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Chapter 1

Introduction

This manual describes the different libraries of the IRIT solid modeling environment. Quite a few libraries can be found
to manipulate geometry in general, freeform curves and surfaces, symbolic computation, trimmed surfaces, triangular
patches, freeform trivariate functions, Boolean operations, input output data file parsing, and miscelleneous.

All interface to the libraries should be made via the appropriate header files that can be found in the include
subdirectory. Most libraries have a single header file that is named the same as the library. Functions and constants
that are visible to the users of the libraries are prefixed with a unique prefix, usually derived from the library name
itself. External definitions that start with an underscore should not be used, even if found in header files.

The header file include/irit_sm.h must be sourced by every source file in the solid modeller. In most cases, this
file is sourced indirectly via local header files.

The following libraries are avaliable in IRIT:

Name of Library | Tasks

bool Boolean operations on polygonal models.

cagd Low level freeform curves and surfaces.

geom General geometry functions.

grap General graphics/display functions.

mdl Model’s processing functions.

misc Memory allocation, configuration files, attributes, etc.
mvar Multi variate functions.

prsr Input and output for file/sockets of objects of IRIT.
rndr Scan conversion rendering functions.

symb Symbolic manipulation of curves and surfaces.

trim Trimmed surfaces support.

triv Freeform trivariate functions.

trng Triangular patches support.

user General high level user inteface functions.

xtra Public domain code that is not part of IRIT.

1.0.1 Tools and Programs

The IRIT package includes several complete programs such as poly3d-h (hidden line removal), irender (scan conversion
tool), and irit2ps (a filter to Postscript). Somewhat different than most other programs is the kernel interpreter,
also called irit. The irit program is nothing more than an interpreter (written in C) that invokes numerous functions
in the several libraries provided. In order to add a new function to the irit interpreter, the following sequence of
operations must be followed:

1. Write a C function that accepts only one or more of the following type of parameters. All parameters, including
the IrtRType, must be transferred by address:

e IrtRType (see irit_sm.h).

e IrtVecType (see irit_sm.h).

e IrtPtType (see irit_sm.h).

e CagdCtlPtStruct (see cagd_lib.h).

e IrtPInType (see irit_sm.h).

e StringType (char *).

e IPObjectStruct (see iritprsr.h). This includes all object types in IPObjectStruct other than the above.

85



2. The written C function can return one of:

e IrtRType by value.
e IPObjectStruct by address.
e Nothing (a procedure).

3. According to the returned type by the new C function, go to file inptprsl.h, and add a new enum NEW_FUNC
for the new function in enum RealValueFuncType (for IrtRType returned value), in enum ObjValueFuncType
(for IPObjectStruct * returned value), or in enum GenValueFuncType (for no returned value).

4. In inptevll.c, add one new line in one of NumFuncTable, ObjFuncTable, or GenFuncTable (depends upon
the return value). The line will have the form of:

{ ¢‘FuncName’’, NEW_FUNC, CFunctionName, N, { ParamiType,
Param2Type, ... ParamNType } }

for procedures with no return values, and of the form of:

{ ¢‘FuncName’’, NEW_FUNC, CFunctionName, N, { ParamiType,
Param2Type, ... ParamNType }, RetValType }

otherwise. N is the number of parameters, ‘FuncName’’ is the (unique) name that will be used in the interpreter,
CFunctionName is the name of the C function you have written. This C function must be declared in one of
the header files that inptevll.c includes. ParamIType, for I between 1 and N, and RetValType are of type
IritExprType (see inptprsl.h).

5. Thats it!

For example, to add the C function declared as

IPObjectStruct *PolyhedraMoments(IPObjectStruct *IPObjectStruct,
IrtRType *m);

one has to add the following line to ObjFuncTable in iritevll.c
{ ¢‘PMOMENT’’, PMOMENT, { POLY_EXPR, REAL_EXPR }, VECTOR_EXPR },

where PMOMENT needs to be added to ObjValueFuncType in iritprsl.h.

While all objects in the interpreted space are of type IPObjectStruct, the functions’ interface unfolds many types
to simplify matter. IrtRType, IrtVecType, Strings, etc. are all extracted from the given (IPObjectStruct) parameters
and passed directly by address. For returned values, only numeric real data is allowed where everything else must be
returned wrapped in an IPObjectStruct.

The following chapters reference the different functions of the different libraries. Chapter 18 provides several
examples of writing C code using the IRIT libraries.



Chapter 2

Boolean Library, bool_lib

2.1 General Information

On of the crucial operation in any solid modeling environment is the ability to perform Boolean operations among
different geometric objects. The interface of the library is defined in include/bool_lib.h. This library supports only
Boolean operations of polygonal objects. The Boolean operations of OR, AND, SUBtract, NEGate, CUT, and
MERGE are supported via the BoolOperType typedef:

BoolOperType Meaning
BOOL_OPER-OR Union of two geometrical objects
BOOL_OPER_-AND Intersection of two geometrical objects

BOOL_OPER_-SUB The difference of two geometrical objects

BOOL_OPER_NEG Unary Inside-out of one geometrical object

BOOL_.OPER_CUT Boundary of one object outside the other
BOOL_.OPER_MERGE Simple merge without any computation

The BoolOperType typedef is used in two dimensional Boolean operations invoked via Boolean2D. Three
dimensional Boolean operations are invoked via BooleanXXX where XXX is one of OR, AND, SUB, NEG, CUT
or MERGE, denoting the same as in the table above.

In addition several state functions are available to control the way the Boolean operations are conducted. Func-
tions to enable the dump of (only) the intersection curves, to handle coplanar polygons, and to set the axis along
which the sweep is performed are provided.

All globals in this library have a profix of Bool.

2.2 Algorithmic Hints Behind the Boolean Operations

Let M;, ¢ = 1,2 be two polygonal models to compute a Boolean operation between and let P, denote the m’th
polygon of M;. Denote by InterList(Pm), Pm € M;, the list of line segments representing the intersections of
polygon P, with polygons in M. A naive first, intersection, step in a Boolean operation between two polyhedra
models, M; and Ma, will consist of the following stages:

For each polygon P, in M;
begin

InterList(Pp) < 0
end
For each polygon P, in Mo
begin

InterList(P,) < 0
end

For each polygon P, in M;
begin
For each polygon P, in M;
begin
If ( PnnP,)
begin
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L < P,NP,;
InterList(Pn,) < InterList(Ppn) U L;
InterList(P,) < InterList(P,) U L;
end
end
end

At the end of the first, intersection stage, each polygon, P in either M; (or P, € M3) contains in its
InterList(Pp,) the set of line segments of the intersection(s) of P, with all polygons in the other model. In or-
der to figure out orientation, each intersection line segment also contains an orientation hint as to the inside direction
of the two polygons that intersect at that line segment. This list of intersection line segments can now be processed:

For each polygon P, in M;

begin
Polys < InterList(Pn) sorted into polylines;
OpenList(Py,) < 0Open polylines of Polys;
ClosedList(Py) < Closed polylines of Polys;

end

For each polygon P, in M

begin
Polys < InterList(P,) sorted into polylines;
OpenList(P,) < Open polylines of Polys;
ClosedList(P,) < Closed polylines of Polys;

end

Open polylines, OpenList(Py,), are intersection polylines that are open. These polylines starts on the boundary
of polygon P,, and also ends on the boundary, at a different boundary location though. In contrast, the set of closed
polylines, ClosedList(P,), contains closed loops that are completely contained in P,.

The polygons are now ready for trimming. Depending upon the Boolean operation that is requested, the inside
or the outside of M1 or My is selected for the output result. Denote by M; Out M; (M; In Mj) the region of M;
that is outside (inside) M;. Then,

|| Boolean Operation | implementation as ||
M1 UMy {Ml Out MQ}U{MQ Out ./Vl1}
M1 N My {My1 In M2} U{ M3z In M1}
My — My {M;1 Out Mz} U Inverse{Ms In M}

Note the I'nverse operation that reverses the orientation inside out.

At this point, all Boolean operations are translated into two complementary type of operations, In and Out. The
computation of M; Out M, is conducted by tracing the outside regions of the polygons of M, that intersect M;
and propagating this inside—outside information to the non intersecting polygons:

For each polygon P, in M; with non empty OpenList(Pn)
or non empty ClosedList(Pn,)
begin
Pf,? < Inside region of Pp;
P;;L“t < Outside region of Pn;

For each original edge, e € Pi"
begin
Push e onto InsideStack;

end
For each original edge, e € P2
begin

Push e onto OutSideStack;
end

end

While InsideStack not empty



begin
e < edge poped from top of InsideStack;
P, P < two polygons sharing e in Mi;

1f ( P, has empty OpenlList(P,) and empty ClosedList(Pp),
and P,, is not classified yet )
begin
Classify P, as inside;
push all edges of P,, but e, onto ImsideStack;
end
If ( P, has empty OpenlList(P,;) and empty ClosedList(P,),
and P, is not classified yet )
begin
Classify P, as inside;
push all edges of P, but e, onto InsideStack;
end
end

While OutsideStack not empty

begin
e < edge poped from top of outsideStack;
P, , P, < two polygons sharing e in M;j;

If ( P, has empty OpenList(Py) and empty ClosedList(Pp),
and P,, is not classified yet )
begin
Classify P,, as outside;
push all edges of P, , but e, onto QutsideStack;
end
If ( P, has empty OpenList(P;) and empty ClosedList(P,),
and P, is not classified yet )
begin
Classify P, as outside;
push all edges of P, but e, onto OutsideStack;
end
end

At the end of this process, M7 is completely split into two sets of polygons, classified as either inside M or outside
M>. An identical spliting process can be applied to Ms. The proper inside/outside lists of M; can now be combined
with the proper list of classified polygons of M2 to yield the proper result of the requested Boolean operation.

While this completes the Boolean operation, vast room for improvements can be found, with some improvements
implemented in IRIT. For example, the first step of the intersection computation necessitates an O(n?) polygon—
polygon intersection tests, where n is in the order of the number of polygons in M;. Clearly, one can hope for a
better time complexity. Bounding boxes, hierarchical bounding boxes, or three dimensional space sweep techniques
can all be applied to reduce the overhead invested in these O(n?) tests. Efficient sorting of line segments within a
polygon, when forming the open and closed loops is another optimization consideration.

2.3 Library Functions

2.3.1 BoolClnAdjacencies (adjacncy.c:695)

void BoolClnAdjacencies(IPObjectStruct *P0bj)

PObj: Polygon object to clean adjacency information.
Returns: void

Description: Clean the adjacency pointers in the given polygonal model.
See also: BoolGenAdjacencies,



2.3.2 BoolCutPolygonAtRay (bool2low.c:430)

IPVertexStruct *BoolCutPolygonAtRay(IPPolygonStruct *Pl, IrtPtType Pt)

P1: The polygon to compute the ray intersection with.
Pt: The origin of the ray point.

Returns: The added vertex on Pl where the intersection with the ray occurred.

Description: Finds the intersection of the ray fired from Pt to +X direction with the given polygon. Note Pt
MUST be in the polygon. Two vertices equal to ray/polygon intersection point are added to polygon vertex list, and
a pointer to the first one is also returned. The polygon is NOT assumed to be convex and we look for the minimum
X intersection. The polygon might not be convex as a result of combining some other closed loop before we got to
do this test.

2.3.3 BoolDebugPrintAdjacencies (adjacncy.c:908)

void BoolDebugPrintAdjacencies(IPObjectStruct *P0bj)

PObj: To debug print its adjacency information.
Returns: void

Description: Prints the adjacency information of an object.

2.3.4 BoolDescribeError (bool err.c:62)

error handling

const char *BoolDescribeError(BoolFatalErrorType ErrorNum)

ErrorNum: Type of the error that was raised.
Returns: A string describing the error type.

Description: Returns a string describing a the given error. Errors can be raised by any member of this bool
library as well as other users. Raised error will cause an invocation of BoolFatalError function which decides how
to handle this error. BoolFatalError can for example, invoke this routine with the error type, print the appropriate
message and quit the program.

2.3.5 BoolDfltFatalError (bool-hi.c:1482)

void BoolDfltFatalError (BoolFatalErrorType ErrID)

ErrID: Error type that was raised.
Returns: void

Description: Defalu fatal error trapping rotuine of the Boolean library.
See also: BoolSetFatalErrorFunc,

2.3.6 BoolExtractPolygons (bool2low.c:962)

IPObjectStruct *BoolExtractPolygons(IPObjectStruct *PObj, int AinB)

PObj: Object that need to be rebuilt according to the intersection curves that were found, both closed and
open loops.

AinB: Type of inclusion/exclusion requested.

Returns: The newly created clipped object.

Description: This routine coordinates all the extraction of the polygons from the intersecting lists. Does it in
the following steps:



1. Mark all polygons with no intersection at all as complete polygons. (this is because this polygon will be totally
in or out, according to inter-polygon adjacencies propagation...) Also mark them as undefined (if in output or
undefined) yet. Uses IPPolygonStruct Tags to save these bits.

2. do

2.1. Convert the unordered segment list of each polygon to closed loops (if create a hole in polygon) or open (if
crosses its boundary).

2.2. Order the open loops along the perimeter of the polygon (note these loops cannot intersect. For example
(5 vertices polygon):

Note L1, L2 are enclosed in L3 loop, and that the order is circular.

2.3. ”Break” the polygon at each open loop that has no enclosed loops in it. For example we can start at L1,
L2, L4, L5 and then L3. ”Break” means - replace the vertex chain between the two loop end points, with
the loops itself. Depends upon the relation required we may need to output a new polygon form from the
deleted chain and that loop. In addition we may form a new polygon from last loop and was was left from
the original polygon For each formed polygon, for each complete edge of it (i.e. edge which was originally
in the polygon) test the adjacent polygon if it is complete (as marked in 1.) and if in or undefined (marked
undefined in 1.) is still undefined:

2.3.1. set it to be in.
2.3.2. push it on adjacency stack.

2.4. For each closed loop - find in which polygon (from polygons created in 2.3.) it is enclosed, and decompose
it.
3. While adjacencies stack not empty do:
3.1. pop top polygon from stack and output it.

3.2. For each of its edges (which obviousely must be complete edges) if adjacent polygon is complete and
undefined:

3.3.1. set it to be in.
3.3.2. push it on adjacency stack.

3.3 go back to 3.

The above algorithm defines in as in output, but dont be confused with the required inter-object AinB (or AoutB if
FALSE), which used to determine which side of the trimming loop should be output. Note this routine may return
non-convex polygons (but marked as so) even though the input for the booleans must be convex polygons only! In
order to keep the given object unchanged, a whole new copy off the polygon list is made. The polygons of the list
that are not in the output are freed: a global list of all polygons (pointers) is used to scan them in the end and free
the unused ones (list PolysPtr).

2.3.7 BoolFilterCollinearities (bool-2d.c:273)

int BoolFilterCollinearities(IPPolygonStruct #*P1)

P1: To filter, in place. The polygon is assumed to have a circular vertex list.
Returns: TRUE if the polygon has been modified, FALSE otherwise.

Description: Filters out collinear edges and duplicated vertices, in the given polygon.

2.3.8 BoolGenAdjacencies (adjacncy.c:102)

int BoolGenAdjacencies(IPObjectStruct *P0Obj)

PODbj: The polygonal object to compute the adjacency information for.

Returns: TRUE if all adjacencies were resolved, or the object is completely closed.



Description: Routine to generate adjacencies to the given object. Note an edge might be only partially adjacent
to another edge, and a second attempt is made to find (again only part of - see below) them. Any case, FALSE will
be returned as there is no way we can say the object is perfectly closed! This is the only routine to generate the
adjacencies of a geometric object. These adjacencies are needed for the Boolean operations on them. Algorithm: for
each edge, for each polygon in the object, the edges are sorted according to the key defined by EdgeKey routine (sort
in hash tbl). A second path on the table is made to match common keys edges and set the pointers from one to
another. Note that each edge is common to exactly 2 faces if it is internal, or exactly 1 face if it is on the border (if
the object is open).

See also: BoolGetAdjEdge, BoolClnAdjacencies,

2.3.9 BoolGetAdjEdge (adjacncy.c:852)

IPVertexStruct *BoolGetAdjEdge(IPVertexStruct *V)

V: Vertex of a mesh defining edge (V, V->Pnext) to extract its adjacent edge, if any.
Returns: First vertex of adjacent edge to edge (V, V->Pnext) or NULL if none.

Description: Given a polygonal mesh with adjacent information, find the adjacent edge (VAdj, VAdj->Pnext)
that is adjacent to edge (V, V->Pnext), if any.
See also: BoolGenAdjacencies,

2.3.10 BoolGetDisjointPart (adjacncy.c:816)

IPPolygonStruct *BoolGetDisjointPart(IPObjectStruct *PObj, int Index)

PObj: Object to extract part number Index from.
Index: Index of part to fetch from PObj.
Returns: Extract polygonal list with disjoint number Index.

Description: Get the disjoint part number Index from object PObj.
See also: BoolMarkDisjointParts,

2.3.11 BoollnterPolyPoly (boolllow.c:918)

IPPolygonStruct *BoolInterPolyPoly(IPPolygonStruct *P1l1l, IPPolygonStruct *P12)

P11: First polygon to compute intersection for.

P12: Second polygon to compute intersection for.
Returns: The intersection segment, if any, NULL otherwise.

Description: Routine to intersect polygon Pl1, with polygon P12. If found common intersection, that segment
will be added to the InterSegmentStruct list saved in P11 PAux list. Note that as the two polygons convex, at most
one line segment can result from such intersection (of two non coplanar polygons). Algorithm: intersect all P12 edges
with P11 plane. If found that (exactly) two vertices (one segment) of P12 do intersect P11 plane then: Perform clipping
of the segment against P11. If result is not empty, add the result segment to P11 InterSegmentStruct list (saved at
PAux of polygon - see IPPolygonStruct).

2.3.12 BoolLoopsFromlInterList (boolllow.c:1310)

int BoolLoopsFromInterList (IPPolygonStruct *P1,
InterSegListStruct **PClosed,
InterSeglistStruct **POpen)
PI: Polygon with intersection information in its PAux slot.
PClosed: To be updated with the closed loops found in Pl.
POpen: To be updated with the open loops found in PI.

Returns: TRUE if has loops.



Description: Given a polygon with the intersection list, creates the polylines loop(s) out of it, which can be one
of the two:

1. Closed loop - all the intersections create a loop in one polygon.

2. Open polyline - if the intersections cross the polygon boundary. In this case the two end point of the polyline,
must lay on polygon boundary.

In both cases, the polyline will be as follows: First point at first list element at PtSeg[0] (see InterSegmentStruct).
Second point at first list element at PtSeg[l] (see InterSegmentStruct). Point i at list element (i-1) at PtSeg[0]
(PtSeg[1] is not used!). In the closed loop case the last point is equal to first. Both cases returns NULL terminated
list.

2.3.13 BoolMarkDisjointParts (adjacncy.c:731)

int BoolMarkDisjointParts(IPObjectStruct *P0bj)

PODbj: To anaylize for different disjoint parts.
Returns: Number of disjoint parts.

Description: Mark polygons in the given object based on their association with different disjoint object parts.
See also: BoolGetDisjointPart,

2.3.14 BoolSetFatalErrorFunc (bool-hi.c:1453)

BoolFatalErrorFuncType BoolSetFatalErrorFunc(BoolFatalErrorFuncType ErrFunc)

ErrFunc: New error trapping function to use.
Returns: Old error trapping function.

Description: Sets the fatal error trapping routine of the boolean library.
See also: BoolDfltFatalError,

2.3.15 BoolSetHandleCoplanarPoly (bool-hi.c:1393)

int BoolSetHandleCoplanarPoly(int HandleCoplanarPoly)

HandleCoplanarPoly: If TRUE, coplanar polygons are handled.
Returns: Old value.

Description: Controls if coplanar polygons should be handled or not.
See also: BooleanOR, BooleanAND, BooleanSUB, BooleanCUT, BooleanMERGE, BooleanNEG, , Boolean2D,
BoolSetOutputInterCurve, BoolSetPolySortAxis, , BoolSetParamSurfaceUV Vals, BoolSetPerturbAmount,

2.3.16 BoolSetOutputInterCurve (bool-hi.c:1330)

int BoolSetOutputInterCurve(int OutputInterCurve)

OutputInterCurve: If TRUE only intersection curves are computed, If false, full blown Boolean is applied.
Returns: Old value.

Description: Controls if intersection curves or full Boolean operation is to be performed.
See also: BooleanOR, BooleanAND, BooleanSUB, BooleanCUT, BooleanMERGE, BooleanNEG, , Boolean2D,
BoolSetHandleCoplanarPoly, BoolSetPolySortAxis, , BoolSetParamSurfaceUV Vals, BoolSetPerturbAmount,



2.3.17 BoolSetParamSurfaceUVVals (bool-hi.c:1424)

int BoolSetParamSurfaceUVVals(int HandleBoolParamSrfUVVals)

HandleBoolParamSrfUV Vals: If TRUE, UV values are to be returned.
Returns: Old value.

Description: Controls if UV paprameter values of original surface should be returned.
See also: BooleanOR, BooleanAND, BooleanSUB, BooleanCUT, BooleanMERGE, BooleanNEG, , Boolean2D,
BoolSetOutputInterCurve, BoolSetHandleCoplanarPoly, , BoolSetPolySortAxis, BoolSetPerturbAmount,

2.3.18 BoolSetPerturbAmount (bool-hi.c:1363)

IrtRType BoolSetPerturbAmount (IrtRType PerturbAmount)

PerturbAmount: Perturbation amount of objects before reattempting Booleans that ends up empty.
Returns: Old value.

Description: Controls the perturbation amount, if any, of the second object to improve the success likelihood.
Perturbations are applied once the Booleans return with an empty intersection.

See also: BooleanOR, BooleanAND, BooleanSUB, BooleanCUT, BooleanMERGE, BooleanNEG, , Boolean2D,
BoolSetHandleCoplanarPoly, BoolSetPolySortAxis, , BoolSetParamSurfaceUVVals, BoolSetOutputInterCurve,

2.3.19 BoolSetPolySortAxis (boolllow.c:688)

int BoolSetPolySortAxis(int PolySortAxis)

PolySortAxis: Sorting axis. Either 0(x), 1 (y), or 2 (z).
Returns: Old value.

Description: Routine to set polygonal sorting axis.

2.3.20 BoolSortOpenlnterList (boolllow.c:1574)

void BoolSortOpenInterList(IPPolygonStruct *P1l, InterSegListStruct **POpen)

P1: To sort the loops for.
POpen: The set of open loops. Updated in place.
Returns: void

Description: Sorts the open loops of given polygon to an order that can be used in subdividing into sub polygons
later (see comment of BoolExtractPolygons). This order is such that each loops will have no other loop between its
end points, if we walk along the polygon in the (linked list direction) perimeter from one end to the other, before it.
For example:

In this case, any order such that L1, L2 are before L3 will do. Obviously this is not a total order, and they are few
correct ways to sort it. Algorithm: For each open loop, for each of its two end, evaluate a IrtRType key for the end
point P between segment P(i) .. P(i+1) to be i + t, where: t is the ratio (P - P(i)) / (P(i+1) - P(i)) . This maps the
all perimeter of the polygon onto 0..N-1, where N is number of vertices of that polygon. Sort the keys, and while they
are keys in data structure, search and remove a consecutive pair of keys associated with same loop, and output it.
Note that each open loop point sequence is tested to be such that it starts on the first point (first and second along
vertex list) on polygon perimeter, and the sequence end is on the second point, and the sequence is reversed if not
so. This order will make the replacement of the perimeter from first to second points by the open loop much easier.
This may be real problem if there are two intersection points almost identical - floating point errors may cause it to
loop forever. We use some reordering heuristics in this case, and return fatal error if fail!



2.3.21 Boolean2D (bool-2d.c:70)

IPPolygonStruct *Boolean2D(IPPolygonStruct *P11,
IPPolygonStruct *P12,
BoolOperType BoolOper)
P11: First convex polygon to compute 2D Boolean for.
P12: Second convex polygon to compute 2D Boolean for.
BoolOper: Boolean operation requested (and, or, etc.)
Returns: The resulting Boolean operation.

Description: Given two convex polygons assumed to be in the same plane, compute their 2D Boolean operation
BoolOper and return it as a new polygon(s). NULL is returned if an error occur (No intersection or invalid BoolOper).

See also: BooleanOR, BooleanAND, BooleanSUB, BooleanCUT, BooleanMERGE, BooleanNEG, , BoolSetHandle-
CoplanarPoly, BoolSetOutputInterCurve, , Boolean2DComputelnters,

2.3.22 Boolean2DComputelnters (bool-2d.c:563)

Bool2DInterStruct *Boolean2DComputelnters(IPPolygonStruct *Polyl,
IPPolygonStruct *Poly2,
int HandlePolygons,
int DetectIntr)

Polyl, Poly2: The two polygons/lines to intersect.
HandlePolygons: If polygons, needs to handle normals etc.

DetectIntr: If TRUE, return non NULL dummy pointer if the two polys do indeed intersect. For detection of
intersection!

Returns: Intersection information.

Description: Given two polygons/lines, Detect all edges in P11 that intersect with edges in P12. Returned is the
information about all intersections as a Bool2DInter structure list.
See also: Boolean2D,

2.3.23 BooleanAND (bool-hi.c:477)

IPObjectStruct *BooleanAND(const IPObjectStruct *P0bjIni,
const IPObjectStruct *PObjIn2)

PObjInl: First object to perform the Boolean operation on.
PObjIn2: Second object to perform the Boolean operation on.
Returns: The result of the Boolean operation.

Description: Performs a Boolean AND between two objects.

See also: BooleanOR, BooleanSUB, BooleanCUT, BooleanMERGE, BooleanNEG, , Boolean2D, BoolSetOut-
putInterCurve, BoolSetHandleCoplanarPoly, , BoolSetPolySortAxis, BoolSetParamSurfaceUVVals, BooleanSELF, |
BooleanCONTOUR, BoolSetPerturbAmount,

2.3.24 BooleanCONTOUR (bool-hi.c:807)

IPObjectStruct *BooleanCONTOUR(const IPObjectStruct *PObjIn, IrtPlnType Plane)

PObjIn: Object to perform the contouring operation on.
Plane: Plane to use in the contouring.

Returns: The result of the contouring operation.

Description: Performs a contouring of the given poly object with the given plane.

See also: BooleanMultiCONTOUR, BooleanOR, BooleanAND, BooleanSUB, BooleanMERGE, , BooleanNEG,
Boolean2D, BoolSetOutputInterCurve, , BoolSetHandleCoplanarPoly, BoolSetPolySortAxis, , BoolSetParamSur-
faceUV Vals, BooleanSELF, BooleanCUT, BoolSetPerturbAmount,



2.3.25 BooleanCUT (bool-hi.c:720)

IPObjectStruct *BooleanCUT(const IPObjectStruct *PObjIni,
const IPObjectStruct *P0bjIn2)

PObjInl: First object to perform the Boolean operation on.
PODbjIn2: Second object to perform the Boolean operation on.
Returns: The result of the Boolean operation.

Description: Performs a Boolean CUT between two objects.

See also: BooleanOR, BooleanAND, BooleanSUB, BooleanMERGE, BooleanNEG, , Boolean2D, BoolSetOut-
putInterCurve, BoolSetHandleCoplanarPoly, , BoolSetPolySortAxis, BoolSetParamSurfaceUV Vals, BooleanSELF, |
BooleanCONTOUR, BoolSetPerturbAmount,

2.3.26 BooleanComputeRotatedPolys (bool-hi.c:1244)

IPPolygonStruct *BooleanComputeRotatedPolys(IPPolygonStruct *P1,
int CopyOnePl,
IrtHmgnMatType RotMat)

Pl: Polygon(s) to transform. Assumed to be convex.
CopyOnePl: Should we copy? Also if FALSE Pl might be non convex!
RotMat: Transformation matrix.

Returns: Transformed polygon(s).

Description: Routine to optionally copy (if CpolyOnePl) a single polygon and rotate according to the rotation
matrix provided. If, however, CopyOnePl is False all polygons in list are converted.

2.3.27 BooleanLow1In2 (boolllow.c:224)

IPObjectStruct *BooleanLowlIn2(IPObjectStruct *PObjl, IPObjectStruct *P0bj2)
PObjl: First object of Boolean operation.
PObj2: Second object of Boolean operation.
Returns: Result of one in two.
Description: Finds the part of PObjl which is in of PObj2:
See also: BooleanLow1Out2, BooleanLowSelfInOut,
2.3.28 BooleanLow1Out2 (boolllow.c:159)

IPObjectStruct *BooleanLowlOut2(IPObjectStruct *PObjl, IPObjectStruct *P0bj2)
PODbjl: First object of Boolean operation.
PODbj2: Second object of Boolean operation.
Returns: Result of one out two.

Description: Finds the part of PObjl which is out of PObj2:
See also: BooleanLow1In2, BooleanLowSelflnOut,

2.3.29 BooleanLowSelfInOut (boolllow.c:276)

IPObjectStruct *BooleanLowSelfInOut(IPObjectStruct *PObj, int InOut)
PObj: Object of Boolean operation with itself (self intersection).
InOut: What are we looking for? in or out.
Returns: Result of Boolean in/out with self.

Description: Finds the part of PObj which is in/out of itself:
See also: BooleanLow1Out2, BooleanLow1In2,



2.3.30 BooleanMERGE (bool-hi.c:870)

IPObjectStruct *BooleanMERGE(const IPObjectStruct *PObjIni,
const IPObjectStruct *P0bjIn2)
PObjInl: First object to perform the Boolean operation on.
PObjIn2: Second object to perform the Boolean operation on.
Returns: The result of the Boolean operation.

Description: Performs a Boolean MERGE between two objects.

See also: BooleanOR, BooleanAND, BooleanSUB, BooleanCUT, BooleanNEG, , Boolean2D, BoolSetOut-
putInterCurve, BoolSetHandleCoplanarPoly, , BoolSetPolySortAxis, BoolSetParamSurfaceUVVals, BooleanSELF,
, BooleanCONTOUR, BoolSetPerturbAmount,

2.3.31 BooleanMultiCONTOUR . (bool_multi_cntr.c:147)

IPObjectStruct *BooleanMultiCONTOUR(IrtRType CntrLevel,
BooleanMultiCntrGenInfoStruct *GI)
CntrLevel: Level to contour at.

GI: The local data for contouring as initialized by the init function.
Returns: The result of the contouring operation.

Description: Performs multiple contouring of the given poly object with parallel planes. Planes must be X/Y/Z
orthogonal planes.

See also: BooleanCONTOUR, BooleanOR, BooleanAND, BooleanSUB, BooleanMERGE, , BooleanNEG, Boolean2D,
BoolSetOutputInterCurve, , BoolSetHandleCoplanarPoly, BoolSetPolySort Axis, , BoolSetParamSurfaceUV Vals, Boolean-
SELF, BooleanCUT, BoolSetPerturbAmount,

2.3.32 BooleanMultiCONTOURFree (bool_multi_cntr.c:117)

void BooleanMultiCONTOURFree(BooleanMultiCntrGenInfoStruct *GI)

GI: The local data for contouring to ve freed.
Returns: void

Description: Initializes the multiple contouring of the given poly object with parallel planes. Planes must be
X/Y/Z constant.

See also: BooleanMultiCONTOUR, BooleanMultiCONTOURInit, , Boolean CONTOUR, BooleanOR, BooleanAND),
BooleanSUB, BooleanMERGE, , BooleanNEG, Boolean2D, BoolSetOutputlnterCurve, , BoolSetHandleCoplanar-
Poly, BoolSetPolySortAxis, , BoolSetParamSurfaceUV Vals, BooleanSELF, BooleanCUT, BoolSetPerturbAmount,

2.3.33 BooleanMultiCONTOURInit (bool multi_cntr.c:53)

BooleanMultiCntrGenInfoStruct *BooleanMultiCONTOURInit (
const IPObjectStruct *P0Obj,
int Axis)

PObj: Poly object to perform the multi-contouring operation on.
Axis: 0, 1, 2 for X/Y/Z orthogonal planes to use.

Returns: Local data initialized for contouring.

Description: Initializes the multiple contouring of the given poly object with parallel planes. Planes must be
X/Y/Z constant.

See also: BooleanMultiCONTOUR, BooleanMultiCONTOURFree, , BooleanCONTOUR, BooleanOR,, BooleanAND,
BooleanSUB, BooleanMERGE, , BooleanNEG, Boolean2D, BoolSetOutputlnterCurve, , BoolSetHandleCoplanar-
Poly, BoolSetPolySortAxis, , BoolSetParamSurfaceUV Vals, BooleanSELF, BooleanCUT, BoolSetPerturbAmount,



2.3.34 BooleanNEG (bool-hi.c:925)

IPObjectStruct *BooleanNEG(const IPObjectStruct *PObjIn)

PObjIn: Object to negate.
Returns: The result of the Boolean operation.

Description: Performs a Boolean NEG of an objects. Negation is simply reversing the direction of the plane
equation of each polygon - the simplest Boolean operation...

See also: BooleanOR, BooleanAND, BooleanSUB, BooleanCUT, BooleanMERGE, , Boolean2D, BoolSetOut-
putInterCurve, BoolSetHandleCoplanarPoly, , BoolSetPolySortAxis, BoolSetParamSurfaceUV Vals, BooleanSELF, ,
BooleanCONTOUR, BoolSetPerturbAmount,

2.3.35 BooleanOR. (bool-hi.c:339)

IPObjectStruct *BooleanOR(const IPObjectStruct *PObjIni,
const IPObjectStruct *P0ObjIn2)
PObjInl: First object to perform the Boolean operation on.
PObjIn2: Second object to perform the Boolean operation on.
Returns: The result of the Boolean operation.

Description: Performs a Boolean OR between two objects.

See also: BooleanAND, BooleanSUB, BooleanCUT, BooleanMERGE, BooleanNEG, Boolean2D, , BoolSetOut-
putInterCurve, BoolSetHandleCoplanarPoly, BoolSetPolySortAxis, , BoolSetParamSurfaceUVVals, BooleanSELF, |
BooleanCONTOUR, BoolSetPerturbAmount,

2.3.36 BooleanPrepObject (boolllow.c:571)

int BooleanPrepObject (IPObjectStruct *PObj)
PObj: To prepare, in place.
Returns: TRUE if successful, FALSE otherwise.

Description: Routine to prepare the polygons before the Booleans: verify the plane equations, and compute
BBox for all polygons in provided object. Also, the polygons are sorted in the list with according to their minimal
BBox value in GlblPolySortAxis axis.

2.3.37 BooleanSELF (bool-hi.c:987)

IPObjectStruct *BooleanSELF(const IPObjectStruct *PObjIn)

PObjIn: Object to perform the self intersecting Boolean operation on.
Returns: The result of the Boolean operation.

Description: Performs a Boolean Self intersection operation.

See also: BooleanOR, BooleanAND, BooleanSUB, BooleanMERGE, BooleanNEG, , Boolean2D, BoolSetOut-
putInterCurve, BoolSetHandleCoplanarPoly, , BoolSetPolySortAxis, BoolSetParamSurfaceUV Vals, BooleanCUT, ,
BooleanCONTOUR, BoolSetPerturbAmount,

2.3.38 BooleanSUB (bool-hi.c:589)

IPObjectStruct *BooleanSUB(const IPObjectStruct *P0bjInl,
const IPObjectStruct *PObjIn2)
PObjInl: First object to perform the Boolean operation on.
PObjIn2: Second object to perform the Boolean operation on.
Returns: The result of the Boolean operation.

Description: Performs a Boolean SUBtracion between two objects.

See also: BooleanOR, BooleanAND, BooleanCUT, BooleanMERGE, BooleanNEG, , Boolean2D, BoolSetOut-
putInterCurve, BoolSetHandleCoplanarPoly, , BoolSetPolySortAxis, BoolSetParamSurfaceUV Vals, BooleanSELF, ,
BooleanCONTOUR, BoolSetPerturbAmount,



Chapter 3

CAGD Library, cagd_lib

3.1 General Information

This library provides a rich set of function to create, convert, display and process freeform Bezier and NURBs
curves and surfaces. The interface of the library is defined in include/cagd_lib.h. This library mainly supports low
level freeform curve and surface operations. Supported are curves and surfaces from scalars to five dimensions as
E1/P1 to E5/P5 using the CagdPointType. Pi is a rational (projective) version of Ei, with an additional W
coefficient. Polynomial in the power basis have some very limited support as well. Different data structures to hold
UV parameter values, control points, vectors, planes, bounding boxes, polylines and polygons are defined as well as
the data strcutures to hold the curves and surfaces themselves,

typedef struct CagdCrvStruct {
struct CagdCrvStruct *Pnext;
struct IPAttributeStruct *Attr;
CagdGeomType GType;
CagdPointType PType;

int Length; /* Number of control points (== order in Bezier). */
int Order; /* Order of curve (only for Bspline, ignored in Bezier). */
CagdBType Periodic; /* Valid only for Bspline curves. */

CagdRType *Points[CAGD_MAX_PT_SIZE]; /* Pointer on each axis vector. */

CagdRType *KnotVector;
} CagdCrvStruct;

typedef struct CagdSrfStruct {
struct CagdSrfStruct *Pnext;
struct IPAttributeStruct *Attr;
CagdGeomType GType;
CagdPointType PType;
int ULength, VLength; /* Mesh size in the tensor product surface. */

int UOrder, VOrder; /* Order in temnsor product surface (Bspline only). */
CagdBType UPeriodic, VPeriodic; /* Valid only for Bspline surfaces. */
CagdRType *Points[CAGD_MAX_PT_SIZE]; /* Pointer on each axis vector. *x/

CagdRType *UKnotVector, *VKnotVector;
} CagdSrfStruct;

Curves and surfaces have a geometric type GType to prescribe the type of entity (such as CAGD_SBEZIER_TYPE
for Bezier surface) and a point type PType to prescribe the point type of the entity (such as CAGD_PT_E3_TYPE
for three dimensional Euclidean control points). Length and Order slots are used to hold the number of control
points in the mesh and or control polygon and the order(s) of the basis functions. Periodic flag(s) are used to denote
periodic end conditions. In addition, KnotVector slot(s) are used if the entity exploits Bspline basis functions, or
NULL otherwise.

The control polygon and/or mesh itself is organized in the Points slot as a vector of size CAGD_MAX_PT_SIZE
of vectors of CagdRTypes. For surfaces, the mesh is ordered U first and the macros of CAGD_NEXT_U
CAGD_NEXT_V, and CAGD_MESH_UYV can be used to determine indices in the mesh.

All structures in the cagd library can be allocated using New constrcutures (i.e. CagdUVNew or CagdCrfNew,
freed using Free destructores (i.e. CagdSrfFree or CagdBBoxFree, linked list free using FreeList destructores (i.e.
CagdPolylineFreeList), and copied using copy constructores i.e. CagdPtCopy or CagdCtlPtCopyList).

This library has its own error handler, which by default prints an error message and exit the program called
CagdFatalError.

Most globals in this library have a prefix of Cagd for general cagd routines. Prefix of Bzr is used for Bezier
routines, prefix of Bsp for Bspline specific routines, prefix of Cnvrt for conversion routines, and Afd for adaptive
forward differencing routines.
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3.2 Library Functions

3.2.1 AfdApplyAntiLStep (afd_cube.c:230)

void AfdApplyAntiLStep(CagdRType Coef [4])
Coef: Four coefficients of the AFD basis functions.
Returns: void
Description: Given four coefficents of a cubic afd polynomial, apply the anti L step, in place.
See also: AfdApplyLStep, AfdApplyEStep, AfdApplyLn, , AfdCnvrtCubicBzrToAfd, AfdComputePolyline, Afd-
BzrCrvEvalToPolyline,

3.2.2 AfdApplyEStep (afd_cube.c:180)

void AfdApplyEStep(CagdRType Coef [4])

Coef: Four coefficients of the AFD basis functions.

Returns: void
Description: Given four coefficents of a cubic afd polynomial, apply the E ( step 1 ) in place.

See also: AfdApplyAntiL.Step, AfdApplyLStep, AfdApplyLn, , AfdCnvrtCubicBzrToAfd, AfdComputePolyline,
AfdBzrCrvEvalToPolyline,

3.2.3 AfdApplyLStep (afd_cube.c:205)

void AfdApplyLStep(CagdRType Coef [4])

Coef: Four coefficients of the AFD basis functions.
Returns: void
Description: Given four coefficents of a cubic afd polynomial, apply the L step, in place.

See also: AfdApplyAntiLStep, AfdApplyEStep, AfdApplyLn, , AfdCnvrtCubicBzrToAfd, AfdComputePolyline,
AfdBzrCrvEvalToPolyline,

3.2.4 AfdApplyLn (afd_cube.c:81)
void AfdApplyLn(CagdRType Coef[4], int n)
Coef: Four coefficients of the AFD basis functions.

n: How many times to compute the L transform.

Returns: void

Description: Given four coefficents of a cubic afd polynomial, apply the L ( half the step size ) n times to them,
in place. We basically precomputed L™n and apply it here once. Every instance of L half the domain and so L™n
divides the domain by 2°n.

See also: AfdApplyAntiLStep, AfdApplyLStep, AfdApplyEStep, , AfdCnvrtCubicBzrToAfd, AfdComputePoly-
line, AfdBzrCrvEvalToPolyline,



3.2.5 AfdBzrCrvEvalToPolyline (afd_cube.c:313)

void AfdBzrCrvEvalToPolyline(const CagdCrvStruct *Crv,
int FineNess,
CagdRType *Points[])
Crv: A cubic Bezier curve to piecewise linear sample using AFD.
FineNess: Of samples.

Points: Where to place the piecewise linear approximation. Assumed to be valid with respect to the dimension
of Crv.

Returns: void

Description: Samples the curves at FineNess location equally spaced in the Bezier parametric domain [0..1]. If
Cache is enabled, and FineNess is power of two, up to or equal to CacheFineNess, the cache is used, otherwise the
points are evaluated manually for each of the samples. Data is saved at the Points array of vectors (according to
Curve PType), each vector is assumed to be allocated for FineNess CagdRType points. Bezier curve must be cubic.

See also: AfdApplyAntiLStep, AfdApplyLStep, AfdApplyEStep, AfdApplyLn, , AfdCnvrtCubicBzrToAfd, Afd-
ComputePolyline,

3.2.6 AfdCnvrtCubicBzrToAfd (afd_cube.c:49)

void AfdCnvrtCubicBzrToAfd(CagdRType Coef [4])

Coef: Converts, in place, cubic Bezier Coef to AFD Coef.
Returns: void

Description: Given four coefficents of a cubic Bezier curve, computes the four coefficients of the cubic afd basis
functions, in place.

See also: AfdApplyAntiL.Step, AfdApplyLStep, AfdApplyEStep, AfdApplyLn, , AfdComputePolyline, AfdBzr-
CrvEvalToPolyline,

3.2.7 AfdComputePolyline (afd_cube.c:265)

void AfdComputePolyline(CagdRType Coef [4],
CagdRType *Poly,
int Log2Step,
CagdBType NonAdaptive)

Coef: Four coefficients of a cubic Bezier curve.
Poly: Where to put the polyline computed.

Log2Step: How many steps to take (2 to the power of this).
NonAdaptive: if TRUE, ignore the adaptive option.

Returns: void

Description: Given four coefficents of a cubic Bezier curve, computes the four coefficients of the cubic afd basis
functions and step along them to create a piecewise polynomial approximating the curve. If NonAdaptive is TRUE
then 2"Log2Step constant steps are taken, creating 2~ Log2Step + 1 points along the curve. Otherwise the full blown
adaptive algorithm is used.

See also: AfdApplyAntiLStep, AfdApplyLStep, AfdApplyEStep, AfdApplyLn, , AfdCnvrtCubicBzrToAfd, Afd-
BzrCrvEvalToPolyline,



3.2.8 BBoxDiagonallnitCrvCalculator (cbsp_fit.c:2035)

InitFittingCrvCalculatorFuncType

static CagdCrvStruct *BBoxDiagonallnitCrvCalculator(CagdPType *PtList, |b°“m““g box diagonal
int NumOfPoints,
int Length,
int Order,
CagdBType Periodic)

PtList: Points cloud.

NumOfPoints: Number of points in PtList.

Length: The desired length of the output b-spline curve.

Order: The desired order of the output b-spline curve.

Periodic: TRUE for periodic output curve, FALSE for open end.

Returns: B-spline curve which is a bounding box diagonal [/] of the points cloud.

Description: Computes an initial b-spline fitting curve which is a diagonal of the points cloud bounding box.

3.2.9 BBoxPerimeterInitCrvCalculator (cbsp_fit.c:1504)

InitFittingCrvCalculatorFuncType

static CagdCrvStruct *BBoxPerimeterInitCrvCalculator(CagdPType *Ptlist, |b°““<“"g box diagonal
int NumOfPoints,
int Length,
int Order,
CagdBType Periodic)

PtList: Points cloud.

NumOfPoints: Number of points in PtList.

Length: The desired length of the output b-spline curve.

Order: The desired order of the output b-spline curve.
Periodic: TRUE for periodic output curve, FALSE for open end.

Returns: B-spline curve with control points equally spread on a perimeter of the points cloud bounding box.

Description: Computes an initial b-spline fitting curve which control points lies on a perimeter of the points
cloud bounding box

3.2.10 BspBasisFuncMultEval (bspcoxdb.c:330)

CagdBspBasisFuncEvalStruct *BspBasisFuncMultEval(const CagdRType *KnotVector,
int KVLength,
int Order,
CagdBType Periodic,
CagdRType *Params,
int NumOfParams,
CagdBspBasisFuncMultEvalType

EvalType)

KnotVector: Knot sequence defining the spline space.

KVLength: Length of KnotVector.

Order: Of the spline space.

Periodic: TRUE if space is periodic.

Params: At which to evaluate and compute the spline functions.

NumOfParams: Size of Params vector.

EvalType: Type of evaluation requested: value (position), 1st derivative, or 2nd derivative.

Returns: A vector of size NumOfParams of evaluation results, each holding the index of the first non zero
basis function and the (at most) Order non zero basis function values.

Description: Computes multiple evaluations of the given spline space basis functions, as prescribed by KnotVec-
tor and Order, at the requested NumOfParams parameter values, Params.
See also:



3.2.11 BspBasisFuncMultEvalFree (bspcoxdb.c:473)

void BspBasisFuncMultEvalFree(CagdBspBasisFuncEvalStruct *Evals,
int NumOfParams)

Evals: Structure to free.

NumOfParams: Size of Evals - number of parameter evaluations we have.
Returns: void

Description: Frees the allocated structure for multiple evaluations.
See also:

3.2.12 BspBasisFuncMultEvalPrint (bspcoxdb.c:441)

void BspBasisFuncMultEvalPrint(const CagdBspBasisFuncEvalStruct #*Evals,

int Order,
CagdRType *Params,
int NumOfParams)

Evals: Structure to print.

Order: Of evaluated basis functions.

Params: Parameters the basis functions were evaluated at.

NumOfParams: Size of Evals/Params - number of parameters/evaluations.

Returns: void

Description: Prints to stdout the allocated structure for multiple evaluations.
See also:

3.2.13 BspC1Srf2PolygonsSamples (bsp2poly.c:431)

| surface approximation

CagdBType BspC1Srf2PolygonsSamples(const CagdSrfStruct *Srf,
int FineNess,
CagdBType ComputeNormals,
CagdBType ComputeUV,
CagdRType **PtWeights,
CagdPtStruct **PtMesh,
CagdVecStruct **PtNrml,
CagdUVStruct **UVMesh,
int *FineNessU,
int *FineNessV)

Srf: To sample in a grid.

FineNess: Control on accuracy, the higher the finer.

ComputeNormals: If TRUE, normal information is also computed.

ComputeUV: If TRUE, UV values are stored and returned as well.

PtWeights: Weights of the evaluations, if rational, to detect poles. NULL if surface nor rational.
PtMesh: Evaluted positions of grid of samples.

PtNrml: Evaluted normals of grid of samples or NULL if none.

UVMesh: Evaluted UV vals of grid of samples or NULL if none.

FineNessU, FineNessV: Actual size of PtMesh, PtNrml, UVMesh.

Returns: FALSE is returned in case of an error, TRUE otherwise.

Description: Routine to uniformly sample a single C1 continuous Bspline srf as grid. FineNess is a fineness
control on the result and the larger it is more samples may result. A value of 10 is a good starting value. FALSE is
returned in case of an error, TRUE otherwise.

See also: BzrSrf2Polygons, IritSurface2Polygons, Irit TrimSrf2Polygons, , CagdSrf2Polygons, TrimSrf2Polygons,
BspSrf2PolygonsSamplesNulNv,



3.2.14 BspCrv2Polyline (bsp2poly.c:928)

piecewise linear approximation

polyline

CagdPolylineStruct *BspCrv2Polyline(const CagdCrvStruct *Crv,

int SamplesPerCurve,
BspKnotAlphaCoeffStruct *A,
CagdBType Optilin)

Crv: To approximate as a polyline.

SamplesPerCurve: Number of samples to approximate with.

A: Alpha matrix (Oslo algorithm) if precomputed.

OptiLin: If TRUE, optimize linear curves.

Returns: A polyline representing the piecewise linear approximation from, or NULL in case of an error.

Description: Routine to approx. a single B-spline curve as a polyline with SamplesPerCurve samples. Polyline
is always E3 CagdPolylineStruct type. Curve is refined equally spaced in parametric space, unless the curve is linear
in which the control polygon is simply being copied. If A is specified, it is used to refine the curve. NULL is returned
in case of an error, otherwise CagdPolylineStruct.

See also: BzrCrv2Polyline, BspSrf2Polylines, IritCurve2Polylines, , SymbCrv2Polyline,

3.2.15 BspCrvAllEuclideanC1Discont (cagd_aux.c:2208)

CagdPtStruct *BspCrvAllEuclideanC1Discont(const CagdCrvStruct *Crv,
IrtBType EuclideanC1Discont,
IrtRType Tolerance)

Crv: To subdivide at all C~1 discontinuity locations.

EuclideanC1Discont: TRUE to compute the C1 discontinuities and verify them in the Euclidean space.
FALSE to only consider C1 discontinuities by knot multiplicity in parametric space.

Tolerance: Of parametric C1 discontinuity that is also a Euclidean discontinuity - deviation from inner product
of unit tangents before and after discontinuity by less than Tolerance (1.0 if tangent identical, 0.0 if
orthogonal, -1.0 if opposite). Ignored if < -1.0 or EuclideanC1Discont is FALSE.

Returns: Locations of C1 discontinuities.

Description: Compute, for the given curve, all C~1 potential discontinuity locations.
See also: CagdCrvSubdivAtParams, BspKnotAllC1Discont, , BspCrvsSubdivAtAllDetectedLocations, Cagd-
CrvSubdivAtAllC0Discont, , CagdCrvSubdivAtAllC1Discont,

3.2.16 BspCrvBiNormalMalloc (cbsp.aux.c:794)

CagdVecStruct *BspCrvBiNormalMalloc(const CagdCrvStruct *Crv,
CagdRType t,
CagdBType Normalize)

Crv: Crv for which to compute a (unit) binormal.

t: The parameter at which to compute the unit binormal.

Normalize: If TRUE, attempt is made to normalize the returned vector. If FALSE, length is a function of
given parametrization.

Returns: A pointer to a vector holding the binormal information. Always an E3 vector.

Description: Returns a (unit) vector, equal to the binormal to Crv at parameter value t. Algorithm: insert
(order - 1) knots and using 3 consecutive control points at the refined location (pl, p2, p3), compute to binormal to
be the cross product of the two vectors (pl - p2) and (p2 - p3). Since a curve may have not BiNormal at inflection
points or if the 3 points are collinear, NULL will be returned at such cases.



3.2.17 BspCrvBiNormalToData (cbsp_aux.c:748)

CagdVecStruct *BspCrvBiNormalToData(const CagdCrvStruct *Crv,
CagdRType t,
CagdBType Normalize,
CagdVecStruct *Vec)

Crv: Crv for which to compute a (unit) binormal.
t: The parameter at which to compute the unit binormal.

Normalize: If TRUE, attempt is made to normalize the returned vector. If FALSE, length is a function of
given parametrization.

Vec: A pointer to a vector holding the binormal information
Returns: A pointer to a vector holding the binormal information. Always an E3 vector.

Description: Returns a (unit) vector, equal to the binormal to Crv at parameter value t. Algorithm: insert
(order - 1) knots and using 3 consecutive control points at the refined location (pl, p2, p3), compute to binormal to
be the cross product of the two vectors (pl - p2) and (p2 - p3). Since a curve may have not BiNormal at inflection
points or if the 3 points are collinear, NULL will be returned at such cases.

3.2.18 BspCrvCoxDeBoorBasis (bspcoxdb.c:169)

CagdRType *BspCrvCoxDeBoorBasis(const CagdRType *KnotVector,
int Order,
int Len,
CagdBType Periodic,
CagdRType t,
int *IndexFirst,
CagdRType *Basis)

KnotVector: To evaluate the B-spline Basis functions for this space.

Order: Of the geometry.

Len: Number of control points in the geometry. The length of KnotVector is equal to Len + Order (+(Order-1)
if periodic).

Periodic: TRUE if freeform is periodic.

t: At which the B-spline basis functions are to be evaluated.

IndexFirst: Index of the first B-spline basis function that might be non zero.

Basis: Where evaluated basis functions are going to be saved.

Returns: A vector of length Order thats holds the values of the B-spline basis functions for the given t. A B-
spline of order Order might have at most Order non zero basis functions that will hence start at IndexFirst
and up to (*IndexFirst + Order - 1). Same as Vec.

Description: Returns a pointer to a vector of size Order, holding values of the non zero basis functions of a given
curve at given parametric location t. This vector SHOULD NOT BE FREED. Although it is dynamically allocated,
the returned pointer does not point to the beginning of this memory and it it be maintained by this routine (i.e. it
might be freed next time this routine is being called). IndexFirst returns the index of first non zero basis function
for the given parameter value t. Uses the recursive Cox de Boor algorithm, to evaluate the B-spline basis functions.
Algorithm: Use the following recursion relation with B(i,0) == 1.

t - t(1) t (i+k) -t
B(i,k) = -——————-——————- B(i,k-1) + —————=————————o B(i+1,k-1)
t(i+k-1) - t(1) t(i+k) - t(i+1)
Starting with constant B-spline (k == 0) only one basis function is non zero and is equal to one. This is the constant

B-spline spanning interval t(i)...t(i+1) such that t(i) <=t < t(i+1). We then raise this constant B-spline to the
prescribed Order and find in this process all the basis functions that are non zero in t for order Order. Sound simple
hah!?



3.2.19 BspCrvCoxDeBoorIndexFirst (bspcoxdb.c:282)

int BspCrvCoxDeBoorIndexFirst(const CagdRType *KnotVector,
int Order,
int Len,
CagdRType t)
KnotVector: To evaluate the B-spline Basis functions for this space.
Order: Of the geometry.
Len: Number of control points in the geometry. The length of KnotVector is equal to Len 4+ Order.

t: At which the B-spline basis functions are to be evaluated.

Returns: The index.

Description: Computes the index of the first non zero basis function as returned by the BspCrvCoxDeBoorBasis
function.

3.2.20 BspCrvCreateApproxHelix (cagd.arc.c:838)

CagdCrvStruct *BspCrvCreateApproxHelix(CagdRType NumOfLoops,
CagdRType Pitch,
CagdRType Radius,
int Sampling,
int CtlPtsPerLoop)
NumOfLoops: Number of loops in the helix - can be fractional.
Pitch: Essentially the size of the helix. A Pitch of one will step one unit in Z for one full circle.

Radius: Radius of helix. If radius is negative, the radius will change monotonically from zero to abs(Radius)
at the end.

Sampling: Number of samples to compute on the helix. Should be several hundreds for a reasonable result.

CtlPtsPerLoop: Number of control points to use per loop. Use at least 5 for a reasonable approximation.
Returns: A helix B-spline curve approximation.

Description: Constructs an approximated polynomial helix curve, along the +Z axis.
See also: BspCrvCreateCircle, BspCrvCreateApproxSine, BspCrvCreateApproxSpiral,

3.2.21 BspCrvCreateApproxSine (cagd_arc.c:893)

CagdCrvStruct *BspCrvCreateApproxSine(CagdRType NumOfCycles,
int Sampling,
int CtlPtsPerCycle)
NumOfCycles: Number of cycles in the sine - can be fractional.
Sampling: Number of samples to compute on the sine. Should be several hundreds for a reasonable result.

CtlPtsPerCycle: Number of control points to use per cycle. Use at least 5 for a reasonable approximation.

Returns: A sine wave Bspline curve approximation.

Description: Constructs an approximated polynomial sine curve.
See also: BspCrvCreateCircle, BspCrvCreateApproxSine, BspCrvCreateApproxHelix,



3.2.22 BspCrvCreateApproxSpiral (cagd_arc.c:780)

CagdCrvStruct *BspCrvCreateApproxSpiral(CagdRType NumOfLoops,

CagdRType Pitch,

int Sampling,

int CtlPtsPerLoop)
NumOfLoops: Number of loops in the spiral - can be fractional.
Pitch: Essentially the size of the spiral. A Pitch of one will construct a roughly size-one spiral curve.
Sampling: Number of samples to compute on the spiral. Should be several hundreds for a reasonable result.
CtlPtsPerLoop: Number of control points to use per loop. Use at least 5 for a reasonable approximation.
Returns: A spiral B-spline curve approximation.

Description: Constructs an approximated spiral curve (not rationall)
See also: BspCrvCreateCircle, BspCrvCreateApproxSine, BspCrvCreateApproxHelix,

3.2.23 BspCrvCreateCircle (cagd_arc.c:364)

CagdCrvStruct *BspCrvCreateCircle(const CagdPtStruct *Center, CagdRType Radius)

Center: Of circle to be created, NULL for origin.
Radius: Of circle to be created.

Returns: A circle centered at Center and radius Radius that is parallel to the XY plane represented as a
rational quadratic B-spline curve.

Description: Creates a circle at the specified position as a rational quadratic B-spline curve. Circle is always
parallel to the XY plane.

See also: BspCrvCreateUnitCircle, BspCrvCreatePCircle, BspCrvCreateUnitPCircle, , BspCrvCreateUnitPCir-
cleQuadTol, BspCrvCreateUnitPCircleCubicTol, , CagdCreateConicCurve, CagdCrvCreateArc, BzrCrvCreateArc,

3.2.24 BspCrvCreatePCircle (cagd_arc.c:479)

CagdCrvStruct *BspCrvCreatePCircle(const CagdPtStruct *Center,
CagdRType Radius)

Center: Of circle to be created, NULL for origin.
Radius: Of circle to be created.

Returns: A circle approximation centered at Center and radius Radius that is parallel to the XY plane
represented as a polynomial cubic B-spline curve.

Description: Approximates a circle as a cubic polynomial B-spline curve at the specified position and radius.
Construct the circle as four 90 degrees arcs of polynomial cubic Bezier segments using predefined constants. See Faux
& Pratt ” Computational Geometry for Design and Manufacturing” for a polynomial approximation to a circle.

See also: BspCrvCreateCircle, BspCrvCreateUnitCircle, BspCrvCreateUnitPCircle, , BspCrvCreateUnitPCir-
cleQuadTol, BspCrvCreateUnitPCircleCubicTol, , CagdCreateConicCurve, CagdCrvCreateArc, BzrCrvCreateArc,

3.2.25 BspCrvCreatePCircleTol (cagd-arc.c:731)

CagdCrvStruct *BspCrvCreatePCircleTol(const CagdPtStruct *Center,
CagdRType Radius,
int Order,
int Cont,
CagdRType Tol)

Center: Of circle to be created.
Radius: Of circle to be created.
Order: Of approximating polynomial - can be either 3 (quadratic) or 4 (cubic).



Cont: Desired continuity: 0 for C~0 between the arc segments, 1 for C~1 continuity between the arc segments.
Tol: Tolerance of approximation - no less than le-15 for a unit size circle.

Returns: A circle approximation centered at Center and radius Radius that is parallel to the XY plane
represented as a polynomial cubic B-spline curve.

Description: Approximates a circle as a quadratic or cubic polynomial B-spline curve at the specified position
and radius, and of required Order and continuity. Construct the circle as n arcs of polynomial quadratic/cubic Bezier
segments using predefined constants. See Faux & Pratt ”Computational Geometry for Design and Manufacturing”
for a polynomial approximation to a circle.

See also: BspCrvCreateCircle, BspCrvCreateUnitCircle, BspCrvCreateUnitPCircle, , BspCrvCreateUnitPCir-
cleQuadTol, BspCrvCreateUnitPCircleCubicTol, , CagdCreateConicCurve, CagdCrvCreateArc, BzrCrvCreateArc,

3.2.26 BspCrvCreateUnitCircle (cagd.arc.c:311)

CagdCrvStruct *BspCrvCreateUnitCircle(void)

Returns: A rational quadratic B-spline curve representing a unit circle.

Description: Creates a circle at the specified position as a rational quadratic B-spline curve. Constructs a unit
circle as 4 90 degrees arcs of rational quadratic Bezier segments using a predefined constants.

See also: BspCrvCreateCircle, BspCrvCreatePCircle, BspCrvCreateUnitPCircle, , BspCrvCreateUnitPCircle-
QuadTol, BspCrvCreateUnitPCircleCubicTol, , CagdCreateConicCurve, CagdCrvCreateArc, BzrCrvCreateArc,

3.2.27 BspCrvCreateUnitPCircle (cagd_arc.c:403)

CagdCrvStruct *BspCrvCreateUnitPCircle(void)

Returns: A cubic polynomial B-spline curve approximating a unit circle

Description: Approximates a unit circle as a cubic polynomial B-spline curve. Construct a circle as four 90
degrees arcs of polynomial cubic Bezier segments using predefined constants. See Faux & Pratt ”Computational
Geometry for Design and Manufacturing” for a polynomial approximation to a circle.

See also: BspCrvCreateCircle, BspCrvCreateUnitCircle, BspCrvCreatePCircle, , BspCrvCreateUnitPCircle-
QuadTol, BspCrvCreateUnitPCircleCubicTol, , CagdCreateConicCurve, CagdCrvCreateArc, BzrCrvCreateArc, BspCrvCre-
ateApproxSpiral,

3.2.28 BspCrvCreateUnitPCircleCubicTol (cagd-arc.c:634)

CagdCrvStruct *BspCrvCreateUnitPCircleCubicTol(CagdRType Tol, int Cont)

Tol: Tolerance of approximation, Tol > le-13. Sets the maximally allowed deviation from the exact unit square.
Cont: 0 or 1 for C~0 or C~1 continuity. Ignored as result is C~1 & G~2.
Returns: A rational quadratic B-spline curve representing a unit circle, to within Tol.

Description: Creates a cubic polynomial B-spline curve that approximates a unit circle to a specified tolerance.
Implements method 2 from: ”Good Approximation of Circles by-curvature-continuous Bezier curves” by Dokken,
Lyche, and Morken, CAGD, June 1990, pp 33-41.

See also: BspCrvCreateCircle, BspCrvCreatePCircle, BspCrvCreateUnitPCircle, , CagdCreateConicCurve, Cagd-
CrvCreateArc, BzrCrvCreateArc, , BspCrvCreateUnitP CircleQuadTol,

3.2.29 BspCrvCreateUnitPCircleQuadTol (cagd.arc.c:521)

CagdCrvStruct *BspCrvCreateUnitPCircleQuadTol (CagdRType Tol, int Cont)

Tol: Tolerance of approximation, Tol > le-13. Sets the maximally allowed deviation from the exact unit square.
Cont: 0 or 1 for C~0 or C~1 continuity.

Returns: A rational quadratic B-spline curve representing a unit circle, to within Tol. int: Desired continuity:
0 for C~0 for some better accuracy or 1 for C~1 continuity requiring more control points.

Description: Creates a quadratic polynomial B-spline curve that approximates a uni circle to a specified toler-
ance. Implements methos 2 and 5 from: ”Planar curve offset based on circle approximation”, CAD Vol 28, No 8, pp
617-630, 1996, by Lee, Kim and Elber.

See also: BspCrvCreateCircle, BspCrvCreatePCircle, BspCrvCreateUnitPCircle, , CagdCreateConicCurve, Cagd-
CrvCreateArc, BzrCrvCreateArc, , BspCrvCreateUnitP CircleCubicTol,



3.2.30 BspCrvDegreeRaise (cbsp_aux.c:464)

CagdCrvStruct *BspCrvDegreeRaise(const CagdCrvStruct *Crv)

Crv: To raise it degree by one.
Returns: A curve with one degree higher representing the same geometry as Crv.

Description: Returns a new curve, identical to the original but with one degree higher.

3.2.31 BspCrvDegreeRaiseN (cbsp.aux.c:407)

CagdCrvStruct *BspCrvDegreeRaiseN(const CagdCrvStruct *Crv, int NewOrder)

Crv: To raise its degree to a NewOrder.
NewOrder: NewOrder for Crv.

Returns: A curve of order NewOrder representing the same geometry as Crv.

Description: Returns a new curve, identical to the original but with order N. Degree raise is computed by
multiplying by a constant 1 curve of order

3.2.32 BspCrvDerive (cbsp-aux.c:993)

CagdCrvStruct *BspCrvDerive(const CagdCrvStruct *Crv, CagdBType DeriveScalar)

Crv: To differentiate.

DeriveScalar: TRUE to differentiate each channel independently. FALSE to treat geometry as a rational
differentiation.

Returns: Differentiated curve.

Description: Returns a new curve, equal to the given curve, differentiated once. Let old control polygon be
P(i), i = 0 to k-1, and Q(i) be new one then:

Q(i) = Degree * (P(i+1) - P(i)) / (Xv(i + k) - Kv(i + 1)), i = 0 to k-2.

See also: BzrCrvDerive, CagdCrvDerive, SymbCrvDeriveRational, , BspCrvDeriveScalar,

3.2.33 BspCrvDeriveScalar (cbsp_aux.c:1073)

CagdCrvStruct *BspCrvDeriveScalar (const CagdCrvStruct *Crv)

Crv: To differentiate.
Returns: Differentiated curve.

Description: Returns a new curve, equal to the given curve, differentiated once. Let old control polygon be
P(i), i = 0 to k-1, and Q(i) be new one then:

Q) = (k - 1) * (P(E+1) - P[E)) / (Kv(d + k) - Kv(i + 1)), i = 0 to k-2.

For a Euclidean curve this is the same as CagdCrvDerive but for a rational curve the returned curve is not the vector
field but simply the derivatives of all the curve’s coefficients, including the weights.

See also: BzrCrvDerive, CagdCrvDerive, SymbCrvDeriveRational, , BspCrvDerive, BzrCrvDeriveScalar, Cagd-
CrvDeriveScalar,



3.2.34 BspCrvDomain (bsp_gen.c:218)

void BspCrvDomain(const CagdCrvStruct *Crv, CagdRType *TMin, CagdRType *TMax)

Crv: To get its parametric domain.

TMin: Where to put the minimal domain’s boundary.
TMax: Where to put the maximal domain’s boundary.
Returns: void

Description: Returns the parametric domain of a Bspline curve.
See also: CagdCrvDomain,

3.2.35 BspCrvEvalAtParamMalloc (chspeval.c:134)

CagdRType *BspCrvEvalAtParamMalloc(const CagdCrvStruct *Crv, CagdRType t)

Crv: To evaluate at the given parametric location t.

t: The parameter value at which the curve Crv is to be evaluated.

Returns: A vector holding all the coefficients of all components of curve Crv’s point type. If for example the
curve’s point type is P2, the W, X, and Y will be saved in the first three locations of the returned vector.

The first location (index 0) of the returned vector is reserved for the rational coefficient W and XYZ always
starts at second location of the returned vector (index 1). This vector is allocated dynamically.

Description: Returns a pointer to a dynamically allocated data, holding the value of the curve at given para-
metric location t. The curve is assumed to be B-spline. Uses the Cox de Boor recursive algorithm.

See also: CagdCrvEvalToData, BzrCrvEvalAtParamToData, BzrCrvEvalVecAtParam, , BspCrvEvalVecAt-
Param, BspCrvEvalCoxDeBoorToData, CagdCrvEvalToPolyline, BspCrvEvalAtParamToData,

3.2.36 BspCrvEvalAtParamToData (cbspeval.c:101)

void BspCrvEvalAtParamToData(const CagdCrvStruct *Crv,
CagdRType t,
CagdRType *R)

Crv: To evaluate at the given parametric location t.

t: The parameter value at which the curve Crv is to be evaluated.

R: vector holding all the coefficients of all components of curve Crv’s point type. If for example the curve’s
point type is P2, the W, X, and Y will be saved in the first three locations of the returned vector. The
first location (index 0) of the returned vector is reserved for the rational coefficient W and XYZ always
starts at second location of the returned vector (index 1).

Returns: void

Description: Computes the value of the curve position at parameter t, into R. The curve is assumed to be
B-spline. Uses the Cox de Boor recursive algorithm.

See also: CagdCrvEvalToData, BzrCrvEvalAtParamToData, BzrCrvEvalVecAtParam, , BspCrvEvalVecAt-
Param, BspCrvEvalCoxDeBoorToData, CagdCrvEvalToPolyline, , BspCrvEvalAtParamToData,

3.2.37 BspCrvEvalCoxDeBoorMalloc (bspcoxdb.c:106)

CagdRType *BspCrvEvalCoxDeBoorMalloc(const CagdCrvStruct *Crv, CagdRType t)

Crv: To evaluate at the given parametric location t.
t: The parameter value at which the curve Crv is to be evaluated.

Returns: A vector holding all the coefficients of all components of curve Crv’s point type. If for example the
curve’s point type is P2, the W, X, and Y will be saved in the first three locations of the returned vector.
The first location (index 0) of the returned vector is reserved for the rational coefficient W and XYZ always
starts at second location of the returned vector (index 1).

Description: Returns a pointer to a dynamically allocated data, holding the value of the curve at the prescribed
parametric location t. Uses the recursive Cox de-Boor algorithm, to evaluate the spline, which is not very efficient if
many evaluations of the same curve are necessary Use knot insertion when multiple evaluations are to be performed.



3.2.38 BspCrvEvalCoxDeBoorToData (bspcoxdb.c:43)

void BspCrvEvalCoxDeBoorToData(const CagdCrvStruct *Crv,
CagdRType t,
CagdRType *Pt)
Crv: To evaluate at the given parametric location t.
t: The parameter value at which the curve Crv is to be evaluated.

Pt: A vector holding all the coefficients of all components of curve Crv’s point type. If for example the curve’s
point type is P2, the W, X, and Y will be saved in the first three locations of the returned vector. The
first location (index 0) of the returned vector is reserved for the rational coefficient W and XYZ always
starts at second location of the returned vector (index 1).

Returns: void
Description: Evaluates into a pointer of data, holding the value of the curve at the prescribed parametric

location t. Uses the recursive Cox de-Boor algorithm, to evaluate the spline, which is not very efficient if many
evaluations of the same curve are necessary Use knot insertion when multiple evaluations are to be performed.

3.2.39 BspCrvEvalVecAtParam (chspeval.c:42)

CagdRType BspCrvEvalVecAtParam(const CagdRType *Vec,

int VeclInc,
const CagdRType *KnotVector,
int Order,
int Len,
CagdBType Periodic,
CagdRType t)

Vec: Coefficents of a scalar Bspline univariate function.

Veclnc: Step to move along Vec.

KnotVector: Knot vector of associated geoemtry.

Order: Order of associated geometry.

Len: Length of control vector.

Periodic: If this geometry is Periodic.

t: Parameter value where to evaluate the curve.

Returns: Geometry’s value at parameter value t.

Description: Assumes Vec holds control points for scalar Bspline curve of order Order length Len and knot
vector KnotVector. Evaluates and returns that curve value at parameter value t. Vec is incremented by Veclnc
(usually by 1) after each iteration.

3.2.40 BspCrvExtension (bsp_gen.c:758)

CagdCrvStruct *BspCrvExtension(const CagdCrvStruct *0rigCrv,
const CagdBType *ExtDirs,
CagdRType Epsilon,
CagdBType RemoveExtraKnots)

OrigCrv: The curve to be extended.

ExtDirs: A boolean array of size 2 to determine the required directions of extension MinDmn, MaxDmn. A
NULL here means (TRUE, TRUE).

Epsilon: The length of the requested extension, in the param. domain.

RemoveExtraKnots: If FALSE, the resulting curve will not have minimal multiplicity at the first internal
knot on the extension side.

Returns: The new extended curve.

Description: Extends a B-spline curve. The domain of Crv is extended, such that the trace coincides with
the input curve’s trace over the original domain. An interface function for the one-sided curve extension function.
OrigCrv can have "ExtntScl” real attributes to scale the extension in Euclidean space (for same Epsilon parametric
extension.

See also: BspCrvExtraKnotRmv, BspSrfExtension, BspCrvExtensionOneSide,



3.2.41 BspCrvExtensionOneSide (bsp_gen.c:822)

CagdCrvStruct *BspCrvExtensionOneSide(const CagdCrvStruct *0rigCrv,
CagdBType MinDmn,
CagdRType Epsilon,
CagdRType ExtntScl,
CagdBType RemoveExtraKnots)

OrigCrv: The curve to be extended.

MinDmn: TRUE for min domain extension, FALSE for max domain extension.

Epsilon: The length of the extension in the domain.

ExtntScl: A scaling factor on the extension (for the same epsilon in the parametric domain).

RemoveExtraKnots: If FALSE, the resulting curve will not have minimal multiplicity at the first internal
knot on the extension side.

Returns: The new extended curve.

Description: Extends a B-spline curve, at the min/max end. The domain of Crv is extended, such that the
trace coincides with the original trace over the original domain. Assumes Crv has open end conditions. If ExtntScl
=1, the curve might also undergo refinements.

See also: BspCrvExtraKnotRmv, BspSrfExtension,

3.2.42 BspCrvExtraKnotRmv (bsp_gen.c:1017)

CagdCrvStruct *BspCrvExtraKnotRmv(const CagdCrvStruct *Crv,
int RmvIndex)

Crv: The curve to be updated.
RmvIndex: The index in the knot vector of the knot to be removed.
Returns: The new updated curve.

Description: Reverse operation of the knot insertion, assuming it is guaranteed that the knot currently does not
have its minimal multiplicity, that is: it is possible to remove it and maintain the exact trace. Indices and conventions
follow Boehm’s Knot Insertion algo, as in E. Cohen, R.F. Riesenfeld, G. Elber, ”Geometric Modeling with Splines:
an Introduction”, CH 07.

See also: BspCrvExtensionOneSide, BspSrfExtension,

3.2.43 BspCrvFitLstSqr (cbsp.int.c:1021)

CagdCrvStruct *BspCrvFitLstSqr(const CagdCrvStruct *Crv,
int Order,
int Size,
CagdBType Periodic,
CagdParametrizationType ParamType,
CagdBType EndPtInterp,
CagdBType EvalPts,
CagdRType *Err)

Crv: Curve to fit a new curve to.

Order: Of the to be created curve.

Size: Control polygon size of the to be created curve.

Periodic: Constructed curve should be Periodic.

ParamType: Type of parametrization.

EndPtInterp: TRUE to force Crv’s end point interpolation. Has affect only if has open end-conditions.

EvalPts: TRUE to evaluate the samples points at equal parametric interval, FALSE to simply copy the control
points.

Err: The maximum error is updated into here
Returns: Fitted curve.

Description: Fits a curve to the give curve by sampling points on Crv and fitting a curve of orders Order and
Size control points. Error is measured by the difference between the original and the fitted surface, as maximum
error norm.

See also: BspCrvInterpPts,



3.2.44 BspCrvHasBezierKV (bsp_knot.c:42)

CagdBType BspCrvHasBezierKV(const CagdCrvStruct *Crv)
Crv: To check for KV that mimics Bezier polynomial curve.

Returns: TRUE if same as Bezier curve, FALSE otherwise.

Description: Returns TRUE iff the given curve has no interior knot open end KV.

3.2.45 BspCrvHasOpenEC (bsp_knot.c:105)

CagdBType BspCrvHasOpenEC(const CagdCrvStruct *Crv)

Crv: To check for open end conditions.
Returns: TRUE, if curve has open end conditions, FALSE otherwise.

Description: Returns TRUE iff the given B-spline curve has open end conditions.
See also: BspSrfHasOpenEC, ,

3.2.46 BspCrvlntegrate (cbsp.aux.c:1115)

CagdCrvStruct *BspCrvIntegrate(const CagdCrvStruct *Crv)

Crv: Curve to integrate.
Returns: Integrated curve.

Description: Returns a new Bspline curve, equal to the integral of the given Bspline crv. The given Bspline
curve should be nonrational.
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See also: BzrCrvIntegrate, BspSrflntegrate, CagdCrvIntegrate,

3.2.47 BspCrvInterpBuildKVs (cbsp_int.c:328)

void BspCrvInterpBuildKVs(const CagdCtlPtStruct *PtList,
int Order,
int CrvSize,
CagdParametrizationType ParamType,
CagdBType Periodic,
CagdRType **RetPtKnots,
CagdRType **RetKV)

PtList: List of point to interpolate.



Order: Order of interpolating curve.

CrvSize: Number of control points in interpolating curve.

ParamType: Parametrization type: Uniform, chord length, etc.

Periodic: TRUE for a periodic interpolating curve

RetPtKnots: Parameter values assigned to the interpolation.

RetKV: Knot sequence built for the interpolation, unless CAGD_KV_NODAL_PARAM in which case the KV

is assumed given.
Returns: void

Description: Build knot sequence and sampling parameter for the given data to interpolate, curve type and the
parameterization type desired.

3.2.48 BspCrvInterpPts (cbsp_int.c:142)

| least square approximation

CagdCrvStruct *BspCrvInterpPts(const CagdPtStruct *PtList,
int Order,
int CrvSize,
CagdParametrizationType ParamType,
CagdBType Periodic)

PtList: List of points to interpolate/least square approximate.

Order: Of interpolating/approximating curve.

CrvSize: Number of degrees of freedom (control points) of the interpolating/approximating curve.
ParamType: Type of parametrization.

Periodic: Constructed curve should be Periodic. Periodic necessitates uniform knot sequence in ParamType.
Returns: Constructed interpolating/approximating curve.

Description: Given a set of points, PtList, computes a Bspline curve of order Order that interpolates or least
square approximates the set of points. The size of the control polygon of the resulting Bspline curve defaults to the
number of points in PtList (if CrvSize = 0). However, this number is can smaller to yield a least square approximation.
The created curve can be parametrized as specified by ParamType.

See also: BspCrvInterpolate, BspCrvInterpPts2, MvarBspCrvInterpVecs,

3.2.49 BspCrvInterpPts2 (cbsp_int.c:215)

CagdCrvStruct *BspCrvInterpPts2(const CagdCtlPtStruct *PtList,

| least square approximation

int Order,

int CrvSize,
CagdParametrizationType ParamType,
CagdBType Periodic,

CagdBType EndPtInterp)

PtList: List of points to interpolate/least square approximate.

Order: Of interpolating/approximating curve.

CrvSize: Number of degrees of freedom (control points) of the interpolating/approximating curve.
ParamType: Type of parametrization.

Periodic: Constructed curve should be Periodic. Periodic necessitates uniform knot sequence in ParamType.

EndPtInterp: TRUE to force Crv’s end point interpolation. Has affect only if has open end-conditions.
Returns: Constructed interpolating/approximating curve.

Description: Given a set of points, PtList, computes a Bspline curve of order Order that interpolates or least
square approximates the set of points. The size of the control polygon of the resulting Bspline curve defaults to the
number of points in PtList (if CrvSize = 0). However, this number is can smaller to yield a least square approximation.
The created curve can be parametrized as specified by ParamType.

See also: BspCrvInterpolate, BspCrvInterpPts,



3.2.50 BspCrvInterpPts3 (cbsp_int.c:280)

CagdCrvStruct *BspCrvInterpPts3(const CagdCtlPtStruct *Ptlist, | least square approximation

const CagdRType *Params,

const CagdRType *KV,

int Length,

int Order,

CagdBType Periodic)
PtList: List of points to interpolate/least square approximate.
Params: At which to interpolate the points in PtList.
KV: Computed knot vector for the constructed curve.
Length: Number of degrees of freedom (control points) of the interpolating/approximating curve.
Order: Of interpolating/approximating curve.
Periodic: Constructed curve should be Periodic.

Returns: Constructed interpolating/approximating curve, NULL if singular.

Description: Given a set of points, PtList, and parameter values the curve should interpolate or approximate
these points, Params, and the expected knot vector, KV, length Length and order Order of the B-spline curve,
computes the B-spline curve’s coefficients. All points in PtList are assumed of the same type. If Periodic, Order - 1
more constraints (and DOF’s) are added so that the first Order - 1 points are the same as the last Order - 1 points.
Same as BspCrvInterpolate but forces end points to be interpolated.

3.2.51 BspCrvInterpPtsError (cbsp_int.c:1397)

CagdRType BspCrvInterpPtsError(const CagdCrvStruct *Crv,

const CagdPtStruct *PtList,

| least square approximation

CagdParametrizationType ParamType,
CagdBType Periodic)

Crv: Curve that was fitted to the data set.

PtList: The data set.

ParamType: Parameter values at with curve should interpolate PtList.

Periodic: Constructed curve should be Periodic. Periodic necessitates uniform knot sequence in ParamType.
Returns: Error measured in the L1 norm.

Description: Given a set of points, and a curve least square fitting them using the BspCrvInterpPts function,
computes an error measure as a the maximal distance between the curve and points (L1 norm).

3.2.52 BspCrvlnterpolate (cbsp_int.c:581)

CagdCrvStruct *BspCrvInterpolate(const CagdCtlPtStruct *PtList, | least square approximation

const CagdRType *Params,
const CagdRType *KV,
int Length,

int Order,

CagdBType Periodic)

PtList: List of points to interpolate/least square approximate.

Params: At which to interpolate the points in PtList.

KV: Computed knot vector for the constructed curve.

Length: Number of degrees of freedom (control points) of the interpolating/approximating curve.
Order: Of interpolating/approximating curve.

Periodic: Constructed curve should be Periodic.

Returns: Constructed interpolating/approximating curve, NULL if singular.

Description: Given a set of points, PtList, and parameter values the curve should interpolate* or approximate
these points, Params, and the expected knot vector, KV, length Length and order Order of the Bspline curve,
computes he Bspline* curve’s coefficients. All points in PtList are assumed of the same type. If Periodic, Order - 1
more constraints (and DOF’s) are added so that the first Order - 1 points are the same as the last Order - 1 points.



3.2.53 BspCrvIsClDiscontAt (cbspeval.c:295)

CagdBType BspCrvIsCiDiscontAt(const CagdCrvStruct *Crv, CagdRType t)
Crv: Curves to examine for a C1 discontinuity.
t: Parameter value to examine at.
Returns: TRUE if Crv has a C1 discontinuity at parameter t, FALSE otherwise.
Description: Examines the control polygon at given parametric location for a real C1 discontinuity, in Euclidean

space.
See also: BspSrflsC1DiscontAt,

3.2.54 BspCrvKnotCO0Discont (bsp_gen.c:370)

continuity

CagdBType BspCrvKnotCODiscont(const CagdCrvStruct *Crv, CagdRType *t)

discontinuity
Crv: To examine its potential discontinuity.

t: Where to put the parameter value (knot) that can be CO discontinuous.
Returns: TRUE if found a CO discontinuity, FALSE otherwise.

Description: Scans the given knot vector of the given curve for a potential CO discontinuity. Looks for multiplic-
ities in the knot sequence and then examine the mesh if indeed the mesh is discontinuous at that location. Assumes
knot vectors has open end condition.

See also: BspCrvKnotCl1Discont, BspCrvKnotC2Discont, BspKnotCODiscont, , BspCrvMeshC1Continuous,
BspCrvKnotC1Discont,

3.2.55 BspCrvKnotClDiscont (bsp_gen.c:404)

continuity

CagdBType BspCrvKnotCiDiscont(const CagdCrvStruct *Crv, CagdRType *t)

discontinuity
Crv: To examine its potential discontinuity.

t: Where to put the parameter value (knot) that can be C1 discontinuous.
Returns: TRUE if found a C1 discontinuity, FALSE otherwise.

Description: Scans the given knot vector of the given curve for a potential C1 discontinuity. Looks for multiplic-
ities in the knot sequence and then examine the mesh if indeed the mesh is discontinuous at that location. Assumes
knot vectors has open end condition.

See also: BspCrvKnotCODiscont, BspCrvKnotC2Discont, BspKnotC1Discont, , BspCrvMeshC1Continuous,

3.2.56 BspCrvKnotC2Discont (bsp_gen.c:438)

continuit;
CagdBType BspCrvKnotC2Discont(const CagdCrvStruct *Crv, CagdRType *t) .

discontinuity

Crv: To examine its potential discontinuity.

t: Where to put the parameter value (knot) that can be C1 discontinuous.
Returns: TRUE if found a C2 discontinuity, FALSE otherwise.

Description: Scans the given knot vector of the given curve for a potential C2 discontinuity. Looks for multiplic-
ities in the knot sequence and then examine the mesh if indeed the mesh is discontinuous at that location. Assumes
knot vectors has open end condition.

See also: BspCrvKnotCODiscont, BspCrvKnotC1Discont, BspKnotC1Discont, , BspCrvMeshC1Continuous,



3.2.57 BspCrvKnotlInsert (bspboehm.c:60)

CagdCrvStruct *BspCrvKnotInsert(const CagdCrvStruct *Crv, CagdRType t)
Crv: To refine by adding a new knot with value equal to t. If Crv is a periodic curve, it is first unwrapped to
a float end condition curve.
t: New knot to insert into Crv.
Returns: The refined curve.

Description: Returns a new curve refined at t (t is inserted as a new knot in Crv). If however the multiplicity
of t in the current knot vector is equal (or greater!?) to the degree or t is not in the curve’s parametric domain, no
new knot is insert and NULL is returned instead. Control mesh is updated as follows (P is old ctl polygon, Q is new):
Let Index be the last knot in old knot vector less than t and let j be j = Index - order + 1. Also let k be the curve
order. Then,

Case 1: Q(i) = P(d), i <= j
t - t(1) t(i+k-1) - t

case 2: Q(i) = ——————————————- P(i) + —————————m—m - P(i-1), j<i<=Index
t(i+k-1) - t(i) t(i+k-1) - t(1)

case 3: Q(i) = P(i-1), Index < i

Note: Altough works, this is not the optimal way to insert many knot! See also the BspKnotEvalAlpha set of routines.

For more see: ”Recursive proof of Boehm’s knot insertion technique”, by Phillip J Barry Ronald N Goldman, CAD,
Volume 20 number 4 1988, pp 181-182. Which also references the original 1980 paper by Boehm.
See also: BspCrvKnotInsertNSame, BspCrvKnotInsert NDiff, BspSrfKnotInsert, BspKnotEvalAlphaCoef,

3.2.58 BspCrvKnotInsertNDiff (cbsp_aux.c:303)

CagdCrvStruct *BspCrvKnotInsertNDiff (const CagdCrvStruct *Crv,
CagdBType Replace,
CagdRType *t,
int n)
Crv: To refine by insertion (upto) n knot of value t.

Replace: if TRUE, the n knots in t should replace the knot vector of size n of Crv. Sizes must match. If False,
n new knots as defined by t will be introduced into Crv.

t: New knots to introduce/replace knot vector of Crv.
n: Size of t.
Returns: Refined Crv with n new knots.

Description: Inserts n knot with different values as defined by the vector t. If, however, Replace is TRUE, the
knot are simply replacing the current knot vector.

3.2.59 BspCrvKnotInsertNSame (chsp_aux.c:254)

CagdCrvStruct *BspCrvKnotInsertNSame(const CagdCrvStruct *Crv,
CagdRType t,
int n)

Crv: To refine by insertion (upto) n knot of value t.
t: Parameter value of new knot to insert.

n: Maximum number of times t should be inserted.
Returns: Refined Crv with n knots of value t.

Description: Inserts n knot, all with the value t. In no case will the multiplicity of a knot be greater or equal
to the curve order.



3.2.60 BspCrvMaxCoefParam (bsp_knot.c:1821)

CagdRType BspCrvMaxCoefParam(const CagdCrvStruct *Crv,
int Axis,
CagdRType *MaxVal)
Crv: To compute the parameter node value of the largest coefficient.
Axis: Which axis should we search for maximal coefficient? 1 for X, 2 for Y, etc.
MaxVal: The coefficient itself will be place herein.
Returns: The node parameter value of the detected maximal coefficient.

Description: Finds the parameter value with the largest coefficient of the curve using nodes values to estimate
the coefficients’ parameters.

3.2.61 BspCrvMeshC0Continuous (bsp_gen.c:472)

CagdBType BspCrvMeshCOContinuous(const CagdCrvStruct *Crv,
int Idx,
CagdRType Tol)

Crv: To examine its potential discontinuity.

Idx: Index of control point where to examine the discontinuity. if 0, curve is assumed closed and beginning/end
is examined.

Tol: Tolerance allowed for distance deviation.
Returns: TRUE if continuous there, FALSE otherwise.

Description: Examine the control polygon of the given curve at index Idx for a real CO discontinuity in the
mesh. This index will typically be for a knot multiplicity potential discont.
See also: BspKnotC1Discont, BspCrvMeshC1Continuous,

3.2.62 BspCrvMeshC1Continuous (bsp_gen.c:509)

CagdBType BspCrvMeshClContinuous(const CagdCrvStruct *Crv,
int Idx,
CagdRType *CosAngle)
Crv: To examine its potential discontinuity.

Idx: Index of control point where to examine the discontinuity. if 0, curve is assumed closed and beginning/end
is examined.

CosAngle: If not NULL, updated with the cosine of the deviation angle.
Returns: TRUE if continuous there, FALSE otherwise.

Description: Examine the control polygon of the given curve at index Idx for a real C1 discontinuity in the
mesh. This index will typically be for a knot multiplicity potential discont.
See also: BspKnotC1Discont, BspCrvMeshC0Continuous,

3.2.63 BspCrvMoebiusTransform (chsp_aux.c:1183)

CagdCrvStruct *BspCrvMoebiusTransform(const CagdCrvStruct *CCrv, CagdRType c)

CCrv: Curve to apply the Moebius transformation to.

c: The scaling coefficient - ¢"n is the ratio between the first and last weight of the curve. If ¢ == 0, the first
and last weights are made equal.

Returns: The modified curve with the same shape but different speed.

Description: Apply the Moebius transformation to a rational Bspline curve. See ”Moebius reparametrization
of rational Bsplines”, by Lee & Lucian, CAGD 8 (1991) pp 213-215.
See also: BzrCrvMoebiusTransform, BspSrfMoebiusTransform,



3.2.64 BspCrvNew (bsp_gen.c:133)

CagdCrvStruct *BspCrvNew(int Length, int Order, CagdPointType PType)

Length: Number of control points
Order: The order of the curve
PType: Type of control points (E2, P3, etc.).

Returns: An uninitialized freeform Bspline curve.

Description: Allocates the memory required for a new Bspline curve.
See also: BzrCrvNew, BspPeriodicCrvNew, CagdCrvNew, CagdPeriodicCrvNew, TrimCrvNew,

3.2.65 BspCrvNormalMalloc (cbsp_aux.c:964)

CagdVecStruct *BspCrvNormalMalloc(const CagdCrvStruct *Crv,
CagdRType t,
CagdBType Normalize)
Crv: Crv for which to compute a (unit) normal.
t: The parameter at which to compute the unit normal.

Normalize: If TRUE, attempt is made to normalize the returned vector. If FALSE, length is a function of
given parametrization.

Returns: A pointer to a vector holding the normal information. Always an E3 vector.

Description: Returns a (unit) vector, equal to the normal of Crv at parameter value t. Algorithm: returns the
cross product of the curve tangent and binormal.

3.2.66 BspCrvNormalToData (cbsp_aux.c:928)

CagdVecStruct *BspCrvNormalToData(const CagdCrvStruct *Crv,
CagdRType t,
CagdBType Normalize,
CagdVecStruct *N)

Crv: Crv for which to compute a (unit) normal.
t: The parameter at which to compute the unit normal.

Normalize: If TRUE, attempt is made to normalize the returned vector. If FALSE, length is a function of
given parametrization.

N: A pointer to a vector holding the normal information.
Returns: A pointer to a vector holding the normal information. Always an E3 vector.

Description: Returns a (unit) vector, equal to the normal of Crv at parameter value t. Algorithm: returns the
cross product of the curve tangent and binormal.

3.2.67 BspCrvOpenEnd (bsp_gen.c:283)

CagdCrvStruct *BspCrvOpenEnd(const CagdCrvStruct *Crv)

Crv: To convert to a new curve with open end conditions.
Returns: Same curve as Crv but with open end conditions.

Description: Returns a curve with open end conditions, similar to given curve. Open end curve is computed
by extracting a subregion from Crv that is the entire curve’s parametric domain, by inserting multiple knots at the
domain’s boundary.

See also: BspSrfOpenEnd,



3.2.68 BspCrvSubdivAtParam (cbsp_aux.c:162)

refinement

CagdCrvStruct *BspCrvSubdivAtParam(const CagdCrvStruct *Crv, CagdRType t)

Crv: To subdivide at parametr value t.

t: Parameter value to subdivide Crv at.
Returns: A list of the two subdivided curves.

Description: Given a Bspline curve - subdivides it into two sub-curves at the given parametric value. Returns
pointer to first curve in a list of two subdivided curves. The subdivision is achieved by inserting (order-1) knot at
the given parameter value t and spliting the control polygon and knot vector at that location.

3.2.69 BspCrvSubdivCtlPoly (cbsp_aux.c:54)

void BspCrvSubdivCtlPoly(const CagdCrvStruct *Crv,
CagdRType **LPoints,
CagdRType **RPoints,
int LLength,
int RLength,
CagdRType t,
int Mult)
Crv: To subdivide at parameter value t.
LPoints, RPoints: Where the results are kept.
LLength, RLength: Lengths of respective vectors.
t: Parameter value to subdivide Crv at.

Mult: Current multiplicity of t in the knot sequence.
Returns: void

Description: Apply B-spline subdivision to the given curve Crv at parameter value t, and save the result in
curves’ LPoints/RPoints.
See also: BzrCrvSubdivCtlPoly, BspCrvSubdivAtParam,

3.2.70 BspCrvTangentToData (cbsp_aux.c:545)

CagdVecStruct *BspCrvTangentToData(const CagdCrvStruct *Crv,
CagdRType t,
CagdBType Normalize,
CagdVecStruct *Tan)

Crv: Crv for which to compute a (unit) tangent.

t: The parameter at which to compute the unit tangent.

Normalize: If TRUE, attempt is made to normalize the returned vector. If FALSE, returned is an unnormalized
vector in the right direction of the tangent.

Tan: A pointer to a vector holding the tangent information.

Returns: A pointer to a vector holding the tangent information. An Ek, k >= 3 vector, depending on dimension
k of Crv.

Description: Returns a (unit) vector, equal to the tangent to Crv at parameter value t. Algorithm: insert (order
- 1) knots and return control polygon tangent. The unnormalized normal does not equal dC/dt in its magnitude,
only in its direction.



3.2.71 BspCrvsSubdivAtAllDetectedLocations (cagd aux.c:2074)

CagdCrvStruct *BspCrvsSubdivAtAllDetectedLocations(const CagdCrvStruct *Crvs,
CagdCrvTestingFuncType
CrvTestFunc)
Crvs: Curves to subdivide at all detected locations by CrvTestFunc.
CrvTestFunc: Curve testing function, like BspCrvKnotCODiscont.
Returns: Set of subdivided surfaces, or NULL if nothing was detected.

Description: Subdivides the given curve Crv at all locations CrvTesTFunc detects. Examples for CrvTesTFunc
can be BspCrvKnotC0Discont or BspCrvKnotC1Discont.

See also: BspSrfsSubdivAtAllDetectedLocations, CagdCrvSubdivAtAllC1Discont, , BspCrvKnotC0ODiscont, BspCrv-
KnotC1Discont,

3.2.72 BspGenBasisFuncsAsCurves (bsp_gen.c:1391)

CagdCrvStruct *BspGenBasisFuncsAsCurves(int Order,
int Length,
const CagdRType *KV)
Order: Of space to create basis functions for.
Length: Number of control points in this space.
KV: Knot sequence of this space, of length (Order + Length).
Returns: Length curves representing the basis functions.
Description: Creates a list of curves representing the B-spline basis functions of the given space (order and
knot sequence). All basis functions will be scaled to fit into the unit square [0, 1]~2. If the space is periodic, Length

should reflect this in the input (i.e. length should be enlarged by order - 1).
See also: BspGenKnotsGeometry AsCurves,

3.2.73 BspGenKnotsGeometryAsCurves (bsp_gen.c:1478)

CagdCrvStruct *BspGenKnotsGeometryAsCurves(int Order,
int Length,
const CagdRType *KV,
CagdRType SizeOfKnot)
Order: Of space to create the geometry of the knots for.
Length: Number of control points in this space.
KV: Knot sequence of this space, of length (Order + Length).
SizeOfKnot: The size of the plot knot. Knots are created as triangles
Returns: Length curves representing the Length knots.

Description: Creates a list of linear B-spline curves representing the B-spline knots in the given space (order
and knot sequence). All knots will be scaled to fit just below the unit square [0, 1]~2. If the space is periodic, Length
should reflect this in the input (i.e. length should be enlarged by order - 1).

See also: BspGenBasisFuncsAsCurves,

3.2.74 BsplsKnotDiscontUniform (bsp_knot.c:714)

CagdEndConditionType BspIsKnotDiscontUniform(int Len,

int Order,

const CagdRType *KnotVector)
Len: Of control polygon/mesh of curve/surface that is using this knot vector.
Order: Of the curve/surface that is using this knot vector.
KnotVector: The knot vector to verify.

Returns: CAGD_END_COND_GENERAL if general knot vector, or CAGD_END_COND_OPEN/FLOAT/PERIODIC
if knot vector is uniform with open/float/periodic end conditions.

Description: Tests the given knot vector for discontinuous uniformity and open/float end conditions. That is
all interior knots are of multiplicity Order-1 and are uniformly spaced.



3.2.75 BsplsKnotUniform (bsp_knot.c:646)

end conditions

CagdEndConditionType BspIsKnotUniform(int Len,
int Order,
const CagdRType *KnotVector)
Len: Of control polygon/mesh of curve/surface that is using this knot vector.
Order: Of the curve/surface that is using this knot vector.

KnotVector: The knot vector to verify.

Returns: CAGD_END_COND_GENERAL if general knot vector, or CAGD_END_COND_OPEN/FLOAT/PERIODIC
if knot vector is uniform with open/float/periodic end conditions.

Description: Tests the given knot vector for uniformity and open/float end conditions.

3.2.76 BspKnotAffineTrans (bsp_knot.c:864)

knot vectors
affine transformation

void BspKnotAffineTrans(CagdRType #*KnotVector,
int Len,
CagdRType Translate,
CagdRType Scale)
KnotVector: To affinely transform.
Len: Of knot vector. This is not the length of the curve or surface using this knot vector.
Translate: Amount to translate the knot vector.

Scale: Amount to scale the knot vector.
Returns: void

Description: Applies an affine transformation to the given knot vector. Note affine transformation on the knot
vector does not change the Bspline curve. Knot vector is translated by Translate amount and scaled by Scale as

KV[i] = (KV[i] - KV[0]) * Scale + (KV[0] + Translate).

All transformation as taken place in place.
See also: BspKnotScale, BspKnotAffineTrans2, BspKnotAffineTransOrder,

3.2.77 BspKnotAffineTrans2 (bsp_knot.c:908)

knot vectors
affine transformation

void BspKnotAffineTrans2(CagdRType *KnotVector,
int Len,
CagdRType MinVal,
CagdRType MaxVal)
KnotVector: To affinely transform.
Len: Of knot vector. This is not the length of the curve or surface using this knot vector.

MinVal, MaxVal: New parametric domain of knot vector.
Returns: void

Description: Applies an affine transformation to the given knot vector. Note affine transformation on the knot
vector does not change the B-spline curve. Knot vector is translated and scaled so as to span the domain from MinVal
top MaxVal. This works for open end condition curves only.

KV[i] = (XV[i] - KV[0]) * Scale + MinVal,

where Scale = (MaxVal - MinVal) / (KV[Len - 1] - KV[0]). All transformation as taken place in place.
See also: BspKnotScale, BspKnotAffineTrans, BspKnotAffineTransOrder2,



3.2.78 BspKnotAffineTransOrder (bsp_knot.c:955)

void BspKnotAffineTransOrder(CagdRType #*KnotVector,

int Order,
int Len,
CagdRType Translate,
CagdRType Scale)
KnotVector: To affinely transform.
Order: Order of the space using this knot vector.
Len: Of knot vector. This is not the length of the curve or surface using this knot vector.
Translate: Amount to translate the knot vector.
Scale: Amount to scale the knot vector.
Returns: void
Description: Applies an affine transformation to the given knot vector. Note affine transformation on the knot
vector does not change the Bspline curve. Knot vector is translated by Translate amount and scaled by Scale as
KV[i] = (KV[i] - KV[Order-1]) * Scale + (KV[Order-1] + Tramslate).

All transformation as taken place in place.
See also: BspKnotScale, BspKnotAffineTrans2,

3.2.79 BspKnotAffineTransOrder2 (bsp_knot.c:1001)

void BspKnotAffineTransOrder2(CagdRType *KnotVector,

int Order,
int Len,
CagdRType MinVal,
CagdRType MaxVal)
KnotVector: To affinely transform.
Order: Order of the space using this knot vector.
Len: Of knot vector. This is not the length of the curve or surface using this knot vector.
MinVal, MaxVal: New parametric domain of knot vector.
Returns: void

Description: Applies an affine transformation to the given knot vector. Note affine transformation on the knot
vector does not change the Bspline curve. Knot vector is translated and scaled so as to span the domain from MinVal
to MaxVal.

KV[i] = (KV[i] - KV[Order - 1]) * Scale + MinVal,

where Scale = (MaxVal - MinVal) / (KV[Len - Order] - KV[Order - 1]). All transformation as taken place in place.
See also: BspKnotScale, BspKnotAffineTrans2,

3.2.80 BspKnotAllCODiscont (bsp_knot.c:2566)

CagdRType *BspKnotAl11lCODiscont(const CagdRType *KnotVector, continuity
int Order,
int Length,
int *n)

discontinuity

KnotVector: To test for potential CO discontinuities.

Order: Of geometry that exploits KnotVector.

Length: Length of curve/surface using KnotVector. This is NOT the length of KnotVector which is equal to
(Length 4+ Order).

n: Length of returned vector - number of potential CO discontinuities found.

Returns: Vector holding all parametr values with potential CO discontinuities.

Description: Scans the given knot vector for all potential CO discontinuity. Returns a vector holding the pa-
rameter values of the potential CO discontinuities, NULL of none found. Sets n to length of returned vector. Assumes
knot vector has open end condition. A knot vector with multiplicity of a knot of Order can be CO discontinuous at
that knot. However, this is only a necessary condition for CO discontinuity in the geometry.



3.2.81 BspKnotAllC1Discont (bsp_knot.c:2632)

continuity

CagdRType *BspKnotAllCiDiscont(const CagdRType *KnotVector,
ineOrder,
int Length,
int *n)

KnotVector: To test for potential C1 discontinuities.
Order: Of geometry that exploits KnotVector.

Length: Length of curve/surface using KnotVector. This is NOT the length of KnotVector which is equal to
(Length + Order).

n: Length of returned vector - number of potential C1 discontinuities found, zero if none.

Returns: Vector holding all parameter values with potential C1 discontinuities, allocated dynamically, NULL
if none.

Description: Scans the given knot vector for all potential C1 discontinuity. Returns a vector holding the
parameter values of the potential C1 discontinuities, NULL of none found. Sets n to length of returned vector.
Assumes knot vector has open end condition. A knot vector with multiplicity of a knot of (Order - 1) can be C1
discontinuous at that knot. However, this is only a necessary condition for C1 discontinuity in the geometry.

3.2.82 BspKnotAlphalLoopBlendNotPeriodic (cagdoslo.c:812)

void BspKnotAlphaLoopBlendNotPeriodic(const BspKnotAlphaCoeffStruct *A,
int IMin,
int IMax,
const CagdRType *0rigPts,
CagdRType *RefPts)

A: Alpha matrix to use.

IMin, IMax: Domain of refined controls points to blend.
OrigPts: original coefficients.

RefPts: Refined (returned) coefficients.

Returns: void

Description: Blend the input control points using the given Alpha matrix. A non periodic case is assumed.
See also: BspKnotEvalAlphaCoef, BspKnotAlphaL.oopBlendPeriodic, BspKnotAlphal.oopBlendStep,

3.2.83 BspKnotAlphaLoopBlendPeriodic (cagdoslo.c:891)

void BspKnotAlphaLoopBlendPeriodic(const BspKnotAlphaCoeffStruct *A,
int IMin,
int IMax,
const CagdRType *0OrigPts,
int Origlen,
CagdRType *RefPts)

A: Alpha matrix to use.

IMin, IMax: Domain of refined controls points to blend.
OrigPts: original coefficients.

OrigLen: Original length of OrigPts.

RefPts: Refined (returned) coefficients.

Returns: void

Description: Blend the input control points using the given Alpha matrix. A non periodic case is assumed.
See also: BspKnotEvalAlphaCoef, BspKnotAlphaL.oopBlendNotPeriodic, , BspKnot Alphal.oopBlendStep,



3.2.84 BspKnotAlphaLoopBlendStep (cagdoslo.c:999)

void BspKnotAlphalLoopBlendStep(const BspKnotAlphaCoeffStruct *A,
int IMin,
int IMax,
const CagdRType *0OrigPts,
int OrigPtsStep,
int Origlen,
CagdRType *RefPts,
int RefPtsStep)

A: Alpha matrix to use.

IMin, IMax: Domain of refined controls points to blend.

OrigPts: original coefficients.

OrigPtsStep: Steps between adjacent coefficients, in multi-dim. arrays.
OrigLen: Original length of OrigPts.

RefPts: Refined (returned) coefficients.

RefPtsStep: Steps between adjacent refined coefficients, in multi-dim. arrays.
Returns: void

Description: Blend the input control points using the given Alpha matrix. A non periodic case is assumed.
See also: BspKnotEvalAlphaCoef, BspKnotAlphal.oopBlendNotPeriodic, , BspKnot Alphal.oopBlendPeriodic,

3.2.85 BspKnotAverage (bsp_knot.c:1470)

CagdRType *BspKnotAverage(const CagdRType *KnotVector, int Len, int Ave)

KnotVector: To average out.
Len: Length of KnotVector. This is not the length of the curve or surface using this knot vector.

Ave: How many knots to average each time.
Returns: The averaged knot vector of length (Len - Ave + 1).

Description: Creates a new knot vector from the given KnotVector that averages Ave consequetive knots.
Resulting vector will have (Len - Ave + 1) elements.
See also: BspKnotNodes,

3.2.86 BspKnotCO0Discont (bsp_knot.c:2249)

continuity

CagdBType BspKnotCODiscont(const CagdRType *KnotVector,
int Order,
int Length,

CagdRType *t)

KnotVector: To test for potential CO dicontinuities.

Order: Of geometry that exploits KnotVector.

Length: Length of curve/surface using KnotVector. This is NOT the length of KnotVector which is equal to
(Length + Order).

t: Where to put the parameter value (knot) that can be CO discontinuous.
Returns: TRUE if found a potential CO discontinuity, FALSE otherwise.

Description: Scans the given knot vector to a potential CO discontinuity. Returns TRUE if found one and set
t to its parameter value. Assumes knot vector has open end condition. A knot vector with multiplicity of a knot of
(Order) can be CO discontinuous at that knot. However, this is only a necessary condition for CO discontinuity in the
geometry.

See also: BspSrfKnotCl1Discont, BspKnotC1Discont, BspKnotC2Discont, , BspKnotAllC1Discont,



3.2.87 BspKnotClDiscont (bsp_knot.c:2329)

CagdBType BspKnotClDiscont(const CagdRType *KnotVector,
int Order, - —
__dlscontlnluty

int Length,

CagdRType *t)
KnotVector: To test for potential C1 discontinuities.
Order: Of geometry that exploits KnotVector.

Length: Length of curve/surface using KnotVector. This is NOT the length of KnotVector which is equal to
(Length 4+ Order).

t: Where to put the parameter value (knot) that can be C1 discontinuous.
Returns: TRUE if found a potential C1 discontinuity, FALSE otherwise.

Description: Scans the given knot vector to a potential C1 discontinuity. Returns TRUE if found one and set
t to its parameter value. Assumes knot vector has open end condition. A knot vector with multiplicity of a knot of
(Order - 1) can be C1 discontinuous at that knot. However, this is only a necessary condition for C1 discontinuity in
the geometry.

See also: BspSrfKnotCl1Discont, BspKnotC0Discont, BspKnotC2Discont, BspKnot AllC1Discont,

3.2.88 BspKnotC2Discont (bsp_knot.c:2408)

CagdBType BspKnotC2Discont(const CagdRType *KnotVector,

int Order,
int Length,

CagdRType *t)

KnotVector: To test for potential C1 discontinuities.
Order: Of geometry that exploits KnotVector.

Length: Length of curve/surface using KnotVector. This is NOT the length of KnotVector which is equal to
(Length 4+ Order).

t: Where to put the parameter value (knot) that can be C1 discontinuous.
Returns: TRUE if found a potential C2 discontinuity, FALSE otherwise.

Description: Scans the given knot vector to a potential C2 discontinuity. Returns TRUE if found one and set
t to its parameter value. Assumes knot vector has open end condition. A knot vector with multiplicity of a knot of
(Order - 1) can be C2 discontinuous at that knot. However, this is only a necessary condition for C2 discontinuity in
the geometry.

See also: BspSrfKnotClDiscont, BspKnotC0Discont, BspKnotC1Discont, BspKnot AllC1Discont,

3.2.89 BspKnotCnDiscont (bsp_knot.c:2489)

CagdBType BspKnotCnDiscont(const CagdRType *KnotVector, -_continuity
int Order, ———
int n,

CagdRType *t)

KnotVector: To test for potential C-n discontinuities.

Order: Of geometry that exploits KnotVector.

Length: Length of curve/surface using KnotVector. This is NOT the length of KnotVector which is equal to
(Length + Order).

n: The degree of the C-n discontinuity.

t: Where to put the parameter value (knot) that can be C-n discontinuous.

Returns: TRUE if found a potential C-n discontinuity, FALSE otherwise.

Description: Scans the given knot vector to a potential C-n discontinuity, for a prescribed n. Returns TRUE
if found one and set t to its parameter value. Assumes knot vector has open end condition. A knot vector with
multiplicity of a knot of (Order - n) can be C-n discontinuous at that knot. However, this is only a necessary
condition for C-n discontinuity in the geometry.

See also: BspSrfKnotClDiscont, BspKnotC0Discont, BspKnotC2Discont,



3.2.90 BspKnotContinuityMergeTwo (bsp_knot.c:1335)

compatibility

CagdRType *BspKnotContinuityMergeTwo(const CagdRType *KnotVectorl, :
int Leni,

int Orderl,

const CagdRType *KnotVector2,

int Len2,

int Order2,

int ResOrder,

int *NewLen)
KnotVectorl: First knot vector.
Lenl: Length of KnotVectorl. This is not the length of the curve or surface using this knot vector.
Orderl: Order of first knot vector’s geometry.
KnotVector2: Second knot vector.
Len2: Length of KnotVector2. This is not the length of the curve or surface using this knot vector.
Order2: Order of second knot vector’s geometry.

ResOrder: Expected order of geometry that will use the merged knot vector.

NewLen: To save the size of the knot vector that contains the merged knot vectors.
Returns: The merged knot verctor (KnotVectorl U KnotVector2).

Description: Merges two knot vector KnotVectorl and KnotVector2 of length Lenl and Len2 respectively into
one, from geometries of orders Orderl and Order2. Merged knot vector is for order ResOrder so that the resulting
curve can represent the discontinuities in both geometries. Assumes both knot vectors are open end spanning the
same domain.

3.2.91 BspKnotCopy (bsp_knot.c:1035)

CagdRType *BspKnotCopy(CagdRType *DstKV, const CagdRType *SrcKV, int Len)

DstKV: Destination address or NULL for a whole new copy.
SrcKV: Knot vector to duplicate

Len: Length of knot vector. This is not the length of the curve or surface using this knot vector.
Returns: The duplicated (destination) knot vector.

Description: Creates an identical copy of a given knot vector KnotVector of length Len.

3.2.92 BspKnotCopyAlphaCoef (cagdoslo.c:548)

alpha matrix
refinement

BspKnotAlphaCoeffStruct *BspKnotCopyAlphaCoef (const BspKnotAlphaCoeffStruct *A)

A: Alpha matrix to copy.
Returns: Copied matrix.
Description: Copies the BspKnotAlphaCoeffStruct data structure.

See also: BspKnotEvalAlphaCoef, BspKnotEvalAlphaCoefMerge, BspKnotFreeAlphaCoef, , BspCrvKnotInsert,
BspSrfKnotInsert,



3.2.93 BspKnotDegreeRaisedKV (bsp_knot.c:1114)

CagdRType *BspKnotDegreeRaisedKV(const CagdRType *KV,
int Len,
int Order,
int NewOrder,
int *NewLen)
KYV: Current knot vector of freeform.
Len: Length of the freeform - number of control points.
Order: Order of the freeform.
NewOrder: New order of the freeform.

NewLen: New length of (dynamically) allocated knot vector.
Returns: A new knot vector, allocated dynamically, that would fit this same freeform if degree raised.

Description: Computes a knot vector for a freeform that will fit the freeform if it was degree raised to NewOrder.

3.2.94 BspKnotDiscontUniformOpen (bsp_knot.c:598)

knot vectors

CagdRType #*BspKnotDiscontUniformOpen(int Len, int Order, CagdRType #*KnotVector)

Len: Of control polygon/mesh of curve/surface that is to use this knot vector.
Order: Of the curve/surface that is to use this knot vector.

KnotVector: If new knot vector is to be saved here, otherwise a new space is allocated.

Returns: The created uniform open knot vector, either newly allocated or given in Knotvector and just
initialized.

Description: Returns a discontinuous uniform open knot vector for Len Control points and order Order. The
actual length of the KV is Len 4+ Order. The generated sequence is of the form 70000111222 ... nnnn”
and Hence Len + Order must equal 2 * Order + 3 * x * (Order - 1). If KnotVector is NULL it is being allocated
dynamically.

3.2.95 BspKnotDoubleKnots (bsp_knot.c:1429)

CagdRType *BspKnotDoubleKnots(const CagdRType *KnotVector, int *Len, int Order)

KnotVector: To average out.

Len: Length of KnotVector. This is not the length of the curve or surface using this knot vector. Len is updated
in the end to the length of the returned vector.

Order: Order of freeform geometry using this knot sequence.
Returns: The averaged knot vector of length (Len - Ave + 1).

Description: Creates a new knot vector from the given KnotVector that includes knot values in the middle of
any two adjacent knots that are different in value.
See also: BspKnotNodes,

3.2.96 BspKnotEvalAlphaCoef (cagdoslo.c:88)

BspKnotAlphaCoeffStruct *BspKnotEvalAlphaCoef (int k,
CagdRType *KVT,
int LengthKVT,
CagdRType *KVt,
int LengthKVt,
int Periodic)

k: Order of geometry.



KVT: Original knot vector.

LengthKVT: Length of original control polygon with KVT knot vector.
KVt: Refined knot vector. Must contain all knots of KVT.
LengthKVt: Length of refined control polygon with KVt knot vector.

Periodic: If the refinement is for a periodic entity.

Returns: A matrix to multiply the coefficients of the geometry using KVT, in order to get the coefficients
under the space defined using KVt that represent the same geometry.

Description: Computes the values of the alpha coefficients, Aik(j) of order k:
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C(t) = \ Pi Bi,k(t) = \ Pi \ Ai,k(j) Nj,k(t) =\ (\ Pi Ai,k(j) Nj,k(t)
/ / / /
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Let T be the original knot vector and let t be the refined one, i.e. T is a subset of t. The Aik(j) are computed from
the following recursive definition:

1, T(i) <= t(i) < T(i+1)

Ai1(5) =
0, otherwise.
T(j+k-1) - T(1) T(i+k) - T(j+k-1)
Ai,k(j) = —————————————- Ai,k-1(j) + ——————————————- Ai+1,k-1(3)
T(i+k-1) - T(i) T(i+k) - T(i+1)

LengthKVT + k is the length of KVT and similarly LengthKVt + k is the length of KVt. In other words, LengthKVT
and LengthKVt are the control points len...

The output matrix has LengthKVT rows and LengthKVt columns (#cols > #rows) Collndex/Length hold Length-
KVt pairs of first non zero scalar and length of non zero values in that column, so not all LengthKVT scalars are
blended.

See also: BspKnotFreeAlphaCoef, BspKnotEvalAlphaCoefMerge, BspCrvKnotInsert, , BspSrfKnotInsert, Bsp-
KnotAlphaLoopBlendPeriodic, , BspKnot AlphaL.oopBlendNotPeriodic, BspKnotAlphalL.oopBlendStep,

3.2.97 BspKnotEvalAlphaCoefldentity (cagdoslo.c:432)

static BspKnotAlphaCoeffStruct *BspKnotEvalAlphaCoefIdentity(int k,
CagdRType *KVT,
int LengthKVT,
int Periodic)

k: Order of geometry.
KVT: knot vector. Both in and out.
LengthKVT: Length of control polygon with the KVT knot vector.

Periodic: If the refinement is for a periodic entity.

Returns: A matrix to multiply the coefficients of the geometry using KVT, in order to get the coefficients
under the space defined using KVt that represent the same geometry.

Description: Computes an identity (diagonal) Alpha matrix. In cases it is used, for efficiency reasons...

See also: BspKnotFreeAlphaCoef, BspKnotEvalAlphaCoefMerge, BspCrvKnotInsert, , BspSrfKnotInsert, Bsp-
KnotAlphaLoopBlendPeriodic, , BspKnot AlphaLoopBlendNotPeriodic, BspKnotAlphal.oopBlendStep, , BspKnotE-
valAlphaCoef,



3.2.98 BspKnotEvalAlphaCoefMerge (cagdoslo.c:708)

BspKnotAlphaCoeffStruct *BspKnotEvalAlphaCoefMerge(int k,
CagdRType *KVT,
int LengthKVT,
CagdRType *NewKV,
int LengthNewKV,
int Periodic)

k: Order of geometry.

KVT: Original knot vector.

LengthKVT: Length of original knot vector.

NewKV: A sequence of new knots to introduce into KVT.
LengthNewKYV: Length of new knot sequence.

Periodic: If the refinement is for a periodic entity.

Returns: A matrix to multiply the coefficients of the geometry using KVT, in order to get the coefficients
under the space defined using KVt that represent the same geometry.

Description: Same as EvalAlphaCoef but the new knot set NewKYV is merged with KVT to form the new knot
vector KVt.

See also: BspKnotFreeAlphaCoef, BspKnotEvalAlphaCoef, BspCrvKnotInsert, , BspSrfKnotInsert,

3.2.99 BspKnotFindMult (bsp_knot.c:2053)

int BspKnotFindMult(const CagdRType *KnotVector,
int Order,
int Len,
CagdRType t)
KnotVector: To test multiplicity of knot value t at.
Order: Of geometry that exploits KnotVector.

Len: Length of curve/surface using KnotVector. This is NOT the length of KnotVector which is equal to (Len
+ Order).

t: The knot to verify the multiplicity of.
Returns: Multiplicity of t in KnotVector.

Description: Returns the multiplicity of knot t in knot vector KnotVector, zero if none.

3.2.100 BspKnotFirstIndexG (bsp_knot.c:396)

int BspKnotFirstIndexG(const CagdRType *KnotVector,
int Len,
CagdRType t,
CagdRType Tol)
KnotVector: To search for a knot with the G relation to t.
Len: Of knot vector. This is not the length of the curve/surface using this KnotVector.
t: The parameter value to search for the G relation.

Tol: Tolerance of comparisons.

Returns: Index of first knot in KnotVector that is greater than t or Len if t is greater than last knot in
KnotVector.

Description: Returns the index of the first knot which is greater than t in the given knot vector KnotVector of
length Len. IRIT_ APX_EQ_EPS is used for equality. Parameter t is assumed to be in the parametric domain for the
knot vector.



3.2.101 BspKnotFreeAlphaCoef (cagdoslo.c:647)

void BspKnotFreeAlphaCoef (BspKnotAlphaCoeffStruct *A)

A: Alpha matrix to free.
Returns: void

Description: Frees the BspKnotAlphaCoeffStruct data structure.
See also: BspKnotEvalAlphaCoef, BspKnotEvalAlphaCoefMerge, BspKnotCopyAlphaCoef, , BspCrvKnotIn-
sert, BspSrfKnotInsert,

3.2.102 BspKnotHasBezierKV (bsp_knot.c:84)

CagdBType BspKnotHasBezierKV(const CagdRType *KnotVector, int Len, int Order)

KnotVector: To check for open end and no interior knots conditions.
Len: Of control mesh of this knot vector.

Order: Of curve/surface the exploits this knot vector.
Returns: TRUE if has open end conditions and no interior knots, FALSE otherwise.

Description: Returns TRUE iff the given knot vector of length (Len + Order) has no interior knots and it has
an open end conditions.

3.2.103 BspKnotHasOpenEC (bsp_knot.c:186)

CagdBType BspKnotHasOpenEC(const CagdRType *KnotVector, int Len, int Order)

KnotVector: To check for open end condition.
Len: Of control mesh of this knot vector.

Order: Of curve/surface the exploits this knot vector.
Returns: TRUE if KV has open end conditions.
Description: Returns TRUE iff the given knot vector of length (Len + Order) has open end conditions.

3.2.104 BspKnotInsertMult (bsp_knot.c:1997)

CagdRType *BspKnotInsertMult(const CagdRType *KnotVector,
int Order,
int *Len,

CagdRType t,
int Mult)

KnotVector: To insert new knot t in.
Order: Of geometry that exploits KnotVector.

Len: Length of curve/surface using KnotVector. This is NOT the length of KnotVector which is equal to
(Length + Order).
t: The new knot t to insert.

Mult: The multiplicity that this knot should have in resulting knot vector.
Returns: A new knot vector derived from KnotVector that has a mltiplicity of exacly Mult at the knot t.

Description: Inserts Mult knots with value t into the knot vector KnotVector. Attempt is made to make sure
t in knot vector domain. If a knot equal to t (up to IRIT_APX_EQ) already exists with multiplicity i only (Mult
- 1) knot are being inserted into the new knot vector. Len is updated to the resulting knot vector. It is possible
to DELETE a knot using this routine by specifying multiplicity less then current multiplicity! This function only
constructs a refined knot vector and does not compute the actual refined coefficients.



3.2.105 BspKnotInsertOne (bsp_knot.c:1957)

CagdRType *BspKnotInsertOne(const CagdRType *KnotVector,

it Graes,

int Len,
CagdRType t)
KnotVector: To insert new knot t in.
Order: Of geometry that exploits KnotVector.

Len: Length of curve/surface using KnotVector. This is NOT the length of KnotVector which is equal to
(Length + Order).

t: The new knot t to insert.
Returns: A new knot vector larger by one than KnotVector that contains t.

Description: Creates a new vector with t inserted as a new knot. Attempt is made to make sure t is in the knot
vector domain. No test is made for the current multiplicity of knot t in KnotVector. This function only constructs a
refined knot vector and does not compute the actual refined coefficients.

3.2.106 BspKnotLastIndexL (bsp_knot.c:345)

int BspKnotLastIndexL(const CagdRType *KnotVector,
int Len,
CagdRType t,
CagdRType Tol)
KnotVector: To search for a knot with the L relation to t.
Len: Of knot vector. This is not the length of the curve/surface using this KnotVector.

t: The parameter value to search for the L relation.

Tol: Tolerance of comparisons.
Returns: Index of last knot in KnotVector that is less than t or -1 if t is below the first knot.

Description: Returns the index of the last knot which is less t in the given knot vector KnotVector of length
Len. IRIT_APX_EQ_EPS is used for equality. Parameter t is assumed to be in the parametric domain for the knot
vector.

3.2.107 BspKnotLastIndexLE (bsp_knot.c:294)

int BspKnotLastIndexLE(const CagdRType *KnotVector,
int Len,
CagdRType t,
CagdRType Tol)
KnotVector: To search for a knot with the LE relation to t.
Len: Of knot vector. This is not the length of the curve/surface using this KnotVector.

t: The parameter value to search for the LE relation.

Tol: Tolerance of comparisons.
Returns: Index of last knot in KnotVector that is LE t, or -1 if t is below the first knot.

Description: Returns the index of the last knot which is less than or equal to t in the given knot vector
KnotVector of length Len. IRIT_APX_EQ_UEPS is used in equality. Parameter t is assumed to be in the parametric
domain for the knot vector.



3.2.108 BspKnotMakeRobustKV (bsp_knot.c:2794)
CagdBType BspKnotMakeRobustKV(CagdRType *KV, int Len)

KV: Knot vector to make robust, in place.
Len: Length of knot vector KV.
Returns: TRUE if the knot sequence has been modified.

Description: Given a knot vector, make sure adjacent knots that are close ”enough” are actually identical.
Important for robustness of subdiv/refinement algs.
See also: BspKnotVerifyKVValidity,

3.2.109 BspKnotMergeTwo (bsp_knot.c:1247)

CagdRType *BspKnotMergeTwo(const CagdRType *KnotVectorl,
int Lenl, -
const CagdRType *KnotVector2,
int Len2,
int Mult,

int *NewLen)

KnotVectorl: First knot vector.

Lenl: Length of KnotVectorl. This is not the length of the curve or surface using this knot vector.
KnotVector2: Second knot vector.

Len2: Length of KnotVector2. This is not the length of the curve or surface using this knot vector.
Mult: Maximum multiplicity to allow in merged knot vector.

NewLen: To save the size of the knot vector that contains the merged knot vectors.

Returns: The merged knot verctor (KnotVectorl U KnotVector2).

Description: Merges two knot vector KnotVectorl and KnotVector2 of length Lenl and Len2 respectively into
one. If Mult is not zero then knot multiplicity is tested not to be larger than Mult value. NewLen is set to new
KnotVector length.

3.2.110 BspKnotMinDmnBzrIdx (bsp_knot.c:2154)

int BspKnotMinDmnBzrIdx(const CagdRType *KnotVector,
int Len,
int Order,
CagdRType MinDmn,
CagdRType Eps)
KnotVector: To derive a specific Bezier domain for.
Len: Length of the KnotVector.
Order: The order of the basis functions using this KnotVector.
MinDmn: The minimum of the Bezier domain we seek its index.
Eps: Tolerance of approximated equal knot.
Returns: The computed index, or -1 if error.

Description: Compute the index (starting from zero) of the Bezier polynomial domain that starts at MinDmn.
See also: BspKnotsMultiplicity Vector,

3.2.111 BspKnotMultiplicity (bsp_knot.c:440)

int BspKnotMultiplicity(const CagdRType *KnotVector, int Len, int Idx)
KnotVector: To compute the multiplicity of knot index Idx.
Len: Of knot vector. This is not the length of the curve/surface using this KnotVector.
Idx: Index of knot to compute its multiplicity.
Returns: Multiplicity of the knot. At least one.
Description: Computes the multiplicity of given knot index Idx in KnotVector,



3.2.112 BspKnotNode (bsp_knot.c:1599)

CagdRType BspKnotNode(const CagdRType *KnotVector, int i, int Order)

KnotVector: To average out as nodes. Can be NULL in which case a Bezier case is assumed.
i: Index of control points. First index is zero.
Order: Of curve or surface that exploits this knot vector.

Returns: The node value as a parameter value estimation for the i’th control point.

Description: Computes a parameter value estimation (as a node value) for the i’th control point. The parameter
value (the node) is defined as (k = Order - 1 or degree):

i+k
\
/ KnotVector(j)
j=i+l
N(i) =
k

See also: BspKnotAverage, BspKnotNodes, BspKnotPeriodicNodes,

3.2.113 BspKnotNodes (bsp_knot.c:1533)

CagdRType #*BspKnotNodes(const CagdRType *KnotVector, int Len, int Order)

KnotVector: To average out as nodes.
Len: Length of KnotVector. This is not the length of the curve or surface using this knot vector.

Order: Of curve or surface that exploits this knot vector.
Returns: The nodes computed for the given knot vector.

Description: Creates a new vector with the given KnotVector Node values. The given knot vector is assumed to
have open end conditions. The nodes are the approximated parametric value associated with the each control point.
Therefore for a knot vector of length Len and order Order there are Len - Order control points and therefore nodes.
Nodes are defined as (k = Order - 1 or degree):
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See also: BspKnotAverage, BspKnotPeriodicNodes,

3.2.114 BspKnotParamInDomain (bsp_knot.c:253)

parametric domain

CagdBType BspKnotParamInDomain(const CagdRType *KnotVector,
int Len,
int Order,

CagdBType Periodic,
CagdRType t)

KnotVector: To verify t is indeed in.

Len: Length of curve/surface using KnotVector. This is NOT the length of KnotVector which is equal to
(Length + Order).



Order: Order of curve/surface using KnotVector.
Periodic: TRUE if this KnotVector is periodic.

t: Parametric value to verify.
Returns: TRUE, if t is contained in the parametric domain, FALSE otherwise.

Description: Returns TRUE iff t is in the parametric domain as define by the knot vector KnotVector, its length
Len, and the order Order.

3.2.115 BspKnotParamValues (bsp_knot.c:2695)

piecewise linear approximation

knot vectors

CagdRType *BspKnotParamValues(CagdRType PMin,

CagdRType PMax,
int NumSamples,
CagdRType *ClDisconts,
int NumC1Disconts)

PMin: Minimum of parametric domain.

PMax: Maximum of parametric domain.

NumSamples: To allocate for the vector of samples.

C1Disconts: A vector of potential C1 discontinuities in the (PMin, PMax) domain. This vector is freed by
this routine, if it is not NULL.

NumC1Disconts: Length of C1Discont. if zero then C1Discont == NULL.
Returns: A vector of the suggested set of sampling locations.

Description: Routine to determine where to sample along the provided paramtric domain, given the C1 discon-
tinuities along it. Returns a vector of length NumSamples. If C1Disconts != NULL (NumC1Disconts > 0), C1Discont
is being freed.

3.2.116 BspKnotPeriodicNodes (bsp_knot.c:1650)

knot vectors
node values

CagdRType *BspKnotPeriodicNodes(const CagdRType *KnotVector,
int Len,
int Order)
KnotVector: To average out as nodes.
Len: Length of periodic KnotVector. This is not the length of the curve or surface using this knot vector.

Order: Of curve or surface that exploits this knot vector.
Returns: The nodes computed for the given knot vector.

Description: Creates a new vector with the given KnotVector Node values. The given knot vector is assumed
to have periodic end conditions. The nodes are the approximated parametric value associated with the each control
point. Therefore for a knot vector of length Len and order Order there are Len - Order control points and therefore
nodes. Nodes are defined as (k = Order - 1 or degree):
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See also: BspKnotAverage, BspKnotNodes,



3.2.117 BspKnotPrepEquallySpaced (cagdoslo.c:756)

CagdRType #*BspKnotPrepEquallySpaced(const CagdRType *KV,
int KVLen,
int KVOrder,
int *n,
CagdRType Tmin,
CagdRType Tmax)

KV: The knot vector to refine.

KVLen: The total length of the KV (Control polygon Length + Order).

KVOrder: The order of the space.

n: Number of knots to introduce. Returns the actual introduced which can be a bit less if a knot already found
in proximity.

Tmin: Minimum domain to introduce knots.

Tmax: Maximum domain to introduce knots.

Returns: A vector of n knots uniformly spaced between TMin and TMax.

Description: Prepares a refinement vector for the given knot vector domain with n inserted knots equally spaced.

3.2.118 BspKnotReverse (bsp_knot.c:1072)

CagdRType #*BspKnotReverse(const CagdRType *KnotVector, int Len)
KnotVector: Knot vector to be reversed.
Len: Length of knot vector. This is not the length of the curve or surface using this knot vector.
Returns: The reversed knot vector.

Description: Reverse a knot vector of length Len. Reversing of knot vector keeps the knots monotonically
non-decreasing as well as the parametric domain. Only the spaces between the knots are being flipped. For example
the knot vector:

[0D00012266 6 6]
is reversed to be:
[000044566 6 6]

3.2.119 BspKnotScale (bsp_knot.c:788)

void BspKnotScale(CagdRType *KnotVector, int Len, CagdRType Scale)

KnotVector: To affinely transform.

Len: Of knot vector. This is not the length of the curve or surface using this knot vector.
Scale: Amount to scale the knot vector.

Returns: void

Description: Applies a scale transformation to the given knot vector. Note scale transformation on the knot
vector does not change the Bspline curve. Knot vector is scaled by Scale as KV[i] = KV[i] * Scale. Scaling is taken
place in place.

See also: BspKnotTranslate, BspKnotAffineTrans, BspKnotAffineTrans2,

3.2.120 BspKnotSortKVMonotone (bsp_knot.c:3073)

void BspKnotSortKVMonotone(CagdRType *KV, int Len)
KV: To verify and ensure it is monotone, in place.
Len: Length of KV.
Returns: void

Description: Verify and sort the given knot sequence, in place, so it is monotone.
See also: BspKnotVerifyKV Validity,



3.2.121 BspKnotSubtrTwo (bsp_knot.c:1176)

CagdRType #*BspKnotSubtrTwo(const CagdRType *KnotVectorl,

int Leat,
refinement

const CagdRType *KnotVector2,

int Len2,

int *NewLen)
KnotVectorl: First knot vector.
Lenl: Length of KnotVectorl. This is not the length of the curve or surface using this knot vector.
KnotVector2: Second knot vector.
Len2: Length of KnotVector2. This is not the length of the curve or surface using this knot vector.
NewLen: To save the size of the knot vector that contains the computed subset of KnotVectorl / KnotVector2.
Returns: The subset of knot in KnotVectorl that are not in KnotVector2 (KnotVectorl / KnotVector2).

Description: Returns a knot vector that contains all the knots in KnotVectorl that are not in KnotVector2.
NewLen is set to new KnotVector length.

3.2.122 BspKnotTranslate (bsp_knot.c:824)

void BspKnotTranslate(CagdRType *KnotVector, int Len, CagdRType Trans)

KnotVector: To translate.

Len: Of knot vector. This is not the length of the curve or surface using this knot vector.
Trans: Amount to translate the knot vector.

Returns: void

Description: Applies a translation transformation to the given knot vector. Note translation transformation on
the knot vector does not change the Bspline curve. Knot vector is translated by Trans as KV[i] = KV[i] + Trans.
Translation is taken place in place.

See also: BspKnotScale, BspKnotAffineTrans, BspKnotAffineTrans2,

3.2.123 BspKnotUniformFloat (bsp_knot.c:513)

CagdRType *BspKnotUniformFloat(int Len, int Order, CagdRType *KnotVector) [ floating end conditions

end conditions

Len: Of control polygon/mesh of curve/surface that is to use this knot vector.
Order: Of the curve/surface that is to use this knot vector.
KnotVector: If new knot vector is to be saved here, otherwise a new space is allocated.
Returns: The created uniform floating knot vector, either newly allocated or given in Knotvector and just
initialized.
Description: Returns a uniform floating knot vector for Len Control points and order Order. The actual length
of the KV is Len + Order. If KnotVector is NULL it is being allocated dynamically.

3.2.124 BspKnotUniformOpen (bsp_knot.c:552)

knot vectors

CagdRType *BspKnotUniformOpen(int Len, int Order, CagdRType *KnotVector)

Len: Of control polygon/mesh of curve/surface that is to use this knot vector.
Order: Of the curve/surface that is to use this knot vector.

KnotVector: If new knot vector is to be saved here, otherwise a new space is allocated.

Returns: The created uniform open knot vector, either newly allocated or given in Knotvector and just
initialized.
Description: Returns a uniform open knot vector for Len Control points and order Order. The actual length of
the KV is Len + Order. If KnotVector is NULL it is being allocated dynamically.



3.2.125 BspKnotUniformPeriodic (bsp_knot.c:474)

periodic end conditions

CagdRType *BspKnotUniformPeriodic(int Len, int Order, CagdRType #*KnotVector) |

end conditions

Len: Of control polygon/mesh of curve/surface that is to use this knot vector.
Order: Of the curve/surface that is to use this knot vector.

KnotVector: If new knot vector is to be saved here, otherwise a new space is allocated.

Returns: The created uniform periodic knot vector, either newly allocated or given in Knotvector and just
initialized.

Description: Returns a uniform periodic knot vector for Len Control points and order Order. The actual length
of the KV is Len + Order + Order - 1. If KnotVector is NULL it is being allocated dynamically.

3.2.126 BspKnotVectorsSame (bsp_knot.c:2840)

CagdBType BspKnotVectorsSame(const CagdRType *KV1,
const CagdRType *KV2,
int Len,

CagdRType Eps)

KV1, KV2: The two knot vectors to compare.
Len: Length of knot vectors.

Eps: Tolerance of equality.
Returns: TRUE if knot vectors are the same, FALSE otherwise.

Description: Compare the two knot vectors for similarity.
See also: CagdCtlPointsSame, CagdCrvsSame, CagdSrfsSame,

3.2.127 BspKnotVerifyKVValidity (bsp_knot.c:2917)

int BspKnotVerifyKVValidity(CagdRType *KV, int Order, int Len, CagdRType Tol)

KV: To validate its knots in, place.

Order: Of the knot sequence.

Len: Such that Len + Order equals the number of knots in KV.
Tol: Tolerance to consider two knots the same.

Returns: 1 if valid, -1 if was validated in place and is valid now, 0 if failed to validate.

Description: Verify that the given knot sequence is a valid one up to tolerance Tol. That is no more than order
knots are similar up to Tol and that the knot sequence is monotone. Updated in place, if can.
See also: BspKnotSortKVMonotone,

3.2.128 BspKnotVerifyPeriodicKV (bsp_knot.c:2872)

void BspKnotVerifyPeriodicKV(CagdRType *KV, int Order, int Len)

KV: To update its knots outside the entity’s domain.
Order: Of the entity.
Len: Such that Len + Order equals the number of knots in KV.

Returns: void

Description: Update the two ends (knots outside the curve’s domain) to match the same spacing as the inner
knots on the other end... Updates KV in place.



3.2.129 BspKnotsGetIntervals (bsp_knot.c:2202)

void BspKnotsGetIntervals(const CagdRType *KV,
int KVLen,
CagdRType **KnotIntervals,
int *IntervalCount)

KV: To derive its knot intervals.

KVLen: Length of the KnotVector.

KnotIntervals: (Out parameter) Vector of the knot intervals (unique values found in KV). Allocated dynam-
ically & returned.

IntervalCount: (Out parameter) The resulting size of KnotIntervals - number of actual intervals found.
Returns: void

Description: Computes the knot intervals of the given knot sequence (i.e. a sequence of unique knot values).
For example: (0, 0, 0, 1, 2, 2, 3, 3, 3) will be converted to KnotIntervals: (0, 1, 2, 3) and KnotCount of 4. The knot
sequence is returned in KnotIntervals (allocated inside the function) and its length in IntervalCount.

See also: BspKnotsMultiplicity Vector,

3.2.130 BspKnotsMultiplicityVector (bsp_knot.c:2104)

int BspKnotsMultiplicityVector(const CagdRType *KnotVector,
int Len,
CagdRType *KnotValues,
int *KnotMultiplicities,
CagdRType Eps)
KnotVector: To derive its multiplicity/value vectors.
Len: Length of the KnotVector.
KnotValues: Vector of the unique values found in KnotVector.
KnotMultiplicities: Multiplicities of unique values found in Knotvector. Can be NULL to ignore.

Eps: Tolerance of approximated equal knot.
Returns: Size of vectors KnotValues/KnotMultiplicities.

Description: Computes the multiplicity /value vectors of the given knot sequence. For example: (0, 0, 0, 1, 2,
2, 3, 3, 3) will be converted to: KnotValues of (0, 1, 2, 3) and KnotMultiplicities of (3, 1, 2, 3). KnotValues and
KnotMultiplicities are assumed big enough vectors to hold the result.

See also: BspKnotsGetlIntervals,

3.2.131 BspMakeReparamCurve (cbsp_int.c:1719)

CagdCrvStruct *BspMakeReparamCurve(const CagdPtStruct *PtsList,
int Order,
int DegOfFreedom)
PtsList: List of points on the reparametrization curve.
Order: of reparametrization curve.

DegOfFreedom: of reparametrization curve (== number of coefficients).
Returns: Result of reparametrization curve, computed using list squares fit.

Description: Computes a reparametrization scalar Bspline curve, y(x), so that each at each point in PtsList,
the curve parameter value of X is evaluated into Y.
See also: BspCrvInterpolate,



3.2.132 BspMeshC1PtsCollinear (bsp_gen.c:629)

CagdBType BspMeshC1PtsCollinear(const CagdPType PtO,
const CagdPType Pt1l,
const CagdPType Pt2,
CagdRType *LenRatio)
Pt0, Pt1, Pt2: Three points to check for collinearity along possible C~1 discont.

LenRatio: To verify (if IRITINFNTY) or compute (if IRIT_.INFNTY).
Returns: TRUE if collinear, FALSE otherwise.

Description: Examines the collinearity of the given three points and also verify (if First FALSE) or compute
the lengths ratios.
See also: BspSrfMeshC1Continuous, TrivT'VMeshC1Continuous, BspSrfMeshC1Continuous,

3.2.133 BspPeriodicCrvINew (bsp_gen.c:181)

CagdCrvStruct *BspPeriodicCrvNew(int Length,
int Order,
CagdBType Periodic,
CagdPointType PType)
Length: Number of control points
Order: The order of the curve
Periodic: Is this curve periodic?

PType: Type of control points (E2, P3, etc.).
Returns: An uninitialized freeform Bspline curve. If Periodic is FALSE, this function is identical to BspCrvNew.

Description: Allocates the memory required for a new, possibly periodic, Bspline curve.
See also: BzrCrvNew, BspCrvNew, CagdCrvNew, CagdPeriodicCrvNew, TrimCrvNew,

3.2.134 BspPeriodicSrfNew (bsp_gen.c:92)

CagdSrfStruct *BspPeriodicSrfNew(int ULength,

int VLength,

int UOrder,

int VOrder,

CagdBType UPeriodic,

CagdBType VPeriodic,

CagdPointType PType)
ULength: Number of control points in the U direction.
VLength: Number of control points in the V direction.
UOrder: The order of the surface in the U direction.
VOrder: The order of the surface in the V direction.
UPeriodic: Is this surface periodic in the U direction?
VPeriodic: Is this surface periodic in the V direction?

PType: Type of control points (E2, P3, etc.).

Returns: An uninitialized freeform Bspline surface. If both UPeriodic and VPeriodic are FALSE, this function
is identical to BspSrfNew.

Description: Allocates the memory required for a new, possibly periodic, Bspline surface.
See also: BspSrfNew, BzrSrfNew, CagdSrfNew, CagdPeriodicSrfNew, TrimSrfNew,



3.2.135 BspPtSamplesToKV (cbsp_int.c:517)

CagdRType *BspPtSamplesToKV(const CagdRType *PtsSamples,
int NumPts,
int CrvOrder,
int CrvLength)
PtsSamples: The parameter values of the data.
NumPts: Number of parameters in PtsSamples.
CrvOrder: Order of curve that will employ the constructed knot vector.
CrvLength: Length of curve that will employ constructed knot vector.

Returns: Constructed knot vector.

Description: Given NumPts parameter values (in PtsSamples), construct a knot vector for a curve of order
CrvOrder and CrvLength control points to fit to this data set.
See also: BspKnotAverage,

3.2.136 BspReparameterizeCrv (cbsp_aux.c:1734)

void BspReparameterizeCrv(CagdCrvStruct *Crv,
CagdParametrizationType ParamType)
Crv: The curve to update its paraametrization.
ParamType: The desired parametrization type: uniform, chord len., etc.

Returns: void

Description: Reparameterize a curve to follow a desired parametrization.
See also: BspCrvInterpBuildKVs, BspReparameterizeSrf,

3.2.137 BspReparameterizeSrf (sbsp_aux.c:1994)

void BspReparameterizeSrf (CagdSrfStruct *Srf,
CagdSrfDirType Dir,
CagdParametrizationType ParamType)
Srf: The surface to update its paraametrization.
Dir: Parametric direction to reparameterize.
ParamType: The desired parametrization type: uniform, chord len., etc.

Returns: void

Description: Reparameterize a surface to follow a desired parametrization.
See also: BspCrvInterpBuildKVs, BspReparameterizeCrv,

3.2.138 BspSrf2Curves (bsp2poly.c:835)

CagdCrvStruct *BspSrf2Curves(const CagdSrfStruct *Srf,

int NumOfIsocurves[2])

Srf: To extract isoparametric curves from.

NumOfIsocurves: In each (U or V) direction.

Returns: List of extracted isoparametric curves. These curves inherit the order and continuity of the original
Srf. NULL is returned in case of an error.

Description: Routine to extract from a B-spline surface NumOfIsoline isocurve list in each param. direction. Iso
parametric curves are sampled equally spaced in parametric space. NULL is returned in case of an error, otherwise
list of CagdCrvStruct.

See also: BspSrf22Polylines, BzrSrf2PCurves, SymbSrf2Curves,



3.2.139 BspSrf2PolygonSetErrFunc (bsp2poly.c:105)

CagdSrfErrorFuncType BspSrf2PolygonSetErrFunc(CagdSrfErrorFuncType Func,
void #*Data)

Func: New function to use, NULL to disable.
Data: Optional reference to data to transfer to the function.
Returns: Old value of function.

Description: Sets the surface approximation error function. The error function will return a negative value if
this patch must be purged or otherwise a non negative error measure.
See also: BspSrf2Polygons,

3.2.140 BspSrf2Polygons (bsp2poly.c:146)

| surface approximation

IPPolygonStruct *BspSrf2Polygons(const CagdSrfStruct *Srf,
const CagdSrf2PlsInfoStrct *TessInfo)

Srf: To approximate into triangles.

TessInfo: Auxiliary tessellation information.

Returns: A list of polygons with optional normal and/or UV parametric information. NULL is returned in
case of an error.

Description: Routine to convert a single B-spline surface to set of triangles approximating it. FineNess is a
fineness control on result and the larger is more triangles may result. A value of 10 is a good start value. NULL
is returned in case of an error, otherwise list of IPPolygonStruct. This routine looks for C1 discontinuities in the
surface and splits it into C1 continuous patches to invoke BspC1Srf2Polygons to gen. polygons.

See also: BspSrf2PolygonSetErrFunc, BzrSrf2Polygons, IritSurface2Polygons, , Irit TrimSrf2Polygons, CagdSrf2Polygons,
TrimSrf2Polygons, , BspC1Srf2Polygons, CagdSrf2Polygons,

3.2.141 BspSrf2PolygonsN (bsp2poly.c:252)

surface approximation

IPPolygonStruct *BspSrf2PolygonsN(const CagdSrfStruct *Srf,
int Nu,
int Nv,
CagdBType ComputeNormals,
CagdBType FourPerFlat,
CagdBType ComputeUV)

Srf: To approximate into triangles.

Nu, Nv: The number of uniform samples in U and V of surface.

ComputeNormals: If TRUE, normal information is also computed.

FourPerFlat: If TRUE, four triangles are created per flat surface. If FALSE, only 2 triangles are created.
ComputeUV: If TRUE, UV values are stored and returned as well.

Returns: A list of polygons with optional normal and/or UV parametric information. NULL is returned in
case of an error.

Description: Routine to convert a single B-spline surface to set of triangles approximating it. FineNess is a
fineness control on result and the larger is more triangles may result. A value of 10 is a good start value. NULL
is returned in case of an error, otherwise list of IPPolygonStruct. This routine looks for C1 discontinuities in the
surface and splits it into C1 continuous patches to invoke BspC1Srf2Polygons to gen. polygons.

See also: BspSrf2PolygonSetErrFunc, BzrSrf2Polygons, IritSurface2Polygons, , Irit TrimSrf2Polygons, CagdSrf2Polygons,
TrimSrf2Polygons, , BspC1Srf2Polygons, CagdSrf2Polygons, BspSrf2Polygons, , BzrSrf2PolygonsN, CagdSrf2PolygonsN,



3.2.142 BspSrf2PolygonsSamplesNuNv (bsp2poly.c:312)

CagdBType BspSrf2PolygonsSamplesNulNv(const CagdSrfStruct *Srf,
int Nu,
int Nv,
CagdBType ComputeNormals,
CagdBType ComputelUV,
CagdRType **PtWeights,
CagdPtStruct **PtMesh,
CagdVecStruct **PtNrml,
CagdUVStruct **UVMesh)

Srf: To sample in a grid.

Nu, Nv: The number of uniform samples in U and V of surface.

ComputeNormals: If TRUE, normal information is also computed.

ComputeUV: If TRUE, UV values are stored and returned as well.

PtWeights: Weights of the evaluations, if rational, to detect poles. NULL if surface nor rational.
PtMesh: Evaluted positions of grid of samples.

PtNrml: Evaluted normals of grid of samples or NULL if none.

UVMesh: Evaluted UV vals of grid of samples or NULL if none.

Returns: FALSE is returned in case of an error, TRUE otherwise.

Description: Routine to uniformly sample a single Bspline srf as a grid. Nu and Nv fix the grid’s sizes. FALSE
is returned in case of an error, TRUE otherwise.

See also: BspSrf2Polygons, IritSurface2Polygons, IritTrimSrf2Polygons, , CagdSrf2Polygons, TrimSrf2Polygons,
BzrSrf2PolygonsSamples, , BspC1Srf2PolygonsSamples,

3.2.143 BspSrf2Polylines (bsp2poly.c:682)

CagdPolylineStruct *BspSrf2Polylines(const CagdSrfStruct *Srf,

int NumOfIsocurves[2],
int SamplesPerCurve)

Srf: Srf to extract isoparametric curves from.
NumOfIsocurves: To extarct from Srf in each (U or V) direction.

SamplesPerCurve: Fineness control on piecewise linear curve approximation.

Returns: List of polygons representing a piecewise linear approximation of the extracted isoparamteric curves
or NULL is case of an error.

Description: Routine to convert a single Bspline surface to NumOfIsolines polylines in each parametric direction
with SamplesPerCurve in each isoparametric curve. Polyline are always E3 of CagdPolylineStruct type. Iso parametric
curves are sampled equally spaced in parametric space. NULL is returned in case of an error, otherwise list of
CagdPolylineStruct. Attempt is made to extract isolines along C1 discontinuities first.

See also: BspCrv2Polyline, BzrSrf2Polylines, IritSurface2Polylines, , IritTrimSrf2Polylines, SymbSr{f2Polylines,
TrimSrf2Polylines, CagdSrf2Polylines,

3.2.144 BspSrfC1DiscontCrvs (sbspeval.c:468)

CagdCrvStruct *BspSrfCiDiscontCrvs(const CagdSrfStruct *Srf)

Srf: To extract its C1 discontinuity curves.
Returns: The C1 discontinuities as a list of isoaprametric curves.

Description: Extracts the C1 discontinuity curves from the given Bspline surface. This routine detects potential
discontinuities in the control mesh by seeking knots of Order-1 multiplicity. Potential discontinuities that materialize
as real (by examining the mesh itself along that line) are extracted as isoparametric curves.

See also: BspSrfCrvFromSrf, BspKnot AllC1Discont, BspSrflsC1DiscontAt, , BspSrfHasC1Discont,



3.2.145 BspSrfCrvFromMesh (sbspeval.c:388)

CagdCrvStruct *BspSrfCrvFromMesh(const CagdSrfStruct *Srf,
int Index,
CagdSrfDirType Dir)
Srf: To extract a curve from.
Index: Index along the mesh of Srf to extract the curve from.
Dir: Direction of extracted curve. Either U or V.

Returns: A curve from Srf. This curve inherit the order and continuity of surface Srf in direction Dir. However,
thiscurve is not on surface Srf, in general.

Description: Extracts a curve from the mesh of a tensor product Bspline surface Srf in direction Dir at index
Index.
See also: CagdCrvFromSrf, BzrSrfCrvFromSrf, BspSrfCrvFromSrf, , CagdCrvFromMesh, BzrSrfCrvFromMesh,

3.2.146 BspSrfCrvFromSrf (sbspeval.c:295)
[curve trom surfoce |

CagdCrvStruct *BspSrfCrvFromSrf(const CagdSrfStruct *Srf,
CagdRType t,
CagdSrfDirType dir)
Srf: To extract an isoparametric curve from.
t: Parameter value of extracted isoparametric curve.
dir: Direction of the isocurve on the surface. Either U or V.

Returns: An isoparametric curve of Srf. This curve inherits the order and continuity of surface Srf in direction
Dir.

Description: Extracts an isoparametric curve out of the given tensor product B-spline surface in direction Dir
at the parameter value of t. Operations should prefer the CONST_U_DIR, in which the extraction is somewhat faster
if that is possible.

See also: CagdCrvFromSrf, BzrSrfCrvFromSrf, CagdCrvFromMesh, BzrSrfCrvFromMesh, , BspSrfCrvFromMesh,

3.2.147 BspSrfDegreeRaise (sbsp_aux.c:620)

CagdSrfStruct *BspSrfDegreeRaise(const CagdSrfStruct *Srf, CagdSrfDirType Dir)

Srf: To raise it degree by one.
Dir: Direction of degree raising. Either U or V.

Returns: A surface with one degree higher in direction Dir, representing the same geometry as Srf.

Description: Returns a new Bspline surface, identical to the original but with one degree higher, in the requested
direction Dir.
See also: CagdSrfDegreeRaise, BzrSrfDegreeRaise, TrimSrfDegreeRaise, BspSrfDegreeRaiseN,

3.2.148 BspSrfDegreeRaiseN (sbsp_aux.c:789)

CagdSrfStruct *BspSrfDegreeRaiseN(const CagdSrfStruct *Srf,
int NewUOrder,
int NewVOrder)

Srf: To raise its degree.

NewUOrder: New U order of Srf.
NewVOrder: New V order of Srf.

Returns: A surface with higher degrees as prescribed by NewUOrder/NewVOrder.

Description: Returns a new Bspline surface, identical to the original but with higher degrees, as prescribed by
NewUOrder, NewVOrder.

See also: CagdSrfDegreeRaise, BzrSrfDegreeRaise, TrimSrfDegreeRaise, BspSrfDegreeRaise, BzrSrfDegreeRaiseN,
CagdSrfDegreeRaiseN,



3.2.149 BspSrfDerive (sbsp_aux.c:863)

partial derivatives

CagdSrfStruct *BspSrfDerive(const CagdSrfStruct #*Srf,
CagdSrfDirType Dir,
CagdBType DeriveScalar)

Srf: To differentiate.
Dir: Direction of differentiation. Either U or V.

DeriveScalar: TRUE to differentiate each channel independently. FALSE to treat geometry as a rational
differentiation.

Returns: Differentiated surface.

Description: Returns a new surface equal to the given surface, differentiated once in the direction Dir. Let old
control polygon be P(i), i = 0 to k-1, and Q(i) be new one then:

Q) = (k - 1) * (P(E+1) - P[E)) / (Kv(d + k) - Kv(i + 1)), i = 0 to k-2.

This is applied to all rows/cols of the surface.
See also: CagdSrfDerive, BzrSrfDerive, SymbSrfDeriveRational, , BspSrfDeriveScalar,

3.2.150 BspSrfDeriveScalar (sbsp_aux.c:985)

CagdSrfStruct *BspSrfDeriveScalar(const CagdSrfStruct *Srf, CagdSrfDirType Dir)

Srf: To differentiate.
Dir: Direction of differentiation. Either U or V.

Returns: Differentiated curve.

Description: Returns a new surface equal to the given surface, differentiated once in the direction Dir. Let old
control polygon be P(i), i = 0 to k-1, and Q(i) be new one then:

Qi) = (k - 1) * (P(i+1) - P(i)), i = 0 to k-2.

This is applied to all rows/cols of the surface. For a Euclidean surface this is the same as BspSrfDerive but for a
rational surface the returned surface is not the vector field but simply the derivatives of all the surface’s coefficients,
including the weights.

See also: BzrSrfDerive, CagdSrfDerive, SymbSrfDeriveRational, , BspSrfDerive, BzrSrfDeriveScalar, CagdSrfDeriveScalar,

3.2.151 BspSrfDomain (bsp_gen.c:251)

void BspSrfDomain(const CagdSrfStruct *Srf,
CagdRType *UMin,
CagdRType *UMax,
CagdRType *VMin,
CagdRType *VMax)

Srf: To get its parametric domain.

UMin: Where to put the minimal U domain’s boundary.

UMax: Where to put the maximal U domain’s boundary.
VMin: Where to put the minimal V domain’s boundary.

VMax: Where to put the maximal V domain’s boundary.
Returns: void

Description: Returns the parametric domain of a Bspline surface.
See also: CagdSrfDomain, TrimSrfDomain,



3.2.152 BspSrfEvalAtParamMalloc (sbspeval.c:260)

CagdRType #*BspSrfEvalAtParamMalloc(const CagdSrfStruct *Srf,
CagdRType u,
CagdRType v,
void =**Cache)

Srf: Surface to evaluate at the given (u, v) location.

u, v: Location where to evaluate the surface.

Cache: Optional cache for faster repeated evaluations of same U values.

Returns: A vector holding all the coefficients of all components of curve Crv’s point type. If for example the
curve’s point type is P2, the W, X, and Y will be saved in the first three locations of the returned vector.
The first location (index 0) of the returned vector is reserved for the rational coefficient W and XYZ always
starts at second location of the returned vector (index 1). This vector is allocated dynamically.

Description: Evaluates the given tensor product B-spline surface at a given point, by extracting an isoparamet-
ric curve along u from the surface and evaluating the curve at parameter v.

u -->
+-- +
| PO Pi-1|
V |Pi P2i-1| Parametric space orientation - control mesh.
(I |
v |Pn-i Pn-1|
o +

See also: CagdSrfEvalMalloc, BzrSrfEvalAtParamToData, BspSrfEvalAtParamToData, , BspSrfEvalAtParam-
ToData, TrimSrfEvalToData,

3.2.153 BspSrfEvalAtParamToData (sbspeval.c:44)

evaluation

void BspSrfEvalAtParamToData(const CagdSrfStruct *Srf,
CagdRType u,
CagdRType v,
CagdRType *R)
Srf: Surface to evaluate at the given (u, v) location.

u, v: Location where to evaluate the surface.

R: Where evaluated point should be saved.

Returns: void

Description: Evaluates the given tensor product B-spline surface at a given point, by extracting the basis func-
tions in U/V and blending them with the 2D matrix of the relevant control points.

u -—->
+-- +
| PO Pi-1|
V |Pi P2i-1| Parametric space orientation - control mesh.
(! |
v |Pn-i Pn-1|
+-- +

See also: CagdSrfEvalToData, BzrSrfEvalAtParamToData, BspSrfEvalAtParamToData, , BspSrfEvalAtParam-
Malloc, TrimSrfEvalToData,



3.2.154 BspSrfEvalAtParamToDataOld (sbspeval.c:148)

void BspSrvaalAtParamToDataDld(const CagdSrfStruct *Srf,
CagdRType u,
CagdRType v,
CagdRType *R)
Srf: Surface to evaluate at the given (u, v) location.
u, v: Location where to evaluate the surface.
R: Where evaluated point should be saved.

Returns: void

Description: Evaluates the given tensor product B-spline surface at a given point, by extracting an isoparamet-
ric curve along u from the surface and evaluating the curve at parameter v.

u -=>
o +
|PO Pi-1|
V |Pi P2i-1| Parametric space orientation - control mesh.
(! |
v |Pn-i Pn-1|
B +

See also: CagdSrfEvalToData, BzrSrfEvalAtParamToData, BspSrfEvalAtParamToData, , BspSrfEvalAtParam-
Malloc, TrimSrfEvalToData,

3.2.155 BspSrfExtension (bsp_gen.c:1211)

CagdSrfStruct *BspSrfExtension(const CagdSrfStruct *0rigSrf,
const CagdBType *ExtDirs,
CagdRType EpsilonU,
CagdRType EpsilonV,
CagdBType RemoveExtraKnots)

OrigSrf: The surface to be extended.

ExtDirs: A vector of four boolean values to set the extension directions. The convention is MinU, MinV,
MaxU, MaxV. if NULL, all four directions are extended.

EpsilonU: The length of the extension in the u direction.
EpsilonV: The length of the extension in the v direction.

RemoveExtraKnots: If FALSE, the resulting surface will not have minimal multiplicity at the first internal

knot on the extension side. This is boolean controls all extensions that were performed, one decision for
all of them.

Returns: The new extended surface.

Description: Extension of a B-spline surface, in any (or more than one) of the four optional directions of the
2D domain. The domain is extended, such that the trace coincides with the original trace over the original domain.
Assumes open end conditions (in both knot vectors u and v). OrigSrf can have ”ExtntSclU*” and/or ” ExtntSclV*”
real attrs. to scale the extension in Euclidean space (for same Epsilon parametric extension. If ExtntSclU/V = 1,
the surface might also undergo refinements.

See also: BspCrvExtensionOneSide, BspCrvExtraKnotRmv,

3.2.156 BspSrfFitLstSqr (sbsp_int.c:367)

CagdSrfStruct *BspSrfFitLstSqr(const CagdSrfStruct *Srf,
int UOrder,
int VOrder,
int USize,
int VSize,
CagdParametrizationType ParamType,
CagdRType *Err)



Srf: Surface to fit a new surface to.
UOrder: Of the to be created surface.
VOrder: Of the to be created surface.
USize: U size of the to be created surface.
VSize: V size of the to be created surface.
ParamType: Type of parametrization.

Err: The maximum error is updated into here
Returns: Fitted surface.

Description: Fits a surface to the give surface by sampling points on Srf and fitting a surface of orders U/Order
and U/VSize control points. Error is measured by the difference between the original and the fitted surface, as
maximum error norm.

See also: BspSrflnterpPts,

3.2.157 BspSrfHasBezierKVs (bsp_knot.c:60)

CagdBType BspSrfHasBezierKVs(const CagdSrfStruct *Srf)
Srf: To check for KVs that mimics Bezier polynomial surface.

Returns: TRUE if same as Bezier surface, FALSE otherwise.

Description: Returns TRUE iff the given surface has no interior knot open end KVs.

3.2.158 BspSrfHasC1Discont (sbspeval.c:541)

CagdBType BspSrfHasCilDiscont(const CagdSrfStruct #Srf, int E3C1Discont)
Srf: To examine for C~1 discontinuity curves.
E3C1Discont: If TRUE examine if real Euclidean C1 discont.
Returns: True if Srf has C~1 discontinuities, false otherwise. curves.

Description: Examines if the given Bspline surface has C~1 discontinuities. This routine detects potential
discontinuities in the control mesh by seeking knots of Order-1 multiplicity. if E3C1Discont is TRUE, only parametric
discontinuities that materialize as real (by examining the mesh itself along that line) are reported as true.

See also: BspSrfC1DiscontCrvs, BspKnotAllC1Discont, BspSrflsC1DiscontAt,

3.2.159 BspSrfHasOpenEC (bsp_knot.c:128)

CagdBType BspSrfHasOpenEC(const CagdSrfStruct *Srf)

Srf: To check for open end conditions.
Returns: TRUE, if surface has open end conditions, FALSE otherwise.

Description: Returns TRUE iff the given B-spline surface has open end conditions.
See also: BspCrvHasOpenEC,

3.2.160 BspSrfHasOpenECDir (bsp_knot.c:153)

CagdBType BspSrfHasOpenECDir(const CagdSrfStruct *Srf, CagdSrfDirType Dir)
Srf: To check for open end conditions.
Dir: Either the U or the V parametric direction.
Returns: TRUE, if surface has open end conditions, FALSE otherwise.

Description: Returns TRUE iff the given B-spline surface has open end conditions in the specified direction.



3.2.161 BspSrflntegrate (sbsp_aux.c:1013)

CagdSrfStruct *BspSrflntegrate(const CagdSrfStruct *Srf, CagdSrfDirType Dir)

Srf: Surface to integrate.
Dir: Direction of integration. Either U or V.

Returns: Integrated surface.

Description: Returns a new Bspline surface, equal to the integral of the given Bspline srf. The given Bspline
surface should be nonrational.
See also: BzrSrflntegrate, BspCrvIntegrate, CagdSrflntegrate,

3.2.162 BspSrflnterpPts (sbsp_int.c:106)

CagdSrfStruct *BspSrflInterpPts(const CagdPtStruct **PtList, | least square approximation
int UOrder,
int VOrder,
int SrfUSize,
int SrfVSize,
CagdParametrizationType ParamType)

PtList: A NULL terminating array of linked list of points.

UOrder: Of the to be created surface.

VOrder: Of the to be created surface.

SrfUSize: U size of the to be created surface. Must be at least as large as the array PtList.

SrfVSize: V size of the to be created surface. Must be at least as large as the length of each list in PtList.
ParamType: Type of parametrization.

Returns: Constructed interpolating/approximating surface.

Description: Given a set of points, PtList, computes a Bspline surface of order UOrder by VOrder that in-
terpolates or least square approximates the given set of points. PtList is a NULL terminated array of linked lists
of CagdPtStruct structs. All linked lists in PtList must have the same length. U direction of surface is associated
with array, V with the linked lists. The size of the control mesh of the resulting Bspline surface defaults to the
number of points in PtList (if SrfUSize = SrfVSize = 0). However, either numbers can smaller to yield a least square
approximation of the gievn data set. The created surface can be parametrized as specified by ParamType.

3.2.163 BspSrflnterpScatPts (sbsp_int.c:467)

CagdSrfStruct *BspSrflInterpScatPts(const CagdCtlPtStruct *Ptlist, |le'd°'t square approximation
int UOrder,
int VOrder,
int USize,
int VSize,
CagdRType *UKV,
CagdRType *VKV)

PtList: A NULL terminating array of linked list of points.
UOrder: Of the to be created surface.

VOrder: Of the to be created surface.

USize: U size of the to be created surface.

VSize: V size of the to be created surface.

UKYV: Expected knot vector in U direction, NULL for uniform open.
VKYV: Expected knot vector in V direction, NULL for uniform open.

Returns: Constructed interpolating/approximating surface.

Description: Given a set of scattered points, PtList, computes a Bspline surface of order UOrder by VOrder
that interpolates or least square approximates the given set of scattered points. PtList is a NULL terminated lists of
CagdPtStruct structs, with each point holding (u, v, x [, y[, z]]). That is, E3 points create an E1 scalar surface and
E5 points create an E3 surface,

See also: BspSrflnterpScatPtsCOBndry,



3.2.164 BspSrflnterpScatPts2 (sbsp_int.c:688)

CagdSrfStruct *BspSrfInterpScatPts2(const CagdCtlPtStruct *PtList, |wmtsmwszmemmHml

int UOrder,

int VOrder,

int USize,

int VSize,

CagdRType *UKV,

CagdRType *VKV,

CagdRType *MatrixCondition)

PtList: A NULL terminating array of linked list of points.

UOrder: Of the to be created surface.

VOrder: Of the to be created surface.

USize: U size of the to be created surface.

VSize: V size of the to be created surface.

UKYV: Expected knot vector in U direction, NULL for uniform open.

VKYV: Expected knot vector in V direction, NULL for uniform open.

MatrixCondition: Address of a IrtRType to return SVD matrix condition number to. if NULL, this option
is ignored

Returns: Constructed interpolating/approximating surface.

Description: This function is a variation BspSrfInterpScatPts function that is less accurate/stable but is faster.
The difference is that we solve a LSQ problem as A’*A*Vertices=A’*points where A’ is the transpose matrix of A.
This method is also refered to as pseudo inverse. The SVD decomposition is still used to calculate the above equation
set. Given a set of scattered points, PtList, the function computes a Bspline surface of order UOrder by VOrder that
interpolates or least square approximates the M given set of scattered points. PtList is a NULL terminated lists of
CagdPtStruct structs, with each point holding (u, v, x [, y[, z]]). That is, E3 points create an E1 scalar surface and
E5 points create an E3 surface,

3.2.165 BspSrflnterpScatPtsC0Bndry (sbsp.int.c:602)

CagdSrfStruct *BspSrflInterpScatPtsCOBndry(const CagdCtlPtStruct *Ptlist, |least square approximation
const CagdCrvStruct *UMinCrv,
const CagdCrvStruct *UMaxCrv,
const CagdCrvStruct *VMinCrv,
const CagdCrvStruct *VMaxCrv)

PtList: A NULL terminating array of linked list of points.

UMinCrv, UMaxCrv, VMinCrv, VMaxCrv: The four boundary curves. UMin and UMax curves must
be in the same function space as are VMin and VMax. This function space is also defining the function
space of the fitted surface,

Returns: Constructed interpolating/approximating surface.

Description: Solves a least squares problem as in BspSrflnterpScatPts but forces the four boundary curves to
be interpolated.
See also: BspSrflnterpScatPts,

3.2.166 BspSrfInterpolate (sbsp_int.c:243)

CagdSrfStruct *BspSrflnterpolate(const CagdCtlPtStruct *PtList, |1%S“S<1“afeam“°ximation

int NumUPts,

int NumVPts,

const CagdRType *UParams,
const CagdRType *VParams,
const CagdRType *UKV,
const CagdRType *VKV,

int ULength,

int VLength,

int UOrder,

int VOrder)




PtList: A long linked list (NumUPts * NumVPts) of points to interpolated or least square approximate.

NumUPts: Number of points in PtList in the U direction.

NumVPts: Number of points in PtList in the V direction.

UParams: Parameter at which surface should interpolate or approximate PtList in the U direction.

VParams: Parameter at which surface should interpolate or approximate PtList in the V direction.

UKYV: Requested knot vector form the surface in the U direction.

VKYV: Requested knot vector form the surface in the V direction.

ULength: Requested length of control mesh of surface in U direction.

VLength: Requested length of control mesh of surface in V direction.

UOrder: Requested order of surface in U direction.

VOrder: Requested order of surface in V direction.

Returns: Constructed interpolating/approximating surface.

Description: Given a set of points on a rectangular grid, PtList, parameter values the surface should interpolate

or approximate these grid points, U/VParams, the expected two knot vectors of the surface, U/VKV, the expected

lengths U/VLength and orders U/VOrder of the B-spline surface, computes the B-spline surface’s coefficients. All
points in PtList are assumed of the same type.

3.2.167 BspSrflsC1DiscontAt (sbspeval.c:606)

CagdBType BspSrflIsCiDiscontAt(const CagdSrfStruct *Srf,
CagdSrfDirType Dir,
CagdRType t)
Srf: Surface to examine for C1 discontinuity.
Dir: Parametric direction to examine at.
t: Parameter value to examine at.
Returns: TRUE if Srf has a C1 discontinuity at parameter t in direction Dir, FALSE otherwise.

Description: Examines the mesh at given parametric location for a C1 discontinuity.
See also: BspSrfC1DiscontCrvs, BspKnot AllIC1Discont, BspSrfMeshC1Continuous, , BspSrfHasC1Discont,

3.2.168 BspSrfKnotCO0Discont (bsp_gen.c:560)

CagdBType BspSrfKnotCODiscont(const CagdSrfStruct *Srf,
CagdSrfDirType Dir,

CagdRtrpe. +1
Srf: To examine its potential discontinuity across Dir.
Dir: Direction to examine the discontinuity across.
t: Where to put the parameter value (knot) that can be CO discontinuous.
Returns: TRUE if found a CO discontinuity, FALSE otherwise.

Description: Scans the given knot vector of the given surface for a potential CO discontinuity. Looks for
multiplicities in the knot sequence and then examine the mesh if indeed the mesh is discontinuous at that location.
Assumes knot vectors has open end condition.

See also: BspSrfKnotC1Discont, BspKnotC1Discont, BspSrfMeshC1Continuous,

3.2.169 BspSrfKnotC1lDiscont (bsp_gen.c:596)

CagdBType BspSrfKnotClDiscont(const CagdSrfStruct *Srf, -_continuity
CagdSrfDirType Dir,
CagaRype +t)

Srf: To examine its potential discontinuity across Dir.
Dir: Direction to examine the discontinuity across.
t: Where to put the parameter value (knot) that can be C1 discontinuous.
Returns: TRUE if found a C1 discontinuity, FALSE otherwise.
Description: Scans the given knot vector of the given surface for a potential C1 discontinuity. Looks for
multiplicities in the knot sequence and then examine the mesh if indeed the mesh is discontinuous at that location.

Assumes knot vectors has open end condition.
See also: BspSrfKnotC0Discont, BspKnotC1Discont, BspSrfMeshC1Continuous,



3.2.170 BspSrfKnotInsert (bspboehm.c:143)

refinement
knot insertion

CagdSrfStruct *BspSrfKnotInsert(const CagdSrfStruct *Srf,
CagdSrfDirType Dir,
CagdRType t)

Srf: To refine by adding a new knot with value equal to t. If Srf is a periodic curve, it is first unwrapped to a
float end condition curve.
Dir: Of refinement, either U or V.

t: New knot to insert into Srf.
Returns: The refined surface.

Description: Returns a new surface refined at t (t is inserted as a new knot in Srf) in parametric directipn Dir.
See BspCrvKnotInsert for the mathematical background of this knot insertion algorithm.
See also: BspSrfKnotInsertNSame, BspSrfKnotInsertNDiff, BspCrvKnotInsert, BspKnotEvalAlphaCoef,

3.2.171 BspSrfKnotInsertNDiff (sbsp_aux.c:423)

refinement
subdivision

CagdSrfStruct *BspSrfKnotInsertNDiff (const CagdSrfStruct *Srf,
CagdSrfDirType Dir,
CagdBType Replace,
CagdRType *t,
int n)
Srf: To refine by insertion (upto) n knot of value t.
Dir: Direction of refinement. Either U or V.

Replace: if TRUE, the n knots in t should replace the knot vector of size n of Srf. Sizes must match. If False,
n new knots as defined by t will be introduced into Srf.

t: New knots to introduce/replace knot vector of Srf.

n: Size of t.
Returns: Refined Srf with n new knots in direction Dir.

Description: Inserts n knot with different values as defined by the vector t. If, however, Replace is TRUE, the
knot are simply replacing the current knot vector.

3.2.172 BspSrfKnotInsertNSame (sbsp_aux.c:352)

refinement
subdivision

CagdSrfStruct *BspSrfKnotInsertNSame(const CagdSrfStruct *Srf,
CagdSrfDirType Dir,
CagdRType t,
int n)
Srf: To refine by insertion (upto) n knot of value t.
Dir: Direction of refinement. Either U or V.

t: Parameter value of new knot to insert.

n: Maximum number of times t should be inserted.
Returns: Refined Srf with n knots of value t in direction Dir.

Description: Inserts n knot, all with the value t in direction Dir. In no case will the multiplicity of a knot be
greater or equal to the curve order.



3.2.173 BspSrfMaxCoefParamMalloc (bsp_knot.c:1924)

CagdRType *BspSrfMaxCoefParamMalloc(const CagdSrfStruct *Srf,
int Axis,
CagdRType *MaxVal)
Srf: To compute the parameter node value of the largest coefficient.
Axis: Which axis should we search for maximal coefficient? 1 for X, 2 for Y, etc.
MaxVal: The coefficient itself will be place herein.
Returns: The node UV parameter values of the detected maximal coefficient.

Description: Finds the parameter value with the largest coefficient of the surface using nodes values to estimate
the coefficients’ parameters. Returns a pointer to an array of two elements holding U and V.

3.2.174 BspSrfMaxCoefParamToData (bsp_knot.c:1871)

CagdRType *BspSrfMaxCoefParamToData(const CagdSrfStruct *Srf,
int Axis,
CagdRType *MaxVal,
CagdRType *UV)
Srf: To compute the parameter node value of the largest coefficient.
Axis: Which axis should we search for maximal coefficient? 1 for X, 2 for Y, etc.
MaxVal: The coefficient itself will be place herein.
UV: The node UV parameter values of the detected maximal coefficient.
Returns: The node UV parameter values of the detected maximal coefficient.

Description: Finds the parameter value with the largest coefficient of the surface using nodes values to estimate
the coefficients’ parameters. Returns a pointer to an array of two elements holding U and V.

3.2.175 BspSrfMeshC1Continuous (bsp_gen.c:684)

CagdBType BspSrfMeshC1Continuous(const CagdSrfStruct *Srf,
CagdSrfDirType Dir,
int Idx)
Srf: To examine its potential discontinuity across Dir.
Dir: Direction to examine the discontinuity across.
Idx: Index where to examine the discontinuity.
Returns: TRUE if continuous there, FALSE otherwise.

Description: Examine the mesh of the given surface across direction Dir in index of mesh Index for a real
discontinuity in the mesh. This index will typically be for a knot multiplicity potential discont.
See also: BspKnotC1Discont, BspSrflsC1DiscontAt, BspMeshC1PtsCollinear,

3.2.176 BspSrfMeshNormals (sbsp_aux.c:1298)

CagdVecStruct *BspSrfMeshNormals(const CagdSrfStruct *Srf,
int UFineNess,
int VFineNess)

Srf: To compute normals on a grid of its parametric domain.
UFineNess: U Fineness of imposed grid on Srf’s parametric domain.
VFineNess: V Fineness of imposed grid on Srf’s parametric domain.
Returns: An vector of unit normals (u increments first).

Description: Evaluates the unit normals of a surface at a mesh defined by subdividing the parametric space
into a grid of size UFineNess by VFineNess. The normals are saved in a linear CagdVecStruct vector which is
allocated dynamically. Data is saved u inc. first. This routine is much faster than evaluating normal for each point,
individually.

See also: CagdSrfNormal, BspSrfNormal, SymbSrfNormalSrf, BzrSrfMeshNormals, , BspSrfMeshNormalsSymb,



3.2.177 BspSrfMeshNormalsSymb (sbsp_aux.c:1600)

CagdVecStruct *BspSrfMeshNormalsSymb(CagdSrfStruct *Srf,
int UFineNess,
int VFineNess)
Srf: To compute normals on a grid of its parametric domain.
UFineNess: U Fineness of imposed grid on Srf’s parametric domain.

VFineNess: V Fineness of imposed grid on Srf’s parametric domain.
Returns: An vector of unit normals (u increments first).

Description: Evaluates the unit normals of a surface at a mesh defined by subdividing the parametric space
into a grid of size UFineNess by VFineNess. The normals are saved in a linear CagdVecStruct vector which is
allocated dynamically. Data is saved u inc. first. This routine is much faster than evaluating normal for each point,
individually.

See also: CagdSrfNormal, BspSrfNormal, SymbSrfNormalSrf, BspSrfMeshNormals,

3.2.178 BspSrfMoebiusTransform (sbsp_aux.c:1674)

CagdSrfStruct *BspSrfMoebiusTransform(const CagdSrfStruct *CSrf,
CagdRType c,
CagdSrfDirType Dir)
CSrf: Surface to apply the Moebius transformation to.

c: The scaling coefficient - ¢™n is the ratio between the first and last weight of the surface, along each row or
column. If ¢ == 0, the first and last weights are made equal, in the first row/column.

Dir: Direction to apply the Moebius transformation, row or col. If Dir == CAGD_BOTH_DIR, the transfor-
mation is applied to both the row and column directions, in this order.

Returns: The modified surface with the same shape but different speeds.

Description: Apply the Moebius transformation to a ration Bspline surface. See ”Moebius reparametrization
of rational Bsplines”, by Lee & Lucian, CAGD 8 (1991) pp 213-215.
See also: BspCrvMoebiusTransform, BzrSrfMoebiusTransform,

3.2.179 BspSrfNew (bsp_gen.c:39)

CagdSrfStruct *BspSrfNew(int ULength,

int VLength,

int UOrder,

int VOrder,

CagdPointType PType)
ULength: Number of control points in the U direction.
VLength: Number of control points in the V direction.
UOrder: The order of the surface in the U direction.
VOrder: The order of the surface in the V direction.

PType: Type of control points (E2, P3, etc.).
Returns: An uninitialized freeform Bspline surface.

Description: Allocates the memory required for a new B-spline surface.
See also: BzrSrfNew, BspPeriodicSrfNew, CagdSrfNew, CagdPeriodicSrfNew, TrimSrfNew,



3.2.180 BspSrfNormalMalloc (sbsp_aux.c:1264)

CagdVecStruct *BspSrfNormalMalloc(const CagdSrfStruct *Srf,
CagdRType u,
CagdRType v,
CagdBType Normalize)
Srf: Bspline surface to evaluate (unit) normal vector for.
u, v: Parametric location of required (unit) normal.

Normalize: If TRUE, attempt is made to normalize the returned vector. If FALSE, length is a function of
given parametrization.

Returns: A pointer to a vector holding the (unit) normal information, allocated dynamically.

Description: Evaluate the (unit) normal of a surface at a given parametric location. If we fail to compute the
normal at given location we retry by moving a tad.
See also: CagdSrfNormal, BzrSrfNormal, BspSrfMeshNormals, SymbSrfNormalSrf, ; BspSrfNormalToData,

3.2.181 BspSrfNormalToData (sbsp_aux.c:1199)

CagdVecStruct *BspSrfNormalToData(const CagdSrfStruct *Srf,
CagdRType u,
CagdRType v,
CagdBType Normalize,
CagdVecStruct *Normal)
Srf: B-spline surface to evaluate (unit) normal vector for.
u, v: Parametric location of required (unit) normal.

Normalize: If TRUE, attempt is made to normalize the returned vector. If FALSE, length is a function of
given parametrization.

Normal: A pointer to a vector holding the (unit) normal information.
Returns: A pointer to a vector holding the (unit) normal information (the Normal Parameter).

Description: Evaluate the (unit) normal of a surface at a given parametric location. If we fail to compute the
normal at given location we retry by moving a tad.
See also: CagdSrfNormal, BzrSrfNormal, BspSrfMeshNormals, SymbSrfNormalSrf, ; BspSrfNormalMalloc,

3.2.182 BspSrfOpenEnd (bsp_gen.c:323)

CagdSrfStruct *BspSrfOpenEnd(const CagdSrfStruct *Srf)

Srf: To convert to a new surface with open end conditions. Input can also be periodic.
Returns: Same surface as Srf but with open end conditions.

Description: Returns a surface with open end conditions, similar to given surface. Open end surface is computed
by extracting a subregion from Srf that is the entire surface’s parametric domain, by inserting multiple knots at the
domain’s boundary.

See also: BspCrvOpenEnd,

3.2.183 BspSrfSubdivAtParam (sbsp_aux.c:64)

CagdSrfStruct *BspSrfSubdivAtParam(const CagdSrfStruct *Srf,

CagdRType t,
CagdSrfDirType Dir)

Srf: To subdivide at parameter value t.

t: Parameter value to subdivide Srf at.

Dir: Direction of subdivision. Either U or V.

Returns: A list of the two subdivided surfaces.

Description: Given a Bspline surface - subdivides it into two sub-surfaces at the given parametric value. Returns

pointer to first surface in a list of two subdivided surfaces.
See also: CagdSrfSubdivAtParam, BzrSrfSubdivAtParam, TrimSrfSubdivAtParam,



3.2.184 BspSrfTangentToData (sbsp_aux.c:1145)

CagdVecStruct *BspSrfTangentToData(const CagdSrfStruct *Srf,

CagdRType u,
CagdRType v,
CagdSrfDirType Dir,
CagdBType Normalize,
CagdVecStruct *Tan)

Srf: B-spline surface to evaluate (unit) tangent vector for.

u, v: Parametric location of required (unit) tangent.

Dir: The OTHER direction (for historic reasons...) of tangent vector. Either U or V.

Normalize: If TRUE, attempt is made to normalize the returned vector. If FALSE, length is a function of
given parametrization.

Tan: A pointer to a vector holding the (unit) tangent information.

Returns: A pointer to a vector holding the (unit) tangent information. An Ek, k >= 3 vector, depending on
dimension k of Srf.

Description: Evaluates the (unit) tangent to a surface at a given parametric location (u, v) and given direction
Dir.
See also: CagdSrfTangent, BzrSrfTangent,

3.2.185 BspSrfsSubdivAtAllDetectedLocations (cagd aux.c:2412)

CagdSrfStruct *BspSrfsSubdivAtAllDetectedLocations(const CagdSrfStruct *Srf,
CagdSrfTestingFuncType
SrfTestFunc)

Srf: Surface to subdivide at all detected locations by SrfTestFunc.
SrfTestFunc: Surface testing function, like BspSrfKnotC0Discont.
Returns: Set of subdivided surfaces, or NULL if nothing was detected.

Description: Subdivides the given surface Srf at all locations SrfTesTFunc detects. Examples for SrfTesTFunc
can be BspSrfKnotCODiscont or BspSrfKnotC1Discont.
See also: BspSrfKnotC0Discont, BspSrfKnotC1Discont, , BspCrvsSubdivAtAllDetected Locations,

3.2.186 BspVecSpreadEqualltems (bsp_knot.c:3096)

CagdBType BspVecSpreadEqualIltems(CagdRType *Vec, int Len, CagdRType MinDist)

Vec: Vector of reals to spread (almost) equal items in. Modified in place.
Len: Length of vector Vec.

MinDist: The minimal distance two adjacent item should have.

Returns: TRUE if successful, FALSE if cannot be done (MinDist too large).

Description: Given a monotone vector of reals, spread (almost) equal items so they are MinDist apart while
keeping the minimal and maximal values the same.

3.2.187 BzrCrv2Polyline (bzr2poly.c:1169)

piecewise linear approximation

CagdPolylineStruct *BzrCrv2Polyline(const CagdCrvStruct *Crv,
int SamplesPerCurve)
Crv: To approximate as a polyline.
SamplesPerCurve: Number of samples to approximate with.
Returns: A polyline representing the piecewise linear approximation from, or NULL in case of an error.

Description: Routine to approx. a single Bezier curve as a polyline with SamplesPerCurve samples. Polyline is
always E3 CagdPolylineStruct type. Curve is sampled equally spaced in parametric space. NULL is returned in case
of an error, otherwise CagdPolylineStruct.

See also: BspCrv2Polyline, BzrSrf2Polylines, IritCurve2Polylines, , SymbCrv2Polyline,



3.2.188 BzrCrvBiNormalMalloc (cbzr_aux.c:672)

CagdVecStruct *BzrCrvBiNormalMalloc(const CagdCrvStruct *Crv,
CagdRType t,
CagdBType Normalize)

Crv: Crv for which to compute a (unit) binormal.
t: The parameter at which to compute the unit binormal.
Normalize: If TRUE, attempt is made to normalize the returned vector. If FALSE, length is a function of

given parametrization.

Returns: A pointer to a vector holding the binormal information. Always an E3 vector.

Description: Returns a (unit) vector, equal to the binormal to Crv at parameter value t. Algorithm: insert
(order - 1) knots and using 3 consecutive control points at the refined location (pl1, p2, p3), compute to binormal to
be the cross product of the two vectors (pl - p2) and (p2 - p3). Since a curve may have not BiNormal at inflection
points or if the 3 points are collinear, NULL will be returned at such cases.

3.2.189 BzrCrvBiNormalToData (cbzr_aux.c:567)

CagdVecStruct *BzrCrvBiNormalToData(const CagdCrvStruct *Crv,
CagdRType t,
CagdBType Normalize,
CagdVecStruct *Vec)

Crv: Crv for which to compute a (unit) binormal.
t: The parameter at which to compute the unit binormal.

Normalize: If TRUE, attempt is made to normalize the returned vector. If FALSE, length is a function of
given parametrization.

Vec: A pointer to a vector holding the binormal information.
Returns: A pointer to a vector holding the binormal information. Always an E3 vector.

Description: Returns a (unit) vector, equal to the binormal to Crv at parameter value t. Algorithm: insert
(order - 1) knots and using 3 consecutive control points at the refined location (pl, p2, p3), compute to binormal to
be the cross product of the two vectors (pl - p2) and (p2 - p3). Since a curve may have not BiNormal at inflection
points or if the 3 points are collinear, NULL will be returned at such cases.

3.2.190 BzrCrvCreateArc (cagd.arc.c:50)

arc

CagdCrvStruct *BzrCrvCreateArc(const CagdPtStruct *Start,
const CagdPtStruct *Center,
const CagdPtStruct *End)

Start: Point of beginning of arc.
Center: Point of arc.

End: Point of end of arc.
Returns: A rational quadratic Bezier curve representing the arc.

Description: Creates an arc at the specified position as a rational quadratic Bezier curve. The arc is assumed
to be less than 180 degrees from Start to End in the shorter path as arc where Center as arc center.

See also: BspCrvCreateCircle, BspCrvCreateUnitCircle, BspCrvCreatePCircle, , CagdCreateConicCurve, Cagd-
CrvCreateArc, BspCrvCreateUnitPCircle, , CagdCrvCreateArcCCW, CagdCrvCreateArcCW,



3.2.191 BzrCrvDegreeRaise (cbzr_aux.c:251)

CagdCrvStruct *BzrCrvDegreeRaise(const CagdCrvStruct *Crv)

Crv: To raise its degree by one.
Returns: A curve of one order higher representing the same geometry as Crv.

Description: Returns a new curve, identical to the original but with one degree higher. Let old control polygon
be P(i), i = 0 to k-1, and Q(i) be new one. Then:

i k-i
Q(0) = P(0), Qi) = --- P(i-1) + (---) P(1), Qk) = P(k-1).
k k

See also: BzrCrvDegreeReduce, BzrCrvDegreeRaiseN, PwrCrvDegreeRaise,

3.2.192 BzrCrvDegreeRaiseN (cbzr_aux.c:203)

CagdCrvStruct *BzrCrvDegreeRaiseN(const CagdCrvStruct *Crv, int NewOrder)
Crv: To raise its degree to a NewOrder.
NewOrder: NewOrder for Crv.
Returns: A curve of order NewOrder representing the same geometry as Crv.

Description: Returns a new curve, identical to the original but with order NewOrder. Degree raise is computed
by multiplying by a constant 1 curve of order
See also: BzrCrvDegreeRaise, PwrCrvDegreeRaiseN,

3.2.193 BzrCrvDegreeReduce (cbzr_aux.c:322)

CagdCrvStruct *BzrCrvDegreeReduce(const CagdCrvStruct *Crv)

Crv: To reduce its degree by one.

Returns: A curve of one order lower representing a similar geometry to Crv. The result is optimal in the
infinity norm and will be identical to the given curve if the original curve was degree raised.

Description: Returns a new curve, usually similar to the original but with one degree smaller. Let old control
polygon be P(i), i = 0 to n, and Q(i) be new one. Then:

n P(i) - i Qr(i-1)
Qr{i) = ========seomeeeee- , i=0,1, ... ,n-1.

n P(1) - (m - i) Q_1(1)

Q-1(i-1) = , i=n,n-1, ..., 1.
i
and
i
1\ on
g(i) = -—————- / )
(2n-1) -- 2j
2 j=0
yielding,
Q@) = (1 - g@@)) Q_r(i) + g(i) Q_1(1).

See also ”Curves and Surfaces for Computer Aided Geometric Design” Gerald Farin. Academic Press, Inc. Third
Edition.
See also: BzrCrvDegreeRaise, SymbBzrDegReduce,



3.2.194 BzrCrvDerive (cbzr_aux.c:768)

CagdCrvStruct *BzrCrvDerive(const CagdCrvStruct *Crv, CagdBType DeriveScalar)

Crv: To differentiate.

DeriveScalar: TRUE to differentiate each channel independently. FALSE to treat geometry as a rational
differentiation.

Returns: Differentiated curve.

Description: Returns a new curve, equal to the given curve, differentiated once. Let old control polygon be
P(i), i = 0 to k-1, and Q(i) be new one then: Q(i) = (k - 1) * (P(i+1) - P(i)), i = 0 to k-2.
See also: CagdCrvDerive, BspCrvDerive, SymbCrvDeriveRational, , BzrCrvDeriveScalar,

3.2.195 BzrCrvDeriveScalar (cbzr_aux.c:818)

CagdCrvStruct *BzrCrvDeriveScalar (const CagdCrvStruct *Crv)

Crv: To differentiate.
Returns: Differentiated curve.

Description: Returns a new curve, equal to the given curve, differentiated once. Let old control polygon be
P(i), i = 0 to k-1, and Q(i) be new one then:

Q@) = (k - 1) * (P(i+1) - P(i)) / (Kv(i + k) - Kv(i + 1)), i = 0 to k-2.

For a Euclidean curve this is the same as CagdCrvDerive but for a rational curve the returned curve is not the vector
field but simply the derivatives of all the curve’s coefficients, including the weights.

See also: BzrCrvDerive, CagdCrvDerive, SymbCrvDeriveRational., BspCrvDerive, BzrCrvDeriveScalar, Cagd-
CrvDeriveScalar,

3.2.196 BzrCrvEvalAtParamMalloc (cbzreval.c:220)

CagdRType *BzrCrvEvalAtParamMalloc(const CagdCrvStruct *Crv, CagdRType t)

Crv: To evaluate at the given parametric location t.
t: The parameter value at which the curve Crv is to be evaluated.

Returns: A vector holding all the coefficients of all components of curve Crv’s point type. If for example the
curve’s point type is P2, the W, X, and Y will be saved in the first three locations of the returned vector.
The first location (index 0) of the returned vector is reserved for the rational coefficient W and XYZ always
starts at second location of the returned vector (index 1). This vector is allocated dynamically.

Description: Returns a pointer to a dynamically allocated data, holding the value of the curve at given para-
metric location t. The curve is assumed to be Bezier.

See also: CagdCrvEvalToData, BspCrvEvalAtParamToData, BspCrvEvalVecAtParam, , BzrCrvEvalVecAt-
Param, BspCrvEvalCoxDeBoorToData, CagdCrvEvalToPolyline, , BzrCrvEvalAtParam,

3.2.197 BzrCrvEvalAtParamToData (chzreval.c:259)

void BzrCrvEvalAtParamToData(const CagdCrvStruct *Crv,
CagdRType t,
CagdRType *Pt)

Crv: To evaluate at the given parametric location t.

t: The parameter value at which the curve Crv is to be evaluated.

Pt: A vector holding all the coefficients of all components of curve Crv’s point type. If for example the curve’s
point type is P2, the W, X, and Y will be saved in the first three locations of the returned vector. The
first location (index 0) of the returned vector is reserved for the rational coefficient W and XYZ always
starts at second location of the returned vector (index 1).

Returns: void

Description: Returns a pointer to a dynamic data, holding the value of the curve at given parametric location
t. The curve is assumed to be Bezier.

See also: CagdCrvEvalToData, BspCrvEvalAtParamToData, BspCrvEvalVecAtParam, , BzrCrvEvalVecAt-
Param, BspCrvEvalCoxDeBoorToData, CagdCrvEvalToPolyline, , BzrCrvEvalAtParamToData,



3.2.198 BzrCrvEvalBasisFunc (cbzreval.c:47)

CagdRType BzrCrvEvalBasisFunc(int i, int k, CagdRType t)

i: I’th basis function.
k: Order of the basis function.
t: Parameter value at which to evaluate the Bezier basis function.

Returns: Value of basis function.

Description: Evaluates the i’th Bezier basis function of order k, at parametric value t (t in [0..1]).

The functions is: i i k-1i-1
Bi,k-1(t) = () *xt * (1 - t)
k-1 *

See also: BzrCrvEvalBasisFuncs,

3.2.199 BzrCrvEvalBasisFuncs (cbzreval.c:357)

CagdRType #*BzrCrvEvalBasisFuncs(int k, CagdRType t, CagdRType *Vec)

k: Order of the basis function.
t: Parameter value at which to evaluate the Bezier basis function.

Vec: Vector to hold the result, of length Order k.
Returns: Value of basis function’s vector . Same as Vec.

Description: Evaluates the vector of Bezier basis functions of order k, at parametric value t (t in [0..1]).

The functions are: i i k-1i-1
Bi,k-1(t) = () *xt * (1 - t)
k-1 *

See also: BzrCrvEvalBasisFunc,

3.2.200 BzrCrvEvalToPolyline (cbzreval.c:306)

conversion
refinement

void BzrCrvEvalToPolyline(const CagdCrvStruct *Crv, :
int FineNess,

CagdRType *Points[])

Crv: To approximate as a polyline.
FineNess: Control over number of samples.

Points: Where to put the resulting polyline. Assumed to be valid with respect to the dimension of Crv.

Returns: void

Description: Samples the curve at FineNess location equally spaced in the curve’s parametric domain.
See also: CagdCrvEvalToData, BspCrvEvalAtParamToData, BzrCrvEvalVecAtParam, , BspCrvEvalVecAt-
Param, BspCrvEvalCoxDeBoorToData, CagdCrvEvalToPolyline,



3.2.201 BzrCrvEvalVecAtParam (cbzreval.c:168)

CagdRType BzrCrvEvalVecAtParam(const CagdRType *Vec,
int Veclnc,
int Order,
CagdRType t,
CagdRType *BasisFuncs)
Vec: Coefficients of a scalar B-spline univariate function.
Veclnc: Step to move along Vec.
Order: Order of associated geometry.
t: Parameter value where to evaluate the curve.
BasisFuncs: Optional basic functions, if not NULL, in which case t is ignored.
Returns: Geometry’s value at parameter value t.

Description: Assumes Vec holds control points for scalar Bezier curve of order Order, and evaluates and returns
that curve value at parameter value t. Vec is incremented by VecInc (usually by 1) after each iteration.

See also: CagdCrvEvalToData, BspCrvEvalAtParamToData, BzrCrvEvalAtParamToData, , BspCrvEvalVecAt-
Param, BspCrvEvalCoxDeBoorToData, CagdCrvEvalToPolyline,

3.2.202 BzrCrvlntegrate (cbzr_aux.c:861)

CagdCrvStruct *BzrCrvIntegrate(const CagdCrvStruct *Crv)

Crv: Curve to integrate.
Returns: Integrated curve.

Description: Returns a new Bezier curve, equal to the integral of the given Bezier crv. The given Bezier curve
should be nonrational.

n n n n+1l
/ /- - / - P -
| |\ n \ | n \ i\ n+l
| ct)y=1/P B®)=/P |B(®)=/-—- /B (t) =
/ / - i i - i/ i -n+1 - j
i=0 i=0 i=0 j=i+1
n+l j-1
1 A n+1
= - / /P B (%)
n+1- - i
j=1 i=0

See also: BspCrvIntegrate, BzrSrfIntegrate, CagdCrvIntegrate,

3.2.203 BzrCrvlnterp2 (bzr.intr.c:453)

CagdBType BzrCrvInterp2(IrtRType *Result, const IrtRType *Input, int Size)

Result: Where the interpolated control points will be placed.
Input: Points to interpolate at node parameter values.
Size: Of control polygon. Same as the Bezier order.

Returns: TRUE if successful, FALSE otherwise.

Description: Interpolates the given Input data sets at node points and place the Bezier coefficients in Result.



3.2.204 BzrCrvMoebiusTransform (cbzr_aux.c:1029)

CagdCrvStruct *BzrCrvMoebiusTransform(const CagdCrvStruct *CCrv, CagdRType c)

CCrv: Curve to apply the Moebius transformation to.

c: The scaling coefficient - ¢™n is the ratio between the first and last weight of the curve. If ¢ == 0, the first
and last weights are made equal.

Returns: The modified curve with the same shape but different speed.

Description: Apply the Moebius transformation to a rational Bezier curve.
See also: BspCrvMoebiusTransform, BzrSrfMoebiusTransform,

3.2.205 BzrCrvNew (bzr_gen.c:61)
CagdCrvStruct *BzrCrvNew(int Length, CagdPointType PType)

Length: Number of control points
PType: Type of control points (E2, P3, etc.).

Returns: An uninitialized freeform Bezier curve.

Description: Allocates the memory required for a new Bezier curve.
See also: BspCrvNew, BspPeriodicCrvNew, CagdCrvNew, CagdPeriodicCrvNew, TrimCrvNew, PwrCrvNew,

3.2.206 BzrCrvNormalMalloc (cbzr_aux.c:739)

CagdVecStruct *BzrCrvNormalMalloc(const CagdCrvStruct *Crv,
CagdRType t,
CagdBType Normalize)
Crv: Crv for which to compute a (unit) normal.
t: The parameter at which to compute the unit normal.

Normalize: If TRUE, attempt is made to normalize the returned vector. If FALSE, length is a function of
given parametrization.

Returns: A pointer to a vector holding the normal information. Always an E3 vector.

Description: Returns a (unit) vector, equal to the normal of Crv at parameter value t. Algorithm: returns the
cross product of the curve tangent and binormal.

3.2.207 BzrCrvNormalToData (cbzr_aux.c:703)

CagdVecStruct *BzrCrvNormalToData(const CagdCrvStruct *Crv,
CagdRType t,
CagdBType Normalize,
CagdVecStruct *N)

Crv: Crv for which to compute a (unit) normal.

t: The parameter at which to compute the unit normal.

Normalize: If TRUE, attempt is made to normalize the returned vector. If FALSE, length is a function of
given parametrization.

N: A pointer to a vector holding the normal information.
Returns: A pointer to a vector holding the normal information. Always an E3 vector.

Description: Returns a (unit) vector, equal to the normal of Crv at parameter value t. Algorithm: returns the
cross product of the curve tangent and binormal.



3.2.208 BzrCrvSetCache (chzreval.c:99)

void BzrCrvSetCache(int FineNess, CagdBType EnableCache)

FineNess: Number of samples to support.

EnableCache: Are we really planning on using this thing?
Returns: void

Description: Sets the Bezier sampling cache - if enabled, a Bezier can be evaluated directly from presampled
basis function.

3.2.209 BzrCrvSubdivAtParam (cbzr_aux.c:166)

CagdCrvStruct *BzrCrvSubdivAtParam(const CagdCrvStruct *Crv, CagdRType t)

Crv: To subdivide at parametr value t.

t: Parameter value to subdivide Crv at.
Returns: A list of the two subdivided curves.

Description: Given a Bezier curve - subdivides it into two sub-curves at the given parametric value. Returns
pointer to first curve in a list of two subdivided curves.
See also: BzrSubdivCtlPoly, BspCrvSubdivAtParam,

3.2.210 BzrCrvSubdivCtlPoly (cbzr_aux.c:46)

void BzrCrvSubdivCtlPoly(CagdRType * const *Points,
CagdRType **LPoints,
CagdRType **RPoints,
int Length,
CagdPointType PType,
CagdRType t)

Points: To subdivide at parametr value t.
LPoints, RPoints: Where the results are kept.
Length: Of this Bezier curve.

PType: Points types we have here.

t: Parameter value to subdivide curve at.

Returns: void

Description: Apply Bezier subdivision to the given curve at parameter value t, and save the result in data
LPoints/RPoints. Note this function could also be called from a B-spline curve with a Bezier knot sequence.
See also: BzrCrvSubdivAtParam, BspCrvSubdivCtlPoly, BzrCrvSubdivCtlPolyStep,

3.2.211 BzrCrvSubdivCtlPolyStep (cbzr_aux.c:106)

void BzrCrvSubdivCtlPolyStep(CagdRType * const *Points,
CagdRType **LPoints,
CagdRType **RPoints,
int Length,
CagdPointType PType,
CagdRType t,
int Step)

Points: To subdivide at parametr value t.
LPoints, RPoints: Where the results are kept.
Length: Of this Bezier curve.



PType: Points types we have here.

t: Parameter value to subdivide data at.

Step: Stride along the data, 1 for curves, ULength for a surface subdivision along V.
Returns: void

Description: Apply Bezier subdivision to the given data at parameter value t, and save the result in data
LPoints/RPoints. Note this function could also be called from a B-spline curve with a Bezier knot sequence. This
function is used to Bezier subdivide surfaces (See Step size!).

See also: BzrCrvSubdivAtParam, BspCrvSubdivCtlPoly, BzrCrvSubdivCtlPoly,

3.2.212 BzrCrvTangentToData (cbzr_aux.c:398)

CagdVecStruct *BzrCrvTangentToData(const CagdCrvStruct *Crv,
CagdRType t,
CagdBType Normalize,
CagdVecStruct *Tan)

Crv: Crv for which to compute a (unit) tangent.

t: The parameter at which to compute the unit tangent.

Normalize: If TRUE, attempt is made to normalize the returned vector. If FALSE, returned is an unnormalized
vector in the right direction of the tangent.

Tan: A pointer to a vector holding the tangent information.

Returns: A pointer to a vector holding the tangent information. An Ek, k >= 3 vector, depending on dimension
k of Crv.

Description: Returns a (unit) vector, equal to the tangent to Crv at parameter value t. Algorithm: pseudo
subdivide Crv at t and using control point of subdivided curve find the tangent as the difference of the 2 end points.

3.2.213 BazrSrf2Curves (bzr2poly.c:1103)

CagdCrvStruct *BzrSrf2Curves(const CagdSrfStruct *Srf, int NumOfIsocurves[2])

Srf: To extract isoparametric curves from.

NumOfIsocurves: In reach (U or V) direction

Returns: List of extracted isoparametric curves. These curves inherit the order and continuity of the original
Srf. NULL is returned in case of an error.

Description: Routine to extract from a bezier surface NumOfIsoline isocurve list in each param. direction. Iso
parametric curves are sampled equally spaced in parametric space. NULL is returned in case of an error, otherwise
list of CagdCrvStruct.

See also: BzrSrf22Polylines, BspSrf2PCurves, SymbSrf2Curves,

3.2.214 BzrSrf2Polygons (bzr2poly.c:140)

surface approximation

IPPolygonStruct *BzrSrf2Polygons(const CagdSrfStruct *Srf,

const CagdSrf2PlsInfoStrct *TessInfo)

Srf: To approximate into triangles.

TessInfo: All auxiliary information/state to tessellate.

Returns: A list of polygons with optional normal and/or UV parametric information. NULL is returned in
case of an error.

Description: Routine to convert a single Bezier surface to set of triangles approximating it. FineNess is a
fineness control on result and the larger is more triangles may result. A value of 10 is a good start value. NULL is
returned in case of an error, otherwise list of IPPolygonStruct.

See also: BspSrf2Polygons, IritSurface2Polygons, IritTrimSrf2Polygons, , CagdSrf2Polygons, TrimSrf2Polygons,
CagdSrf2Polygons,



3.2.215 BzrSrf2PolygonsN (bzr2poly.c:192)

| polygonal approximation

IPPolygonStruct *BzrSrf2PolygonsN(const CagdSrfStruct *Srf,
int Nu,
int Nv,
CagdBType ComputeNormals,
CagdBType FourPerFlat,
CagdBType ComputeUV)

Srf: To approximate into triangles.
Nu, Nv: The number of uniform samples in U and V of surface.
ComputeNormals: If TRUE, normal information is also computed.

FourPerFlat: If TRUE, four triangles are created per flat surface. If FALSE, only 2 triangles are created.
ComputeUV: If TRUE, UV values are stored and returned as well.

Returns: A list of polygons with optional normal and/or UV parametric information. NULL is returned in
case of an error.

Description: Routine to convert a single freeform surface to set of triangles approximating it using a uniform
fixed resolution of Nu x Nv. NULL is returned in case of an error, otherwise list of IPPolygonStruct.

See also: BzrSrf2Polygons, BspSrf2Polygons, CagdCrv2Polyline, CagdSrf2Polylines, , CagdSrf2PolygonStrip,
CagdSrf2Polygons,

3.2.216 BzrSrf2PolygonsSamples (bzr2poly.c:850)

surface approximation

CagdBType BzrSrf2PolygonsSamples(const CagdSrfStruct *Srf,
int FineNess,
CagdBType ComputeNormals,
CagdBType ComputeUV,
CagdRType **PtWeights,
CagdPtStruct **PtMesh,
CagdVecStruct **PtNrml,
CagdUVStruct **UVMesh,
int *FineNessU,
int *FineNessV)

Srf: To sample in a grid.

FineNess: Control on accuracy, the higher the finer.

ComputeNormals: If TRUE, normal information is also computed.

ComputeUV: If TRUE, UV values are stored and returned as well.

PtWeights: Weights of the evaluations, if rational, to detect poles. NULL if surface not rational.
PtMesh: Evaluated positions of grid of samples.

PtNrml: Evaluated normals of grid of samples or NULL if none.

UVMesh: Evaluated UV vals of grid of samples or NULL if none.

FineNessU, FineNessV: Actual size of PtMesh, PtNrml, UVMesh.

Returns: FALSE is returned in case of an error, TRUE otherwise.

Description: Routine to uniformly sample a single Bezier srf as a grid. FineNess is a fineness control on the
result and the larger it is, more samples may result. A value of 10 is a good starting value. FALSE is returned in
case of an error, TRUE otherwise.

See also: BspSrf2Polygons, IritSurface2Polygons, IritTrimSrf2Polygons, , CagdSrf2Polygons, TrimSrf2Polygons,
BzrSrf2PolygonsSamplesNuNv,



3.2.217 BzrSrf2PolygonsSamplesNulNv (bzr2poly.c:924)

CagdBType BzrSrf2PolygonsSamplesNulNv(const CagdSrfStruct *Srf,
int Nu,
int Nv,
CagdBType ComputeNormals,
CagdBType ComputeUV,
CagdRType **PtWeights,
CagdPtStruct **PtMesh,
CagdVecStruct **PtNrml,
CagdUVStruct **UVMesh)

Srf: To sample in a grid.

Nu, Nv: The number of uniform samples in U and V of surface.

ComputeNormals: If TRUE, normal information is also computed.

ComputeUV: If TRUE, UV values are stored and returned as well.

PtWeights: Weights of the evaluations, if rational, to detect poles. NULL if surface not rational.
PtMesh: Evaluted positions of grid of samples.

PtNrml: Evaluted normals of grid of samples or NULL if none.

UVMesh: Evaluted UV vals of grid of samples or NULL if none.

Returns: FALSE is returned in case of an error, TRUE otherwise.

Description: Routine to uniformly sample a single Bezier srf as a grid. Nu and Nv fix the grid’s sizes. FALSE
is returned in case of an error, TRUE otherwise.

See also: BspSrf2Polygons, IritSurface2Polygons, IritTrimSrf2Polygons, , CagdSrf2Polygons, TrimSrf2Polygons,
BzrSrf2PolygonsSamples,

3.2.218 BzrSrf2Polylines (bzr2poly.c:1030)

CagdPolylineStruct *BzrSrf2Polylines(const CagdSrfStruct *Srf,

int NumOfIsocurves[2],
int SamplesPerCurve)

Srf: Srf to extract isoparametric curves from.

NumOfIsocurves: To extarct from Srf in each (U or V) direction.

SamplesPerCurve: Fineness control on piecewise linear curve approximation.

Returns: List of polygons representing a piecewise linear approximation of the extracted isoparamteric curves
or NULL is case of an error.

Description: Routine to convert a single Bezier surface to NumOflIsolines polylines in each parametric direction
with SamplesPerCurve in each isoparametric curve. Polyline are always E3 of CagdPolylineStruct type. Iso parametric
curves are sampled equally spaced in parametric space. NULL is returned in case of an error, otherwise list of
CagdPolylineStruct.

See also: BzrCrv2Polyline, BspSrf2Polylines, IritSurface2Polylines, , IritTrimSrf2Polylines, SymbSr{f2Polylines,
TrimSrf2Polylines, CagdSrf2Polylines,

3.2.219 BzrSrfCrvFromMesh (sbzreval.c:212)

CagdCrvStruct *BzrSrfCrvFromMesh(const CagdSrfStruct *Srf,

int Index,
CagdSrfDirType Dir)

Srf: To extract a curve from.
Index: Index along the mesh of Srf to extract the curve from.
Dir: Direction of extracted curve. Either U or V.

Returns: A curve from Srf. This curve inherit the order and continuity of surface Srf in direction Dir. However,
thiscurve is not on surface Srf, in general.

Description: Extracts a curve from the mesh of a tensor product Bezier surface Srf in direction Dir at index

Index.
See also: CagdCrvFromSrf, BzrSrfCrvFromSrf, BspSrfCrvFromSrf, , CagdCrvFromMesh, BspSrfCrvFromMesh,



3.2.220 BzrSrfCrvFromSrf (sbzreval.c:130)

isoparametric curves
curve from surface

CagdCrvStruct *BzrSrfCrvFromSrf (const CagdSrfStruct *Srf,
CagdRType t,
CagdSrfDirType Dir)
Srf: To extract an isoparametric curve from.

t: Parameter value of extracted isoparametric curve.

Dir: Direction of the isocurve on the surface. Either U or V.

Returns: An isoparametric curve of Srf. This curve inherits the order and continuity of surface Srf in direction
Dir.

Description: Extracts an isoparametric curve out of the given tensor product Bezier surface in direction Dir at
the parameter value of t. Operations should prefer the CONST_U_DIR, in which the extraction is somewhat faster

if that is possible.
See also: CagdCrvFromSrf, BspSrfCrvFromSrf, Cagd CrvFromMesh, BzrSrfCrvFromMesh, , BspSrfCrvFromMesh,

3.2.221 BzrSrfDegreeRaise (sbzr_aux.c:162)

CagdSrfStruct *BzrSrfDegreeRaise(const CagdSrfStruct *Srf, CagdSrfDirType Dir)

Srf: To raise it degree by one.

Dir: Direction to degree raise. Either U or V.
Returns: A surface with one degree higher in direction Dir, representing the same geometry as Srf.

Description: Returns a new Bezier surface, identical to the original but with one degree higher, in the requested
direction Dir. Let old control polygon be P(i), i = 0 to k-1, and Q(i) be new one then:

i k-i
QC0) = P(0), Qi) = -—- P(i-1) + (---) P(@1), Q) = P(k-1).
k k

This is applied to all rows/cols of the surface.
See also: CagdSrfDegreeRaise, BspSrfDegreeRaise, TrimSrfDegreeRaise, , PwrSrfDegreeRaise, PwrSrfDegreeRaiseN,

3.2.222 BazrSrfDegreeRaiseN (sbzr_aux.c:250)

CagdSrfStruct *BzrSrfDegreeRaiseN(const CagdSrfStruct *Srf,
int NewUOrder,
int NewVOrder)

Srf: To raise its degrees.

NewUOrder: New U order of Srf.
NewVOrder: New V order of Srf.

Returns: A surface with higher degrees as prescribed by NewUOrder/NewVOrder.

Description: Returns a new Bezier surface, identical to the original but with higher degrees, as prescribed by
NewUOrder, NewVOrder.

See also: CagdSrfDegreeRaise, BzrSrfDegreeRaise, TrimSrfDegreeRaise, , BspSrfDegreeRaise, BzrSrfDegreeRaiseN,
CagdSrfDegreeRaiseN, , PwrSrfDegreeRaise, PwrSrfDegreeRaiseN,



3.2.223 BazrSrfDerive (sbzr_aux.c:415)

CagdSrfStruct *BzrSrfDerive(const CagdSrfStruct *Srf,

CagdSrfDirType Dir,
CagdBType DeriveScalar)

Srf: To differentiate.
Dir: Direction of differentiation. Either U or V.
DeriveScalar: TRUE to differentiate each channel independently. FALSE to treat geometry as a rational
differentiation.
Returns: Differentiated surface.
Description: Returns a new surface equal to the given surface, differentiated once in the direction Dir. Let old
control polygon be P(i), i = 0 to k-1, and Q(i) be new one then:

Qi) = (k - 1) * (P(i+1) - P(i)), i = 0 to k-2.

This is applied to all rows/cols of the surface.
See also: CagdSrfDerive, BspSrfDerive, SymbSrfDeriveRational, , BzrSrfDeriveScalar,

3.2.224 BzrSrfDeriveScalar (sbzr_aux.c:489)

CagdSrfStruct *BzrSrfDeriveScalar(const CagdSrfStruct *Srf, CagdSrfDirType Dir)

Srf: To differentiate.
Dir: Direction of tangent vector. Either U or V.

Returns: Differentiated curve.
Description: Returns a new surface equal to the given surface, differentiated once in the direction Dir. Let old
control polygon be P(i), i = 0 to k-1, and Q(i) be new one then:
Qi) = (k - 1) * (P(i+1) - P(1)), i = 0 to k-2.
This is applied to all rows/cols of the surface. For a Euclidean surface this is the same as CagdCrvDerive but for a
rational surface the returned surface is not the vector field but simply the derivatives of all the surface’s coefficients,

including the weights.
See also: BzrSrfDerive, CagdSrfDerive, SymbSrfDeriveRational, , BspSrfDerive, BspSrfDeriveScalar, CagdSrfDeriveScalar,

3.2.225 BzrSrfEvalAtParamMalloc (sbzreval.c:95)

CagdRType #*BzrSrfEvalAtParamMalloc(const CagdSrfStruct *Srf,
CagdRType u,
CagdRType V)

Srf: Surface to evaluate at the given (u, v) location.
u, v: Location where to evaluate the surface.

Returns: A vector holding all the coefficients of all components of curve Crv’s point type. If for example the
curve’s point type is P2, the W, X, and Y will be saved in the first three locations of the returned vector.
The first location (index 0) of the returned vector is reserved for the rational coefficient W and XYZ always

starts at second location of the returned vector (index 1).

Description: Evaluates the given tensor product Bezier surface at a given point, by extracting an isoparametric
curve along u from the surface and evaluating the curve at parameter v.

u -—->
o +
|PO Pi-1|
V |Pi P2i-1| Parametric space orientation - control mesh.
I |
v|Pn-i Pn-1|
et +

See also: CagdSrfEval, BspSrfEvalAtParam, BspSrfEvalAtParamToData, TrimSrfEval, , BzrSrfEvalAtParam-

ToData,



3.2.226 BzrSrfEvalAtParamToData (sbzreval.c:49)

void BzrSrfEvalAtParamToData(const CagdSrfStruct *Srf,
CagdRType u,
CagdRType v,
CagdRType *R)

Srf: Surface to evaluate at the given (u, v) location.

u, v: Location where to evaluate the surface.

R: A vector holding all the coefficients of all components of curve Crv’s point type. If for example the curve’s
point type is P2, the W, X, and Y will be saved in the first three locations of the returned vector. The
first location (index 0) of the returned vector is reserved for the rational coefficient W and XYZ always

starts at second location of the returned vector (index 1).

Returns: void

Description: Evaluates the given tensor product Bezier surface at a given point, by extracting an isoparametric
curve along u from the surface and evaluating the curve at parameter v.

u -->
o +
|PO Pi-1|
V |Pi P2i-1| Parametric space orientation - control mesh.
I |
v|Pn-i Pn-1|
o +

See also: CagdSrfEval, BspSrfEvalAtParam, BspSrfEvalAtParamToData, TrimSrfEval, BzrSrfEvalAtParam,

3.2.227 BazrSrfIntegrate (sbzr_aux.c:517)

CagdSrfStruct *BzrSrflntegrate(const CagdSrfStruct *Srf, CagdSrfDirType Dir)

Srf: Surface to integrate.
Dir: Direction of integration. Either U or V.

Returns: Integrated surface.

Description: Returns a new Bezier surface, equal to the integral of the given Bezier srf. The given Bezier surface

should be nonrational.
See also: BspSrfIntegrate, BzrCrvIntegrate, CagdSrflntegrate,

3.2.228 BazrSrfMeshNormals (sbzr_aux.c:750)

CagdVecStruct *BzrSrfMeshNormals(const CagdSrfStruct *Srf,
int UFineNess,
int VFineNess)

Srf: To compute normals on a grid of its parametric domain.
UFineNess: U Fineness of imposed grid on Srf’s parametric domain.

VFineNess: V Fineness of imposed grid on Srf’s parametric domain.

Returns: An vector of unit normals (u increments first).

Description: Evaluates the unit normals of a surface at a mesh defined by subdividing the parametric space
into a grid of size UFineNess by VFineNess. The normals are saved in a linear CagdVecStruct vector which is
allocated dynamically. Data is saved u inc. first. This routine is much faster than evaluating normal for each point,

individually.
See also: CagdSrfNormal, BspSrfNormal, SymbSrfNormalSrf, BspSrfMeshNormals,



3.2.229 BzrSrfMoebiusTransform (sbzr_aux.c:954)

CagdSrfStruct *BzrSrfMoebiusTransform(const CagdSrfStruct *CSrf,
CagdRType c,
CagdSrfDirType Dir)
CSrf: Surface to apply the Moebius transformation to.

c: The scaling coefficient - ¢"n is the ratio between the first and last weight of the surface, along each row or
column. If ¢ == 0, the first and last weights are made equal, in the first row/column.

Dir: Direction to apply the Moebius transformation, row or col. If Dir == CAGD_BOTH_DIR, the transfor-
mation is applied to both the row and column directions, in this order.
Returns: The modified surface with the same shape but different speeds.

Description: Apply the Moebius transformation to a ration Bezier surface.
See also: BzrCrvMoebiusTransform, BspSrfMoebiusTransform,

3.2.230 BzrSrfNew (bzr_gen.c:30)

CagdSrfStruct *BzrSrfNew(int ULength, int VLength, CagdPointType PType)

ULength: Number of control points in the U direction.
VLength: Number of control points in the V direction.
PType: Type of control points (E2, P3, etc.).
Returns: An uninitialized freeform Bezier surface.

Description: Allocates the memory required for a new Bezier surface.
See also: BspSrfNew, BspPeriodicSrfNew, CagdSrfNew, CagdPeriodicSrfNew, TrimSrfNew, PwrSrfNew,

3.2.231 BzrSrfNormalMalloc (sbzr_aux.c:717)

CagdVecStruct *BzrSrfNormalMalloc(const CagdSrfStruct *Srf,

CagdRType u,
CagdRType v,
CagdBType Normalize)

Srf: Bezier surface to evaluate (unit) normal vector for.

u, v: Parametric location of required (unit) normal.

Normalize: If TRUE, attempt is made to normalize the returned vector. If FALSE, length is a function of

given parametrization.
Returns: A pointer to a vector holding the (unit) normal information.
Description: Evaluate the (unit) normal of a surface at a given parametric location. If we fail to compute the

normal at given location we retry by moving a tad.
See also: CagdSrfNormal, BspSrfNormal, SymbSrfNormalSrf,

3.2.232 BzrSrfNormalToData (sbzr_aux.c:657)

CagdVecStruct *BzrSrfNormalToData(const CagdSrfStruct *Srf,
CagdRType u,
CagdRType v,
CagdBType Normalize,
CagdVecStruct *Normal)

Srf: Bezier surface to evaluate (unit) normal vector for.

u, v: Parametric location of required (unit) normal.

Normalize: If TRUE, attempt is made to normalize the returned vector. If FALSE, length is a function of
given parametrization.

Normal: A pointer to a vector holding the (unit) normal information.
Returns: A pointer to a vector holding the (unit) normal information (the Normal Parameter).

Description: Evaluate the (unit) normal of a surface at a given parametric location. If we fail to compute the
normal at given location we retry by moving a tad.
See also: CagdSrfNormal, BspSrfNormal, SymbSrfNormalSrf,



3.2.233 BzrSrfSubdivAtParam (sbzr_aux.c:118)

CagdSrfStruct *BzrSrfSubdivAtParam(const CagdSrfStruct *Srf,
CagdRType t,
CagdSrfDirType Dir)

Srf: To subdivide at parameter value t.
t: Parameter value to subdivide Srf at.
Dir: Direction of subdivision. Either U or V.

Returns: A list of the two subdivided surfaces.

Description: Given a Bezier surface - subdivides it into two sub-surfaces at the given parametric value. Returns
pointer to first surface in a list of two subdivided surfaces.
See also: CagdSrfSubdivAtParam, BspSrfSubdivAtParam, TrimSrfSubdivAtParam,

3.2.234 BzrSrfSubdivCtlMesh (sbzr_aux.c:53)

void BzrSrfSubdivCtlMesh(CagdRType * const *Points,
CagdRType **LPoints,
CagdRType **RPoints,
int ULength,
int VLength,
CagdPointType PType,
CagdRType t,
CagdSrfDirType Dir)

Points: To subdivide at parametr value t.

LPoints, RPoints: Where the results are kept.

ULength, VLength: Of this Bezier surface, dimensions of Points.
PType: Points types we have here.

t: Parameter value to subdivide curve at.

Dir: Direction of subdivision.
Returns: void

Description: Apply Bezier subdivision to the given curve at parameter value t, and save the result in data
LPoints/RPoints. Note this function could also be called from a B-spline curve with a Bezier knot sequence.
See also: BzrCrvSubdivAtParam, BspCrvSubdivCtlPoly, BzrCrvSubdivCtlPolyStep,

3.2.235 BazrSrfTangentToData (sbzr_aux.c:606)

CagdVecStruct *BzrSrfTangentToData(const CagdSrfStruct *Srf,
CagdRType u,
CagdRType v,
CagdSrfDirType Dir,
CagdBType Normalize,
CagdVecStruct *Tangent)

Srf: Bezier surface to evaluate (unit) tangent vector for.
u, v: Parametric location of required (unit) tangent.

Dir: The OTHER direction (for historic reasons...) of tangent vector. Either U or V.

Normalize: If TRUE, attempt is made to normalize the returned vector. If FALSE, length is a function of
given parametrization.

Tangent: A pointer to a vector holding the (unit) tangent information.
Returns: A pointer to a vector holding the (unit) tangent information.

Description: Evaluates the (unit) tangent to a surface at a given parametric location u, v) and given direction
Dir.
See also: CagdSrfTangent, BspSrfTangent,



3.2.236 BzrZeroSetNoSubdiv (bzrzrfct.c:1166)

CagdPtStruct *BzrZeroSetNoSubdiv(const CagdCrvStruct *Crv,
int Axis,
CagdRType NumericTol,
CagdRType SubdivTol)
Crv: A curve to find zeros of.
Axis: The axis along which to find roots.
NumericTol: The numeric tolerance up to which solution is required.
SubdivTol: The tolerance up to which subdivision is to be done.
Returns: List of solutions as tuples of the form (root, multiplicity).

Description: Finds the zeros of a given curve assuming it is a scalar. Employs factoring out of roots without
subdivision.

See also: MvarCrvZeroSet, CagdCrvCrvInter, SymbCrvZeroSet, CagdCrvZeroSet, , SymbCrvCrvInter, Symb-
ScalarCrvLowDegZeroSet.,

3.2.237 Cagd2PolyClipPolysAtPoles (bzr2poly.c:102)

CagdBType Cagd2PolyClipPolysAtPoles(CagdBType ClipPolysAtPoles)

ClipPolysAtPoles: New setting to use or IRIT_ QUERY_INT_PROP to query.
Returns: Old value.

Description: Sets the option of clipping polylines and polygon at poles (when the rational curves/surface goes
to infinity due to division by zero.). If ClipPolysAtPoles == IRIT_QUERY_INT_PROP, current state is only queried.
See also: CagdSrf2Polygons, CagdSrf2PolygonFast, CagdSrf2PolygonStrip, CagdSrf2PolygonMergeCoplanar,

3.2.238 CagdAllWeightsNegative (cagd2gen.c:2426)

CagdBType CagdAllWeightsNegative(CagdRType * const *Points,
CagdPointType PType,
int Len,
CagdBType Flip)
Points: Control points to consider and possibly modify in place.
PType: Input point type, as given in Points.
Len: Number of points in Points.
Flip: If TRUE, flips all weights (and points coefficients) in place, so we end up with positive weights only.
Returns: TRUE if original has negative weights, FALSE otherwise.

Description: Returns TRUE if the given control points have negative weights.
See also: CagdPointsHasPoles, Cagd AllWeightsSame,

3.2.239 CagdAllWeightsSame (cagd2gen.c:2520)

CagdBType CagdAllWeightsSame(CagdRType * const *Points, int Len)

Points: Control points to consider.

Len: Number of points in Points.
Returns: TRUE if all weights are the same, FALSE otherwise.

Description: Returns TRUE if given control points has identical weights throughout.
See also: CagdCrvBBox, CagdSrfBBox, GMBBSetBBoxPrecise, SymbCrvPosNegWeights, CagdPointsHasPoles,
Cagd AllWeightsNegative,



3.2.240 CagdAreClosedCrvs (cagdlgen.c:1496)

CagdBType CagdAreClosedCrvs(const CagdCrvStruct *Crvs,
const CagdSrfStruct *Srf)

Crvs: To test if form a closed loop.

Srf: If not NULL, Crvs are assumed in the parameteric space of Srf, and crossing a boundary of Srf can still
be valid loop. Otherwise, if NULL, curves end points are compared directly.

Returns: TRUE if closed, FALSE otherwise.

Description: Returns TRUE if the curves form a closed loop.
See also: CagdIsClosedCrv, CagdlIsClosedSrf, CagdIsZeroLenCrv,

3.2.241 CagdBBoxArrayFree (cagd2gen.c:761)
void CagdBBoxArrayFree(CagdBBoxStruct *BBoxArray, int Size)

BBoxArray: To be deallocated.
Size: Of the deallocated array.

Returns: void

Description: Deallocates and frees an array of BBox structure.

3.2.242 CagdBBoxArrayNew (cagdlgen.c:541)
CagdBBoxStruct *CagdBBoxArrayNew(int Size)

Size: Size of BBox array to allocate.
Returns: An array of BBox structures of size Size.

Description: Allocates and resets all slots of an array of BBox structures.

3.2.243 CagdBBoxCopy (cagdlgen.c:1074)
CagdBBoxStruct *CagdBBoxCopy(const CagdBBoxStruct *BBox)

BBox: To be copied.
Returns: A duplicate of BBox.

Description: Allocates and copies all slots of a BBox structure.

3.2.244 CagdBBoxFree (cagd2gen.c:739)
void CagdBBoxFree(CagdBBoxStruct *BBox)
BBox: To be deallocated.

Returns: void

Description: Deallocates and frees all slots of a BBox structure.

3.2.245 CagdBBoxNew (cagdlgen.c:563)

CagdBBoxStruct *CagdBBoxNew(void)

Returns: A BBox structure.

Description: Allocates and resets all slots of a BBox structure.



3.2.246 CagdBilinearSrf (cagdruld.c:127)
CagdSrfStruct *CagdBilinearSrf(const CagdPtStruct *Pt00,

const CagdPtStruct *Pt01,
const CagdPtStruct *Pt10,
const CagdPtStruct *Ptill,
CagdPointType PType)

Pt00, Pt01, Pt10, Pt11: The four points to construct a bilinear between.

PType: The point time and hence dimension of these four points.
Returns: A bilinear surface with four corners at Ptij.

Description: Constructs a bilinear surface between the four provided points.

3.2.247 CagdBlendTwoSurfaces (hermite.c:417)

CagdSrfStruct *CagdBlendTwoSurfaces(const CagdSrfStruct *Srfl,
const CagdSrfStruct *Srf2,
int BlendDegree,
CagdRType TanScale)

Srfl: First surface to blend.

Srf2: Second surface to blend.

BlendDegree: Degree of the blending function in U. 2 for C~0, 4 for C~1, 6 for C~2.
TanScale: If C~1, sets the tangency scale factor.

Returns: Resulting blended surface.

Description: Blends the two given surfaces along the u (first) parameter value. Returned surface will start and
Srfl(UMin) and terminate at Srf2(UMax). Continuity is governed by the blending degree. 2 for C~0, 4 for C~1. Odd
degree will be rounded up to the next even degree. Uses Hermite interpolation for the C~1 case.

See also:

3.2.248 CagdBlossomDegreeRaiseMat (blossom.c:937)

CagdBlsmAlphaCoeffStruct *CagdBlossomDegreeRaiseMat(const CagdRType *KV,
int Order,
int Len)

KV: Of space to degree raise.
Order: Of space to degree raise.
Len: Of control poly/mesh.
Returns: Degree raising matrix.

Description: Computes a new degree raising matrix to degree raise once the following function space, defined
using the Order, and knot vector KV of length Len + Order (Len is the length of the control poly/mesh using KV).

See also: CagdCrvBlossomDegreeRaise, CagdSrfBlossomDegreeRaise, CagdCrvDegreeRaise, CagdBlossomDe-
greeRaiseNMat, CagdDegreeRaiseMatProd,

3.2.249 CagdBlossomDegreeRaiseNMat (blossom.c:1034)

CagdBlsmAlphaCoeffStruct *CagdBlossomDegreeRaiseNMat(const CagdRType *KV,
int Order,
int NewOrder,
int Len)

KV: Of space to degree raise.

Order: Of space to degree raise.



NewOrder: Destination order to raise to.

Len: Of control poly/mesh.
Returns: Degree raising matrix.

Description: Computes a degree raising matrix to degree raise the following function space to order NewOrder.
The space is defined using the Order, and knot ector KV of length Len + Order (Len is the length of the control
poly/mesh using KV).

See also: CagdCrvBlossomDegreeRaise, CagdSrfBlossomDegreeRaise, CagdCrvDegreeRaise, CagdBlossomDe-
greeRaiseMat, CagdDegreeRaiseMatProd,

3.2.250 CagdBlossomEval (blossom.c:438)

CagdRType CagdBlossomEval(const CagdRType *Pts,
int PtsStep,
int Order,
const CagdRType *Knots,
int KnotsLen,
const CagdRType *BlsmVals,
int BlsmLen)

Pts: Coefficeints or scalar control points to blossom.

PtsStep: Step size between coefficients, typically one.

Order: Order of the freeform geometry,

Knots: Knots of the freeform geometry. If NULL assumed Bezier.
KnotsLen: Length of Knots knot vectors.

BlsmVals: Blossoming values to consider.

BlsmLen: Length of BlsmVals vector.
Returns: Evaluated Blossom

Description: Computes the Blossom over the given points, Pts, with knot sequence Knots, and Blossoming
factors BlsmVals. Evaluation is conducted via the Cox - De Boor algorithm with a possibly different parameter at
each iteration as prescribed via the Blossoming factors. Note that the Bezier case is supported via the case for which
the Knots are NULL. This function assumes no Order multiplicity of knots in interior of KV.

See also: CagdCrvBlossomDegreeRaise, CagdBlossomEvalSymb,

3.2.251 CagdBlsmAddRowAlphaCoef (blossom.c:1648)

void CagdBlsmAddRowAlphaCoef (CagdBlsmAlphaCoeffStruct *A,
CagdRType *Coefs,
int ARow,
int ColIndex,
int ColLength)

A: The current blossome alpha matrix to update.
Coefs: The coefficients to add to the alpha matrix in row ARow.
ARow: The row in A to update.

ColIndex: Starting index in column Col to update.

ColLength: Number of coefficients to update in column Col.
Returns: void

Description: Updates one row, ARow, in the blossom alpha matrix. New coefficients are being added to the
current values from Collndex to Collndex+ColLength-1.

See also: CagdBlsmEvalSymb, CagdBlsmAllocAlphaCoef, CagdBlsmCopyAlphaCoef, , CagdBlsmFreeAlpha-
Coef, CagdBlsmScaleAlphaCoef, , CagdBlsmSetDomainAlphaCoef,



3.2.252 CagdBlsmAllocAlphaCoef (blossom.c:1433)

CagdBlsmAlphaCoeffStruct *CagdBlsmAllocAlphaCoef (int Order,
int Length,
int NewOrder,
int NewLength,
CagdBType Periodic)

Order, Length: Current Order and Length of current function space.
NewOrder, NewLength: New function space, after the blossom.
Periodic: TRUE, if periodic.

Returns: Allocated blossom Alpha matrix.

Description: Allocates the CagdBlsmAlphaCoeffStruct data structrure.
See also: CagdCrvBlossomDegreeRaise, CagdBlossomEvalSymb, CagdBlsmAddRowAlphaCoef, CagdBlsmCopy-
AlphaCoef, CagdBlsmFreeAlphaCoef, CagdBlsmScaleAlphaCoef, , CagdBlsmSetDomainAlphaCoef,

3.2.253 CagdBlsmCopyAlphaCoef (blossom.c:1518)

CagdBlsmAlphaCoeffStruct *CagdBlsmCopyAlphaCoef (const CagdBlsmAlphaCoeffStruct
*A)

A': Blossom alpha matrix to copy.
Returns: Copied matrix.

Description: Copies the CagdBlsmAlphaCoeffStruct data structrure.
See also: CagdCrvBlossomDegreeRaise, CagdBlossomEvalSymb, CagdBlsmAddRowAlphaCoef, CagdBlsmAllo-
cAlphaCoef, CagdBlsmFreeAlphaCoef, CagdBlsmScaleAlphaCoef, , CagdBlsmSetDomainAlphaCoef,

3.2.254 CagdBlsmEvalSymb (blossom.c:83)

CagdRType *CagdBlsmEvalSymb(int Order,
const CagdRType *Knots,
int KnotsLen,
const CagdRType *BlsmVals,
int BlsmLen,
int *RetIdxFirst,
int *RetLength,
CagdRType *RetVec,
void *Cache)

Order: Order of the freeform geometry,

Knots: Knots of the freeform geometry. If NULL assumed Bezier.
KnotsLen: Length of Knots knot vectors.

BlsmVals: Blossoming values to consider.

BlsmLen: Length of BlsmVals vector.

RetIdxFirst: Index of first input coefficient to blend returned vector with.
RetLength: Length of returned blend vector.

RetVec: Vector of blending values of the input coefficients for this blossom evaluation. This vector is maintained
by this function and should not be freed by the caller of this function. No need to provide both Cache and
RetVec.

Cache: Optional Cache (can be NULL) to use as created by CagdBlsmEvalSymbAllocCache. No need to
provide both Cache and RetVec.

Returns: Same as RetVec.

Description: Same as CagdBlossomEval, but computes the result symbolically. That is, get the contribution of
each input coefficients to this blossom. This function assumes no Order multiplicity of knots in interior of KV.

See also: CagdBlsmEvalSymbFreeCache, CagdBlsmEvalSymbAllocCache, , CagdCrvBlossomDegreeRaise, CagdBlos-
somEval, CagdBlsmAddRowAlphaCoef, CagdBlsmAllocAlphaCoef, CagdBlsmCopyAlphaCoef, , CagdBlsmFreeAl-
phaCoef, CagdBlsmScaleAlphaCoef, , CagdBlsmSetDomainAlphaCoef,



3.2.255 CagdBlsmEvalSymbAllocCache (blossom.c:364)

void *CagdBlsmEvalSymbAllocCache()

Returns: Allocated new cache.

Description: Auxiliary function of CagdBlsmEvalSymb to allocate a cache for the blossom evaluations.
See also: CagdBlsmEvalSymb, CagdBlsmEvalSymbFreeCache,

3.2.256 CagdBlsmEvalSymbFreeCache (blossom.c:392)

void CagdBlsmEvalSymbFreeCache(void #*Cache)

Cache: Blossom cache to free.
Returns: void

Description: Auxiliary function of CagdBlsmEvalSymb to free a cache for the blossom evaluations.
See also: CagdBlsmEvalSymb, CagdBlsmEvalSymbAllocCache,

3.2.257 CagdBlsmFreeAlphaCoef (blossom.c:1606)

void CagdBlsmFreeAlphaCoef (CagdBlsmAlphaCoeffStruct *A)

A: Blossom Alpha matrix to free.
Returns: void

Description: Frees the CagdBlsmAlphaCoeffStruct data structrure.
See also: CagdCrvBlossomDegreeRaise, CagdBlossomEvalSymb, CagdBlsmAddRowAlphaCoef, CagdBlsmAllo-
cAlphaCoef, CagdBlsmCopyAlphaCoef, CagdBlsmScaleAlphaCoef, , CagdBlsmSetDomainAlphaCoef,

3.2.258 CagdBlsmScaleAlphaCoef (blossom.c:1691)

void CagdBlsmScaleAlphaCoef (CagdBlsmAlphaCoeffStruct *A, CagdRType Scl)
A': Blossom alpha matrix to scale all it coefficients.
Scl: Scaling factor.
Returns: void

Description: Scale all the coefficients in the given blossom alpha matrix by Scl.
See also: CagdBlsmEvalSymb, CagdBlsmAllocAlphaCoef, CagdBlsmCopyAlphaCoef, , CagdBlsmFreeAlpha-
Coef, CagdBlsmSetDomainAlphaCoef, , CagdBlsmAddRowAlphaCoef,

3.2.259 CagdBlsmSetDomainAlphaCoef (blossom.c:1718)

void CagdBlsmSetDomainAlphaCoef (CagdBlsmAlphaCoeffStruct *A)

A: Blossom alpha matrix to update its Collndex/ColLength settings, in place.
Returns: void

Description: Update domain bounds Collndex/ColLength in the blossom alpha matrix A.
See also: CagdBlsmEvalSymb, CagdBlsmAllocAlphaCoef, CagdBlsmCopyAlphaCoef, , CagdBlsmFreeAlpha-
Coef, CagdBlsmScaleAlphaCoef, CagdBlsmAddRowAlphaCoef,



3.2.260 CagdBndryAsOneCrvFromSrf (cagd aux.c:2859)
CagdCrvStruct *CagdBndryAsOneCrvFromSrf (const CagdSrfStruct *Srf)

Srf: To extract the boundary from.
Returns: A closed curve, formed from the boundaries of Srf.

Description: Extracts the four boundaries of a given surface, as a single closed curve.
See also: CagdBndryCrvsFromSrf, CagdBndryCrvFromSrf,

3.2.261 CagdBndryCrvFromSrf (cagd aux.c:2790)

CagdCrvStruct *CagdBndryCrvFromSrf(const CagdSrfStruct *Srf,
CagdSrfBndryType Bndry)

Srf: To extract the boundary from.
Bndry: The boundary to extract.

Returns: The extracted boundary curve.

Description: Extracts one boundary curve of the given surface.

3.2.262 CagdBndryCrvsFromSrf (cagd_aux.c:2829)

isoparametric curves

CagdCrvStruct **CagdBndryCrvsFromSrf(const CagdSrfStruct *Srf,
CagdCrvStruct *Crvs[4])

Srf: To extract the boundary from.

Crvs: A pointer to a vector of four curve pointers, representing the four boundaries of surface Srf in order of
UMin, UMax, VMin, VMax.

Returns: A pointer to a vector of four curve pointers, representing the four boundaries of surface Srf in order
of UMin, UMax, VMin, VMax.

Description: Extracts the four boundary curves of the given surface.

3.2.263 CagdBoolSumSrf (cagdbsum.c:182)

CagdSrfStruct *CagdBoolSumSrf (const CagdCrvStruct *CCrvLeft,

const CagdCrvStruct *CCrvRight,

const CagdCrvStruct *CCrvTop,

const CagdCrvStruct *CCrvBottom)
CCrvLeft: Left boundary curve of Boolean sum surface to be created.
CCrvRight: Right boundary curve of Boolean sum surface to be created.
CCrvTop: Top boundary curve of Boolean sum surface to be created.
CCrvBottom: Bottom boundary curve of Boolean sum surface to be created.
Returns: A Boolean sum surface constructed using given four curves.

Description: Constructs a Boolean sum surface using the four provided boundary curves. Curve’s end points
must meet at the four surface corners if surface boundary are to be identical to the four given curves.
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See also: MvarTrivarBoolSum, CagdBoolSumSrf2, CagdBoolSumSr{fRtnl,



3.2.264 CagdBoolSumSrf2 (cagdbsum.c:63)

Boolean sum
surface constructors

CagdSrfStruct *CagdBoolSumSrf2(const CagdCrvStruct *Crvi,
const CagdCrvStruct *Crv2,
const CagdCrvStruct *Crv3,
const CagdCrvStruct *Crvé4)

Crvl, Crv2, Crv3, Crv4: Four boundary curves forming a freefrom rectangle in the XY plane. Crv2, Crv3,
and Crv4 will be properly oriented, following Crvl.

Returns: A Boolean sum surface constructed using given four curves.

Description: Constructs a Boolean sum surface using the four provided boundary curves. Curve’s end points
must meet at the four surface corners if surface boundary are to be identical to the four given curves.
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See also: MvarTrivarBoolSum3, CagdBoolSumSrf, CagdBoolSumSr{fRtnl,

3.2.265 CagdBoolSumSrfRtnl (cagdbsum.c:754)

Boolean sum
surface constructors

CagdSrfStruct *CagdBoolSumSrfRtnl(const CagdCrvStruct *CrvLeft,
const CagdCrvStruct *CrvRight,
const CagdCrvStruct *CrvTop,
const CagdCrvStruct *CrvBottom)

CrvLeft: Left boundary curve of Boolean sum surface to be created.
CrvRight: Right boundary curve of Boolean sum surface to be created.

CrvTop: Top boundary curve of Boolean sum surface to be created.

CrvBottom: Bottom boundary curve of Boolean sum surface to be created.
Returns: A Boolean sum surface constructed using given four curves.

Description: Constructs a Boolean sum surface using the four provided boundary curves. Curve’s end points
must meet at the four surface corners if surface boundary are to be identical to the four given curves.
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This function is similar to CagdBoolSumSrf but if rational it will not raise the degrees at the cost of changing the
internal parametrization
See also: MvarTrivarBoolSumRtnl, CagdBoolSumSrf,



3.2.266 CagdBspCrvPDMFitting (cbsp_fit.c:1316)

points cloud approximization

static CagdCrvStruct *CagdBspCrvPDMFitting(
CagdPType *PtList,
int NumOfPoints,
CagdCrvStruct *InitCrv,
RegTermCalculatorFuncType CalcRegularization,
RegMatrixCalculatorFuncType CalcRegMatrix,
int MaxIteratiomns,
CagdRType ErrorLimit,
CagdRType ErrorChangelLimit,
CagdRType Lambda)

PtList: Points cloud we want to approximate.
NumOfPoints: Number of points in PtList.

InitCrv: Pointer to an initial fitting curve. Its order and length will be taken as order and length of the desired
fitting curve.

CalcRegularization: Pointer to a function that should be used for calculating regularization term value.

CalcRegMatrix: Pointer to a function that should be used for calculating regularization term minimization
matrix.

MaxIterations: Maximum iterations to perform (stop condition).
ErrorLimit: Minimum error (stop condition).
ErrorChangeLimit: Minimum error change (stop condition).
Lambda: Weight of regularization term.

Returns: B-spline curve that fits the input points cloud.

Description: Calculates b-spline curve that fits (approximates) the given points Using input init curve, PDM
fitting method and specified regularization term.
See also: CagdBspCrvSDMFitting,

3.2.267 CagdBspCrvSDMFitting (cbsp_fit.c:1141)

points cloud approximization

static CagdCrvStruct *CagdBspCrvSDMFitting(
CagdPType *PtList,
int NumOfPoints,
CagdCrvStruct *InitCrv,
RegTermCalculatorFuncType CalcRegularization,
RegMatrixCalculatorFuncType CalcRegMatrix,
int MaxIterationms,
CagdRType ErrorLimit,
CagdRType ErrorChangelLimit,
CagdRType Lambda)

PtList: Points cloud we want to approximate.
NumOfPoints: Number of points in PtList.

InitCrv: Pointer to an initial fitting curve. Its order and length will be taken as order and length of the desired
fitting curve.

CalcRegularization: Pointer to a function that should be used for calculating regularization term value.

CalcRegMatrix: Pointer to a function that should be used for calculating regularization term minimization
matrix.

MaxlIterations: Maximum iterations to perform (stop condition).
ErrorLimit: Minimum error (stop condition).
ErrorChangeLimit: Minimum error change (stop condition).
Lambda: Weight of regularization term.

Returns: B-spline curve that fits the input points cloud.

Description: Calculates b-spline curve that fits (approximates) the given points Using input init curve, SDM
fitting method and specified regularization term.
See also: CagdBspCrvPDMFitting,



3.2.268 CagdBsplineCrvFitting (cbsp_fit.c:234)

CagdCrvStruct *CagdBsplineCrvFitting(CagdPType *PtList,
int NumOfPoints,
int Length,
int Order,
CagdBType IsPeriodic,
CagdBspFittingType AgorithmType,
int MaxIter,
CagdRType ErrorLimit,
CagdRType ErrorChangelLimit,
CagdRType Lambda)

PtList: Points cloud we want to approximate.

NumOfPoints: Number of points in PtList.

Length: The desired length of the output b-spline curve.

Order: The desired order of the output b-spline curve.

IsPeriodic: TRUE for periodic output curve, FALSE for open end.

AgorithmType: Fitting algorithm type (CAGD_PDM_FITTING, CAGD_SDM_FITTING, etc).
MaxIter: Maximum iterations to perform (stop condition).

ErrorLimit: Minimum error (stop condition).

ErrorChangeLimit: Minimum error change (stop condition).

Lambda: Weight of regularization term.
Returns: Output b-spline curve.

Description: Calculates b-spline curve that fits (approximates) the given points cloud using SD error function
and Energy2 regulation function. There are three stop conditions: 1) 100 iterations 2) Error = 0.1 3) Error change
= 0.005 The initial curve is a least square approximating b-spline.

3.2.269 CagdBsplineCrvFittingWithInitCrv (cbsp_fit.c:166)

CagdCrvStruct *CagdBsplineCrvFittingWithInitCrv(CagdPType *PtList,
int NumOfPoints,
CagdCrvStruct *InitCrv,
CagdBspFittingType AgorithmType,
int MaxIter,
CagdRType ErrorLimit,
CagdRType ErrorChangelLimit,
CagdRType Lambda)

PtList: Points cloud we want to approximate.

NumOfPoints: Number of points in PtList.

InitCrv: Initial fitting curve.

AgorithmType: Fitting algorithm type (CAGD_PDM_FITTING, CAGD_SDM_FITTING, etc).
MaxIter: Maximum iterations to perform (stop condition).

ErrorLimit: Minimum error (stop condition).

ErrorChangeLimit: Minimum error change (stop condition).

Lambda: Weight of regularization term.
Returns: Output b-spline curve.

Description: Calculates b-spline curve that fits (approximates) the given points cloud using SD error function
and Energy2 regulation function. There are three stop conditions: 1) Maximum iterations. 2) Error = 0 (i.e. curve
passes through all the points) 3) Error change = 0 (the iteration gives no improvement)



3.2.270 CagdCnvrtBsp2BzrCrv (chzr_aux.c:945)

CagdCrvStruct *CagdCnvrtBsp2BzrCrv(const CagdCrvStruct *CCrv)

CCrv: A B-spline curve to convert to a Bezier curve.
Returns: A list of Bezier curves representing the B-spline curve Crv.
Description: Converts a B-spline curve into a set of Bezier curves by subdividing the B-spline curve at all its

internal knots. Returned is a list of Bezier curves.
See also: CagdCnvrtBzr2BspCrv, CagdCnvrtBzr2PwrCrv, CagdCnvrtPwr2BzrCrv,

3.2.271 CagdCnvrtBsp2BzrSrf (sbzr_aux.c:858)

CagdSrfStruct *CagdCnvrtBsp2BzrSrf (const CagdSrfStruct *CSrf)
CSrf: B-spline surface to convert to a Bezier surface.
Returns: A list of Bezier surfaces representing same geometry as Srf.
Description: Convert a B-spline surface into a set of Bezier surfaces by subdividing the B-spline surface at all

its internal knots. Returned is a list of Bezier surface.
See also: CagdCnvrtBzr2BspSrf,

3.2.272 CagdCnvrtBsp20penCrv (cbsp_aux.c:1631)

CagdCrvStruct *CagdCnvrtBsp20penCrv(const CagdCrvStruct *Crv)
Crv: Bspline curve to convert to open end conditions.
Returns: A Bspline curve with open end conditions, representing the same geometry as Crv.

Description: Converts a Bspline curve to a Bspline curve with open end conditions.

3.2.273 CagdCnvrtBsp20penSrf (sbsp_aux.c:1937)

CagdSrfStruct *CagdCnvrtBsp20penSrf (const CagdSrfStruct *Srf)
Srf: Bspline surface to convert to open end conditions.
Returns: A Bspline surface with open end conditions, representing the same geometry as Srf.

Description: Converts a Bspline surface to a Bspline surface with open end conditions.

3.2.274 CagdCnvrtBzr2BspCrv (cbzr_aux.c:905)

CagdCrvStruct *CagdCnvrtBzr2BspCrv(const CagdCrvStruct *Crv)

Crv: A Bezier curve to convert to a Bspline curve.
Returns: A Bspline curve representing Bezier curve Crv.

Description: Converts a Bezier curve into Bspline curve by adding an open knot vector.
See also: CagdCnvrtBsp2BzrCrv, CagdCnvrtBzr2PwrCrv, CagdCnvrtPwr2BzrCrv,



3.2.275 CagdCnvrtBzr2BspSrf (sbzr_aux.c:815)

CagdSrfStruct *CagdCnvrtBzr2BspSrf(const CagdSrfStruct *Srf)

Srf: Bezier surface to convert to a B-spline surface.
Returns: A Bspline surface representing same geometry as Srf.
Description: Converts a Bezier surface into a B-spline surface by adding open end knot vector with no interior

knots.
See also: CagdCnvrtBsp2BzrSrf,

3.2.276 CagdCnvrtBzr2PwrCrv (bzr_pwr.c:57)
CagdCrvStruct *CagdCnvrtBzr2PwrCrv(const CagdCrvStruct *Crv)

Crv: To convert into Power basis function representation.

Returns: Same geometry, but in the Power basis.

Description: Converts the given curve from Bezier basis functions to a Power basis functions. Using:
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This routine simply take the weight of each Bezier basis function B(t) and spread it into the different power basis t~j
function scaled by:
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See also: CagdCnvrtBzr2BspCrv, CagdCnvrtBsp2BzrCrv, CagdCnvrtPwr2BzrCrv,

3.2.277 CagdCnvrtBzr2PwrSrf (bzr_pwr.c:195)
CagdSrfStruct *CagdCnvrtBzr2PwrSrf (const CagdSrfStruct *Srf)

Srf: To convert into Power basis function representation.
Returns: Same geometry, but in the Power basis.

Description: Converts the given surface from Bezier basis functions to a Power basis functions. Using:
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This routine simply take the weight of each product of two Bezier basis functions Bi(u) Bj(v) and spread it into the
different power basis u~j v~k functions scaled by:
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3.2.278 CagdCnvrtCrvToCtlPts (cbsp_aux.c:1690)

CagdCt1PtStruct *CagdCnvrtCrvToCtlPts(const CagdCrvStruct *Crv)
Crv: To the curve to convert to list of control points.
Returns: List of control points of curve Crv.

Description: Convert a curve into a list of control points.

3.2.279 CagdCnvrtCrvToSrf (cagdruld.c:161)

CagdSrfStruct *CagdCnvrtCrvToSrf(const CagdCrvStruct *Crv, CagdSrfDirType Dir)

Crv: A Crv to promote into a surface
Dir: Direction of Crv (of degree of Crv). Either U or V.

Returns: The surface promoted from Crv.

Description: Promotes a curve to a surface by creating a constant surface in the new direction. Dir controls if

the curve should be U or V surface direction. The resulting surface is degenerate in that its speed is zero in the ruled
direction and hence the surface is not regular.

3.2.280 CagdCnvrtFloat20penCrv (cbsp_aux.c:1576)
CagdCrvStruct *CagdCnvrtFloat20penCrv(const CagdCrvStruct *Crv)

Crv: Bspline curve to convert to open end conditions.
Returns: A Bspline curve with open end conditions, representing the same geometry as Crv.

Description: Converts a float Bspline curve to a Bspline curve with open end conditions.



3.2.281 CagdCnvrtFloat20penSrf (sbsp_aux.c:1902)

CagdSrfStruct *CagdCnvrtFloat20penSrf(const CagdSrfStruct *Srf)

Srf: Bspline surface to convert to open end conditions.
Returns: A Bspline surface with open end conditions, representing the same geometry as Srf.

Description: Converts a float Bspline surface to a Bspline surface with open end conditions.
See also: CagdCnvrtPeriodic2FloatSrf,

3.2.282 CagdCnvrtLinBspCrv2Polyline (cbsp_aux.c:1471)

CagdPolylineStruct *CagdCnvrtLinBspCrv2Polyline(const CagdCrvStruct *Crv,
CagdBType FilterIdentical)

Crv: A linear B-spline curve to convert to a polyline.
FilterIdentical: TRUE to filter almost identical adjacent vertices.

Returns: A polyline same as linear curve Crv.

Description: Returns a new polyline in E3 representing same geometry as the given linear B-spline curve.
See also: UserPolylines2LinBsplineCrvs, UserPolyline2LinBsplineCrv, , CagdCnvrtPolyline2LinBspCrv, Cagd-
CnvrtPtList2Polyline,

3.2.283 CagdCnvrtPeriodic2FloatCrv (cbsp_aux.c:1523)

CagdCrvStruct *CagdCnvrtPeriodic2FloatCrv(const CagdCrvStruct *Crv)

Crv: Bspline curve to convert to floating end conditions. Assume Crv is either periodic or has floating end
condition.

Returns: A Bspline curve with floating end conditions, representing the same geometry as Crv.

Description: Converts a Bspline curve to a Bspline curve with floating end conditions.

3.2.284 CagdCnvrtPeriodic2FloatSrf (sbsp_aux.c:1827)

CagdSrfStruct *CagdCnvrtPeriodic2FloatSrf(const CagdSrfStruct *Srf)

Srf: Bspline surface to convert to floating end conditions. Assume Srf is either periodic or has floating end
condition.

Returns: A Bspline surface with floating end conditions, representing the same geometry as Srf.

Description: Converts a Bspline surface into a Bspline surface with floating end conditions.
See also: CagdCnvrtFloat20penSrf,

3.2.285 CagdCnvrtPolyline2LinBspCrv (cbsp_aux.c:1446)

CagdCrvStruct *CagdCnvrtPolyline2LinBspCrv(const CagdPolylineStruct *Poly,
CagdPointType PType)

Poly: To convert to a linear B-spline curve.
PType: Typically CAGD_PT_E3_TYPE but can be any other type.

Returns: A linear B-spline curve representing Poly.

Description: Returns a new linear B-spline curve constructed from the given polyline. consecutive Identical
points in the polyline are skipped.

See also: UserPolylines2LinBsplineCrvs, CagdCnvrtPolyline2LinBspCrv, , CagdCnvrtLinBspCrv2Polyline, Cagd-
CnvrtPtList2Polyline, CagdCnvrtIritPolyline2CagdPolyline, CagdCnvrtPolyline2LinBspCrv2,



3.2.286 CagdCnvrtPolyline2LinBspCrv2 (cbsp_aux.c:1366)

CagdCrvStruct *CagdCnvrtPolyline2LinBspCrv2(const CagdPolylineStruct #*Poly,
CagdPointType PType,
CagdBType SkipldenticalPoints)

Poly: To convert to a linear B-spline curve.

PType: Typically CAGD_PT_E3_TYPE but can be any other type.
SkipIdenticalPoints: TRUE iff consecutive points are to be skipped.
Returns: A linear B-spline curve representing Poly.

Description: Returns a new linear B-spline curve constructed from the given polyline. consecutive Identical
points in the polyline are skipped if specified only.

See also: UserPolylines2LinBsplineCrvs, CagdCnvrtPolyline2LinBspCrv, , CagdCnvrtLinBspCrv2Polyline, Cagd-
CnvrtPtList2Polyline, CagdCnvrtlritPolyline2CagdPolyline, CagdCnvrtPolyline2LinBspCrv,

3.2.287 CagdCnvrtPolyline2PtList (cbsp_aux.c:1324)

CagdPtStruct *CagdCnvrtPolyline2PtList(const CagdPolylineStruct *Poly)
Poly: Input polyline to convert into a point list.
Returns: Converted point list.

Description: Converts a polyline into a list of points.
See also: CagdCnvrtLinBspCrv2Polyline, CagdCnvrtPolyline2LinBspCrv, , CagdCnvrtPtList2Polyline,

3.2.288 CagdCnvrtPtList2Polyline (cbsp_aux.c:1271)

CagdPolylineStruct *CagdCnvrtPtList2Polyline(const CagdPtStruct *Pts,
CagdPolylineStruct **Params)

Pts: Input point list to convert into a polyline.
Params: Optional polylines of parameters if found is saved here.
Returns: Converted polyline.

Description: Converts a list of points into a polyline in E3.
See also: CagdCnvrtLinBspCrv2Polyline, CagdCnvrtPolyline2LinBspCrv, , CagdCnvrtPolyline2PtList,

3.2.289 CagdCnvrtPwr2BzrCrv (bzr_pwr.c:124)

CagdCrvStruct *CagdCnvrtPwr2BzrCrv(const CagdCrvStruct *Crv)
Crv: To convert to Bezier basis functions.
Returns: Same geometry, in the Bezier basis functions.

Description: Converts the given curve from Power basis functions to Bezier basis functions. Using:
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This routine simply take the weight of each Power basis function t~i and spread it into the different basis basis
function B(t) scaled by:
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See also: CagdCnvrtBzr2BspCrv, CagdCnvrtBsp2BzrCrv, CagdCnvrtBzr2PwrCrv,



3.2.290 CagdCnvrtPwr2BzrSrf (bzr_pwr.c:276)

power basis
conversion

CagdSrfStruct *CagdCnvrtPwr2BzrSrf(const CagdSrfStruct *Srf)

Srf: To convert into Bezier basis function representation.

Returns: Same geometry, but in the Bezier basis.

Description: Converts the given surface from Power basis functions to Bezier basis functions. Using:
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3.2.291 CagdCoerceCrvTo (cagdcoer.c:747)

CagdCrvStruct *CagdCoerceCrvTo(const CagdCrvStruct *Crv,
CagdPointType PType,
CagdBType AddParametrization)
Crv: To be coerced to a new point type PType.
PType: New point type for Crv.

AddParametrization: If TRUE, the input is a scalar curve and the requested output is 2D, add a parametriza-
tion to newly added axis.

Returns: The new, coerced to PType, curve.

Description: Coerces a curve to a new point type PType. If given curve is E1 or P1 and requested new type is
E2 or P2 the Y coefficients are updated to hold the parametric domain of the curve, if AddParametrization.



3.2.292 CagdCoerceCrvsTo (cagdcoer.c:713)

CagdCrvStruct *CagdCoerceCrvsTo(const CagdCrvStruct *Crv,
CagdPointType PType,
CagdBType AddParametrization)
Crv: To be coerced to a new point type PType.
PType: New point type for Crv.

AddParametrization: If TRUE, the input is a scalar curve and the requested output is 2D, add a parametriza-
tion to newly added axis.

Returns: The new, coerced to PType, curves.

Description: Coerces a list of curves to a new point type PType. If given curves are E1 or P1 and requested new
type is E2 or P2 the Y coefficients are updated to hold the parametric domain of the curve, if AddParametrization.

3.2.293 CagdCoercePointTo (cagdcoer.c:251)

void CagdCoercePointTo(CagdRType *NewPoint,
CagdPointType NewPType,
CagdRType * const *Points,
int Index,
CagdPointType 01dPType)
NewPoint: Where the coerced information is to be saved.
NewPType: Point type of the coerced new point.
Points: Array of vectors if Index >= 0, a single point if Index < 0.
Index: Index into the vectors of Points.
OldPType: Point type to be expected from Points.
Returns: void

Description: Coerces Srf/Crv Point from index Index of Points array of Type PType to a new type NewPType.
If however Index < 0 Points is considered single point.

3.2.294 CagdCoercePointsTo (cagdcoer.c:535)

void CagdCoercePointsTo(CagdRType *Points[],

int Len,

CagdPointType 01dPType,

CagdPointType NewPType)
Points: Where the old and new points are placed.
Len: Length of vectors in the array of vectors, Points.
OldPType: Point type to be expected from Points.
NewPType: Point type of the coerced new point.
Returns: void

Description: Coerces an array of vectors of points of point type OldPType to point type NewPType, in place.

3.2.295 CagdCoerceSrfTo (cagdcoer.c:854)

CagdSrfStruct *CagdCoerceSrfTo(const CagdSrfStruct *Srf,
CagdPointType PType,
CagdBType AddParametrization)
Srf: To be coerced to a new point type PType.
PType: New point type for Srf.

AddParametrization: If TRUE, the input is a scalar surface and the requested output is 3D, add a parametriza-
tion to newly added axis.

Returns: The new, coerced to PType, surface.

Description: Coerces a surface to a new point type PType. If given surface is E1 or P1 and requested new type
is E3 or P3 the Y and Z coefficients are updated to hold the parametric domain of the surface, if AddParametrization.



3.2.296 CagdCoerceSrfsTo (cagdcoer.c:820)

CagdSrfStruct *CagdCoerceSrfsTo(const CagdSrfStruct *Srf,
CagdPointType PType,
CagdBType AddParametrization)
Srf: To be coerced to a new point type PType.
PType: New point type for Srf.

AddParametrization: If TRUE, the input is a scalar surface and the requested output is 2D, add a parametriza-
tion to newly added axis.

Returns: The new, coerced to PType, surfaces.

Description: Coerces a list of surfaces to a new point type PType. If given surfaces are E1 or P1 and requested
new type is E2 or P2 the Y coefficients are updated to hold the parametric domain of surface, if AddParametrization.

3.2.297 CagdCoerceToE2 (cagdcoer.c:32)

void CagdCoerceToE2(CagdRType *E2Point,

CagdRType * const Points[CAGD_MAX_PT_SIZE],
int Index,
CagdPointType PType)

E2Point: Where the coerced information is to be saved.

Points: Array of vectors if Index >= 0, a single point if Index < 0.

Index: Index into the vectors of Points.

PType: Point type to be expected from Points.

Returns: void

Description: Coerce Srf/Crv Point from index Index of Points array of Type PType to a point type E2. If
however Index < 0 Points is considered single point.

3.2.298 CagdCoerceToE3 (cagdcoer.c:93)

void CagdCoerceToE3(CagdRType *E3Point,

CagdRType * const Points[CAGD_MAX_PT_SIZE],
int Index,
CagdPointType PType)

E3Point: Where the coerced information is to be saved.

Points: Array of vectors if Index >= 0, a single point if Index < 0.

Index: Index into the vectors of Points.

PType: Point type to be expected from Points.

Returns: void

Description: Coerce Srf/Crv Point from index Index of Points array of Type PType to a point type E3. If
however Index < 0 Points is considered single point.

3.2.299 CagdCoerceToP2 (cagdcoer.c:154)

void CagdCoerceToP2(CagdRType *P2Point,

CagdRType * const Points[CAGD_MAX_PT_SIZE],
int Index,
CagdPointType PType)

P2Point: Where the coerced information is to be saved.

Points: Array of vectors if Index >= 0, a single point if Index < 0.

Index: Index into the vectors of Points.

PType: Point type to be expected from Points.

Returns: void

Description: Coerce Srf/Crv Point from index Index of Points array of Type PType to a point type P2. If
however Index < 0 Points is considered single point.



3.2.300 CagdCoerceToP3 (cagdcoer.c:202)

void CagdCoerceToP3(CagdRType *P3Point,
CagdRType * const Points[CAGD_MAX_PT_SIZE],
int Index,
CagdPointType PType)

P3Point: Where the coerced information is to be saved.
Points: Array of vectors if Index >= 0, a single point if Index < 0.
Index: Index into the vectors of Points.

PType: Point type to be expected from Points.
Returns: void

Description: Coerce Srf/Crv Point from index Index of Points array of Type PType to a point type P3. If
however Index < 0 Points is considered single point.

3.2.301 CagdConic2Quadric (cagd_cnc.c:1272)

CagdBType CagdConic2Quadric(CagdRType *A,
CagdRType *B,
CagdRType *C,
CagdRType *D,
CagdRType *E,
CagdRType *F,
CagdRType *G,
CagdRType *H,
CagdRType *I,
CagdRType *J)

A,B,C,D,E, F, G, H, I, J: Input - in A-F the conic and in J the Z h