

�" �

�7'(��
1�7'�����
1�

#

����
1�

� #

���IH@H@H6��
1�F�

�

0 �

�

#

�F� �

where

��

#

�

�



���

�

��� #

�

�

�

+-,/.


1�

#

�

�

��� ,

�

��� #

�

�

�

4

Thecorrespondingmatrixof diagonalvectorsis equalto
�

�

.�� +��

�

�

�

�



�

�

-

�

�

-

�IH@H@H*�

��� �

�

G��

�



�

��� �

�

G��

�




�

�

when
�

is odd,andis equalto
�

�

.�� +��

�

�

�

�



�

�

-

�

�

-

�IH@H@H �

�
���




�

G �

�
���




�

G��

�

���

�

when
�

iseven.Thiscompletestheeigenanalysisof thematrix
�

. Letusnow turnto theremainder
of thematrix � .

Theremainingblocksof thematrix � arenow given.

�

G�


�

�

�

�

��

�

�

�

�

�
�

�

' ' ' '

� � �

' '

' '

�

' '

�

' '

� �

' ' ' '

�

���

�

�

�

�

�

�

+-,/.

�

G G

�

�

�

�

��

�

�

�

�

�
�

�

�

' ' H@H@H�' '

�

� �

'

�

' H@H@H�' '

�

�

� �

' H@H@H�' ' '

� �

' ' H@H@H�'

� �

'

�

' ' ' H@H@H�'

� �

���

�

�

�

�

�

�

4

Thematrix
�

G�
 hasthefollowing eigenvalues:

�

G

�

�




�

�

-

�

�

�

�

+-,/.

�

�

�

���

�

�

�

�

�

i.e.,
�

�

.�� +��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
4

And thecorrespondingeigenvectorsare:

� G

�

��

�

�

�

�

�
�

'

09� �

' '

� 09� �

'

�

�

' ' ' '

' '

� �

'

'

�

' ' '

���

�

�

�

�

�

�

4
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We point out that the following problemmight occurwhentrying to solve Eq. 4. When
�

is even, the columncorrespondingto the last eigenvectorof
�

givesrise to a degeneratelinear
system,sincetheeigenvalueis �

�

�

. Fortunately, thesystemcanbesolvedmanually, andin this
casethelastcolumnof

�

G is givenby:�

� G E

�

� G �

�7'(�

�

�6'(�

0

�

�6'��

4

Theremainingtwo blocksof thematrix
�

� are

�


FG

�

�

�

��

�

�

�

�

�

�

�
�

'

�

' ' H@H@H�' '

�

'

�

' ' H@H@H�' ' '

'

� �

' H@H@H�' ' '

'

�

' ' H@H@H�' '

�

' ' ' ' H@H@H�' '

�

' ' ' ' H@H@H�'

� �

���

�

�

�

�

�

�

�

�

+-,/.

�


�


�

�

�

��

�

�

�

�

�

�

�
�

� �

' ' '

� � �

' '

'

� �

' '

�

' '

�

'

�

' '

� �

' ' '

� �

���

�

�

�

�

�

�

�

�

4

C Valence
� ���

Whenthe valenceof the extraordinarypoint is equalto three,the analysisof Section3 breaks
down since,in that case,the extendedsubdivision matrix hasa non-trivial Jordanblock. This
meansthattheeigenvectorsdonot form abasisandthesubdivisionmatrixcannotbediagonalized.
Fortunately, this casecanbe dealtwith quite easilysincethe matricesinvolvedareonly of size

�

�

�

. Mostof thecomputationsreportedin thisappendixwerecomputedusingMaple's jordan
command.In thiscasetheJordandecompositionof thesubdivisionmatrix is

�

�
��� �

�

G

�

where

� �

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

' ' ' ' ' ' ' '

'

�

�

:

' ' ' ' ' ' '

' '

�

�

:

' ' ' ' ' '

' ' '

�

�

�

' ' ' ' '

' ' ' '

�

�

�

' ' ' '

' ' ' ' '

�

�

�

' ' '

' ' ' ' ' '

�

�

�

�

' '

' ' ' ' ' ' '

�

�

�

�

�

' ' ' ' ' ' ' '

�

�

�

�

���

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
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� �

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

' ' ' ' ' ' '

� �

�

'

�

' ' ' ' '

0�� �

� 09� 09�

' ' ' ' '

0�� �

� �

' ' ' ' ' '

0�� �

� � � � 09�

' ' '

�

�

�

�

'

: �

' ' '

G��

�

G��

:

>

�

� 0 �

' '

�

' ' '

�

�

�

� :

' ' '

� �

G��

�

G��

:��

�

�

'

0 � 09� � �

' '

�

�

�

���

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

and

�

�

G

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

' ' ' ' '

'

09�

�

� 09�

�

� �

�

�

' ' ' ' '

'

�

�

� 09�

�

� 09�

�

�

' ' ' ' '

0

�

'

� � �

'

�

' '

0$:

' '

�

' '

�

' '

0

�

� �

'

�

' ' '

�

�

G G


��

-�-

0

�
-�-

0

�

C

-�-

'

09� � � 09�

0

G��

G��

�

'

G��

G��

�

G��

G��

�

0

G��

G��

�

G��

G��

�

0

G��

G��

�

' '

G

� �

0

G

G��

�

0

G

G��

�

0

G

G��

�

' ' ' ' '

���

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

4

Usingthesematricesthesurfacecannow beevaluatedasin theothercases.Only theevaluation
routinehasto bemodi�ed to accountfor theadditionalJordanblock. Themodi�cation relieson
thefactthatpowersof theJordanblockhaveasimpleanalyticalexpression:

�

�

�

�

�

�

'

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

���

G

'

�

�

�

�

�

�

4

With this in mind thelastlinesof routineEvalSurf shouldread:

/* Now evaluatethesurface*/
P = (0,0,0);
for ( i=0 ; i<N+6 ; i++ ) !

P += pow(eigen[N].L[i],n-1) *
EvalBasis(eigen[N].Phi[i][k] ,v,w) * Cp[i];

if ( i==N+4 && N==3 )
P += (n-1) * pow(eigen[N].L[i],n-2) *

EvalBasis(eigen[N].Phi[i][k] ,v,w) * Cp[i+1];
2

2
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