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Abstract

This report describes version 1.0 of GBL-2D, a geometriclBao library for 2D objects. The li-
brary is written in C++ and consists of a set of classes antiiresl The classes primarily represent
geometric data and relationships. Classes are provide&tlXquoints, lines, arcs, edgeuses, loops,
surfaces and mask sets. The routines contain algorithnggefometric Boolean operations and util-
ity functions. Routines are provided that incorporate tl@lBan operations: Union(OR), XOR,
Intersection and Difference. A variety of additional aniglgl geometry routines and routines for
importing and exporting the data in various file formats dse arovided.

The GBL-2D library was originally developed as a geometradeling engine for use with a sepa-
rate software tool, called SummitView [1], that maniputatiee 2D mask sets created by designers
of Micro-Electro-Mechanical Systems (MEMS). However, marther practical applications for
this type of software can be envisioned because the needftrppe2D Boolean operations can

arise in many contexts.
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Chapter 1

Introduction and Background

GBL-2D is a software library of C++ classes and routines vehaentral theme is the performance
of Boolean operations on 2D geometry data sets. It was @ligideveloped as a geometric mod-
eling engine for use with a separate software tool, calledr8itView [1], that manipulates the 2D
mask sets created by designers of Micro-Electro-MechaBigstems (MEMS). These 2D mask
sets are contained in MEM format files (see [2]). To undecstany such a library is important in
this context, a brief overview of the development of MEMSidgagools at Sandia is useful.

The development of advanced multi-level surface microtnmang (SMM) micro-fabrication tech-
nologies such SUMMIT V [3] has enabled the ability to creagéeyvcomplex 3D MEMS devices.
The 3D structure of a MEMS device results from the interactbthe individual fabrication pro-
cess steps and the associated set of 2D layout masks creatied designer. However, because
the 2D masks do not directly reveal 3D geometry, the stresttinat result from this interaction
can be very difficult to visualize without special tools. lddition, the development of a finite-
element mesh suitable for accurately representing the gemntomplexities of the design for
needed analysis is likewise problematic.

To help address these problems, Sandia developed severputational design tools [4]: the 2D

Process Visualizer [5, 6], a Design Rule Checking Systeng[Td a first generation 3D Geometry
Modeler [8]. Of particular note here is the 3D Geometry Medeivhich is a solid geometry

modeler based on the ACIS kernel [9]. Its function is to simbellthe interaction between the
SUMMIT V process and a designer’s mask set, at the geometrit, lto create a 3D model suitable
for visualization, rapid prototyping, and analysis.

The usefulness of the 3D Geometry Modeler as a design tochadi& prompted a subsequent
effort to improve uponit. The main limitations of this firgigeration tool had to do with robustness
problems, large computational costs, and difficulty pradgaumerical meshes of the final 3D
models.

The limitations with robustness and computational costdaextly linked to the use of the ACIS
3D Geometric Modeling Engine for data structures and geooetutines. ACIS is designed as
an extremely general tool that can be used as “the geomaindédion within virtually any end
user 3D modeling application” [9]. This broad scope requitee data structures and routines to
be sophisticated and flexible enough to handle a wide vaoktgodeling situations. However,
this sophistication and flexibility comes at the price ofreesed size and complexity. Extensive
experience with the 3D Geometry Modeler made it clear thautfe of ACIS data structures and
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routines to perform numerous large and complicated 3D Bootgerations was in large measure
responsible for the low robustness and large computataoss of the 3D Modeler.

The difficulty in producing numerical meshes comes from thglicated 3D nature of the final
ACIS models. The 3D Geometry Modeler simulates each stepefSUUMMIT V process by
manipulating the model geometry to produce results carsistith the actual fabrication steps.
Each process step is simulated in order, with the model dsatts from the current step being used
as input for the next step. Thus the final geometry of ACIS rhedelves as each process step
is simulated. Intricate MEMS models that are produced usirggdevelopment method are more
complicated than those produced by modeling the geometegtty. It is this added complexity
that is largely responsible for the difficulty in producingmerical meshes.

The SummitView computer code [1] was developed to overcdra@aforementioned problems of
the 3D Geometry Modeler. A key aspect of this tool is that albbmetric objects manipulated by
the code are what can be called%tz.” That is, they consist of a 2D geometry with an associated
thickness. Using ? D geometry allows the modeling problem to be completely stlusing 2D
data structures and 2D geometric routines. Functionaliyi8itView performs essentially the
same role as the 3D Geometry modeler. However, becauseasedion 2D instead of 3D data
structures and operations, it has significant speed andtidss advantages. In addition, it can be
far simpler to produce numerical meshes émgeometries than of 3D geometries

In order to efficiently perform the various 2D Boolean opierag that represent actions occurring
during different process steps the GBL-2D geometric Bavoldaary described in this report was
developed in parallel with SummitView. Developing a custoradeling engine as part of this
work had many advantages. For example, by freeing the desefoom using ACIS routines, it
allowed for source-level control of data structures andhgetoic routines. In addition to allowing
greater flexibility, this also allows for data structuresl aautines to be stream-lined for a specific
application. Stream-lined data structures and routinaddalirectly to reduced computational
costs and improved overall robustness. These advantagedban verified by tests comparing
SummitView 1.0 (which uses GBL-2D) with the 3D Geometry mledéwhich uses ACIS) that
demonstrated a consistent speed-up of approximately 2soofienagnitude.

This report describes version 1.0 of GBL-2D, a geometricl8ao library for 2D objects.
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Chapter 2

Overview of GBL-2D 1.0

GBL-2D is a software library, written in €+, that consists of a set of classes and routines. The
classes primarily represent 2D geometric data and relgtips. The geometric data classes are de-
signed to allow multiple instances of the classes to be ededior example, each pointin 2D space
would be represented by an instance of the DDPoint classrdttimes contain various geometric
algorithms and utility functions. Namespaces are useddamthese routines according to their
function. All classes and namespaces in the library begih thie prefix “DD” which identifies
them as belonging to the GBL-2D. For example, the class DitR®the GBL-2D representation

of a point.

Listings from two simple example codes that illustrate howse the GBL-2D &+ classes and
associated routines are found in Appendix 1.

2.1 Supported Compilers

The GBL-2D software library has been tested with the follogvB2 bit compilers.

Microsoft Visual C++ 6.0 with STLport Version 4.5.3 [10]

Microsoft Visual C++ .NET 2003

Microsoft Visual c++ 2005 Express Edition

G++ 3.2 or greater

2.2 2D Geometry Classes

The GBL-2D data classes represent three types of geomeitéac @D geometry, topology and
virtual topology.
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2.2.1 Geometry Data Structures
2.2.1.1 DDPoint

A DDPoint is a 0-dimensional entity that represents a lacuin 2-dimensional space. Each DD-
Point instance has an X coordinate and a Y coordinate. Coesdlg the points represented by
DDPoint are constrained to the X-Y plane.

2.2.1.2 DDEdge

DDEdge is an abstract base class that represents a 1-danehsntity in 2-dimensional space.
Each DDEdge references two instances of DDPoint. One DDRF@ines the start of the edge
and the other defines the end of the edge. Currently therevartypes of DDEdge implemented:
DDLine and DDArc.

2.2.1.3 DDLine

DDLine is a 1-dimensional entity that defines a line segmeBtdimensional space. Each instance
of DDLine references two instances of DDPoint. One DDPodfirgks the start of the line segment

and the other DDPoint defines the end of the line segment.uBea instance of DDPoint is used

for each end point of a DDLine, the represented line is cairstd to the X-Y plane.

2.2.1.4 DDArc

DDArc is a 1-dimensional entity that defines an arc segmePtdimensional space. Each instance
of DDArc references three instances of DDPoint. One DDRigfines the start of the arc segment
and one DDPoint defines the end point of the arc segment. Titskitistance of DDPoint is used
to define the center point of the parent circle on which thdiasc Every arc is defined between
the start point and the end point in the counter clockwisedtion. Because instances of DDPoint
are used for each end point and the center point of a DDAragieesented arc is constrained to
the X-Y plane.

2.2.2 Topology Classes
2.2.2.1 DDEdgeUse

DDEdgeUse associates an instance of DDEdge with a sensesefke defines the direction that
the edge is being used. An edge that is used in the forwarc serteaversed from the edge’s
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start point to end point. An edge that is used in the backwendes is traversed from the edge’s
end point to start point. An instance of DDEdge may be refedronce in the forward sense and
once in the backwards sense. Each instance of DDEdgeUse mhapalong to one instance of
DDLoop.

2.2.2.2 DDLoop

DDLoop is an ordered list of DDEdgeUses. The purpose a DDlistpdefine the boundary for a
region of 2D space. To be considered a valid DDLoop the falgveonstraints must be observed.

» The DDEdge within the DDLoop must form a closed circuit. 8peally, the first DDPoint
in the list and the last DDPoint in the list must be the samt&incse.

» DDEdgeUses that are adjacent in the list must referentarioss of adjacent DDEdges.

» DDEdges are considered adjacent if one instance of DDRP®islhared between both in-
stances of DDEdge. Specifically the shared DDPoint musespond to the end point of
one DDEdgeUse and the start point of the adjacent DDEdgeUsés the sense that each
DDEdges is being used defines which end point must be shared.

» A DDLoop must not be self-intersecting. This means thangetoy defined by the DDEdges
must not overlap other DDEdges in the same loop.

2.2.2.3 DDSurface

DDSurface defines a surface in 2D space. A DDSurface contaiasinstance of DDLoop as
an exterior loop and zero to many instances of DDLoop asiont&ops. The exterior DDLoop
defines the outside bounds of the surface. Any interior Dpsodefine the holes in the surface.
To be considered a valid DDSurface the following constemtst be observed.

* The DDEdges and DDEdgeUses of the exterior DDLoop are edder such a way that
traversing the loop in the forward direction traverses teergetry in the counter clockwise
direction.

» The DDEdges and DDEdgeUses of any interior DDLoops arereddsuch that traversing
the loop in the forward direction traverses the geometripéndilockwise direction.

» The geometry defined in one instance of DDLoop must not apeahy geometry defined in
any other DDLoop in the same DDSurface. The bounds defineddh eterior DDLoop
must reside completely inside the bounds defined by theiexf@DLoop.

* No interior DDLoop may reside inside the bounds defined tlaer interior DDLoop.
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2.2.3 Virtual Topology Classes
2.2.3.1 DDVirtualLoop

A DDVirtualLoop is similar to a DDLoop in that it is an orderéidt of DDEdgeUses. A DDVir-
tualLoop follows the same constraints as a DDLoop. HowdYBlirtualLoops are not registered
with the DDEdgeUses they contain. This allows a DDEdgeUseetong to one DDLoop and
multiple DDVirtualLoops. One common use for DDVirtualLo®s to define the boundaries of a
group of interconnected DDSurfaces. This allows a virtuatge of the DDSurfaces to be per-
formed without destroying the original DDSurfaces.

2.2.3.2 DDVirtualSurface

A DDVirtualSurface is similar to a DDSurface in that definesuaface in 2D space. A DDVir-
tualSurface follows the same constraints as a DDSurfaceieMer, a DDVirtualSurface contains
DDVitrualLoops instead of DDLoops. As with DDVirtualLoopsne common use of DDVirtu-
alSurfaces is to define the total area covered by a group efcomnected DDSurfaces without
destroying the original DDSurfaces.

2.3 2D Geometric Routines

There are two types of geometric routines in the 2D Booledmwdry. The first type are those
routines that do not respect neighboring topology. Thestmes are only defined for DDSurfaces
that are not topologically connected to any other DDSugad&vo DDSurfaces are topologically
connected if one or more DDEdges are shared through muDipledgeUses. Thus in order for
these routines to work correctly each DDEdge that definegdbenetry of a DDSurface can only
belong to one DDEdgeUse, DDLoop and DDSurface. The purpb#eese routines is to create
new isolated DDSurfaces from the original isolated DD Stefa

The second type of routines are those that respect neigitgbtmpology. These routines are de-
signed to work with groups of surfaces that are topologycatinnected. The purpose of these
routines is to create new connected DDSurfaces from théatigonnected DDSurfaces.

The following sections give an overview of the major geomeatoutines contained within GBL-
2D.

2.3.1 Union Operation Routines

The purpose of the Union Operation is to combine DDSurfanes manner analogous to the
Boolean OR operation. Table 2.1 shows the truth table of tReoPeration. The routines that
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define the OR Operation are contained in the DDUnionOperaorespace. One or many isolated
DDSurfaces may be combined. The primitives that make up tiiggnal DDSurfaces are used to
create the new DDSurfaces. Thus the original DDSurfacesarsumed by the routines.

We note that this routine was originaly designed for mergithgf the surfaces that reside on one
layer of a MEMS mask set.

Table 2.1.Boolean OR Operation

M| 4| >
T T - ®

©)
== 5

|7 L

[ A

(@) Two isolated surfaces that (b) Result of the Union opera-
overlap. tion.

Figure 2.1. The Union of two isolated surfaces.

This routine only functions properly if each input DDSumas topologically isolated. The resultis
one or many isolated DDSurface. For example, Figure 2.h@ys two overlapping topologically

isolated DDSurfaces. Figure 2.1(b) shows the one topaddigisolated DDSurface that is a result
of the Union operation.

A version of this routine also exists for use with DDVirtualface and DDVirtualLoops. The pur-
pose of these routines is to create DDVirtualSurfaces #paesent the area covered by a set of in-
terconnected DDSurfaces. The primitves that make up theDigvirtualSurfaces come from the
original DDSurfaces. However, because of the nature ai@igeometry, the original DDSurfaces
are not consumed. Thus, the virtual merge routines provigeans to virtually merge intercon-
nected DDSurfaces without destroying the original DDStefaor their geometric relationships
with other DDSurfaces. These virtual merge routines ar¢agoed in the DDVirtualMergeOpera-
tor namespace.
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2.3.2 XOR Operation Routines

The purpose of the XOR operation is to combine DDSurfaceswayanalogous to the Boolean
XOR operation. Table 2.2 shows the truth table of the XOR ajp@mn. The routines that define the
XOR Operation are contained in the DDXOROperator namespace

Table 2.2.Boolean XOR Operation

XOR

M| ]| >
T T - ®
M= = MO

(@) Two isolated surfaces that (b) Result of the XOR operation.
overlap.

Figure 2.2. The XOR of two isolated surfaces.

This routine only functions properly if each input DDSuias topologically isolated. The result
of this routine is one or many isolated DDSurface. For exampigure 2.2(a) shows two over-
lapping topologically isolated DDSurfaces. Figure 2.2bpws the three topologically isolated
DDSurfaces that result from the XOR operation.

2.3.3 Imprinting Routines

The purpose of the Imprinting routines is to subdivide a DB&te or group of interconnected

DDSurfaces by the geometry of another DDSuface. The DDSarfaat is used to guide the

subdivision must be topologically isolated from any oth&%uface. This is because the primitives
that make up the DDSurface are used to form new DDSurface® rditines that define the

Imprinting Operation are contained in the DDImprintOperatamespace.
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(@) Two isolated surfaces that (b) Result of the Imprint opera-
overlap. tion.

Figure 2.3. Imprint one surface with another.

There are several possible results of the Imprinting opmrat For example, Figure 2.3(a) shows
two overlapping, topologically isolated DDSurfaces. Fayd.3(b) shows the result of the imprint-
ing DDSurface 1 with DDSurface 2. DDSurfaces "A”,"B” and "@te interconnected with each

other. DDSurfaces "C","D" are isolated.

(@) A group of interconnected (b) Result of the Imprint opera-
surfaces overlapped by one iso- tion.
lated surface.

Figure 2.4. Imprinting a group of interconnected surfaces (Sur-
faces 1,2,3,4) by one isolated surface (Surface 5).

Figure 2.4(a) shows a group of four interconnected DDSeda(Surfaces 1,2,3,4) overlapped by a

topologically isolated DDSurfaces (Surface 5). Figurgl?.4hows the new set of interconnected
DDSurfaces that result from the imprinting. The isolatedRitface that represents the remainder

of surface "5” is not shown.
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2.3.4 Offset Routines

The purpose of the Offset routines is to create new DDSusfaseng a rolling ball offset of the
boundaries of the original DDSurfaces. The routines théindehe Imprinting Operation are
contained in the DDOffsetOperator namespace. SingleteADSurfaces or multiple intercon-
nected DDSurfaces can be offset. The offset can both expastttiok the original areas.

(a) One isolated surface. (b) Result of the Offset opera-
tion.

Figure 2.5. New isolated surface "B” created by offsetting sur-
face "A”.

For example, Figure 2.5(a) shows a single isolated DDSerfaarface A). Figure 2.5(b) shows
a new DDSurface (surface B) that is the result of offsettimg driginal DDSurface. DDSurface
"B” covers the same area as surface "A” plus the area of theetffThe two surfaces are shown
overlapping in Figure 2.5(b) to show the effect of the offset

Routines are also provided to subdivide a set of intercaedeldDSurfaces at an offset. These
routines use a combination of the the rolling ball offsetties and imprinting routines. For
example, Figure 2.6(a) shows a set of interconnected D28esf(Surfaces 1,2,3,4,5). Surfaces
"1”, "2” and "3” were offset as a group of adjacent intercootexl DDSurfaces. The complete
original set of DDSurfaces was then imprinted based uponéheoffset DDSurface. Figure 2.6(b)
shows the result of subdividing the original set of DDSuefabased on the offset of a subset. All
seven DDSurfaces are interconnected.
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(b) Result of the Offset opera-

(@) A group of connected sur-
tion.

faces.

Figure 2.6. Imprinting a group of connected surfaces (Surfaces
1,2,3,4,5) at an offset from a subgroup of connected ssfé®er-

faces 1,2,3).
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Chapter 3

2D Data Classes

This chapter describes the interfaces for the geometricaasses. Each section contains a general
description of a class and a list of its interface methodsegcdption of each interface method is
then provided.

3.1 DDVector Class Reference

The DDVector represents a vector in 2d space. All of the stahdperators are overloaded.

#i ncl ude <DDVector. hpp>

Public Member Functions

» DDVector ()

» DDVector (double x, double y)

» DDVector (double xy[2])

» DDVector (constDDVector &copy_from)
* void set(double x, double y)

* void set(double xy[2])

* void x (double x)

* voidy (double y)

 doublex () const

 doubley () const

* void get xy (double xy[2])

* void get xy (double &x, double &y)
 doublelength ()
 doublelength_squared|()

* void perpendicular ()

» doublenormalize ()

» DDVector & operator+= (constDDVector &vector)

43



DDVector & operator-= (constDDVector &vector)
DDVector & operator = (const double scalar)
DDVector & operator/= (const double scalar)
DDVector operator- ()

DDVector & operator= (constDDVector &from)

* void x operator new (sizet size)

void operator delete(void xp, void x)

Friends

» DDVector operator+ (constDDVector &vectorl, consDDVector &vector2)
» DDVector operator- (constDDVector &vectorl, consDDVector &vector2)
 doubleoperator x (constDDVector &vectorl, consDDVector &vector2)

» doubleoperator% (constDDVector &vectorl, consDDVector &vector2)

» DDVector operator * (constDDVector &vector, const double scalar)

» DDVector operator * (const double scalar, coridDVector &vector)

» DDVector operator/ (constDDVector &vector, const double scalar)

» booloperator== (constDDVector &vectorl, consDDVector &vector2)

* booloperator!= (constDDVector &vectorl, consDDVector &vector2)

3.1.1 Detailed Description

The DDVector represents a vector in 2d space. All of the stahdperators are overloaded.

3.1.2 Constructor & Destructor Documentation
3.1.2.1 DDVector::DDVector ()

Constructor.

Initializes DDVector to (0.0, 0.0).

3.1.2.2 DDVector::DDVector (doublex, doubley)

Constructor.

Creates a DDVector from two components.
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3.1.2.3 DDVector::DDVector (doublexy[2])

Constructor.

Creates a DDVector from a tuple.

3.1.2.4 DDVector::DDVector (const DDVector &copy.from)

Copy Constructor.

3.1.3 Member Function Documentation
3.1.3.1 void DDVector::getxy (double & x, double & y)

Get the x and y components.

3.1.3.2 void DDVector::getxy (double xy[2])

Get the x and y components in the form of the tup}g2].

3.1.3.3 double DDVector::length ()

Calcualtes the length of the DDVector.

3.1.3.4 double DDVector::lengthsquared ()

Calculates the length of the DDVector squared.

3.1.3.5 double DDVector::normalize ()

Normalizes the DDVector.

Return values:
returns the length of the original DDVector;
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3.1.3.6 DDVector& DDVector:.operator x= (const doublescalar)

Overload operator: multiplication [this = thisscalar].

3.1.3.7 void DDVector::operator delete (voidk p, void %)

A macro to define in place memory allocation methods.

3.1.3.8 voidk DDVector::operator new (sizet sizg

A macro to define memory allocation methods.

3.1.3.9 DDVector& DDVector::operator+= (const DDVector & vectoi)

Overload operator: compound addition. [this = this + vdctor

3.1.3.10 DDVector DDVector::operator- ()

Overload operator: unary negation.

3.1.3.11 DDVector& DDVector::operator-= (const DDVector& vectol)

Overload operator: compound subtraction. [this = this todc

3.1.3.12 DDVector& DDVector::operator/= (const doublescalan

Overload operator: division [this = this / scalar].

3.1.3.13 DDVector& DDVector::operator= (const DDVector & from)

Equals.

3.1.3.14 void DDVector::perpendicular ()

Transforms the DDVector into a perpendicular one. x=-y anxly
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3.1.3.15 void DDVector::set (doubley[2])

Change the DDVector componentsxy0],ey[1].

3.1.3.16 void DDVector::set (double, doubley)

Change the DDVector componentsdtandy.

3.1.3.17 double DDVector::x () const

Returns the x component.

3.1.3.18 void DDVector::x (doublex)

Set the x component.

3.1.3.19 double DDVector::y () const

Returns the y component.

3.1.3.20 void DDVector::y (doubley)

Set the y component.

3.1.4 Friends And Related Function Documentation

3.1.4.1 DDVector operatorx (const doublescalar, const DDVector & vecto) [friend]

Scalarx Vector.

3.1.4.2 DDVector operatorx (const DDVector & vector, const doublescalan [friend]

Vector x scalar.

a7



3.1.4.3 double operatorx (const DDVector & vectorl, const DDVector & vector?
[friend]

The cross product between two DDVector.

3.1.4.4 bool operator!= (const DDVector &vectorl, const DDVector & vector?d [friend]

Inequality operator.

3.1.4.5 double operator% (const DDVector &vectorl, const DDVector & vector?
[friend]

Vector dot product.

3.1.4.6 DDVector operator+ (const DDVector &vectorl, const DDVector & vector?
[friend]

Vector addition.

3.1.4.7 DDVector operator- (const DDVector &vectorl, const DDVector & vector?
[friend]

Vector subtraction.

3.1.4.8 DDVector operator/ (const DDVector &vector, const doublescalar) [friend]

Vector / scalar.

3.1.4.9 bool operator== (const DDVector &ector], const DDVector & vectord [friend]

Equality operator.
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3.2 DDPoint Class Reference

The DDPoint represents a point in 2d space.

#i ncl ude <DDPoi nt. hpp>

Public Member Functions

» DDPoint (unsigned long id=0xffffffff)

» ~DDPoint ()

 void get.ID (unsigned long &rid)

* unsigned longyet.ID ()

* void get registered edges(std::list DDEdge* > &r_edgelist)
» boolare_edgesregistered()

» DD_RESULTregister_edge(DDEdge *p_edge)

* DD_RESULTunregister_edge(DDEdge xp_edge)

» DDPoint & operator= (constDDPoint &r _from_point)

» DDPoint & operator+= (DDVector &r _vector)

Static Public Member Functions

* DD_RESULTget point (unsigned long &id, DDPoint x&rp_point)

* void get.instance map (DDHashMap< unsigned longDDPoint x > &r_pointmap)
* unsigned longyetinstance map_size()

void delete all _instances()

DD_RESULT delete point (DDPoint x&rp_point)

* unsigned longyet ID _generator ()

Public Attributes

» doublemX
» doublemY

Friends

» DDVector operator- (constDDPoint &r _point.1, constDDPoint &r _point_2)
* booloperator==(DDPoint &r_p1,DDPoint &r_p2)
* booloperator!= (DDPoint &r_p1,DDPoint &r _p2)
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3.2.1 Detailed Description

The DDPoint represents a point in 2d space.

Author:
Corey McBride

Date:
02/04/03

3.2.2 Constructor & Destructor Documentation
3.2.2.1 DDPoint::DDPoint (unsigned longd = 0xffffffff)

A macro to define memory allocation methods. Constructor.

Initializes the position to (0.0, 0.0).

Parameters:

id If id is O then the DDPoint will not be added to the static list o@D Points and will not
be given a unique id. Instead the instance will have an id of @l is Oxffffffff then the
instance will be given a unique ID based upon the order ofticreaf the instance. The
DDPoint will also be added to the list of all DDPoints.idf is between 0 and Oxffffffff
then the instance will be assigned the ilD However, the IDs must be assigned in
assending order or the constructor will assert.

3.2.2.2 DDPoint:~DDPoint ()

Destructor.

If the DDPoint is part of anyDDEdgeg(p. 55) then the method will assert. Removes the DDPoint
from the static list of all DDPoints.

3.2.3 Member Function Documentation
3.2.3.1 bool DDPoint::areedgesregistered ()

Determines if the any DDEdges are registered with the DDiPoin

Returns true if the there are any DDEdges registered withitistance. This indicates that the
DDPoint is not being used by any other primitives.
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3.2.3.2 void DDPoint::deleteall .instances () [ stati c]

This function deletes all instance of the class.

This function should only be used to clean up memory at thedadral program. Higher order
objects should be deleted first to make sure that this inetenmot being used by another class.

3.2.3.3 DDRESULT DDPoint::delete_point (DDPoint x& rp_point) [static]

Deletes the DDPoint if it is not being used by dDPEdgep. 55).

3.2.3.4 unsigned long DDPoint::getD ()

Retrieves the ID of the DDPoints.

3.2.3.5 void DDPoint::getID (unsigned long & r_id)

Retrieves the ID of the DDPoints.

3.2.3.6 unsigned long DDPoint::getD _generator () [stati c]

This function returns the ID of the last instance createdef mstance that is created and assigned
an id manually should be assigned an id that is greater thatthrned value.

3.2.3.7 void DDPoint::getinstance map (DDHashMap< unsigned long, DDPointx > &
r_pointmap) |[static]

Get a map containing pointers to all of the instances of thescindexed by instance id.

Parameters:
r_point map The map where the pointers are to be stored. The instancehe isey to the
map.

3.2.3.8 unsigned long DDPoint::getnstancemap_size () [static]

Returns the number of instances of the class. See the diescrgd the constructor for more
information on which instances are saved in the instance map
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3.2.3.9 DDRESULT DDPoint::get_point (unsigned long & r_id, DDPoint x& rp_point)
[static]

Get the DDPoint with the id_id.

Parameters:

r_id The id of the DDPoint to get.

rp_point The pointer used to return the DDPoint.
Return values:

DD_SUCCESSIf the DDPoint was found.
DD_ERRORPRIMITIVE _NOT_FOUND If the DDPoint was not found.

3.2.3.10 void DDPoint::getregistered edges (std::lisk DDEdge* > & r_edgelist)
Retrieves the list of DDEdges that are registered with tesance of DDPoint.

Parameters:
r_edgelist The list used to return the DDEdges that are registered Wwithinstance of DD-
Point.

3.2.3.11 DDPoint& DDPoint::operator+= (DDVector & r_vectoi)
Translates the DDPoint by@2DVector(p. 43).

[This = This + Vector]

3.2.3.12 DDPoint& DDPoint::operator= (const DDPoint &r_from_point)

Sets the coordinates of this instance of DDPoint to the damates ofr _from_point.

3.2.3.13 DDRESULT DDPoint::register _edge (DDEdgex p_edgg
Registers th®DEdge(p. 55) that is using this instance of DDPoint.
Return values:

DD_X_NULL _POINTER If rp_edgecontains a NULL pointer.
DD_SUCCESSIf the DDEdge(p. 55) was registered.
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3.2.3.14 DDRESULT DDPoint::unregister _edge (DDEdgex p_edgg

Unregisters th®DEdgegp. 55) that used this instance of DDPoint.

The DDPoint does not notify thHeDEdgeg(p. 55) that it was unregistered. Thus it is the developers
responsibility to insure that the link from DDPointEDEdge(p. 55) is maintained properly.

Return values:
DD_SUCCESSIf the DDEdge(p. 55) was unregistered.

DD_X_NULL _POINTER If rp_edgecontains a NULL pointer.

3.2.4 Friends And Related Function Documentation

3.2.4.1 bool operator!= (DDPoint &r_p1, DDPoint & r_p2) [friend]

Checks the coordinates of the DDPoints to see if they arequatle

3.2.4.2 DDVector operator- (const DDPoint &r_point 1, const DDPoint & r_point 2)
[friend]

Creates a vector frompoint 1 - r_point 2.

3.2.4.3 bool operator== (DDPoint &r_pl, DDPoint & r_p2) [friend]

Checks the coordinates of the DDPoints to see if they arelequa

Checks to see if the coordinates are exactly equal. Thererisam for tolerance.

3.2.5 Member Data Documentation

3.2.5.1 double DDPoint::mX

The X position of the DDPoint in 2d space.

This data member is public on purpose.
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3.2.5.2 double DDPoint::mY

The Y posiition of the DDPoint in 2d space.

This data member is public on purpose.
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3.3 DDEdge Class Reference

The DDEdge represents an edge in 2d space.
#i ncl ude <DDEdge. hpp>

Inheritance diagram for DDEdge::

| DDArc | | DDLine|

Public Member Functions

» DDEdge (DDPoint xp_startpoint, DDPoint xp_end point, unsigned long id=0xffffffff)

* virtual ~DDEdge()

 void get.ID (unsigned long &rid)

* unsigned longyet.ID ()

« virtual void calculate_bounding_box (DDBoundingBox &r _boundingbox)=0

« virtual void get edgetype (DDEdgeType &redgetype)=0

* void get end points (DDPoint «&rp _startpoint, DDPoint x&rp_end point)

* virtual DD_RESULTreplace point (DDPoint xp_old_point, DDPoint xp_new_point)

* virtual DD_RESULT replace point_and_update (DDPoint «p_old_point, DDPoint *p_-
new_point)

* void get edgeuses(DDEdgeUsex&rp forward edgeuse, DDEdgeUsex&rp_backward-
edgeuse)

* DD_RESULTregister_edgeuse(DDEdgeUsexp_edgeuse)

* DD_RESULTunregister_edgeuse(DDEdgeUsexp_edgeuse)

* virtual void create_isolated copy_of_edge(DDEdge x&rp_copy)=0

» virtual void create connectedcopy_of_edge (DDPoint xp_startpoint, DDPoint xp_end -
point, DDEdge x&rp_copy)=0

« virtual void create. integrated_copy_of_edge(DDEdge «&rp_copy)=0

* virtual void calculate midpoint (DDPoint &r_midpoint)=0

« virtual void calculate point (double t,DDPoint &r_point)=0

* void get end point_ids (unsigned long &rstart, unsigned long &end)

* unsigned longyetinstance map_size()

« virtual DD_RESULTis_equal (DDEdge &r _edge, double tolerance)=0

« virtual DD_RESULT offset edge(double distance)=0

« virtual doublecalculate length ()=0
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Static Public Member Functions

 DD_RESULTget edge(unsigned long &iid, DDEdge x&rp_edge)

* void get.instance map (DDHashMap< unsigned longDDEdge x > &r_edgemap)
* void deleteall_instances()

* unsigned longyet ID _generator ()

DD_RESULT delete edge(DDEdge x&rp_edge)

3.3.1 Detailed Description

The DDEdge represents an edge in 2d space.

Author:
Corey McBride

Date:
02/04/03

This is a pure virtual class. Because of the 2d nature of tieafla Each DDEdge can only be
used in two DDEdgeUses. OmdDEdgeUsép. 80) in the forward sense and one in the backward
sense.

3.3.2 Constructor & Destructor Documentation

3.3.2.1 DDEdge::DDEdge (DDPoink p_start point, DDPoint x p_end_point, unsigned long
id=0xffffffff)

Constructor.

Creates an DDEdge in the forward sense, this means that thed@®extends from thBD-
Point(p. 49) p_start point to the DDPoint(p. 49) p_end point. If either DDPoint(p. 49) pointer is
NULL there will be an assertion failure. This instance isiségred with eactbDPoint(p. 49) by
calling the DDPoint’s register routine.

Parameters:
p_start point The instance oDDPoint(p. 49) to use as the start point of the DDEdge.
p_end point The the instance ddDPoint(p. 49) to use as the end point of the DDEdge.
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id If id is O then the DDEdge will not be added to the static list of dllE2lges and will not
be given a unique id. Instead the instance will have an id of @ is Oxffffffff then the
instance will be given a unique ID based upon the order ofticreaf the instance. The
DDEdge will also be added to the list of all DDEdgesidfis between 0 and Oxffffffff
then the instance will be assigned the ilD However, the IDs must be assigned in
assending order or the constructor will assert.

3.3.2.2 virtual DDEdge:~DDEdge () [virtual]

Destructor.

If the DDEdge is part of any DDEdgeUses then the method wskes This instance is unregistered
with eachDDPoint(p. 49) by calling the DDPoint’s unregister routine. The Ddg€ is removed
from the static list of all DDEdge instances.

3.3.3 Member Function Documentation

3.3.3.1 virtual void DDEdge::calculatebounding_box (DDBoundingBox &
r_boundingbox) [pure virtual]

Calculates the bounding box of the DDEdge. The routine isxddfbe each derived class.

Parameters:
r_bounding box The DDBoundingBox(p. 118) used to store the calculated bounding box.

Implemented irDDArc (p. 73), andDDLine (p. 66).

3.3.3.2 virtual double DDEdge::calculatelength () [pure virtual]

Calculates the length of the edge. This routine is definedaoh éerived class.

Implemented irDDArc (p. 73), andDDLine (p. 66).

3.3.3.3 virtual void DDEdge::calculatemidpoint (DDPoint & r_midpoint) [ pure
virtual]

Calculates the midpoint of the DDEdge.
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Parameters:
r_midpoint The variable used to store the cooridnates of the midpoint.

Implemented irDDArc (p. 73), andDDLine (p.67).

3.3.3.4 virtual void DDEdge::calculatepoint (double t, DDPoint & r_point) [pure
virtual]

Calculates the point that is the parameteric distanicalong the edge.

Parameters:
t The parameteric parameter between 0 and 1 along the DDEdge.

r_point The variable used to store coordinates of the point at threnpateric parametéalong
the DDEdge.

Implemented irDDArc (p. 74), andDDLine (p.67).

3.3.3.5 virtual void DDEdge::createconnectedcopy_of_edge (DDPointx p_start_point,
DDPoint x p_end point, DDEdge*& rp_copy) [pure virtual]

Creates a connected copy of the DDEdge.

Parameters:
p_start point A pointer to theDDPoint(p. 49) that is to be used as the start point of the new

DDEdge. IfDDPoint(p.49) is specified then the provid&DPoint(p. 49) is used to
create the DDEdge. If the pointer is null then a nel@Point(p. 49) is created with the
same coordinates as the corresponding end point of themniost

p_end point A pointer to theDDPoint(p. 49) that is to be used as the end point of the new
DDEdge. IfDDPoint(p.49) is specified then the provid&DPoint(p. 49) is used to
create the DDEdge. If the pointer is null then a nel@Point(p. 49) is created with the
same coordinates as the corresponding end point of therost

rp_copy The variable used to store the new DDEdge.

Implemented irDDArc (p. 75), andDDLine (p.67).

3.3.3.6 virtual void DDEdge::createintegrated_copy.of_edge (DDEdge«& rp_copy) [pure
virtual]

Creates a new DDEdge which uses the same instances bXReint(p. 49) that are used as end
points as this instance.
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Parameters:
rp_copy The variable used to store the new DDEdge.

Implemented irDDArc (p. 75), andDDLine (p. 68).

3.3.3.7 virtual void DDEdge::createisolated copy.of_edge (DDEdge«& rp_copy) [ pure
virtual]

Creates a new DDEdge by creating new instances obBoint(p. 49) to use as end points that
are at the same coordinates as the DDPoints of this instance.

Parameters:
rp_copy The variable used to store the new DDEdge.

Implemented iDDArc (p. 75), andDDLine (p. 68).

3.3.3.8 void DDEdge::deletaall _instances () [ st ati c]

This function deletes all instance of the class.

This function should only be used to clean up memory at thedadral program. Higher order
objects should be deleted first to make sure that this instenwot being used by another class.

3.3.3.9 DDRESULT DDEdge::delete edge (DDEdge«& rp_edgg [static]

Deletes the DDEdge if it is not being used by any DDEdgeUsdss imethod also deletes the
primitive that make up the DDEdge if they are not used by ahgioprimitives. Calls the delete
function of each primitive that makes up the DDEdge.

3.3.3.10 DDRESULT DDEdge::get.edge (unsigned long &r_id, DDEdge x& rp_edgg
[static]

Get the DDEdge with the id.id.

Parameters:
r_id The id of the DDEdge to get.

rp_edge The variable where the DDEdge is returned.
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Return values:
DD_SUCCESSIf the DDEdge was found.

DD_ERRORPRIMITIVE _-NOT_FOUND If the DDEdge was not found.

3.3.3.11 virtual void DDEdge::getedgetype (DDEdgeType &r_edgetypg |[pure
virtual ]

A pure virtual function that returns the DDEdge type of thetamce.

Each different edge type that is derived from this base ctasst overload this method.

Parameters:
r_edgetype Used to return the DDEdge type.

Implemented irDDArc (p. 76), andDDLine (p. 68).

3.3.3.12 void DDEdge::gekedgeuses (DDEdgeUseé& rp_forward_edgeuse DDEdgeUse
*x& rp_backwardedgeuse

Retrieves the DDEdgeUses that use the DDEdge.

NULL is a valid pointer that can be returned in the storagéaides. It means that the DDEdge is
not being used in that sense.

Parameters:
rp_forward_edgeuse Variable used to return tHeDEdgeUsép. 80) that uses the DDEdge in
the forward sense.

rp_backwardedgeuse Variable used to return tHeDEdgeUsé€p. 80) that uses the DDEdge
in the backward sense.

3.3.3.13 void DDEdge::geend point_ids (unsigned long &r_start, unsigned long &r_end)

Gets the ids of the DDPoints used as end points.

Parameters:
r_start The variable where the id of tHeDPoint(p. 49) used as the DDEdge’s start point is
stored.

r_end The variable where the id of theDPoint(p. 49) used as the DDEdge’s end point is
stored.
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3.3.3.14 void DDEdge::geend points (DDPoint & rp_start point, DDPoint «&
rp_end_point)

Retrieves pointers to the DDPoints that are used as endsgointhe DDEdge.

Parameters:
rp_start point The variable used to return the instanceDddPoint(p. 49) used as the start
point of the DDEdge.

rp_end_point The variable used to return the instanc®@fPoint(p. 49) used as the end point
of the DDEdge.

3.3.3.15 unsigned long DDEdge::geD ()

Retrieves the ID of the loop.

3.3.3.16 void DDEdge::getD (unsigned long & r_id)

Retrieves the ID of the loop.

3.3.3.17 unsigned long DDEdge::getD _generator () [stati c]

This function returns the ID of the last instance createde® mstance that is created and assigned
an id manually should be assigned an id that is greater thatthirned value.

3.3.3.18 void DDEdge::geinstancemap (DDHashMap< unsigned long, DDEdgex > &
r_.edgemap) [static]

Get a map containing pointers to all of the instances of thescindexed by instance id.

Parameters:
r_edgemap The map where the pointers are to be stored.

3.3.3.19 unsigned long DDEdge::genstance map_size ()

Returns the number of instances of the class. See the diescrgd the constructor for more
information on which instances are saved in the instance map
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3.3.3.20 virtual DD_.RESULT DDEdge::is_equal (DDEdge &r_edge doubletolerance
[pure virtual]

The purpose of this routine is to determine_i#dge is equal,within tolerance, to the instance that
owns the method.

The conditions for equality are determined by each deriypd.t

Implemented irDDArc (p. 76), andDDLine (p. 68).

3.3.3.21 virtual DD.RESULT DDEdge::offset edge (doubledistancg [pure virtual]

Offsets the DDEdge bglistance

This routine is defined by each derived class.

Parameters:
distance The distance to offset the DDEdge.

Implemented irDDArc (p. 77), andDDLine (p. 69).

3.3.3.22 DDRESULT DDEdge::register_edgeuse (DDEdgeUse: p_edgeuseg

Registers thddDEdgeUsé€p. 80) that is using the DDEdge. The DDEdge does not notiéy th
DDEdgeUsép. 80) that it was registered. Because of the 2d nature adidheain, each DDEdge
may only be used twice. Once for the forward sense and ond¢bddyackward sense.

Parameters:
p_edgeuse The DDEdgeUsdp. 80) to register.

Return values:
DD_SUCCESSIf the DDEdgeUsdp. 80) was registered.

DD_FAILURE If the DDEdge is already being used by anotbddEdgeUsép. 80) in the
same sense asqrgeuse.

3.3.3.23 virtual DD_.RESULT DDEdge::replace point (DDPoint x p_old_point, DDPoint
p_new point) [virtual]

Replaces on®DPoint(p. 49) used by the DDEdge for anoti2DPoint(p. 49).
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This instance is unregistered with the origidDPoint(p. 49). This instance is registered with the
newDDPoint(p. 49).

Parameters:
p_old_point The originalDDPoint(p. 49) to be replaced.

p_new_point The DDPoint(p. 49) to replace the origin&DPoint(p. 49).

Return values:
DD_X_NULL POINTER If either DDPoint(p. 49) pointer supplied is NULL.

DD_ERRORPRIMITIVE .NOT_FOUND If the original DDPoint(p. 49) is not being used
by theDDArc (p. 70).

DD_SUCCESSIf the routine was successful.

Reimplemented iDDArc (p. 78).

3.3.3.24 virtual DD_.RESULT DDEdge::replace point_and_update (DDPointx p_old_point,
DDPoint x p_new point) [virtual]

Replaces on®DPoint(p. 49) used by the DDEdge for anoti2DPoint(p. 49) and then updates.

This instance is unregistered with the origidddPoint(p. 49). This instance is registered with the
newDDPoint(p. 49). This function is also intended to allow each DDEdgpdrform any updates
that are needed as a result of replacirigzPoint(p. 49).

Parameters:
p_old_point TheDDPoint(p. 49) to be replaced.

p_new_point The DDPoint(p. 49) to replace the origin&DPoint(p. 49).

Return values:
DD_X_NULL _POINTER If either DDPoint(p. 49) pointer is NULL.

DD_ERRORPRIMITIVE .NOT_FOUND IF the originalDDPoint(p. 49) is not being used
by the DDEdge.

DD_SUCCESSIf the routine was successful.

Reimplemented iDDArc (p. 78).
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3.3.3.25 DDRESULT DDEdge::unregister_edgeuse (DDEdgeUse: p_edgeuse

Unregister &©DEdgeUsép. 80) that no longer uses the DDEdge. The DDEdge does niby tos
DDEdgeUsép. 80) that it was unregistered.

Parameters:
p_edgeuse The DDEdgeUsdp. 80) to unregister.

Return values:
DD_SUCCESSIf the DDEdgeUsdp. 80) was unregistered.

DD_ERRORPRIMITIVE _.NOT_FOUND If the DDEdgeUsép. 80) is not registered with
this instance of DDEdge.
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3.4 DDLine Class Reference

The DDLine represents a line in 2d space.
#i ncl ude <DDLi ne. hpp>

Inheritance diagram for DDLine::

DDEdge

DDLine

Public Member Functions

» DDLine (DDPoint xp_startpoint, DDPoint xp_end point, unsigned long id=0xffffffff)

» ~DDLine ()

* virtual void get edgetype (DDEdgeType &redgetype)

* void create.isolated copy_of_edge(DDEdge x&rp_copy)

» virtual void create connectedcopy_of_edge (DDPoint xp_startpoint, DDPoint xp_end -
point, DDEdge x&rp_copy)

* void create.integrated_copy_of_edge(DDEdge x&rp_copy)

* void calculate.midpoint (DDPoint &r _midpoint)

* void calculate point (double t,DDPoint &r _point)

 DD_RESULT offset edge(double distance)

« DD_RESULTIis_equal (DDEdge&r _edge, double tolerance)

 doublecalculate.length ()

* void calculate_bounding_box (DDBoundingBox &r _boundingbox)

3.4.1 Detailed Description

The DDLine represents a line in 2d space.

3.4.2 Constructor & Destructor Documentation

3.4.2.1 DDLine::DDLine (DDPoint x p_start point, DDPoint x p_end_point, unsigned longid
= Oxffffffff)

Constructor.

65



Creates an line in the forward sense, this means that thexteads fronp_start pointto p_end-
point. If either DDPoint(p. 49) pointer is NULL there will be an assertion failure.i¥mstance is
registered with eacBDPoint(p. 49) by calling the DDPoint’s register routine.

Parameters:
p_start point The DDPoint(p. 49) that is used as the start point of the DDLine.

p_end point TheDDPoint(p. 49) that is used as the end point of the DDLine.

id If id is O then the DDLine will not be added to the static list of abBdges and will not
be given a unique id. Instead the instance will have an id of @l is Oxffffffff then the
instance will be given a unique ID based upon the order ofticreaf the instance. The
DDLine will also be added to the list of all DDEdges. idfis between 0 and Oxffffffff
then the instance will be assigned the ilD However, the IDs must be assigned in
assending order or the constructor will assert.

3.4.2.2 DDLine:~DDLine () [inline]

Destructor.

If the DDEdgeg(p. 55) is part of anyDDEdgeUsé€p. 80) then the function will assert. This in-
stance is unregistered with eabiDPoint(p. 49) by calling the DDPoint’s unregister routine. The
DDEdge(p. 55) is removed from the static list of all edge instances.

3.4.3 Member Function Documentation

3.4.3.1 void DDLine::calculatebounding_box (DDBoundingBox & r_bounding box)
[virtual]

Calculates the bounding box of the line.

Parameters:
r_bounding box The variable used to return the calculated bounding box.

ImplementdDDEdge (p. 57).

3.4.3.2 double DDLine::calculatelength () [virtual]

Calculates the length of the line.

ImplementdDDEdge (p. 62).
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3.4.3.3 void DDLine::calculatemidpoint (DDPoint & r_midpoint) [virtual ]

Calculates the midpoint of the DDLine.

Parameters:
r_midpoint The variable used to return the coordinates of the midpointife DDLine.

ImplementDDEdge (p. 57).

3.4.3.4 void DDLine::calculatepoint (double t, DDPoint & r_point) [virtual ]

Calculates the point that is the parameteric distanicalong the line.

Parameters:
t The parameteric parameter between 0 and 1 along the line.

r_point The variable used to return the coordinates of the pointeaptameteric parameter
along the line.

ImplementdDDEdge (p. 58).

3.4.3.5 virtual void DDLine::create_connectedcopy_of edge (DDPointx p_start point,
DDPoint x p_end_point, DDEdge*& rp_copy) [virtual]

Creates a connected copy of the DDLine.

If either DDPoint(p. 49) is specified then the provid&DPoint(p. 49) is used to create the new
DDLine. However, if a specifieDDPoint(p. 49) is null then a newDPoint(p. 49) is created with
the same coordinates as the correspon@Bgoint(p. 49) of this instance.

Parameters:
p_start point A pointer to theDDPoint(p. 49) that is to be the start point of the new DDLine.
If this pointer is NULL then a nedDPoint(p. 49) is created.

p_end.point A pointer to theDDPoint(p. 49) that is to be the end point of the new DDLine.
If this pointer is NULL then a neldDPoint(p. 49) is created.

rp_copy Used to return the new DDLine.

ImplementdDDEdge (p. 58).
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3.4.3.6 void DDLine::createintegrated_copy.of_edge (DDEdge«& rp_copy) [virtual]
This routine creates a new DDLine which uses the same inssaosfe¢he DDPoints as this instance.

Parameters:
rp_copy The variable used to return the new DDLine.

ImplementdDDEdge (p. 58).

3.4.3.7 void DDLine::createisolated copy.of_edge (DDEdgex& rp_copy) [virtual]

Creates a new DDLine by creating new instances ofxib@oint(p. 49) that are at the same coor-
dinates as the DDPoints of this instance.

Parameters:
rp_copy The variable used to store the new DDLine.

ImplementdDDEdge (p. 59).

3.4.3.8 virtual void DDLine::get edgetype (DDEdgeType &r_edgetypg [virtual]

A virtual function of the base class that must be implemefteeéach edge type.

Parameters:
r_edgetype The variable used to return the edge type DDLineType.

ImplementdDDEdge (p. 60).

3.4.3.9 DDRESULT DDLine:is _equal (DDEdge &r_edge doubletolerancg [virtual ]

Determines ifr _edgeis equal to this instance.

The purpose of this routine is to determine ddge is equal to this instance. Equality is checked for
by checking to see if the DDPoints used by both DDEdges arsahe instance. If the DDPoints
used are the same instance then the maximum distance betraeliDDEdge(p. 55) is compared.
Thus a DDLine andDArc(p. 70) may be considered equal if they share the same irestayfc
DDPoint(p. 49) and the maximum distance between each edge is lessitlegual to tolerance.
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Parameters:
r_edge TheDDEdge(p. 55) to compare to this instance.

tolerance The tolerance used to check for equality.

Return values:
DD_FAILURE If the two DDEdges are not equal.

DD_PRI_EQUAL If the two DDEdges share the same instancdd8®Point(p. 49) for the
start point and the same instanceadPoint(p. 49) for the end point and the maximum
distance is less than or equal to tolerance.

DD_PRI_LEQUAL_OPPOSITE If the two DDEdges share the opposite instanceDbk-
Point(p. 49) for the start point and end point and the maximum dgas less than

or equal to tolerance.

ImplementdDDEdge (p. 61).

3.4.3.10 DDRESULT DDLine::offset_edge (doubledistancg [virtual]

Offsets the line bylistance

The DDPoints that are used as the start and end points ofrthaie offset the distanckstance
along a vector perpendicular to the line.

Parameters:
distance The distance to offset each end point.

Return values:
DD_SUCCESSIf the line was was offset.
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3.5

DDArc Class Reference

The DDArc represents an arc in 2d space.

#incl ude <DDArc. hpp>

Inheritance diagram for DDArc::

DDEdge

DDArc

Public Member Functions

DDArc (DDPoint xp_startpoint, DDPoint xp_endpoint, DDPoint xp_centerpoint, un-
signed long id=0xffffffff)

~DDArc ()

virtual void get edgetype (DDEdgeType &redgetype)

void get.center_point (DDPoint «&rp_centerpoint)

void calculate radius (double &rradius)

doublecalculate radius ()

doublecalculate chordal_distance()

void calculate start_stop_angle (double &r startangle, double &rstopangle)

void calculate angle relative_to_start_angle (DDPoint &r _point, double &rangle)
doublecalculate sweepangle()

void calculate parameteric_parameter (DDPoint &r _point, double &rt)

void calculate_point (double t,DDPoint &r_point)

DD_RESULTreplace point (DDPoint xp_old_point, DDPoint xp_new_point)
DD_RESULT replace point_and_update (DDPoint «p_old_point, DDPoint xp_new point)
void create isolated copy_of_edge(DDEdge x&rp _copy)

virtual void create connectedcopy_of_edge (DDPoint xp_startpoint, DDPoint «p_end-
point, DDEdge x&rp_copy)

void create integrated_copy_of_edge(DDEdge «&rp_copy)

void calculate.midpoint (DDPoint &r _midpoint)

DD_RESULTIis_equal (DDEdge &r _edge, double tolerance)

void position_center_point_basedupon_sweepangle (double sweegmangle)
doublecalculate area ()

DD_RESULT offset edge(double distance)

doublecalculate length ()

void calculate bounding_box (DDBoundingBox &r _boundingbox)
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Protected Attributes

» DDPoint * mpCenterPoint

3.5.1 Detailed Description
The DDArc represents an arc in 2d space.

Author:
Corey McBride

Date:
02/07/03

- The following rules need to be observed when using DDArcs.

1. A DDArc defines arcs from the start point to the end poinhaa¢ounter clockwise direction.
2. A DDArc cannot have the same instancé®@iPoint(p. 49) for the start point and end point.

3. Each instance of DDArc must have a unigue instand2Point(p. 49) for the center point.
Or in other words, no two DDArcs can share the same instan@Ddéfoint(p. 49) for the
center point.

4. EachDDLoop(p. 89) needs to be a closed loop. This means that the firseahthktance of
DDPoint(p. 49) in the loop must be the same instance.

Because of items 2 and 4 it is not possible to have one DDAraeleficomplete circle. It is
necessary to have at least two DDArcs to define a circle.

3.5.2 Constructor & Destructor Documentation

3.5.2.1 DDArc::DDArc (DDPoint x p_start.point, DDPoint * p_end.point, DDPoint x
p_center point, unsigned longid = Oxffffffff)

Constructor.

Creates a DDArc in the forward sense, this means that the DB#4ends from th®DPoint(p. 49)
p_start point to the DDPoint(p. 49) p_end point it the counter clockwise direction. If either end
point pointer is NULL there will be an assertion failure. $hnstance is registered with each
DDPoint(p. 49) by calling the DDPoint’s register routine.
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Parameters:
p_start point TheDDPoint(p. 49) that used as the start point for the DDArc.

p_end.point TheDDPoint(p. 49) that is used as the end point for the DDArc.
p_centerpoint TheDDPoint(p. 49) that is used as the center point of the DDArc.

id If id is O then the DDArc will not be added to the static list of all Biges and will not
be given a unique id. Instead the instance will have an id of @l is Oxffffffff then the
instance will be given a unique ID based upon the order ofticreaf the instance. The
DDArc will also be added to the list of all DDEdges.idfis between 0 and Oxffffffff then
the instance will be assigned the iD However, the IDs must be assigned in assending
order or the constructor will assert.

3.5.2.2 DDArc::~DDArc ()

Destructor.

If the DDEdge(p. 55) is used by anipDEdgeUsé€p. 80) then the function will assert. The edge
lists of the used DDPoints are updated to remove this instaibeDDEdge(p. 55) is removed
from the static list of aIDDEdge(p. 55) instances.

3.5.3 Member Function Documentation

3.5.3.1 void DDArc::calculateangle relative_to_start_angle (DDPoint & r_point, double &
r_angle

Calculates the angle thatpoint makes in relation to the stabDPoint(p. 49).

This routine does not check to make sure thabint is on the DDArc’s parent circle. If the
DDPoint(p. 49) is not on the parent circle then the calculations meélincorrect.

Parameters:
r_point The DDPoint(p. 49) on the parent circle to calculate the angle for.

r_angle The variable used to return the calculated angle foxb@oint(p. 49) /e rpoint.

3.5.3.2 double DDArc::calculatearea ()

Calculates the area that is bounded by the DDArc and a lirtesttiands between the end points
of the DDArc.
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3.5.3.3 void DDArc::calculate bounding_box (DDBoundingBox & r_bounding box)
[virtual]

Calculates the bounding box of the arc.

Parameters:
r_bounding box The variable used to return the calculated bounding box.

ImplementdDDEdge (p. 57).

3.5.3.4 double DDArc::calculatechordal_distance ()

Calculates the cordal distance of the DDArc.

Returns:
The cordal distance of the DDArc.

3.5.3.5 double DDArc::calculatelength () [virtual]

Calculates the length of the arc.

ImplementdDDEdge (p. 57).

3.5.3.6 void DDArc::calculate midpoint (DDPoint & r_midpoint) [virtual ]
Calculates the midpoint of the DDArc.

Parameters:
r_midpoint The variable used to return the coordinates of the midpointihfe DDArc.

ImplementdDDEdge (p. 57).

3.5.3.7 void DDArc::calculate parameteric_parameter (DDPoint & r_point, double & r_t)

Calculates the parameteric parameter along the DDArc_fwint. The routine does not check to
make sure that thBDPoint(p. 49) is on the DDArc’s parent circle. If tHeDPoint(p. 49) is not
on the parent circle then the calculations will be incorrddte parametric parameter is based on

values of 0.0 for the start point and 1.0 for the end point.
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Parameters:
r_point The DDPoint(p. 49) with coordinates that place it on the DDArc’s parertle.

r_t The variable used to return the parameteric parameterlaggcforr_pointon the DDArc.

3.5.3.8 void DDArc::calculate point (double t, DDPoint & r_point) [virtual ]

Calculates the coordinates for the point that is parantetéstance along the DDArc.

Parameters:
t The parameteric parameter between 0.0 and 1.0 along the ® DAr

r_point The variable used to return the coordinates of the pointeapfrtameteric parameter
along the DDArc.

ImplementdDDEdge (p. 58).

3.5.3.9 double DDArc::calculateradius ()

Calculates the radius of the DDArc.
Returns:

The radius of the DDArc.

3.5.3.10 void DDArc::calculateradius (double & r_radius)

Calculates the radius of the DDArc.

Parameters:
r_radius The variable used to return the radius of the DDArc.

3.5.3.11 void DDArc::calculatestart_stop.angle (double & r_startangle double &
r_stopangle

Calculates the start and stop angles of the DDArc relatitkdgositive X axis.

Parameters:
r_startangle The variable used to return the calculated angle of the BtBiRoint(p. 49)
relative to the positive X axis.

r_stopangle The variable used to return the calculated angle of theDddBoint(p. 49) rela-
tive to the positive X axis.
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3.5.3.12 double DDArc::calculatesweepangle ()

Calculates the sweep angle of the DDArc.

Returns:
The calculated sweep angle of the DDArc.

3.5.3.13 virtual void DDArc::create_connectedcopy_of_edge (DDPointx p_startpoint,
DDPoint x p_end_point, DDEdge*& rp_copy) [virtual]

This routine creates a new connected copy of the DDArc.

If either DDPoint(p. 49) is specified then the provid&DPoint(p. 49) is used to create the new
DDArc. However, if a specifiedDPoint(p. 49) is null then a nevDDPoint(p. 49) is created
with the same coordinates as the correspondimfPoint(p. 49) of this instance. A new cen-
ter DDPoint(p. 49) is always created with the same coordinates as thtarnne’s centeDD-
Point(p. 49).

Parameters:

p_start point A pointer to theDDPoint(p. 49) that is to be the start point of the new DDArc.
If this pointer is NULL then a nedDPoint(p. 49) is created.

p_end.point A pointer to theDDPoint(p. 49) that is to be the end point of the new DDArc. If
this pointer is NULL then a neWDPoint(p. 49) is created.
rp_copy Used to return the new DDArc.

ImplementdDDEdge (p. 58).

3.5.3.14 void DDArc::createintegrated_copy_of_edge (DDEdge«& rp_copy) [virtual]

This routine creates a new DDArc which uses the same instarfecbe DDPoints as this instance.

Parameters:
rp_copy The variable used to return the new DDArc.

ImplementdDDEdge (p. 58).

3.5.3.15 void DDArc::createisolated copy_of_edge (DDEdge«& rp_copy) [virtual]

Creates a new DDArc by creating new instancebPoint(p. 49) that are at the same coordinates
as the DDPoints of this instance.
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Parameters:
rp_copy The variable used to store the new DDArc.

ImplementdDDEdge (p. 59).

3.5.3.16 void DDArc::getcenter_point (DDPoint x& rp_centerpoint)

Retrieves th&DPoint(p. 49) that is used as the center point of the DDArc.

Parameters:
rp_centerpoint The pointer used to return tli#EDPoint(p. 49) used as the center point.

3.5.3.17 virtual void DDArc:.get_edgetype (DDEdgeType &r_edgetypgd [virtual ]

A virtual function of the base claf3DEdgg(p. 55) that must be implemented for each edge type.

Parameters:
r_edgetype The variable used to return the edge type DDArcType.

ImplementdDDEdge (p. 60).

3.5.3.18 DDRESULT DDArc::is _equal (DDEdge &r_edge doubletolerancg [virtual ]

Determines ifr_edgeis equal to this instance.

The purpose of this routine is to determine gdge is equal to this instance. Equality is checked for
by checking to see if the DDPoints used by both DDEdges arsahe instance. If the DDPoints
used are the same instance then the maximum distance beraelDDEdge(p. 55) is compared.
Thus aDDLine(p. 65) and DDArc may be considered equal if they share theesastances of
DDPoint(p. 49) and the maximum distance between each edge is lessitlegual to tolerance.

Parameters:
r_edge TheDDEdge(p. 55) to compare to this instance.

tolerance The tolerance used to check for equality.

Return values:
DD_FAILURE If the two DDEdges are not equal.
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DD_PRI_EQUAL If the two DDEdges share the same instancdd8®Point(p. 49) for the
start point and the same instanceadPoint(p. 49) for the end point and the maximum
distance is less than or equal to tolerance.

DD_PRI_LEQUAL_OPPOSITE If the two DDEdges share the opposite instanceDbF
Point(p. 49) for the start point and end point and the maximum dgas less than
or equal to tolerance.

ImplementdDDEdge (p. 62).

3.5.3.19 DDRESULT DDArc::offset _edge (doubledistancg [virtual]

Offsets the DDArc bydistance

The start and end DDPoints of the DDArc are offset the digatistancealong a vector from
the centerDDPoint(p. 49) to the each en®DPoint(p.49). The centeDDPoint(p. 49) is not
moved.

Parameters:
distance The distance to offset each eDdPoint(p. 49).

Return values:
DD_SUCCESSIf the DDArc was was offset.

DD_FAILURE If the DDArc was inverted by the offset. This happens whé&tanceis >=
the radius.

ImplementDDEdge (p. 62).

3.5.3.20 void DDArc::position.center_point_basedupon_sweepangle (doublesweepangle)

Adjusts the coordinates of the center point so that the altdawve sweepangleradians between
the end points.

If the DDPoint(p. 49) instance that is used for the center point is sharadudiiple edges or arcs
then problems may arise when the coordinates of the instarecehanged. To avoid this it is
recommended that each DDArc have a unif@Point(p. 49) instance.

Parameters:
sweepangle The angel to enforce between each end point.
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3.5.3.21 DDRESULT DDArc::replace _point (DDPoint x p_old_point, DDPoint =
p_new point) [virtual]

Replaces on®DPoint(p. 49) used by the DDArc for anothBXDPoint(p. 49).

This instance is unregistered with the origidddPoint(p. 49). This instance is registered with the
newDDPoint(p. 49).

Parameters:
p_old_point TheDDPoint(p. 49) to be replaced.

p_new_point The DDPoint(p. 49) to replace the origin&DPoint(p. 49).

Return values:
DD_X_NULL _POINTER If either DDPoint(p. 49) pointer supplied is NULL.

DD_ERRORPRIMITIVE .NOT_FOUND IF the originalDDPoint(p. 49) is not being used
by the DDArc.

DD_SUCCESSIf the routine was successful.

Reimplemented frorDDEdge (p. 62).

3.5.3.22 DDRESULT DDArc::replace _point_and_update (DDPoint x p_old_point, DDPoint
* p_new_point) [virtual]

Replaces onBDPoint(p. 49) used by the DDArc for anothBXDPoint(p. 49) and then updates.

This instance is unregistered with the origidDPoint(p. 49). This instance is registered with the
newDDPoint(p. 49). This function is also intended to allow ed2BEdge(p. 55) to perform any
updates that are needed as a result of replacBRoint(p. 49).

Parameters:
p_old_point The DDPoint(p. 49) to be replaced.

p_new point The DDPoint(p. 49) to replace the origin&DPoint(p. 49).

Return values:
DD_X_NULL _POINTER If either DDPoint(p. 49) pointer is NULL.

DD_ERRORPRIMITIVE _NOT_FOUND IF the originalDDPoint(p. 49) is not being used
by theDDEdgeg(p. 55).

DD_SUCCESSIf the routine was successful.

Reimplemented frorDDEdge (p. 63).
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3.5.4 Member Data Documentation
3.5.4.1 DDPoint DDArc::mpCenterPoint [ prot ect ed]

A macro to define memory allocation methods.
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3.6 DDEdgeUse Class Reference

The DDEdgeUse represents an edge and the sense that it is used

#i ncl ude <DDEdgeUse. hpp>

Public Member Functions

» DDEdgeUse(DDEdge xp_edge, DDEdgeUseSense usmnse, unsigned long id=0xffffffff)
» ~DDEdgeUsg()

 void get.ID (unsigned long &rid)

* unsigned longyet.ID ()

* void getend._points (DDPoint «&rp _startpoint, DDPoint «&rp_endpoint, DDEdgeUse-
Sense &rusesense)

» DDEdgeUseSengget edgeusesensg)
* void create.isolated copy_of_edgeuse(DDEdgeUsex&rp_copy)

* void create_connectedcopy._of_edgeuse(DDPoint xp_start point, DDPoint xp_end point,
DDEdgeUsex&rp_copy)

* void create.integrated_copy_of_edgeuse(DDEdgeUsex&rp_copy)

* void calculate midpoint (DDPoint &r _midpoint)

* void calculate_bounding_box (DDBoundingBox &r _boundingbox)

* void calculate point (double distancd)DPoint &r _point)

* void get edgetype (DDEdgeType &rtype)

 DD_RESULT replace edge (DDEdge *p_old_edge,DDEdge *p_new.edge, DDEdgeUse-
Sense newlsesense)

 DD_RESULTget edge(DDEdge «x&rp_edge, DDEdgeUseSense_fisesense)

* void get.end_point_ids (unsigned long &rstart, unsigned long &end)

 DD_RESULTregister_loop (DDLoop «p_loop, DDLoop::iterator iterator)

* DD_RESULTunregister_loop (DDLoop *p_loop)

 DD_RESULTgetloop (DDLoop «&rp_loop)

» DDLoop::iteratorget loop._iterator ()

 DD_RESULT offset edgeusgdouble distance)

 doublecalculate length ()

Static Public Member Functions

 DD_RESULTget edgeuse(unsigned long &1id, DDEdgeUsex&rp_edgeuse)

 DD_RESULT getinstancemap (DDHashMap< unsigned longDDEdgeUsex > &r _-
edgeusemap)
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 unsigned longyet instance map_size()

void delete all _instances()

* unsigned longyet.ID _generator ()

DD_RESULT delete edgeusgDDEdgeUsex&rp_edgeuse)

3.6.1 Detailed Description

The DDEdgeUse represents an edge and the sense that it is used

Author:
Corey McBride

Date:
02/11/03

3.6.2 Constructor & Destructor Documentation

3.6.2.1 DDEdgeUse::DDEdgeUse (DDEdgep_edge DDEdgeUseSensase sense
unsigned longid = Oxffffffff)

A macro to define memory allocation methods. Constructor.

Parameters:
p_edge The DDEdge(p. 55) to be used by this instance.

usesenseThe sense thgi_edgeis used. Ifp_edgeis NULL then there will be an assertion
failure. If p_edgeis already being used by another DDEdgeUse with the same sens
then the function will assert. This is determined by the DB&dse list maintained by
p_edge

id If id is Oxffffffff then the instance will be given a unique 1D bakepon the order of creation
of the instance. The DDEdgeUse will also be added to thecdtstiof all DDEdgeUse.
If id is O then the DDEdgeUse will not be added to the static listidPBEdgeUse and
will not be given a unique id. Instead the instance will hamedaof 0. If id is between
0 and Oxffffffff then the instance will be assigned the idD However, the IDs must be
assigned in assending order or the constructor will asserts instance is registered
with the DDEdge(p. 55) by calling the DDEdge’s register routine. Thus thmk lirom
DDEdg€gp. 55) to DDEdgeUse is maintained automatically. THLoop(p. 89) pointer
for theDDLoop(p. 89) using this instance is set to NULL.
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3.6.2.2 DDEdgeUsexDDEdgeUse ()

Destructor.

If the DDEdgeUse is being used by adipLoop(p. 89) then this function will assert. This instance
is unregistered with thBDEdgeg(p. 55) by calling the DDEdge’s unregister routine. Thuslihle
from DDEdge(p. 55) to DDEdgeUse is maintaine automatically. The DDEigeis removed from
the static list of all DDEdgeUse instances.

3.6.3 Member Function Documentation
3.6.3.1 void DDEdgeUse::calculatdounding_box (DDBoundingBox & r_bounding box)

Calcualtes the bounding box of tBEDEdgegp. 55) used by this DDEdgeUse.

Parameters:
r_bounding.box The DDBoundingBox(p. 118) used to store the calculated bounding box of
theDDEdge(p. 55).

3.6.3.2 double DDEdgeUse::calculatéength ()

Calculates the length of thBDEdgegp.55). The calculatéength method is called for the
DDEdge(p. 55) used by the DDEdgeUse.

3.6.3.3 void DDEdgeUse::calculatenidpoint (DDPoint & r_midpoint)

Calculates the midpoint of tHeDEdge(p. 55).

Parameters:
r_midpoint The coordinates of the midpoint are returned in this vaeabl

3.6.3.4 void DDEdgeUse::calculatgoint (double distance DDPoint & r_point)

Calculates the point that is the distandistancealong theDDEdge(p. 55). The sense of the
DDEdgeUse is considered when calculating the distance.

Parameters:
distance The distance along tHeDEdgeg(p. 55) to calculate the coordinates.
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r_point The DDPoint(p. 49) used to store the coordinates of the point calculateldstance
along theDDEdge(p. 55).

3.6.3.5 void DDEdgeUse::createonnectedcopy_of edgeuse (DDPointx p_start point,
DDPoint x p_end_point, DDEdgeUsex& rp_copy)

Creates a copy of the DDEdgeUse.

Parameters:
p_start point A pointer to theDDPoint(p. 49) that is to be used as the start point of the new
DDEdgeUse. IDDPoint(p. 49) is specified then the providBiDPoint(p. 49) is used to
create the DDEdgeUse. If the pointer is null then a mPoint(p. 49) is created with
the same coordinates as the corresponding end point ohiarice.

p_end point A pointer to theDDPoint(p. 49) that is to be used as the end point of the new
DDEdgeUse. IDDPoint(p. 49) is specified then the providBiDPoint(p. 49) is used to
create the DDEdgeUse. If the pointer is null then a mPoint(p. 49) is created with
the same coordinates as the corresponding end point ohtarice.

rp_copy The variable used to store the new DDEdgeUse.

3.6.3.6 void DDEdgeUse::creaténtegrated_copy_of_edgeuse (DDEdgeUse& rp_copy)

Creates a copy of the DDEdgeUse.

Creates a copy of the DDEdgeUse that uses the €2iDRoint(p. 49) instances of the end points
as this instance. But has a new instance ofdB&dge(p. 55) that is a copy of the one used by this
instance.The new DDEdgeUse does not belong to the 8dbh®op(p. 89) as this instance.

Parameters:
rp_copy The variable used to store the new DDEdgeUse.

3.6.3.7 void DDEdgeUse:.creatésolated copy_of_edgeuse (DDEdgeUse& rp_copy)

Creates a copy of the DDEdgeUse.

The new DDEdgeUse has new instances of the DDPointDdpEadge(p. 55) that are copies of
the ones used by this instance. The new DDEdgeUse does ooigiel the sam®DLoop(p. 89)
as this instance.

Parameters:
rp_copy The variable used to store the new DDEdgeUse.
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3.6.3.8 void DDEdgeUse::deletall_instances () [ stati c]

This function deletes all instance of the class.

This function should only be used to clean up memory at thedadral program. Higher order
objects should be deleted first to make sure that this inetenmot being used by another class.

3.6.3.9 DDRESULT DDEdgeUse::deleteedgeuse (DDEdgeUse& rp_edgeusg [static]

This method deletes a DDEdgeUse if it is not being used bipaoop(p. 89).

This method also deletes the primitive that make up the D2Edg if they are not used by any
other primitives. Calls the delete function of each priv@tihat makes up the DDEdgeUse.

3.6.3.10 DDRESULT DDEdgeUse::getedge (DDEdge«& rp_edge DDEdgeUseSense &
r_usesense

Get theDDEdge(p. 55) used by this instance of DDEdgeUse and the and selitseusk.

Parameters:
rp_edge The variable where thBDEdgeg(p. 55) will be stored.

r_usesenseThe variable where the sense will be stored.

3.6.3.11 void DDEdgeUse::ge¢dgetype (DDEdgeType &r_type

Gets theDDEdge(p. 55) type.

3.6.3.12 DDRESULT DDEdgeUse::getedgeuse (unsigned long &r_id, DDEdgeUsex&
rp_edgeusg [static]

Get the DDEdgeUse with the did.

Parameters:
r_id The id of the DDEdgeUse to get.

rp_edgeuse The variable where the DDEdgeUse is returned.

Return values:
DD_SUCCESSIf the DDEdgeUse was found.

DD_ERRORPRIMITIVE -NOT_FOUND If a DDEdgeUse was not found with that id.
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3.6.3.13 DDEdgeUseSense DDEdgeUse:.gelgeuse sense ()

Returns the sense that tB®Edgegp. 55) is used.

Return values:
DDForwardSenseThe DDEdgeg(p. 55) is used in the forward sense.

DDBackwardSenseThe DDEdge(p. 55) is used in the backward sense.

3.6.3.14 void DDEdgeUse::ge¢énd_point_ids (unsigned long &r_start, unsigned long &
r_end)

Gets the ids of the DDPoints that are used as end points byngtence. The use sense is taken
into account when retieving the ids.

Parameters:
r_start The variable where the id of tHeDPoint(p. 49) used as the DDEdgeUse’s start point
is stored.

r_end The variable where the id of tHegDPoint(p. 49) used as the DDEdgeUse’s end point is
stored.

3.6.3.15 void DDEdgeUse::geend points (DDPoint x& rp_start point, DDPoint x&
rp_end point, DDEdgeUseSense & use sensg

Retrieves the DDPoints that are used byEH2Edge(p. 55) based upon the use sense.

Parameters:
rp_startpoint The variable to store the start point of tb®Edge(p. 55).

rp_end.point The variable to store the end point of tB®Edgeg(p. 55).

r_usesenseThe sense that thBDEdge(p. 55) is used. If the use sense is in the forward
sense then the DDPoints are returned in the same order &DtBdge(p. 55) class. If
the use sense is backward then the DDPoints are returnee iopiposite order as the
DDEdggp. 55) class.

3.6.3.16 unsigned long DDEdgeUse:.g¢D ()

Returns the ID of the DDEdgeUse.
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3.6.3.17 void DDEdgeUse::gelD (unsigned long & r_id)

Retrieves the ID of the DDEdgeUse.

Parameters:
r_id The variable used to return the id.

3.6.3.18 unsigned long DDEdgeUse::géb _generator () [stati c]

This function returns the ID of the last instance createdef mstance that is created and assigned
an id manually should be assigned an id that is greater thatthrned value.

3.6.3.19 DDRESULT DDEdgeUse::getinstance map (DDHashMap< unsigned long,
DDEdgeUsex > & r_edgeusemap) [static]

Get a map containing pointers to all of the instances of thescindexed by instance id. See the
description of the constructor for more information on whinstances are saved in the instance
map.

Parameters:
r_edgeusemap The map where the pointers are returned.

3.6.3.20 unsigned long DDEdgeUse::.g@tstance map_size () [stati c]

Returns the number of instances of the class. See the discrgd the constructor for more
information on which instances are saved in the instance map

3.6.3.21 DDRESULT DDEdgeUse::getloop (DDLoop *& rp_loop)

Get theDDLoop(p. 89) that uses this instance of DDEdgeUse.

NULL is a valid value to return imp_loop. It means that this instance of DDEdgeUse is not used
by anyDDLoop(p. 89).

Parameters:
rp_loop The variable used to store the returi2dLoop(p. 89).
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3.6.3.22 DDLoop::iterator DDEdgeUse::gefloop_iterator ()

Returns the DDLoop::interator that this instance beloogs t

This is only valid if the edgeuse belongs to a loop.

3.6.3.23 DDRESULT DDEdgeUse::offsetedgeuse (doublelistancg

Offsets theDDEdge(p. 55) used by this DDEdgeUse Histance If the use sense is backward then
theDDEdge(p. 55) is offset by-distance

The offsetedge function is called for thBDEdge(p. 55). The return values are defined by each
class derived fronDDEdge(p. 55).

Parameters:
distance The distance to offset tHeDEdgeg(p. 55)

3.6.3.24 DDRESULT DDEdgeUse::registerloop (DDLoop * p_loop, DDLoop::iterator
iterator)

Register thddDLoop(p. 89) that is using this instance of DDEdgeUse.

The DDEdgeUse does not notify tli#EDLoop(p. 89) that it was registered. Because of the 2d
nature of the domain, each DDEdgeUse may only be used bipbheop(p. 89). If the DDEdge-
Use is already being used by anotiDLoop(p. 89) then the nevibDLoop(p. 89) will not be
added.

Parameters:
p_loop TheDDLoop(p. 89) to register.

iterator The DDLoop(p. 89) iterator for this DDEdgeUse instance.

Return values:
DD_SUCCESSTheDDLoop(p. 89) was registered.

DD_FAILURE TheDDLoop(p.89) was not registered.

3.6.3.25 DDRESULT DDEdgeUse::replaceedge (DDEdgex p_old_edge DDEdge
p_new edge DDEdgeUseSenserew use senseg

Replaces onBDEdge(p. 55) for another.
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This instance of DDEdgeUse is unregistered with the origtfaEdge(p. 55) and registered with
the newDDEdgeg(p. 55). Thus the link frorDDEdge(p. 55) to DDEdgeUse is maintained auto-

matically.

Parameters:
p_old_edge The originaIDDEdge(p. 55).

p_new.edge The DDEdge(p. 55) to replace the origin®DEdgeg(p. 55).
new usesenseThe new DDEdgeUseSense for the new DDEdgeUse.

Return values:
DD_X_NULL _POINTER If either DDEdgg(p. 55) pointer is NULL.

DD_ERRORPRIMITIVE _.NOT_FOUND IF the originalDDEdgeg(p. 55) is not being used
by this instance of DDEdgeUse.

DD_SUCCESSIf the replace was successful.

DD_FAILURE If the new DDEdge(p. 55) is already being used by another instance of
DDEdgeUse

3.6.3.26 DDRESULT DDEdgeUse::unregisterloop (DDLoop * p_loop)

Unregisters &DLoop(p. 89) that no longer uses this instance of DDEdgeUse.

The DDEdgeUse does not notify tBLoop(p. 89) that it was unregistered.

Parameters:
p_loop TheDDLoop(p. 89) to unregister.

Return values:
DD_SUCCESSIf the DDLoop(p. 89) was unregistered.

DD_ERRORPRIMITIVE _NOT_FOUND If the DDLoop(p. 89) was not registered with this
instance of DDEdgeUse.
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3.7 DDLoop Class Reference

The DDLoop represents a closed loop of edges.
#i ncl ude <DDLoop. hpp>

Inheritance diagram for DDLoop::

| DDEdgeUseLis1

T

| DDLoop |

Public Member Functions

» DDLoop (unsigned long id=0xffffffff)

* virtual ~DDLoop ()

« virtual voidget.ID (unsigned long &tid)

* virtual unsigned longet.ID ()

* virtual void get_point (double t,DDPoint &r _point)

* virtual doublegetlength ()

* void calculate centroid_of_end_points (DDPoint &r _centroid)

« virtual void create.isolated copy_of_loop (DDLoop *&rp_copy)

« virtual void create. integrated_copy._of_loop (DDLoop *&rp_copy)

« virtual void calculate_bounding_box (DDBoundingBox &r _boundingbox)

* virtual void get neighboring_loops(std::list< DDLoop * > &r_neighboringloops)
« virtual DD_RESULT register_surface (DDSurface xp_surface, DDLoopType loapype)
« virtual void getloop_type (DDLoopType &rloop._type)

* virtual DD_RESULT unregister_surface (DDSurface «p_surface)

* virtual void get surface (DDSurface x&rp _surface)

« virtual void get points (std::listc DDPoint x > &r _point.list)

« virtual void push_front (DDEdgeUse«x&rp_edgeuse)

« virtual void push_back (DDEdgeUsex«&rp_edgeuse)

* virtual void pop_front ()

* virtual void pop_back ()

« virtual DDEdgeUseList::iteratansert (DDEdgeUseList::iterator poRDEdgeUsex&rp _-
edgeuse)

« virtual DDEdgeUseList::iteratarase(std::list DDEdgeUsex >::iterator pos)
« virtual void remove (DDEdgeUsexp_edgeuse)
* virtual voidclear ()
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Static Public Member Functions

 DD_RESULTgetloop (unsigned long &rid, DDLoop *&rp_loop)

* DD_RESULT get.instancemap (DDHashMap< unsigned longDDLoop * > &r _loop_-
map)

* void deleteall _instances()

 unsigned longet instance map_size()
 DD_RESULTdeleteloop (DDLoop *&rp_loop)
* unsigned longyet ID _generator ()

3.7.1 Detailed Description

The DDLoop represents a closed loop of edges.

Author:
Corey McBride

Date:
02/07/03

The order of the edges in the loop is important because it sivalwch edges are next to each
other. Edges that are next to each other should share a copmiran This class is dereived from
DDEdgeUseLis{p. 122). A sub set of std::list functions have been overobib automatically
maintain the link fromDDEdgeUsé€p. 80) to DDLoop. These function deal with adding and re-
movingDDEdgeUsép. 80) from the DDLoop. If these overloaded functions areduhie link will

be maintained automatically. Otherwise it is the develspesponsiblity to maintain the link. All
of the other functions and iterators for std:list work asigiesd. This was done so that it would
not be necessary to create a complete set of interface funsdiv the list class.

3.7.2 Constructor & Destructor Documentation
3.7.2.1 DDLoop::DDLoop (unsigned longd =0xffffffff)

A macro to define memory allocation methods. Constructor.

Parameters:
id If id is Oxffffffff then the instance will be given a unique 1D bakepon the order of creation
of the instance. The new DDLoop will also be added to the fisildDLoops. Ifid is 0
then the DDLoop will not be added to the static list of all DRipoand will not be given
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a unique id. Instead the instance will have an id of @d is between 0 and Oxffffffff then
the instance will be assigned the iiD However, the IDs must be assigned in assending
order or the constructor will assert.

3.7.2.2 virtual DDLoop::~DDLoop () [virtual]

Destructor.

If the DDLoop is used by anipDSurfacgp. 98) then the function will assert. This instance of
DDLoop is unregistered with the DDEdgeUses that are usedhé&yOLoop. Thus the link be-
tweenDDEdgeUsép. 80) and DDLoop is maintained automatically. This ins&ims removed
from the static list of all DDLoop instances.

3.7.3 Member Function Documentation

3.7.3.1 virtual void DDLoop::calculate_bounding_box (DDBoundingBox &
r_boundingbox) [virtual]

Calculates the bounding box of the DDLoop.

Parameters:
r_bounding box The DDBoundingBox(p. 118) used to return the bounding box calculated
for the DDLoop.

3.7.3.2 void DDLoop::calculatecentroid_of_end points (DDPoint & r_centroid)

Calculates the centroid of the end points of the edges thk¢ mja the loop.

Parameters:
r_centroid The variable used to return the coordinates of the centoith@DDPoints that
make up the DDLoop.

3.7.3.3 virtual void DDLoop::clear () [virtual]

Remove all of theODEdgeUsé€p. 80) from the DDLoop.

Unregisters the DDLoop with eaddDEdgeUsép. 80).
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3.7.3.4 virtual void DDLoop::create integrated_copy_of_loop (DDLoop *& rp_copy)
[virtual]
Creates a copy of the loop.

The copy uses the same instances ofdB#oint(p. 49) as this instance. But has a new instance of
DDEdge(p. 55) andDDEdgeUsép. 80) that are a copy of the one used by this instance. The new
DDLoop does not belong to the sam®Surface(p. 98) as this instance.

3.7.3.5 virtual void DDLoop::create isolated copy_of_loop (DDLoop *& rp_copy)
[virtual]

Creates a copy of the DDLoop that has new instances of the DIBERP@®DEdges, and DDEdge-
Uses that are copies of the ones used by this instance.

The new DDLoop does not belong to the sadi@Surfacgp. 98) as this instance.

3.7.3.6 void DDLoop::deleteall _instances () [ stati c]

This function deletes all instance of the class.

This function should only be used to clean up memory at thedadral program. Higher order
objects should be deleted first to make sure that this inetenwot being used by another class.

3.7.3.7 DDRESULT DDLoop::delete_loop (DDLoop *& rp_loop) [static]

Deletes the instance of DDLoop if it doesn’'t belong tDRSurface(p. 98).

This method also deletes the primitive that make up the DpLibthey are not used by any other
primitives. Calls the delete function of each primitivettheakes up the DDLoop.

3.7.3.8 virtual DDEdgeUselList::iterator DDLoop::erase 6td::list< DDEdgeUsex
>:iterator pog [virtual]

Remove thddDEdgeUsép. 80) represented lgosfrom the DDLoop.

The return value is an iterator to tidDEdgeUsd€p. 80) immediately following the one removed.
Unregisters the DDLoop with theDEdgeUsé€p. 80).
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3.7.3.9 virtual unsigned long DDLoop::getID () [virtual]

Returns the ID of the DDLoop.

3.7.3.10 virtual void DDLoop::getID (unsigned long & r_id) [virtual]

Retrieves the ID of the DDLoop.

Parameters:
r_id The variable used to return the id.

3.7.3.11 unsigned long DDLoop::getD _generator () [stati c]

This function returns the ID of the last instance createde® mstance that is created and assigned
an id manually should be assigned an id that is greater teatthrned value.

3.7.3.12 DDRESULT DDLoop::get_instance map (DDHashMap< unsigned long,
DDLoop * > & r_loop.map) [static]

Get a map containing pointers to all of the instances of tasescindexed by instance id. See the
description of the constructor for more information on whinstances are saved in the instance
map.

Parameters:
r_loop_-map The map where the pointers are to be returned.

3.7.3.13 unsigned long DDLoop::geinstancemap_size () [static]

Returns the number of instances of the class. See the diescrgd the constructor for more
information on which instances are saved in the instance map

3.7.3.14 virtual double DDLoop::getlength () [virtual]

Calculates the length of the DDLoop.
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3.7.3.15 DDRESULT DDLoop::get_loop (unsigned long &r_id, DDLoop *& rp_loop)
[static]

Get the DDLoop with the id_id.

Parameters:
r_id The id of the DDLoop to get.

rp_loop The variable where the DDLoop is returned.

Return values:
DD_SUCCESSIf the DDLoop was found.

DD_ERRORPRIMITIVE _-NOT_FOUND If a DDLoop was not found with the id.id.
3.7.3.16 virtual void DDLoop::getloop_type (DDLoopType & r_loop_type [virtual]

Gets the DDLoop type.

Return values:
DDEXxteriorLoop If the DDLoop is an exterior loop of BDSurface(p. 98).

DDInteriorLoop If the DDLoop is an interior loop of ®DSurfacgp. 98).

3.7.3.17 virtual void DDLoop::get neighboring_loops (std::list< DDLoop * > &
r_neighboringloopy [virtual]

Finds all of the DDLoops that are neighbors to this loop.

The neighboring DDLoops share common DDEdges throughnonstaofDDEdgeUsép. 80).

3.7.3.18 virtual void DDLoop::get.point (double t, DDPoint & r_point) [virtual]

Calculates the coordinates of the point that is the distari@dong the DDLoop.

Parameters:
t The distance along the loop.

r_point The coordinates of the point at the distahedong the DDLoop.
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3.7.3.19 virtual void DDLoop::get points (std::list< DDPoint x > & r_point_list)
[virtual]

Get the DDPoints in the order the are used around the DDLobe.nfethod checks to make sure
that each instance @DPoint(p. 49) is entered into the list. Thus if the DDLoop is not edsll
the instances dDDPoint(p. 49) will be added in the order that they appear in the DOi.dbthe
DDLoop is closed then the first and last instanc®BfPoint(p. 49) returned will be the same.

Parameters:
r_point_list The variable used to store the list of pointers of DDPointth order they are
used around the DDLoop. The list is cleared before it is filled

3.7.3.20 virtual void DDLoop::get surface (DDSurfacex& rp_surface [virtual ]

Get theDDSurface(p. 98) that uses this instance of DDLoop.

Parameters:
rp_surface The variable used to return tHeDSurfacg(p. 98) that is using this instance of
DDLoop. NULL is a valid value to return imp_surface It means that the loop is not
used in any surfaces.

3.7.3.21 virtual DDEdgeUselList::iterator DDLoop::insert (DDEdgeUseList::iterator pos
DDEdgeUsex& rp_edgeuse [virtual]

Insert theDDEdgeUsé€p. 80) before the position indicated pps

If the DDEdgeUsép. 80) is already being used in another DDLoop, theriB&EdgeUsdp. 80) is
not inserted into the DDLoop and an iterator to end() is re¢dr Otherwise if thdDDEdge-
Usdp. 80) was inserted then an iterator to tB®EdgeUs€p. 80) is returned. Registers the
DDLoop with theDDEdgeUsép. 80).

3.7.3.22 virtual void DDLoop::pop_back () [virtual]

Remove thddDEdgeUsép. 80) from the back of the DDLoop.

Unregisters the DDLoop with theDEdgeUsé€p. 80).

3.7.3.23 virtual void DDLoop::pop_front () [virtual]

Remove thddDEdgeUsép. 80) from the front of the DDLoop.
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Unregisters the DDLoop with theDEdgeUsé€p. 80).

3.7.3.24 virtual void DDLoop::push back (DDEdgeUsex& rp_edgeuse [virtual]

Push arDDEdgeUsép. 80) to the back of the DDLoop.

Doesn'tinsert the DDEdgeUseif tidDEdgeUsép. 80) is already being used in another DDLoop.
Registers the DDLoop with theDEdgeUsé€p. 80).

3.7.3.25 virtual void DDLoop::push front (DDEdgeUsex& rp_edgeuse |[virtual ]

Push aDDEdgeUsép. 80) to the front of the DDLoop.

Doesn't insert thddDEdgeUsé€p. 80) if theDDEdgeUsép. 80) is already being used in another
DDLoop. Registers the DDLoop with tH2DEdgeUsép. 80).

3.7.3.26 virtual DD.RESULT DDLoop::register _surface (DDSurfacex p_surface
DDLoopType looptypg [virtual ]

Registers th®DSurface(p. 98) that uses this instance.

The method does not notify tHeDSurface(p. 98) that it has been registered. Because of the 2d
nature of the domain, each DDLoop use may only be used byp@&urface(p. 98).

Return values:
DD_SUCCESSIf the DDSurface(p. 98) was registered.

DD_FAILURE If the DDLoop is already being used by anotiddSurfacep. 98).

3.7.3.27 virtual void DDLoop::remove (DDEdgeUse: p_.edgeuse [virtual]
Remove thddDEdgeUsép. 80)p_edgeusefrom the DDLoop.

Unregisters the DDLoop with theDEdgeUsé€p. 80).

3.7.3.28 virtual DD_.RESULT DDLoop::unregister _surface (DDSurfacex p_surface
[virtual]

Unregisters th®DSurfacgp. 98) that no longer uses this instance of DDLoop.

Does not notify thddDSurfacgp. 98) that it was unregistered.
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Parameters:
p_surface TheDDSurfacgp. 98) to unregister.

Return values:
DD_SUCCESSIf the surface was unregistered.

DD_ERRORPRIMITIVE -NOT_FOUND If p_surfaceis not using this instance of DDLoop.
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3.8

DDSurface Class Reference

The DDSurface represents a non intersecting surface in&uesp

#incl ude <DDSurface. hpp>

Public Member Functions

DDSurface (DDLoop *p_loop, unsigned long id=0xffffffff)
~DDSurface()

void get.ID (unsigned long &iid)

unsigned longet ID ()

DD_RESULT replace exterior_loop (DDLoop *p_old_loop, DDLoop *p_new.loop)
void get exterior_loop (DDLoop *&rp_loop)

void get.interior _loop_list (std::list DDLoop * > &r _interior_loop._list)
DD_RESULT add._interior _loop (DDLoop *p_loop)
DD_RESULTremove.interior _loop (DDLoop *p_loop)

void remove all _interior _loops()

void remove exterior_loop ()

DD_RESULT getedgeuses (DDPoint &r_point, DDEdgeUse x&rp_startedgeuse,
DDEdgeUsex&rp_endedgeuse)

DD_RESULT get edgeuses(DDPoint &r_point, std::lisk DDEdgeUsex > &r _start-
edgeusdist, std::liskk DDEdgeUsex > &r_endedgeusdist)

void get_.neighboring_surfaces(std::list DDSurface x > &r_neighbors)
void get all_edgeuse¢DDEdgeUseList&r _edgeusdist)

void get list_of_loops(std::lisic DDEdgeUseListx > &r _list_of_edgeusdists)
void get list_of_loops(std::listc DDLoop * > &r _list_of_loops)

void create isolated copy_of_surface (DDSurface x&rp_copy)

void create integrated_copy_of_surface (DDSurface x&rp_copy)

void calculate_bounding_box (DDBoundingBox &r _boundingbox)

void get points (std::list DDPoint %« > &r_point.list)

Static Public Member Functions

DD_RESULT get surface (unsigned long &1id, DDSurface x&rp_surface)

void getinstance map (DDHashMap< unsigned longDDSurface « > &r _surfacemap)
void delete all _instances()

unsigned longet ID _generator ()

void delete surface (DDSurface «&rp_surface)
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 unsigned longyet instance map_size()
* void get list_of_surface instances(std::listc DDSurface x > &r _surfacelist)

3.8.1 Detailed Description

The DDSurface represents a non intersecting surface in&uesp

Author:
Corey McBride

Date:
02/07/03

The surface contains one exterior loop and zero or moreiant@ops. Exterior loops are forward
loops or counter clockwise loops while interior loops arekveard loops or clockwise loops.

3.8.2 Constructor & Destructor Documentation
3.8.2.1 DDSurface::DDSurface (DDLoop: p_loop, unsigned longid = Oxffffffff)

A macro to define memory allocation methods. Constructor.
Creates a DDSurface witnloop as the exterioDDLoop(p. 89).

If the DDLoop(p. 89) is already being used in another DDSurface then thieadevill assert. This
instance of DDSurface is registered with hBLoop(p. 89). Thus the link fronDDLoop(p. 89)
to DDSurface is maintained automatically.

Parameters:
p_loop The instance oDDLoop(p. 89) used as the exterior loop.

id If id is Oxffffffff then the instance will be given a unique 1D bakepon the order of creation
of the instance. The DDSurface will also be added to the fistldDSurface. Ifid is
0 then the DDSurface will not be added to the static list oDdlISurfaces and will not
be given a unique id. Instead the instance will have an id df @d is between 0 and
Oxffffffff then the instance will be assigned the iB. However, the IDs must be assigned
in assending order or the constructor will assert.
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3.8.2.2 DDSurface:~DDSurface ()

Destructor.

The DDSurface is removed from the static list of all DDSuefanstances. The DDSurface is
unregistered with the interior and exterior loops.

3.8.3 Member Function Documentation
3.8.3.1 DDRESULT DDSurface::add._interior _loop (DDLoop * p_loop)

Adds theDDLoop(p. 89)p_loopas an interior loop in the DDSurface. The DDSurface is regest
with the DDLoop(p. 89).

Return values:
DD_FAILURE If the DDLoop(p. 89) already is being used by another DDSurface.

DD_X_NULL _POINTER If rp_loop contains a NULL pointer.

3.8.3.2 void DDSurface::calculatebounding_box (DDBoundingBox & r_bounding box)

Calculates the bounding box of the DDSurface.

Parameters:
r_bounding box The DDBoundingBox(p. 118) used to return the bounding box calculated
for the DDSurface.

3.8.3.3 void DDSurface::createintegrated_copy.of_surface (DDSurfacex& rp_copy)

Creates a copy of the DDSurface.

The new DDSurface uses the origianl instanceD@Point(p. 49) but has new instances of
DDEdge(p. 55), DDEdgeUsép. 80) andDDLoop(p. 89) that are copies of the ones used by this
instance.

3.8.3.4 void DDSurface::createisolated copy_of_surface (DDSurfacex& rp_copy)

Creates a copy of the DDSurface.

The new DDSurface contains new instances of Bi@Point(p. 49), DDEdge(p. 55), DDEdge-
Usdp. 80) andDDLoop(p. 89) that are copies of the ones used by this instance.
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3.8.3.5 void DDSurface::deleteall _instances () [ stati c]

This method deletes all instance of the class.

This function should only be used to clean up memory at thedadrad program. Higher order
objects should be deleted first to make sure that this instenwot being used by another class.

3.8.3.6 void DDSurface::deletesurface (DDSurfacex& rp_surface [static]

Deletes the DDSurface.

Deletes the DDSurface and any of the primitives that makénae@DSurface if the primitives are
not being used by other primitives.

3.8.3.7 void DDSurface::getall_edgeuses (DDEdgeUseList & edgeusdist)

Retrieves a list of all of the DDEdgeUses used by the DDSarfac

The DDEdgeUses that are used by eB&h_oop(p. 89) in this DDSurface are returned in one list.
The order that the DDEdgeUses appears in the list is not gized.

Parameters:
r_edgeusdist The list where all of the DDEdgeUses used by this DDSurfaeeeturned.

3.8.3.8 DDRESULT DDSurface::get.edgeuses (DDPoint & _point, std::list< DDEdgeUse
* > & r_startedgeusdist, std::list< DDEdgeUsex > & r_end edgeusdist)

This function finds the DDEdgeUses in the DDSurface that hegtovidedDDPoint(p. 49).

Parameters:
r_point The DDPoint(p. 49) from the DDSurface.

r_start edgeusdist The list where th©DEdgeUsdp. 80) that uses theDPoint(p. 49) as the
start point is returned.

r_end.edgeussdist The list where the DDEdgeUses that usesiii@Point(p. 49) as the end
point is returned

Return values:
DD_SUCCESSIf the DDEdgeUses were found.

DD_FAILURE If the DDEdgeUses were not found.
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3.8.3.9 DDRESULT DDSurface::get edgeuses (DDPoint & _point, DDEdgeUsex&
rp_start edgeuseDDEdgeUsex& rp_end.edgeusk

This function finds the DDEdgeUses in the DDSurface that hegtovidedDDPoint(p. 49).

Because the DDSurfaces are not self intersecting BdaRoint(p. 49) should only be used twice
by each DDSurface. This method does not check to make sura b@Surface is not self inter-
secting.

Bug
There are instances where an interidDLoop(p.89) may be tangent to another
DDLoop(p. 89) in the same DDSurface. After the DDSurface is intese with another
DDSuface this tangent point may be merged with anobiePoint(p. 49). This results in a
situation where on®DPoint(p. 49) is used multiple times in a DDSurface. The other wersi
of this function takes this into account.

Parameters:
r_point The DDPoint(p. 49) from the DDSurface.

rp_start edgeuseThe variable where thBDEdgeUsé€p. 80) that uses thBDPoint(p. 49) as
the start point is returned.

rp_end.edgeuseThe variable where the DDEdgeUses that use®iPoint(p. 49) as the end
point is returned

Return values:
DD_SUCCESSIf the DDEdgeUses were found.

DD_FAILURE If the DDEdgeUses were not found.

3.8.3.10 void DDSurface::getexterior_loop (DDLoop *& rp_loop)

Get the exterioDDLoop(p. 89) that the DDSurface uses.

Parameters:
rp_loop The pointer where the exteri@DLoop(p. 89) is returned. NULL is a valid value to
return inrp_loop. It means that the DDSurface does not have a extéxiroop(p. 89).

3.8.3.11 unsigned long DDSurface::geiD ()

Retrieves the ID of the DDSurface.
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3.8.3.12 void DDSurface::getiD (unsigned long & r_id)

Retrieves the ID of the DDSurface.

Parameters:
r_id The variable where the id is returned.

3.8.3.13 unsigned long DDSurface::geD _generator () [stati c]

This function returns the ID of the last instance createde® mstance that is created and assigned
an id manually should be assigned an id that is greater tbatthrned value.

3.8.3.14 void DDSurface::geiinstancemap (DDHashMap< unsigned long, DDSurfacex
> & r_surfacemap) [static]

Get a map containing pointers to all of the instances of thescindexed by instance id. See the
description of the constructor for more information on whinstances are saved in the instance
map.

Parameters:
r_surfacemap The variable where the static surface instance map is copied

3.8.3.15 unsigned long DDSurface::genstancemap_size () [stati c]

Returns the number of instances of the class. See the diescrgd the constructor for more
information on which instances are saved in the instance map

3.8.3.16 void DDSurface::geinterior _loop_list (std::list < DDLoop * > &
r_interior_loop_list)

Retrieves a list of DDLoops that are used as interior loopgkérDDSurface.

Parameters:
r_interior_loop_list The list used to return the DDLoops that are used as intesapd in this
instance of DDSurface.
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3.8.3.17 void DDSurface::getlist_of_loops (std::list< DDLoop * > & r_list_of_loop9

Retrieves a list of all of the DDLoops that are used by the Dix®e.

The order that the DDLoops appear in the list is not guarahtee

Parameters:
r_list_of_loops The list where all of the DDLoops used by this DDSurface aterned.

3.8.3.18 void DDSurface::getist_of_loops (std::list< DDEdgeUseListx > &
r_list_of_edgeusdists)

Retrieves a list of all of the DDLoops that are used by the Dix®e.

The order that the DDLoops appear in the list is not guarantee

Parameters:
r_list_of_edgeusdists The list where all of the DDLoops used by this DDSurface aterred.

3.8.3.19 void DDSurface::gefist_of_surface instances (std::liskk DDSurface x > &
r_surfacelist) [static]

Gets a list of all of the DDSurface instances.

Parameters:
r_surfacelist The list where all of the DDSurface instances are returned.

3.8.3.20 void DDSurface::geineighboring_surfaces (std::list< DDSurface « > &
r_neighborg

Returns a list of all of the DDSurfaces that are neighborsisfDDSurface.

A neighboring DDSurface has a least one instanc®bBEdge(p. 55) in common with this in-
stance.

Parameters:
r_neighbors The list where the neighboring DDSurfaces are returned.
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3.8.3.21 void DDSurface::gefpoints (std::list< DDPoint « > & r_point.list)

Gets a list of all of the DDPoints used in the DDSurface Theeptldat the DDPoints appear in the
list is not guaranteed.

Parameters:
r_point_list The list where all of the DDPoints used by this DDSurface atarned.

3.8.3.22 DDRESULT DDSurface::get surface (unsigned long &r_id, DDSurface x&
rp_surface [static]

Get the DDSurface with the idid.
Parameters:

r_id The id of the DDSurface to get.
rp_surface The variable used to return the DDSurface.

Return values:
DD_SUCCESSIf the DDSurface was found.

DD_ERRORPRIMITIVE _-NOT_FOUND If the DDSurface was not found.

3.8.3.23 void DDSurface::removeall _interior _loops ()

Removes all DDLoops from the DDSurface.

Unregisters the DDSurface with the edaBLoop(p. 89).

3.8.3.24 void DDSurface::removeexterior_loop ()

Removes the exteriddDLoop(p. 89) from the DDSurface.

Unregisters the DDSurface with the exteri@bLoop(p. 89).

3.8.3.25 DDRESULT DDSurface::remove.interior _loop (DDLoop * p_loop)

Removes th®DLoop(p. 89)rp_loop as an interior loop in the DDSurface.

Unregisters the DDSurface with tiEDLoop(p. 89).
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Return values:
DD_SUCCESSIf the DDLoop(p. 89) was removed.

DD_X_NULL _POINTER If rp_loop contains a NULL pointer.

3.8.3.26 DDRESULT DDSurface::replace_exterior_loop (DDLoop * p_old_loop, DDLoop =
p_new.loop)

Replaces the exteri@DLoop(p. 89) with another.

This DDSurface is unregistered with the origifaDLoop(p. 89) and registered with the new
DDLoop(p. 89).

Parameters:
p_old_loop TheDDLoop(p. 89) to be replaced.

p_new_loop TheDDLoop(p. 89) to replace the origin&DLoop(p. 89).

Return values:
DD_X_NULL _POINTER If either DDLoop(p. 89) pointer is NULL.

DD_ERRORPRIMITIVE .NOT_FOUND IF the originalDDLoop(p. 89) is not being used
by the DDSurface.

DD_SUCCESSIf the replace was successful.
DD_FAILURE If the newDDLoop(p. 89) already is being used by another DDSurface.
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3.9 DDVirtualLoop Class Reference

The DDVirtualLoop represents a closed loop of DDEdges. Titeoof the DDEdges in the
DDVirtualLoop is important because it shows which DDEdgesreext to each other. DDEdges
that are next to each other should share a common point. THss is dereived froDDEdgeUse-
List(p. 122). This loop is virtual because it is not registerethwhe DDEdgeUses that is contains.
This allows an DDEdgeUses to belong to @iLoop(p. 89) and multiple DDVirtualLoop.

#i ncl ude <DDVirtual Loop. hpp>

Inheritance diagram for DDVirtualLoop::

| DDEdgeUseLis1

T

| DDVirtualLoop |

Public Member Functions

» DDVirtualLoop ()

* virtual ~DDVirtualLoop ()

* void calculate_bounding_box (DDBoundingBox &r _boundingbox)

« virtual DD_RESULTregister_surface(DDVirtualSurface xp_surface, DDLoopType loap
type)

* virtual DD_RESULT getloop_type (DDLoopType &rloop_type)

« virtual DD_RESULT unregister_surface (DDVirtualSurface xp_surface)

« virtual DD_RESULT get surface (DDVirtualSurface x&rp_surface)

* virtual DD_RESULT get points (std::list< DDPoint x > &r _point.list)

« virtual DD_RESULT create integrated_copy_of_loop (DDLoop *&rp_copy)

Static Public Member Functions

 DD_RESULTdeleteloop (DDVirtualLoop *&rp_loop)

3.9.1 Detailed Description

The DDVirtualLoop represents a closed loop of DDEdges. Tikeioof the DDEdges in the
DDVirtualLoop is important because it shows which DDEdgesreext to each other. DDEdges
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that are next to each other should share a common point. THss is dereived froDDEdgeUse-
List(p. 122). This loop is virtual because it is not registerethwhe DDEdgeUses that is contains.
This allows an DDEdgeUses to belong to @ieLoop(p. 89) and multiple DDVirtualLoop.

3.9.2 Constructor & Destructor Documentation

3.9.2.1 DDVirtualLoop::DDVirtualLoop ()

Constructor.

3.9.2.2 virtual DDVirtualLoop:: ~DDVirtualLoop () [virtual]

/brief Destructor

If the DDVirtualLoop is registered with anpDVirtualSurface (p. 111) then the function will as-
sert.
3.9.3 Member Function Documentation

3.9.3.1 void DDVirtualLoop::calculate_bounding_box (DDBoundingBox &
r_bounding box)

Calculates the bounding box of the DDVirtualLoop.

Parameters:
r_bounding.box The DDBoundingBox(p. 118) used to return the bounding box calculated
for the DDVirtualLoop.

3.9.3.2 virtual DD_RESULT DDVirtualLoop::create _integrated_copy_of_loop (DDLoop *&
rp_copy) [virtual]

Creates &©DLoop(p. 89) copy of the DDVirtualLoop.

The copy uses the same instances of the end DDPoints asgtaade. But has a new instance of
DDEdge(p. 55) andDDEdgeUsép. 80) that are a copy of the one used by this instance.
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3.9.3.3 DDRESULT DDVirtualLoop::delete _loop (DDVirtualLoop *& rp_loop) [static]

Deletes the DDVirtualLoop if it doesn’t belong toa@DVirtualSurface (p. 111).

Also deletes the primitive that make up the DDVirtualLooghky are not used by any other
primitives. Calls the delete function of each primitivetthaakes up the loop.

3.9.3.4 virtual DD_RESULT DDVirtualLoop::get _loop_type (DDLoopType & r_loop_type
[virtual]

Gets theDDVirtualSurface (p. 111) type.

Return values:
DDEXxteriorLoop If the DDVirtualSurface(p.111) is an exterior loop of ®DVirtual-
Surfacgp. 111).

DDlInteriorLoop If the DDVirtualSurface(p.111) is an interior loop of &DVirtual-
Surfacgp. 111).

3.9.3.5 virtual DD_.RESULT DDVirtualLoop::get _points (std::list< DDPoint x > &
r_point.list) [virtual]
Get the DDPoints in order around the DDVirtualLoop.

Clears the list before filling it with the DDPoints of the DDWialLoop. The method checks to
make sure that eaddDPoint(p. 49) is entered into the list. Thus if the DDVirtualLoopnist
closed all the DDPoints will be added in the order that thgyeap in the DDVirtualLoop. If the
DDVirtualLoop is closed then the first and last DDPoints Wil the same.

3.9.3.6 virtual DD_RESULT DDVirtualLoop::get _surface (DDVirtualSurface x&
rp_surface [virtual]

Get theDDVirtualSurface (p. 111) that uses the DDVirtualLoop.

NULL is a valid value to return imp_surface It means that the DDVirtualLoop is not used in any
DDVirtualSurface (p. 111).

Reimplemented frorDDEdgeUseList(p. 122).
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3.9.3.7 virtual DD_.RESULT DDVirtualLoop::register _surface (DDVirtualSurface x
p_surface DDLoopType loop_type [virtual]

Registers th®DVirtualSurface (p. 111) that uses this DDVirtualLoop.

Does not notify thedDVirtualSurface (p. 111) that is is being used. Because of the 2d nature of
the domain, each DDVirtualLoop use may only be used once.

Return values:
DD_SUCCESSIf the DDVirtualSurface (p. 111) was added.

DD_FAILURE If the DDVirtualLoop is already being used bybVirtualSurface (p. 111).

3.9.3.8 virtual DD_RESULT DDVirtualLoop::unregister _surface (DDVirtualSurface x
p_surface [virtual]

Unregisters th®DVirtualSurface (p. 111) with the DDVirtualLoop.

Does not notify thédDVirtualSurface (p. 111) that it was unregistered.

Return values:
DD_SUCCESSIf the DDVirtualSurface (p. 111) was removed.

DD_ERRORPRIMITIVE _.NOT_FOUND If p_surface is not currently being used by the
DDVirtualLoop.
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3.10 DDVirtualSurface Class Reference

The DDVirtualSurface represents a non intersecting sarfa@d space. The surface contains one
exterior loop and zero or more interior loops. Exterior Isape forward loops while interior loops
are backward loops. The surface is composed of virtual logpsis a virtual surface may span
multiple real surfaces.

#incl ude <DDVirtual Surface. hpp>

Public Member Functions

» DDVirtualSurface (DDVirtualLoop xp_loop)

» ~DDVirtualSurface ()

» DD_RESULT replace exterior_loop (DDVirtualLoop xp_old_loop, DDVirtualLoop *p_-
new.loop)

* void get exterior_loop (DDVirtualLoop «&rp_loop)

+ void get.interior _loop_list (std::list< DDVirtualLoop * > &r_interior_loop._list)

* std::listc DDVirtualLoop * > x getinterior _loop_list ()

 DD_RESULTadd_interior _loop (DDVirtualLoop x*p_loop)

* DD_RESULTremove.interior _loop (DDVirtualLoop *p_loop)

» DD_RESULT get neighboring_surfaces(std::list DDSurface x > &r_neighbors)

* void calculate_bounding_box (DDBoundingBox &r _boundingbox)

* unsigned longgetnumber_of_interior _loops ()

Static Public Member Functions

 DD_RESULTdelete surface (DDVirtualSurface «&rp_surface)

3.10.1 Detailed Description

The DDVirtualSurface represents a non intersecting sarfa@d space. The surface contains one
exterior loop and zero or more interior loops. Exterior Isape forward loops while interior loops
are backward loops. The surface is composed of virtual logpsis a virtual surface may span
multiple real surfaces.

Author:
Corey McBride

Date:
06/07/03
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3.10.2 Constructor & Destructor Documentation
3.10.2.1 DDVirtualSurface::DDVirtualSurface (DDVirtua ILoop * p_loop)

A macro to define memory allocation methods.
/brief Constructor

The exteriorDDVirtualLoop (p. 107) is assigned to tHeDVirtualLoop (p. 107) contained ip_-
loop. The method will assert if thBDVirtualLoop (p. 107) pointer is NULL.

3.10.2.2 DDVirtualSurface: ~DDVirtualSurface ()

Destructor.

3.10.3 Member Function Documentation
3.10.3.1 DDRESULT DDVirtualSurface::add _interior _loop (DDVirtualLoop x p_loop)

Adds aDDVirtualLoop (p. 107) as an interior loop of the DDVirtualSurface.

Parameters:
p_loop TheDDVirtualLoop (p. 107) to add as an interior loop.

Return values:
DD_SUCCESSIf the DDVirtualLoop (p. 107) was added.

DD_FAILURE If the DDVirtualLoop (p. 107) already is being used by another DDVirtual-
Surface.

DD_X_NULL _POINTER If rp_loop contains a NULL pointer.

3.10.3.2 void DDVirtualSurface::calculatebounding_box (DDBoundingBox &
r_bounding box)

Calculates the bounding box of the DDVirtualSurface.

Parameters:
r_bounding box The DDBoundingBox(p. 118) used to return the bounding box calculated
for the DDVirtualSurface.
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3.10.3.3 DDRESULT DDVirtualSurface::delete _surface (DDVirtualSurface *&
rp_surface [static]

Delete the DDVirtualSurface.

Deletes thedDSurfacgp. 98) and any of the primitives that make up the DDVirtuai&ce if the
primitives are not being used by other primitives.

3.10.3.4 void DDVirtualSurface::getexterior_loop (DDVirtualLoop *& rp_loop)

Get the exterioDDVirtualLoop (p. 107) that the DDVirtualSurface uses.

Parameters:
rp_loop The variable used to return the exteri@DVirtualLoop (p. 107).

3.10.3.5 std::liskDDVirtualLoop *>x DDVirtualSurface::get_interior _loop_list ()

Returns the interiobDVirtualLoop (p. 107) that are part of this DDVirtualSurface.

3.10.3.6 void DDVirtualSurface::getinterior _loop_list (std::list < DDVirtualLoop * > &
r_interior_loop_list)

Retrieves the interiodDVirtualLoop (p. 107) that are part of this DDVirtualSurface.

Parameters:
r_interior_loop_list The list in which the interior DDVirtualLoops are returned.

3.10.3.7 DDRESULT DDVirtualSurface::get _neighboring_surfaces (std::list DDSurface
x > & r_neighbor9

Returns a list of all of the DDSurfaces that are neighborsisfDDVirtualSurface.

Because the surface is virtual it may span multiple surfaceisthus this routine will return all of
the neighbors of all of the real surfaces that this virtuafasie spans. A neighboring DDSurfaces
have a least one instance@DEdgegp. 55) in common.

Parameters:
r_neighbors The list where the neighboring DDSurfaces are returned.
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3.10.3.8 unsigned long DDVirtualSurface::gelnumber_of_interior _loops ()

Returns the number of interi@DVirtualLoop (p. 107) that make up the DDVirtualSurface.

3.10.3.9 DDRESULT DDVirtualSurface::remove _interior _loop (DDVirtualLoop * p_loop)

Removes th®DVirtualLoop (p. 107) as an interior loop of the DDVirtualSurface.

Return values:
DD_SUCCESSIf the DDVirtualLoop (p. 107) was removed.

DD_X_NULL _POINTER If rp_loop contains a NULL pointer.

3.10.3.10 DDRESULT DDVirtualSurface::.replace _exterior_loop (DDVirtualLoop
p_old_loop, DDVirtualLoop * p_new.loop)

Replaces exteridbDVirtualLoop (p. 107) for anotheDDVirtualLoop (p. 107).

Parameters:
p_old_loop TheDDVirtualLoop (p. 107) to be replaced.

p_new.loop TheDDVirtualLoop (p. 107) to replace the origin@8DVirtualLoop (p. 107).

Return values:
DD_X_NULL _POINTER If either DDVirtualLoop (p. 107) pointer is NULL.

DD_ERRORPRIMITIVE -NOT_FOUND If the original DDVirtualLoop (p. 107) is not be-
ing used by the DDVirtualSurface.

DD_SUCCESSIf the replace was successful.

DD_FAILURE If the DDVirtualLoop (p. 107) already is being used by another DDVirtual-
Surface.
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3.11 DDMaskDefinitions Class Reference

This class is used to store all of the surfaces that make ups& s&. The masks are grouped
according to layer name.

#incl ude <DDVaskDefinitions. hpp>

Public Member Functions

+ void add_mask definition (std::string &rlayer, std::liskt DDSurface « > xp_surfacelist)

» DD_RESULT get surfacesby_layer (std::string &rlayer, std::lisk DDSurface « > &r _-
surfacelist)

* void get layer_names(std::list< std::string> &r _layer names)

» DDBoundingBox getbounding_box ()

* void setbounding_box (DDBoundingBox &r _boundingbox)

* void print _information ()

Protected Attributes

* std::mapc std::string, std::list DDSurfacex > * > mMaskMap

3.11.1 Detailed Description

This class is used to store all of the surfaces that make upsk se&t. The masks are grouped
according to layer name.

Author:
Corey McBride

Date:
05/15/03

3.11.2 Member Function Documentation

3.11.2.1 void DDMaskDefinitions::addmask definition (std::string & r_layer, std::list<
DDSurface x > x p_surface.list)

Stores a list oDDSurfacg(p. 98) pointers indexed by a layer name.
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Parameters:
r_layer The layer name used to index the list of DDSurfaces.

p_surfacelist The list of DDSurface(p. 98) pointers to store.

3.11.2.2 DDBoundingBox DDMaskDefinitions::gebounding_box ()

Returns thdDBoundingBox(p. 118) that was set with sébundingbox.

This method does not calculate the bounding box.

3.11.2.3 void DDMaskDefinitions::getlayer_names (std::list< std::string > &
r_layer_.namesg

Gets a list of all of the layer namer currently stored.

Parameters:
r_layer_names The list used to return the layer names.

3.11.2.4 DDRESULT DDMaskDefinitions::get_surfacesby_layer (std::string & r_layer,
std::list< DDSurface* > & r_surfacelist)

Gets a list oDDSurface(p. 98) pointers stored by the layer name.

Parameters:
r_layer The layer name used to index the list of DDSurfaces.

r_surfacelist The list used to return theDSurface(p. 98) pointers.

Return values:
DD_SUCCESSIf a list was found under the provided layer name.

DD_FAILURE If a list was not found under the provided layer name.
3.11.2.5 void DDMaskDefinitions::print.information ()
Prints the layer names used to index Bi@Surfacgp. 98) lists.
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3.11.2.6 void DDMaskDefinitions::setbounding_box (DDBoundingBox & r_bounding box)

Sets thdDDBoundingBox(p. 118) for this set of mask definitions.

This method does not calculate the bounding box.

Parameters:
r_bounding.box The DDBoundingBox(p. 118) for this mask set.

3.11.3 Member Data Documentation

3.11.3.1 std::mapcstd::string,std::list <DDSurfacex>x> DDMaskDefinitions::mMask-
Map [ protected]

A macro to define the memory allocation functions.
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3.12 DDBoundingBox Class Reference

The min and max coordinates of a bounding box..

#i ncl ude <DDLoop. hpp>

Public Types

e enum

Public Member Functions

DDBoundingBox ()

DDBoundingBox (double xmax, double xmin, double ymax, double ymin)
DDBoundingBox & operator x= (const double &rscalar)
DDBoundingBox & operator+= (const double &rscalar)

int calculate.inside_outside.code (DDPoint &r _point)

void calculate centroid (DDPoint &r _point)

Public Attributes

* doublemXmin
* doublemXmax
* doublemYmin
» doublemYmax

Friends

» DDBoundingBox operator+ (constDDBoundingBox &r _box1, constDDBoundingBox
&r_box2)

* booloperator% (DDBoundingBox &box1, DDBoundingBox &box2)

3.12.1 Detailed Description

The min and max coordinates of a bounding box..
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3.12.2 Member Enumeration Documentation

3.12.2.1 anonymous enum

An enum for the inside outside codes.

Each code containts bits that are set if a value is outsidediresponding bounding box values.

0x01010000| 0x00010000| 0x00010100| | ———..ccevveeene .. 0x01000000 .
0x00000000 . 0x00000100 . . —/8m—...... ...... ——+ 0x01000001| 0x00000001]
0x00000101

3.12.3 Constructor & Destructor Documentation

3.12.3.1 DDBoundingBox::DDBoundingBox () [i nl i ne]

Constructor.

Initializes the values to 0.0.

3.12.3.2 DDBoundingBox::DDBoundingBox (doublexmax, double xmin, double ymax,
doubleymin) [inline]

Constructor.

Initializes the bounding box to the values provided.

3.12.4 Member Function Documentation

3.12.4.1 void DDBoundingBox::calculatecentroid (DDPoint & r_point)

Calculates the centroid of the bounding box.

3.12.4.2 int DDBoundingBox::calculateinside_outside_.code (DDPoint & r_point)

Calculates the inside-outside code for a point.
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3.12.4.3 DDBoundingBox& DDBoundingBox::operator«= (const double &r_scalar)
[1nline]

Scales the bounding box by the value provided.

3.12.4.4 DDBoundingBox& DDBoundingBox::operator+= (cost double & r_scalar)
[inline]

extends the bounding box by the value provided.

3.12.5 Friends And Related Function Documentation
3.12.5.1 bool operator% (DDBoundingBox &box1, DDBoundingBox & box2) [fri end]

Intersection operator.

Return values:
True if the two bounding boxes intersect.

False if the two bounding boxes do not intersect.

3.12.5.2 DDBoundingBox operator+ (const DDBoundingBox & _box1, const
DDBoundingBox & r_box2) [friend]

Returns a bounding box that encloses the bounding boxeglphv

3.12.6 Member Data Documentation
3.12.6.1 double DDBoundingBox::mXmax

The maximum X value of the bounding box.

3.12.6.2 double DDBoundingBox::mXmin

The minimin X value of the bounding box.
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3.12.6.3 double DDBoundingBox::mYmax

The maximum X value of the bounding box.

3.12.6.4 double DDBoundingBox::mYmin

The minimin Y value of the bounding box.
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3.13 DDEdgeUseList Class Reference

This class is a wrapper class for std: i@ DEdgeUse>.
#i ncl ude <DDEdgeUseLi st. hpp>

Inheritance diagram for DDEdgeUseList::

| DDEdgeUseLi51
t

| DDLoop | | DDVirtuaILoop|

3.13.1 Detailed Description

This class is a wrapper class for std: #i@DEdgeUse>.

The purpose of this class is to wrap the stdiBDEdgeUse> class. This was done to pro-
vide a cleaner interface and to provide common memory dilmtanethods. Common memory
allocation methods are necessary for the library to worlpery. This class behaves exactly as a
std::list DDEdgeUse>.

Reimplemented ibDLoop (p. 90), andDDVirtualLoop (p.107).
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3.14 DDHashMap Class Reference

These classes are wrappers for the hasip and haslset classes.

#i ncl ude <DDHashMap. hpp>

3.14.1 Detailed Description

These classes are wrappers for the hasip and haslset classes.

Author:
Corey McBride

Date:
12/10/03

hashmap and haskset are included in stlport and in the GNU c.xx compilers. Seherrapper
classes overcome some problems with stlport.
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3.15 DDQuadTree< X, E > Class Template Reference

This template class is used to perform a spatial sort of iier2d space.

#i ncl ude <DDQuadTree. hpp>

Public Member Functions

» DDQuadTree (std::listc X * > &r_points, double tolerance, int mmodesper.box=-1,
double minbox dimension=-1.0)

» ~DDQuadTree ()

* void points_near (DDVector &r _position, std::lisk X x > &r _resultlist)

* void tree_size(std::list< int > &r_countat eachlevel, std::lisk int > &r_leavesat each-
level)

3.15.1 Detailed Description
template<class X, class E = DDDefaultPointQuery.X>> class DDQuadTree< X, E >

This template class is used to perform a spatial sort of iier@d space.

Author:
Corey McBride

Date:
05/19/04

3.15.2 Constructor & Destructor Documentation

3.15.2.1 templatecclass X, class E DDQuadTree< X, E >::DDQuadTree (std::list<
X x > & r_points double tolerance int min_nodesper_box = - 1, double
min_box.dimension= - 1. 0)

Constructor.
Parameters:

r_points The list of items to sort.
tolerance The tolerance used for comparison of items.
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min_nodesper_box The number of items or less to reside in each box.
min_box dimension The minimum dimension or less of each box.

3.15.2.2 templatecclass X, class E- DDQuadTree< X, E >::~DDQuadTree ()

Destructor.

3.15.3 Member Function Documentation

3.15.3.1 templatecclass X, class & void DDQuadTree< X, E >::points_near (DDVector
& r_position std::list< X % > & r_resultlist)

Gets the list of all items for which the distance between tagspd position and the item is less
than or equal to the tolerance value pass to the constructor.

3.15.3.2 templatecclass X, class E = DDDefaultPointQuery:X>> void DDQuadTree<
X, E >:tree _size (std::list< int > & r_countat eachlevel std:list< int > &
r_leavesat_eachleve)

Get the size of the tree at each level.
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3.16 DDAGUIlntersection Class Reference

The class stores the information for an intersection batviwe DDEdges.

#incl ude <DDAnal ytical GeometryUtil. hpp>

Public Member Functions

» DDAGUIntersection ()
» ~DDAGUIntersection ()
* void reset()

Public Attributes

» DDEdge * mpAEdge

» DDEdgeUsex mpAEdgeUse
» DDPoint * mpAPoint

» doublemAX

* doublemAY

* doublemAQOrdering
 DD_RESULTmAPoIntType
« DDEdge* mpBEdge

» DDEdgeUsex mpBEdgeUse
» DDPoint * mpBPoint

» doublemBX

» doublemBY

» doublemBOrdering
 DD_RESULTmBPointType
* DD_RESULT mintersectionType
* boolmVisited

3.16.1 Detailed Description

The class stores the information for an intersection batviwe DDEdges.
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3.16.2 Constructor & Destructor Documentation

3.16.2.1 DDAGUIntersection::DDAGUIntersection () [inline]

Constructor.

Sets the pointers to Null, the values to 0.0 and types toFAILURE.

3.16.2.2 DDAGUIntersection:~DDAGUIntersection () [inline]

Destructor

3.16.3 Member Function Documentation

3.16.3.1 void DDAGUIntersection::reset () [i nl i ne]

This routine sets the parameters to the same state that #reyinwvhen they were first created.

For more information see the comments for the Constructor.

3.16.4 Member Data Documentation

3.16.4.1 double DDAGUIntersection::mAQrdering

The parametric parameter of the intersection alopA\Edge

3.16.4.2 DDRESULT DDAGUIntersection::mAPointType

The type of intersection point fanpAEdge

3.16.4.3 double DDAGUIntersection::mAX

The X coordinate of the intersection.
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3.16.4.4 double DDAGUIntersection::mAY

The Y coordinate of the intersection.

3.16.4.5 double DDAGUIntersection::mBOrdering

The parametric parameter of the intersection aloqpdBEdge

3.16.4.6 DDRESULT DDAGUIntersection::mBPointType

A pointer to oneDDEdge(p. 55) involved in the interesection.

3.16.4.7 double DDAGUIntersection::mBX

The X coordinate of the intersection.

3.16.4.8 double DDAGUIntersection::mBY

The Y coordinate of the intersection.

3.16.4.9 DDRESULT DDAGUIntersection::mintersectionType

The intersection type.

3.16.4.10 DDEdge DDAGUIntersection::mpAEdge

A pointer to oneDDEdge(p. 55) involved in the interesection.

3.16.4.11 DDEdgeUseDDAGUIntersection::mpAEdgeUse

A pointer to theDDEdgeUsép. 80) that usemmpAEdge

3.16.4.12 DDPoint DDAGUIntersection::mpAPoint

An existingDDPoint(p. 49) frommpAEdgenhat lies at the intersection.
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3.16.4.13 DDEdge DDAGUIntersection::mpBEdge

A pointer to oneDDEdge(p. 55) involved in the interesection.

3.16.4.14 DDEdgeUseDDAGUIntersection::mpBEdgeUse

A pointer to theDDEdgeUsép. 80) that usemmpBEdge

3.16.4.15 DDPoint DDAGUIntersection::mpBPoint

An existingDDPoint(p. 49) frommpBEdgehat lies at the intersection.

3.16.4.16 bool DDAGUIntersection::mVisited

A flag to indicate that the intersection has been visited.
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Chapter 4

2D Geometric Routine

This chapter describes the major geometric routines. Thenes are grouped in a namespace
according to functionality. Each section describes a npamsand gives a list of its routines. A
description of each routine is then provided.

4.1 DDUnionOperator Namespace Reference

This namespace contains the routines to Union (OR) onecauwigh another.

Functions

* DD_RESULTunion_list_of_surfaces(std::list< DDSurfacex > &r_surfacelist, double tol-
erance)

* DD_RESULTunion_surface A_with _surface B (DDSurface x&rp _surfaceA, DDSurface
«x&rp_surfaceB, double tolerance)

* DD_RESULT union_cw_loop_with_cw_loop (DDLoop x&rp_loop A, DDLoop *&rp_-
loop_B, double tolerance)

* DD_RESULT union_list_of_cw_loops (std::list< DDLoop * > &r _loop_list, double toler-
ance)

4.1.1 Detailed Description
This namespace contains the routines to Union (OR) onecauwiégh another.
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4.1.2 Function Documentation

4.1.2.1 DDRESULT union_cw_loop_with _cw_loop (DDLoop & rp_loop A, DDLoop *&
rp_loop_B, doubletolerance

Union two clockwise DDLoops together.

Parameters:
rp_loop_.A The firstDDLoop(p. 89) to be unioned. The result of the operation is stored he
also.

rp_loop.B The seconddDLoop(p.89) to be unioned. The result of the operation may be
stored here.

tolerance The tolerance of the operation.

Return values:
DD_FAILURE There twoDDLoop(p. 89) do not overlap. ThBDLoop(p. 89) were not al-
tered.

DD_SUCCESSThe two DDLoop(p. 89) were unioned togetherp_loop_A and rp_loop_B
were consumed in the process.

4.1.2.2 DDRESULT union _list_of_cw_loops (std::list< DDLoop * > & r_loop.list, double
tolerance

Unions the clockwise DDLoops in the list together.

Also known as the OR operation.

Parameters:
r_loop.list The list of DDLoops to be unioned together. The results ase edturned in this
list.

tolerance The tolerance of the operation.

4.1.2.3 DDRESULT union_list_of_surfaces (std::list< DDSurface «+ > & r_surfacelist,
double tolerance

Unions the DDSurfaces in the list together.

Also known as the OR operation.
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Parameters:

r_surfacelist The list of DDSurfaces to be unioned together. The resutakso returned in
this list.

tolerance The tolerance of the operation.

4.1.2.4 DDRESULT union_surface A_with__surface B (DDSurface x& rp_surfaceA,
DDSurface x& rp_surface B, doubletolerance

Union two DDSurfaces together.

Parameters:

rp_surface A The firstDDSurfacgp. 98) to be unioned. The result of the operation is stored
here also.

rp_surfaceB The secondDSurfacg(p. 98) to be unioned. The result of the operation may
be stored here.

tolerance The tolerance of the operation.

Return values:

DD_FAILURE There twoDDSurfacgp. 98) do not overlap. TheDSurfacgp. 98) were not
altered.

DD_SUCCESSThe two DDSurface(p. 98) were unioned togetherp_surfaceA andrp_-
surfaceB were consumed in the process.
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4.2 DDVirtualMergeOperator Namespace Reference

This namepsace contains the routines to virtually mergdiphellsurfaces together. This means
that virtual loops are created that represent what the gepmeuld look like if the surfaces were
merged.

Functions

 DD_RESULT mergelist_of_surfaces (std::list DDSurface x > &r_list_of_surfaces,
DDVirtualSurface «&rp _virtual_surface DDVirtualLoop *&rp_borderloop)

 void merge.virtual _surface (DDVirtualSurface &r _virtual_surface, DDSurface *&rp _-
surface)

* void create.virtual _surface from _surface (DDSurface &r_surface, DDVirtualSurface
«x&rp_virtual_surface)

4.2.1 Detailed Description

This namepsace contains the routines to virtually mergdiphelisurfaces together. This means
that virtual loops are created that represent what the gepmeuld look like if the surfaces were
merged.

Author:
Corey McBride

Date:
06/29/03

4.2.2 Function Documentation

4.2.2.1 void createvirtual _surface from _surface (DDSurface &r_surface
DDVirtualSurface *& rp_virtual _surface

Creates @DVirtualSurface (p. 111) from aDDSurfacg(p. 98).

Parameters:
r _surface The DDSurface(p. 98) to create thBDVirtualSurface (p. 111) from.

rp_virtual _surface The variable where the nelaDVirtualSurface (p. 111) is returned.

134



4.2.2.2 DDRESULT merge list_of_surfaces (std::listc DDSurfacex > & r_list_of_surfaces
DDVirtualSurface & rp_virtual_surface DDVirtualLoop *& rp_borderloop)

Virtualy merge a list of interconneted DDSurfaces together

For DDSurfaces to be interconnected they must share comniziedBes instances. The re-
sulting DDVirtualSurface (p. 111) is what the DDSurfaces would look like if the wereuatly
merged.

Parameters:
r_list_of_surfaces The list of DDSurfaces to virtually merge.

rp_virtual surface The newDDVirtualSurface (p. 111) that was created by the merge is re-
turned here.

rp_borderloop The firstDDVirtualLoop (p. 107) created that haszDEdge(p. 55) that be-
longs to only onddDLoop(p. 89).

Return values:
If the method was successful.

DD_X_CRITICAL _ERROR If a critical error was encountered.

4.2.2.3 void mergevirtual _surface (DDVirtualSurface & r_virtual_surface DDSurface &
rp_surface

Create DDSurfacgp. 98) from aDDVirtualSurface (p. 111).

The newDDSurface(p. 98) has new DDLoops but uses the original DDEdgeUsesDIDEdge-
Usgp. 80) belonged to anoth®DLoop(p. 89), it is removed from the originBIDLoop(p. 89) by
this method.

Parameters:
r_virtual_surface The DDVirtualSurface (p. 111) to create the ne@DSurfacgp. 98) from.

rp_surface The newDDSurface(p. 98) created from thBDVirtualSurface (p. 111).

Return values:
If the method was successful.

DD_X_CRITICAL _ERROR If a critical error was encountered.
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4.3 DDXOROperator Namespace Reference

This namespace contains the routines to XOR one surfaceawdther.

Functions

* DD_RESULT xor_surface A_with _surface. B (DDSurface *&rp_surfaceA, DDSurface
«x&rp_surfaceB, double tolerance, std::list DDSurface « > &r _differenceAB_list,
std::listc DDSurface x > &r _differenceBA _list)

» DD_RESULTfast xor_list_of_surfacesA_with _list_of_surfacesB (std::listc DDSurface
> &r_surfacesA, std::list< DDSurface x > &r_surfacesB, double tolerance)

4.3.1 Detailed Description

This namespace contains the routines to XOR one surfaceawdther.

4.3.2 Function Documentation

4.3.2.1 DDRESULT fast_xor_list_of_surfacesA _with _list_of_surfacesB (std::list<
DDSurface* > & r_surfacesA, std::list< DDSurface x > & r_surfacesB, double
tolerance

A special routine for calculating the XOR of two list of DD Sarces.

There is a special condition that must be met for this routinproduce the correct result. This
condition is that the DDSurfaces in one list do not overlaghany other DDSurfaces in the same
list. This condition allows the routine to be faster thaxnThe results are returned in the first list.

Parameters:
r_surfacesA The first list of DDSurfaces to be XORed. The DDSurfaces in lisit cannot
overlap each other. The results are returned in this list.

r_surfacesB The second DDSurfaces to be XORed. The DDSurfaces in thislisot over-
lap each other.

tolerance The tolerance of the operation.

Return values:
DD_SUCCESSThe operation was a success.

DD_X_CRITICAL _ERROR The method encountered a critical error.
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4.3.2.2 DDRESULT xor _surface A_with _surface B (DDSurface x& rp_surfaceA,
DDSurface x& rp_surface B, double tolerance std::list< DDSurface x > &
r_difference AB_list, std::list< DDSurfacex > & r_difference BA_list)

XORs two DDSurfaces.

The results are stored in two seperate lists. The lists asotewbpresent the complete result. The
two lists can be combined by simply adding the contents oflishé& the end of the other.

Parameters:
rp_surface A The firstDDSurfacgp. 98) to be XORed.

rp_surface B The secondDSurfacgp. 98) to be XORed.
tolerance The tolerance of the operation.

r_difference AB_list The variable where the DDSurfaces that are in A and not in Brexe
turned.

r_difference BA_list The veriable where the DDSurfaces that are in B and not in Aexe
turned.

Return values:
DD_FAILURE The two DDSurfaces do not overlag_surfaceA andrp_surfaceB were not
altered and their pointers are still valid.

DD_SUCCESSThe operation was a succesg.surfaceA andrp_surfaceB were consumed
in the process. However, while the two pointers will be NUItldoesn’t mean that the
actual instances were destroyed. They may have been usezhte the new surfaces.
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4.4 DDOffsetOperator Namespace Reference

This namespace contains the routines to create offset D&

Functions

» DD_RESULTcreate offset surfaces(DDSurface &r _surface, double tolerance, double dis-
tance, std::list DDSurface* > &r_surfacelist)

 DD_RESULT create offset surfaces (DDVirtualSurface &r_surface, double tolerance,
double distance, std::listDDSurface x > &r_surfacelist, DDVirtualLoop *p_boundary-
loop=0)

 DD_RESULT create offsetloop (DDEdgeUseList&r_edgeusdist, double tolerance, dou-
ble distance, std:list DDLoop * > &r_similarloops, std::liskt DDLoop * > &fr_-
oppositeloops)

 DD_RESULT subdivide_surfacesat_offset (std::listc DDSurface x > &r_adjacent-
surfacelist, double tolerance, double distance, std::mdpDSurface *, std::liskk DDSur-
facex > x > &r_offsetmap, std::mag DDSurface x, std::listk DDSurface* > x > &r_-
originalL.map, std::lisk DDSurface « > &r _old_surfaces)

4.4.1 Detailed Description

This namespace contains the routines to create offset D&

4.4.2 Function Documentation

4.4.2.1 DDRESULT create_offset loop (DDEdgeUseList &r_edgeusdist, double
tolerance double distance std::list< DDLoop * > & r_similar_loops std::list<
DDLoop * > & r_oppositeloops

Create an offsddDLoop(p. 89).

Parameters:
r_edgeusdist TheDDLoop(p. 89) to offset.

tolerance The tolerance of the operation.

distance The distance of the offset. A positive value will created gpesndeddDLoop(p. 89).
A negative value will create a shrumdLoop(p. 89).

r_similar_loops The list where the offset DDLoops with the same directiom_asigeusdist
are returned.
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r_oppositeloops The list where the offset DDLoops with the opposite diraettsr_edgeuse
list are returned.

Return values:
DD_SURLOOP_CLOSED Offsetting theDDSurface(p. 98) completely closed it in.

DD_SUCCESSThe operation was a success.
DD_X_CRITICAL _ERROR The operation experienced a critical error.

4.4.2.2 DDRESULT create_offset surfaces (DDVirtualSurface & r_surface double
tolerance double distance std::list< DDSurface * > & r_surfacelist,
DDVirtualLoop * p_boundaryloop = 0)

Creates &DSurfacg(p. 98) that is the offset of BDVirtualSurface (p. 111).

Parameters:
r_surface The DDVirtualSurface (p. 111) to be offset.

tolerance The tolerance of the operation.

distance The distance of the offset. A positive value will expand tB®Virtual-
Surfacgp. 111). A negative value will shrink tHeDVirtualSurface (p. 111).

r_surfacelist Pointers to the DDSurfaces that result from the offset.

p_boundaryloop If this address is the same as the exterior loop of the vidudhce then the
exterior loop is not offset.

Return values:
DD_SURLOOP_CLOSED The loop completely closed in.

DD_SUCCESSThe operation was a success.
DD_X_CRITICAL _ERROR The operation experienced a critical error.

4.4.2.3 DDRESULT create offset surfaces (DDSurface &r_surface doubletolerance
double distance std::list< DDSurfacex > & r_surfacelist)

Create an offsddDSurface(p. 98).

Parameters:
r_surface The DDSurface(p. 98) to offset.

tolerance The tolerance of the operation.

distance The distance of the offset. A positive value will expand thdace. A negative value
will shrink the surface.
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r_surfacelist Pointers to the DDSurfaces that result from the offset.

Return values:
DD_SURLOOP_CLOSED The surface completely closed in.

DD_SUCCESSThe operation was a success.
DD_X_CRITICAL _ERROR The operation experienced a critical error.

4.4.2.4 DDRESULT subdivide_surfacesat_offset (std::list< DDSurface x > &
r_adjacentsurfacelist, double tolerance double distance std::map< DDSurface x,
std::list< DDSurface* > x > & r_offsetmap, std::map< DDSurface x, std::list<
DDSurface* > % > & r_original_map, std::list< DDSurface* > & r_old_surfaceg

Subdivide a set of interconnected DDSurfaces at an offset.

The DDSurfaces are interconnected such that they share cord@Edges and DDPoints. This
set of DDSurfaces are treated as one big surface. Thus st ofill be of the DDEdges that form
the external boundary of the set of DDSurfaces.

Parameters:
r_adjacentsurfacelist The set of interconnected DDSurfaces.

tolerance The tolerance of the operation.

distance The distance of the offset. A positive value will expand thdace. A negative value
will shrink the surface.

r_offsetmap Pointers to the resulting DDSurfaces that come from thesbff®rtion of the
subdivide. The key to the map is the adddress of the origiardmqiDDSurface(p. 98).
The data of the map is the resulting DDSurfaces that come finenparent.

r_original_map Pointers to the resulting DDSurfaces that come from theimalgportion
of the subdivide. The key to the map is the adddress of thaantigparentDDSur-
face(p. 98). The data of the map is the resulting DDSurfaces thiatecfrom the parent.

r_old_surfaces The addresses to the original DDSurfaces that were conshynéek routine.
These DDSurfaces need to be deleted.

Return values:
DD_SURLOOP_CLOSED The loop completely closed in. All of the original DDSurface

are offset DDSurfaces. The original DDSurfaces are storeékddé map as the parent and
child.

DD_SUCCESSThe operation was a success.
DD_X_CRITICAL _ERROR The operation experienced a critical error.
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4.5 DDAnalyticalGeometryUtil Namespace Reference

The namespace perfroms analytical geometry calculatior&lgoints ,vectors, lines and arcs.

Functions

 doubledistance point_point (DDPoint &r _pointl,DDPoint &r _point2)
* boolis_within _tolerance (DDPoint &r _point1l,DDPoint &r _point2, double tolerance)
 doublecalculate area enclosedby_edgeusdist (DDEdgeUseList&r _list)

 DD_RESULTIs_point_in_surface (DDPoint &r_point, DDSurface &r _surface, double tol-
erance)

 DD_RESULT is_loop_inside_surface (DDLoop &r_loop, DDSurface &r _surface, double
tolerance)

* DD_RESULT is_point_enclosedby_loop (DDPoint &r_point, DDLoop &r_loop, double
tolerance)

« DD_RESULT find_intersection.edgeedge (DDEdge &r_edgel, DDEdge &r_edge-
2, double tolerance, DDAGUIntersection &r_intersectionl, DDAGUIntersection
&r_intersection2, DDAGUIntersection &r_intersection3, DDAGUIntersection &r -
intersectiond)

« DD_RESULT find_intersectionray_edge (DDPoint &r _startpoint, DDVector &r -
direction, DDEdge &r_edge, double tolerancd)DAGUIntersection &r_intersectionl,
DDAGUIntersection &r_intersection?)

» DD _RESULTis_circle_point_on_arc (DDPoint &r _point, DDArc &r _arc, double tolerance,
double &rparametricparameter)

» DD_RESULT number_of_line_approximations_of_arc (DDArc &r_arc, double tolerance,
int &r _numberof_lines)

4.5.1 Detailed Description

The namespace perfroms analytical geometry calculatior&lgoints ,vectors, lines and arcs.

4.5.2 Function Documentation
4.5.2.1 double calculatearea enclosedby_edgeusdist (DDEdgeUseList & r_list)

Calculates the area inclosed by the list of DDEdgeUses.

The routine assumes that the list of edgeuses form a closed lo

141



Returns:
Returns the area inclosed by the list of DDEdgeUses. The dighe value indicates the
direction of the ordering of the DDEdgeUses. A positive siggicates counter clockwise
direction. A negative sign indicates a clockwise direction

4.5.2.2 double distancgpoint_point (DDPoint & r_pointl, DDPoint & r_point2)
Calculates the distance bewteen two DDPoints.

Return values:
The distance between threpointlandr_point2

4.5.2.3 DDRESULT find _intersection_.edgeedge (DDEdge &r_edgel, DDEdge
& r_edge?2, double tolerance DDAGUIntersection & r_intersectionl,
DDAGUIntersection & r_intersection2, DDAGUIntersection & r_intersection3,
DDAGUIntersection & r_intersection4)

The routine finds the intersections between two DDEdges.

Parameters:
r_edgel The firstDDEdgeg(p. 55) in the intersection.

r_edge2 The seconddDEdge(p. 55) in th intersection.

tolerance The tolerance used in the routine.

r_intersection1 Used to return the first intersection found between the twdDdes.
r_intersection2 Used to return the second intersection found between th&®Bdges.
r_intersection3 Used to return the second intersection found between th&®Bdges.
r_intersection4 Used to return the second intersection found between th®®Bdges.

Return values:
DD_SUCCESSThe two DDEdges intersect.

DD_FAILURE The two DDEdges do not intersect.

4.5.2.4 DDRESULT find _intersection_ray _edge (DDPoint & r_start point, DDVector
& r_direction, DDEdge & r_edge double tolerance DDAGUIntersection &
r_intersectionl, DDAGUIntersection & r_intersection?2)

The routine finds the intersections betweddREdge(p. 55) and a ray.
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Parameters:
r_start point The DDPoint(p. 49) that defines the start of the ray.

r_direction The DDVector(p. 43) that defines the direction of the ray.
r_edge TheDDEdge(p. 55) to intersect with the ray.
tolerance The tolerance used in the routine.

r_intersectionl Used to return the first intersection found betweenBdge(p. 55) and
the ray.

r_intersection2 Used to return the second intersectino found betweeBBtedgep. 55) and
the ray.

Return values:
DD_SUCCESSThe DDEdge(p. 55) and ray intersect.

DD_FAILURE TheDDEdgeg(p.55) and ray do not intersect.

4.5.2.5 DDRESULT is_circle_point_on_arc (DDPoint & r_point, DDArc & r_arc, double
tolerance double & r_parametricparamete)

This routine calculates if BDPoint(p. 49) located on a parent circle lies between the start add e
points of anDDArc (p. 70) with the same parent circle.

This routine will return incorrect results if the point istdocated on the parent circle. This function
does not check to see if the point lies on the parent circle.

Parameters:
r_point The DDPoint(p. 49) that lies on the parent circle of tB®Arc(p. 70).

r_arc TheDDArc(p. 70) that is checked to see if the DDPoints lies on it.
tolerance The tolerance for the routine.

r_parametricparameter Used to return the parametric parameter that is calculawekbta-
tion of theDDPoint(p. 49) on theDDArc (p. 70).

Return values:
DD_ANA_ON_START The point is withintoleranceof the start point.

DD_ANA_ON_END The point is withintoleranceof the end point.
DD_ANA_ON_SEGMENT The point is on the arc segment.

4.5.2.6 DDRESULT is_loop.inside_surface (DDLoop & r_loop, DDSurface & r_surface
double tolerance

Determines if EDDLoop(p. 89) lies within the geometry defined byp®Surfacgp. 98).

143



Return values:
DD_SUCCESSTheDDLoop(p. 89) is in the surface.

DD_FAILURE TheDDLoop(p. 89) is not in the surface.
DD_ANA_POINT_ON_EXTERIOR_EDGE r_loopis on the exterior edge of the surface.
DD_ANA_POINT_ON_INTERIOR_EDGE r_loopis on an interior edge of the surface.

4.5.2.7 DDRESULT is_point_enclosedby_loop (DDPoint & r_point, DDLoop & r_loop,
doubletolerance

Determines if a point is within a loop.

This routine casts a ray frompointin the positive X direction. It then checks the number of loop
boundaries crossed. If the number of boundary crossingdglueh the point is in the loop.

Return values:
DD_SUCCESSThe point is in the loop.

DD_FAILURE The pointis not in the loop.
DD_ANA_POINT_ON_EXTERIOR_EDGE The pointis on the edge of the loop.

4.5.2.8 DDRESULT is_point_in_surface (DDPoint & r_point, DDSurface & r_surface
doubletolerance

Determines if &DDPoint(p. 49) lies within the geometry defined byp@®Surfacep. 98).

This is determined by casting a ray franpoint in the positive X direction. It then checks the
number of surface boundaries crossed. If the number of lryrmlossing is odd then the point is
in the surface.

Return values:
DD_SUCCESSThe point is in the surface.

DD_FAILURE The pointis not in the surface.
DD_ANA_POINT_ON_EXTERIOR_EDGE r_pointis on the exterior edge of the surface.
DD_ANA_POINT_ONLINTERIOR _EDGE r_pointis on an interior edge of the surface.

4.5.2.9 bool iswithin _tolerance (DDPoint & r_pointl, DDPoint & r_point2, double
tolerance

Determines if the distance between two DDPoints is less dha&gual to tolerance.
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Parameters:
r_pointl The firstDDPoint(p. 49) to check the distance from.

r_point2 The secondDPoint(p. 49) to check the distance from.
tolerance The distance to check to see if the th®Point(p. 49) are within.

Return values:
true If the two DDPoints are within tolerance.

false If the two DDPoints are not within tolerance.

4.5.2.10 DDRESULT number _of_line_approximations_of_arc (DDArc & r_arc, double
tolerance int & r_number.of_lines)

This routine calculates the number of line segments to us@pooximateDDArc (p. 70) with in
tolerance.

Parameters:
r_arc TheDDArc(p. 70) to approximate.

tolerance The maximum distance between each line segment and the arc.

r_number.of_lines Used to return the calculated number of line segments needsaproxi-
mate the arc with in tolerance.
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4.6 DDModifyGeometryTool Namespace Reference

Provides functionality to modify the 2d geometry of poirlises, arcs, edgeuses, loops and sur-
faces.

Functions

» void remove.small_edges (DDLoop xp_loop, double toleranceDDEdgeUselList &r _-
removededgeuses)

* void remove small_edgegDDSurface&r _surface, double toleranceDEdgeUseList&r _-
removededgeuses)

 DD_RESULT intersect surface surface (DDSurface &r_surfaceA, DDSurface &r_-
surfaceB, double tolerance, std::mapDDPoint %, unsigned long> &r _point.types)

 DD_RESULT intersect loop_with _self (DDLoop &r_loop, double tolerance, std::map
DDPoint x, unsigned long> &r_point.types)

* DD_RESULTreplace arc_with _line_if \within _tolerance (DDArc «&rp_arcin, double tol-
erancepPDLine x&rp_line_out)

* void create surface_from _bounding_box (DDBoundingBox &r _boundingbox, DDSur-
face x&rp_surface)

* DD_RESULT find_inside_edgeusegDDSurface &r _surfaceA, DDSurface &r _surfaceB,
std::map< DDPoint x, unsigned long> &r_pointtypes, unsigned int overlappingdex,
unsigned int oppositeverlappingindex, double tolerance, unsigned int insideex)

» DD_RESULT remove.interior loops (DDSurface &r _surface, double tolerance,
DDVirtualLoop *&rp_virtual_loop)

» DD_RESULT subdivide_to_remove.interior _loops (DDSurface «&rp _surface, double tol-
erance, std::list DDSurface x > &r _surfacelist)

» DD_RESULT copy.list_of _surfaces(std::listc DDSurface « > &r _surfacelist, std::list
DDSurfacex > &r_new surfacelist)

* void copy_surface (DDSurface &r _surface DDSurface x&rp_surface)

 DD_RESULTreverseloop (DDLoop &r_loop)

* DD_RESULT split_self intersecting loop (DDLoop &r _loop, std::lisk DDLoop * > &r -
resultloop)

* void create line_approximation_for _arc (DDArc &r_arc, DDEdgeUseSense sense, double
tolerance, std::list DDEdge* > &r_edgelist)

* DD_RESULT replace point_A_with B (DDPoint &r_point A, DDPoint &r_point B, dou-
ble tolerance)

 DD_RESULT split_edgeuseat_point (DDEdgeUseé&r _edgeusein, DDPoint &r_point,
double toleranceDDEdge x&rp_old_edgein, DDEdgeUsex&rp_new_edgeuseout)

» void find_edgeuseswith_no_neighbor (DDSurface &r_surface, DDEdgeUseList &r _-
edgeusdist)
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4.6.1 Detailed Description

Provides functionality to modify the 2d geometry of poirlises, arcs, edgeuses, loops and sur-
faces.

Author:
Corey McBride

Date:
03/17/03

4.6.2 Function Documentation

4.6.2.1 DDRESULT copy.list_of surfaces (std::listc DDSurface « > & r_surfacelist,
std::list< DDSurface * > & r_new.surfacelist)

Creates new instances BDSurface(p. 98) that are copies of the original DDSurfaces.

The new DDSurfaces contain new instances of the primitivasrake up the DDSurfaces.

Parameters:
r_surfacelist The list of pointer to the original DDSurfaces to copy.

r_new surfacelist The list of pointers to the new DDSurfaces.

Return values:
DD_SUCCESSIf the routine was successful.

DD_FAILURE If the routine was not successful.

4.6.2.2 void copysurface (DDSurface &r_surface DDSurfacex& rp_surface

Creates new a instance DDSurfacgp. 98) that is a copy of the originBIDSurface(p. 98).

The newDDSurfacg(p. 98) contain new instances of the primitives that make hegpQiDSur-
face(p. 98).

Parameters:

r _surface The originalDDSurfacg(p. 98) to copy.
rp_surface The pointer to the newDSurfacgp. 98).
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4.6.2.3 void createline_approximation _for _arc (DDArc & r_arc, DDEdgeUseSenssense
doubletolerance std::list< DDEdge* > & r_edgelist)

Creats a sequence of DDLines that approximdd®ayrc (p. 70) within tolerance.

The DDLines created share instance®a@fPoint(p. 49) as end points.

Parameters:
r_arc TheDDArc(p. 70) to approximate.

senseThe sense in which theDLine(p. 65) sequence should be created.
tolerance The tolerance of the routine.
r_edgelist The list of pointers to the new DDLines.

4.6.2.4 void createsurface from _bounding_box (DDBoundingBox & r_bounding box,
DDSurface x& rp_surface

Creates &DSurfacgp. 98) from the dimensions contains in the bounding box.

Parameters:
r_bounding box The DDBoundingBox(p. 118) that contains the dimensions used to create
theDDSurfacg(p. 98)

rp_surface The pointer variable where the néDSurfacep. 98) is returned.

4.6.2.5 void findedgeuseswith _no_neighbor (DDSurface & r_surface DDEdgeUseList &
r_edgeusdist)

Finds edgeuses from the surface that do not have a neiglgtentgreuse.

Parameters:
r_surface TheDDSurfacgp. 98) to find the edgeuses from.

r_edgeusdist TheDDEdgeUseLis{p. 122) where the found edgeuses are returned.

4.6.2.6 DDRESULT find _inside_edgeuses (DDSurface & _surface A, DDSurface &
r_surfaceB, std::map< DDPoint x, unsigned long> & r_point_types unsigned int
overlappingindex, unsigned intoppositeoverlappingindex, double tolerance
unsigned intinside index)

Finds all DDEdgeUses of surfaceA that are inside surfaceB.
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The two DDSurfaces must previously have been intersectdtbsthey share common DDPoints.
See the methonhtersectsurfacesurface

Parameters:
r_surface A TheDDSurfacgp. 98) from which the DDEdgeUses are examined to determine
if they are inside _surfaceB.

r_surfaceB The DDSurface(p. 98) which the DDEdgeUses fromsurfaceA are compared
against.

r_point.types The object where the intersections between the two DDSesface stored.

overlappingindex The bit flag index of the DDEdgeUses that marka that it is amlapping
DDEdgeUses.

oppositeoverlappingindex The bit flag index of the DDEdgeUses that marks that it is an
opposite overlapping DDEdgeUses.

tolerance The tolerance used during the method.

inside.index The bit flag index used to mark thatzDEdgeUsép. 80) fromr_surfaceA is
inside the area outlined brysurfaceB.

Return values:
DD_SUCCESSIf the method complete successfully.

DD_FAILURE If the method wasn't able to determine the status of all DD&diges. The
most likely cause of this is that one or m@®EdgeUsép. 80) fromr_surfaceA over-
laps DDEdgeUses fromsurfaceB and the DDEdgeUses were not marked as overlap-
ping.

DD_X_CRITICAL _ERROR The method experienced a critical error and wasn’t able e co
tinue.

4.6.2.7 DDRESULT intersect_loop_with _self (DDLoop & r_loop, double tolerance
std::map< DDPoint %, unsigned long> & r_point_types

Intersects aDDLoop(p.89) with itself. This routine compares ea@DEdgep.55) in a
DDLoop(p. 89) with every otheDDEdge(p. 55) in the sam®DLoop(p. 89). DDPoints that are
already shared as end points between neighboring DDEdgegr@ored. The intersections are
then implemented by merging overlapping DDPoints andisgliDDEdges and DDEdgeUses at
intersection points. The end result is that the DDEdgesermtLoop(p. 89) will share common
DDPoints at each intersection.

Parameters:
r_loop TheDDLoop(p. 89) to self intersect.

tolerance The tolerance to maintain during the operation. DDPoiras$ éine within tolerance
are merged and DDEdges that are within tolerance are ictecse
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r_point.types A object that contains all of the intersection points andrthges. Possible
types include DDSUR. TANGENT_POINT and DDSUR CROSSOVERPOINT.

Return values:
DD_SUCCESSIf the routine was successful.

DD_FAILURE If the DDLoop(p. 89) does not self intersect.
DD_X_CRITICAL _ERROR If a critical error was encountered.

4.6.2.8 DDRESULT intersect surface surface (DDSurface &r_surface A, DDSurface
& r_surface B, double tolerance std::map< DDPoint x, unsigned long> &
r_point.types

Intersects two DDSurfaces.

This method finds all intersections between the DDEdgestiaée up the two DDSurfaces. The
intersections are then implemented by merging overlappid§oints and spliting DDEdges and

DDEdgeUses at intersection points. The end result is tleatwlo DDSurfaces will share com-

mon DDPoints at each intersection. DDEdges that have aHdags than tolerance are also re-
moved.

Parameters:
r_surface A One of the DDSurfaces to intersect.

r_surfaceB One of theDDSurfacgp. 98) to intersect.

tolerance The tolerance to maintain during the operation. DDPoiras$ éine within tolerance
are merged and DDEdges that are within tolerance are icterke

r_point.types A object that contains all of the intersection points andrthges. Possible
types include DDSUR TANGENT_POINT and DDSUR CROSSOVERPOINT.

Return values:
DD_SUCCESSIf the routine was successful.
DD_FAILURE If the two DDSurfaces do not intersect.

DD_X_CRITICAL _ERROR If a critical error was encountered.

4.6.2.9 DDRESULT remove.interior _loops (DDSurface &r_surface doubletolerance
DDVirtualLoop & rp_virtual_loop)

Removes any interior DDLoops by creating runners that contiee interior DDLoops to
the exteriorDDLoop(p.89). A DDVirtualLoop (p.107) is created that represents the exterior
DDLoop(p. 89). NewDDEdge(p. 55) andDDEdgeUsé€p. 80) are created as runners and inserted
into the DDVirtualLoop (p. 107) that represents the exterDDLoop(p.89). Thus the orignal
DDSurface(p. 98) is not changed in any way.
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Parameters:
r_surface The DDSurface(p. 98) that is to have the interior DDLoops removed.

tolerance The tolerance used to remove the interior DDLoops.

rp_virtual loop The DDVirtualLoop (p.107) pointer that is used to return the new
DDVirtualLoop (p. 107).

Return values:
DD_FAILURE If there are no interior loops.

DD_SUCCESSIf the method was successful.

4.6.2.10 void removesmall_edges (DDSurface &r_surface double tolerance
DDEdgeUselList &r_removededgeuses

Removes all of the DDEdges fromzxDSurfacgp. 98) that are less thadlerance

This method checks the length all of the DDEdges surface If the length of a DDEdges is
below tolerancethan the DDEdges is removed from tB®Surface(p. 98). This method call
removesmalledges on eacBDLoop(p. 89) used by th®DSurfacgp. 98).

Parameters:
r _surface The DDSurface(p. 98) to remove the smdllDEdgeg(p. 55) from.

tolerance The min length of aiDDEdge(p. 55) to keep.

r_removededgeusesA variable to store all of the removed small DDEdges.

4.6.2.11 void removesmall_edges (DDLoop« p_loop, doubletolerance DDEdgeUseList &
r_removededgeuses
Removes all of the DDEdges fromzxDLoop(p. 89) that are less thatlerance

This function checks the length all of the DDEdgegitoop. If the length of aDDEdgeg(p. 55) is
less thartolerancethan the DDEdges is removed from th®Loop(p. 89).

Parameters:
p_loop TheDDLoop(p. 89) to remove the small DDEdges from.

tolerance The min length of théDEdgegp. 55) keep.

r_removededgeusesA variable to store all of the removed small DDEdges.
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4.6.2.12 DDRESULT replace_arc_with _line_if_within _tolerance (DDArc x& rp_arc.in,
double tolerance DDLine x& rp_line_out)

Replaces @©DArc(p. 70) with aDDLine(p. 65) if the arc is within tolerance on a line. If the
maximum distance between the arc and a line is less tharataerthen théDArc(p. 70) is
replaced with @DLine(p. 65).

Parameters:
rp_arc_.in TheDDArc(p.70) to examine.

tolerance The tolerance to use for the comparison.
rp_line_out The pointer to the newDLine(p. 65) if theDDArc(p. 70) was replaced.

Return values:
DD_SUCCESSIf the DDArc (p. 70) was replaced with@DLine(p. 65).

DD_FAILURE If the DDArc(p. 70) was not replaced withDLine(p. 65).

4.6.2.13 DDRESULT replace_point_A_with _B (DDPoint & r_point. A, DDPoint &
r_point.B, doubletolerance

ReplaceDDPoint(p. 49) A withDDPoint(p. 49) B.

DDPoint(p. 49) A is replaced bipDPoint(p. 49) B for all of the DDEdges that are registered with
DDPoint(p. 49) A. If theDDEdge(p. 55) is aDDArc (p. 70) then the arc is checked to see if it is
within tolerance of a line. If the arc is within tolerance diree than theDDArc (p. 70) is replaced
by aDDLine(p. 65).

Parameters:
r_point A The DDPoint(p. 49) to be replaced.

r_point. B The DDPoint(p. 49) to replace the original.
tolerance The tolerance to compare the arcs to a line.

Return values:

DD_SUCCESSIf the routine was successful.
DD_X_CRITICAL _ERROR If the routine experienced an error.

4.6.2.14 DDRESULT reverseloop (DDLoop & r_loop)

Reverses the direction of@DLoop(p. 89).
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This routine reverses the direction of RDLoop(p.89) by switching the sense that each
DDEdgeUsép. 80) uses itODEdgegp. 55). Then the order that the DDEdgeUses appear in the
DDLoop(p. 89) is reversed. This routine will only work if ea@DEdgegp. 55) is only used by
oneDDEdgeUsép. 80).

Parameters:
r_loop TheDDLoop(p. 89) to reverse.

Return values:
DD_SUCCESSIf the DDLoop(p. 89) was reversed.

DD_X_CRITICAL _.ERROR If the routine experienced an error.

4.6.2.15 DDRESULT split_edgeuse at_point (DDEdgeUse &r_edgeusein, DDPoint
& r_point, double tolerance DDEdge & rp_old_edgein, DDEdgeUsex&
rp_new_edgeuseout)

SplitsDDEdgeUsép. 80) at the indicated coordinates.

This routine splits the origindDDEdgeg(p. 55) and creates a nddDEdgeUsép. 80) for the new
DDEdge(p. 55). The providedDPoint(p. 49) is used as a new end point for both the original
and newDDEdge(p. 55). If the originaIDDEdgeUsép. 80) was part of &DLoop(p. 89) then
the newDDEdgeUsép. 80) is inserted into the correct location in tB®Loop(p. 89). If the
original DDEdgg(p. 55) was used by anothBrDEdgeUsép. 80) and cooresponding neighboring
DDLoop(p. 89) then a neidDEdgeUsép. 80) for the neighborin@DLoop(p. 89) is created and
inserted into the correct location. If ti@DEdge(p. 55) is aDDArc (p. 70) and is within tolerance
of a line, then théDArc (p. 70) is replaced with BDLine(p. 65).

Parameters:
r_point TheD DDPoint(p. 49) used to split thBDEdgeUs¢€p. 80).

rp_old_edgein The pointer where the ol®DArc(p. 70) is returned if it was replaced by a
line.

rp_edgeuseout The pointer to return the nel@DEdgeUsép. 80).

Return values:
DD_SUCCESSIf the routine was successful.

DD_X_CRITICAL _.ERROR If the routine experienced an error.

4.6.2.16 DDRESULT split_self.intersecting loop (DDLoop & r_loop, std::list< DDLoop
> & r_resultloop)

Splits a self intersectioDDLoop(p. 89) into multiple DDLoops. This routine is designed tote
self intersecting loops where loops are chained togethtr tangent points. If a loop is nested
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inside another loop with multiple tangent points then theuliemay not be correct. The routine
checks for self intersections by looking for the number ofes eactDDPoint(p. 49) appears in
the DDLoop(p. 89). If aDDPoint(p. 49) appears more than once then there is a self intavgecti
For this routine to work correctly all self intersectionsedelo have be found and implemented
previously. See the interseldop_with_self method for a self intersection routine.

Parameters:
r_loop TheDDLoop(p. 89) to split.

r_resultloop The list of new DDLoops that were created from spliting thegioal
DDLoop(p. 89).

Return values:
DD_SUCCESSIf the routine was successful;

DD_X_CRITICAL _.ERROR If the routine experienced an error.

4.6.2.17 DDRESULT subdivide_to_remove.interior _loops (DDSurfacex& rp_surface
double tolerance std::list< DDSurfacex > & r_surfacelist)

Removes any internal DDLoops by subdividing the origimddSurface(p. 98) into multiple
DDSurfaces without interior DDLoops.

Parameters:
rp_surface The DDSurfacg(p. 98) that is to be subdivided.

tolerance The tolerance used to remove the interior DDLoops.

r_surfacelist The list of DDSurfaces that result from subdividing the orad DDSur-
facg(p. 98).

Return values:
DD_SUCCESSThe interior DDLoops were removed.

DD_FAILURE If there were some problems during the subdivision. Thentiay contain
someDDSurface(p. 98) with interior DDLoops.
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Chapter 5

Interface Routines

This chapter describes the major interface routines. Thémes are grouped in a namespace
according to functionality. Each section describes a npamsand gives a list of its routines. A
description of each routine is then provided.
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5.1 DDlInterface Namespace Reference

The DDlInterface contains a set of routines to interface tigh2d geometry library.

Functions

* DD_RESULT calculate bounding_box for _list_of_surfaces (std::list< DDSurface x >
&r _surfacelist, DDBoundingBox &r _boundingbox)

 DD_RESULT write _surface to_file_dxf_format (DDSurface &r_surface, double tolerance,
std::string &rfile_name, std::string &tayername)

* DD_RESULT write _list_of_surfacesto_file_dxf_format (std::listc DDSurface * > &r_-
surfacelist, double tolerance, std::string &le_name, std::string &tayer name)

 DD_RESULT write _list_of_surfacesto_file_dxf_format _through_subdivision (std::list<
DDSurface x > &r _surfacelist, double tolerance, std::string &ile_name, std::string &r
layer name)

* DD_RESULT open.dxf_file_for _writing (std::string &cfilename, std::ofstream &axf_file)

 DD_RESULT write _surface to_file_dxf_format (DDSurface &r_surface, double tolerance,
std::ofstream &rdxf file, std::string &rlayername)

 DD_RESULT write _list_of_surfacesto_file_dxf_format _through_subdivision (std::list<
DDSurface* > &r_surfacelist, double tolerance, std::ofstream &Ixf file, std::string &r-
layer name)

* DD_RESULT write _list_of_surfacesto _file_dxf_format (std::listc DDSurface * > &r_-
surfacelist, double tolerance, std::ofstream &Ixf file, std::string &rlayer name)

 DD_RESULT closedxf_file (std::ofstream &rdxf_file)

* void  write_edgeusdist_to_file_dxf_polyline = (DDEdgeUseList &r_edgeusdist,
std::ofstream &rdxf_file, std::string &rlayername)

* std::stringget.version ()

5.1.1 Detailed Description

The DDInterface contains a set of routines to interface tigh2d geometry library.

Author:
Corey McBride

Date:
02/11/03
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5.1.2 Function Documentation

5.1.2.1 DDRESULT calculate_bounding_box_for _list_of_surfaces (std::liskc DDSurface
> & r_surfacelist, DDBoundingBox & r_bounding box)

Calculates the bounding box for a list of surfaces.

The bounding box is calculated by calling the calcullateindingbox function on eacDDEdge-
Usgp. 80) of each exterior loop for every surface in the list.

5.1.2.2 DDRESULT closedxf_file (std::ofstream & r_dxf file)

Closes an open Drawing File (dxf).

This routine writes all of the required footer informatiomdecloses the file.

Parameters:
r_dxf_file The dxf file to close.

Return values:
DD_SUCCESSIf the file was closed successfully.

DD_FAILURE If the file was not closed successfully.

5.1.2.3 std::string getversion ()

Returns the 2DBoolean Library’s current version.

Returns:
A std::string that contains the version information.

5.1.2.4 DDRESULT open.dxf_file_for writing (std::string & r_filename std::ofstream &
r_dxf_file)

Opens Drawing File (dxf) for writing.

This routine opens a file with the name provided and writeseeaired header information.

Parameters:
r_filename The name of the file to be opened.
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r_dxf_file The file object.

Return values:
DD_SUCCESSIf the file was opened successfully.

DD_X_FILE _IO_ERROR If the file was not opened successfully.

5.1.2.5 void write edgeusdist_to_file_dxf_polyline (DDEdgeUseList & r_edgeusdist,
std::ofstream & r_dxf_file, std::string & r_layer.name

Writes a list of edgeuses to a file as a Drawing File Format)(difolyline.

Parameters:
r_edgeusdist The list of DDEdgeUses to be written to file.

r_dxf_file The open file were the polyline is to be written.

r_layer_-name The name of the layer to place the polyline.

5.1.2.6 DDRESULT write _list_of_surfacesto_file_dxf_format (std::list < DDSurface %
> & r_surfacelist, double tolerance std::ofstream & r_dxf file, std::string &
r_layer_.name

Writes a list of surfaces to an open dxf file.

The surfaces are written as POLYLINESs with all of the intefaops of a surface merged with its
exterior loop.

Parameters:
r_surfacelist The surfaces to export to the file.

tolerance The tolerance that is used to merge the interior loops wihettierior loop.
r_dxf_file The open dxf file.

r_layer_name The layer to write the surfaces to.

Return values:
DD_SUCCESSIf the write was successful.

DD_FAILURE If the write was not successful.
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5.1.2.7 DDRESULT write _list_of_surfacesto_file_dxf_format (std::list < DDSurface %
> & r_surfacelist, double tolerance std::string & r_file_name std::string &
r_layer_.name

Writes a list of surfaces to a file in the Drawing File (dxf) riwet.

Parameters:
r_surfacelist The list of surfaces to be written to the file.

tolerance The tolerance that is used to merge the interior loops wihettierior loop.
r_file_name The name of the dxf file to be written.
r_layer_-name The name of the layer to place the surfaces.

5.1.2.8 DDRESULT write _list_of_surfacesto_file_dxf_format _through_subdivision
(std::list< DDSurface * > & r_surfacelist, double tolerance std::ofstream &
r_dxf_file, std::string & r_layer_.name

Writes multiple surfaces to an open dxf file.

The surface is written as multiple POLYLINEs with all of theterior loops removed through
subdivision.

Parameters:
r_surfacelist The surfaces to export to the file.

tolerance The tolerance that is used to subdivide the surface.
r_dxf_file The open dxf file.
r_layer_name The layer to write the surface to.

Return values:
DD_SUCCESSIf the write was successful.

DD_FAILURE If the write was not successful.

5.1.2.9 DDRESULT write _list_of_surfacesto_file_dxf_format _through_subdivision
(std::list< DDSurface x > & r_surfacelist, double tolerance std::string &
r_file_name std::string & r_layer_-name

Writes a list of surfaces to a file in the Drawing File (dxf) fioat. The surfaces are written as
multiple POLYLINESs with all of the interior loops removedrthugh subdivision.

Parameters:
r_surfacelist The list of surfaces to be written to the file.
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tolerance The tolerance that is used to subdivide the surfaces.
r_file_.name The name of the dxf file to be written.
r_layer_-name The layer to write the surfaces to.

Return values:
DD_SUCCESSIf the write was successful.

DD_FAILURE If the write was not successful.

5.1.2.10 DDRESULT write _surface to_file_dxf_format (DDSurface & r_surface double
tolerance std::ofstream & r_dxf file, std::string & r_layer_.name

Writes a surface to an open dxf file.

The surface is written as a POLYLINE with all of the interi@ops merged with the exterior
loop.

Parameters:
r_surface The surface to export to the file.

tolerance The tolerance that is used to merge the interior loops wethettierior loop.
r_dxf_file The open dxf file.
r_layer_name The layer to write the surface to.

Return values:
DD_SUCCESSIf the write was successful.

DD_FAILURE If the write was not successful.

5.1.2.11 DDRESULT write _surface to_file_dxf_format (DDSurface & r_surface double
tolerance std::string & r_file_name std::string & r_layer name

Writes a surface to a file in the Drawing File (dxf) format.

Parameters:
r_surface The surface to be written to the file.

tolerance The tolerance that is used to merge the interior loops wihettierior loop.
r_file_name The name of the dxf file to be written.
r_layer.name The name of the layer to place the surface.
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5.2 DDMEMMaskReader Class Reference

Public interface to mask reading and processing.

#incl ude <DDVEMVaskReader . hpp>

Public Member Functions

« DDMEMMaskReader ()

» ~DDMEMMaskReader ()

* void create surfacesfrom_mask file (ifstream &rfile_in, DDMaskDefinitions &r_mask-
definitions)

* DD_RESULT create mask definitions (ifstream &rfile_in, double tolerancePDMask-
Definitions &r_maskdefinitions)

» DD _RESULT create mask definitions (ifstream &rfile_in, double tolerance, std::list
std::string> &r _layers,DDMaskDefinitions &r _maskdefinitions)

* void SubDivideList (DDMEMPolygonList xlist, int xInterval, int yInterval, double offset,
std::vectoxx DDMEMPolygonList * > &new._lists)

5.2.1 Detailed Description

Public interface to mask reading and processing.

Author:
Steven Plimpton
Corey McBride

Date:
02/26/03

5.2.2 Constructor & Destructor Documentation
5.2.2.1 DDMEMMaskReader::DDMEMMaskReader ()

Constructor.

5.2.2.2 DDMEMMaskReader:~DDMEMMaskReader ()

Destructor.
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5.2.3 Member Function Documentation

5.2.3.1 DDRESULT DDMEMMaskReader::create _mask definitions (ifstream & rfile_in,
double tolerance std::list< std::string > & r_layers DDMaskDefinitions &
r_maskdefinitions)

Creates DDSurfaces based upon the polygons in a .mem mask file

The DDSurfaces are stored in an instanc®BMaskDefinitions(p. 115). The surfaces of each
layer are unioned(OR) together.

Parameters:
r_file_in An open .mem file.

tolerance The tolerance used during the routine.
r_layers The list of layers in the .mem file.
r_maskdefinitions A DDMaskDefinitions(p. 115) object used to store the mask set.

5.2.3.2 DDRESULT DDMEMMaskReader::create _mask definitions (ifstream & rfile_in,
double tolerance DDMaskDefinitions & r_maskdefinitions)

Creates DDSurfaces based upon the polygons in a .mem mask file

The DDSurfaces are stored in an instanc®BMaskDefinitions(p. 115). The surfaces of each
layer are unioned(OR) together.

Parameters:
r_file_in An open .mem file.

tolerance The tolerance used during the routine.
r_maskdefinitions A DDMaskDefinitions(p. 115) object used to store the mask set.

5.2.3.3 void DDMEMMaskReader::createsurfacesfrom_maskfile (ifstream & r_file_in,
DDMaskDefinitions & r_maskdefinitions)

Creates DDSurfaces based upon the polygons in a .mem mask file

The DDSurfaces are stored in an instanc®BdMaskDefinitions(p. 115). The surfaces on each
layer are not unioned(OR) together.

Parameters:
r_file_in An open .mem file.

r_maskdefinitions A DDMaskDefinitions(p. 115) object used to store the mask set.
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5.2.3.4 void DDMEMMaskReader::SubDivideList (DDMEMPolygonlList « list, int
xInterval, int yInterval, double offset, std::vector< DDMEMPolygonList « > &
new. lists)

A macro to define the memory allocation functions.
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Appendix 1. Example Code that uses GBL-2D

Example 1

The example C++ code listed here creates two surfaces, aesqud a circle. The square is
imprinted with the circle, and the results are written to sFofe with multiple layers.

#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude

<string>

<fstreanp

" DDSur f ace. hpp"

" DDPoi nt . hpp"

" DDLi ne. hpp"
"DDAr c. hpp"

" DDEdgeUse. hpp"

" DDLoop. hpp"

" DDl npri nt Cper at or . hpp"
" DDModi f yGeonet ryTool . hpp"
"DDi nterface. hpp"

int main(int argc, char* argv[])
{
/1
/1
1
1

This exanple create two surfaces.

The first surface is a square. The second surface is a circle.
The square is inprinted with the circle

The results are witten to a dxf file with multiple |ayers

Il Create the square surface
Il Create Points

DDPoi nt * poi nt 1=new DDPoi nt
DDPoi nt * poi nt 2=new DDPoi nt
DDPoi nt * poi nt 3=new DDPoi nt
DDPoi nt * poi nt 4=new DDPoi nt

0;
0;
0;
0

poi nt 1- >nX=0.
poi nt 1- >ny=0

>X=1.
>ny=0.

poi nt 2-
poi nt 2-

>X=1.
>my=1.

poi nt 3-
poi nt 3-

>nX=0.
>ny=1.

poi nt 4-
poi nt 4-

Il Create Lines based on points

DDLi ne* |inel= new DDLi ne( point1, point2
DDLi ne* |ine2= new DDLi ne( poi nt 2, poi nt 3
DDLi ne* |ine3= new DDLi ne( poi nt 3, poi nt4
DDLi ne* |ine4= new DDLi ne( poi nt4, pointl

1

1

)
)
)
)
Il Create Edgeuses based on lines.
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DDEdgeUse *edgeusel= new DDEdgeUse
DDEdgeUse *edgeuse2= new DDEdgeUse
DDEdgeUse *edgeuse3= new DDEdgeUse
DDEdgeUse *edgeuse4= new DDEdgeUse

[ i nel, DDFor war dSense)
l'i ne2, DDFor war dSense) ;
l'i ne3, DDFor war dSense) ;
| i ne4, DDFor war dSense)

—~ o~ —

Il Create Loop
DDLoop* | oopl= new DDLoop();

/1 Add edgeuses to | oop.
/1 Edges that are next to each other in [oop nust share common end points
| oopl- >push_back(edgeusel);

| oopl- >push_back(edgeuse?);
| oopl- >push_back(edgeuse3)

| oopl- >push_back(edgeuse4)

Il Create a surface with an exterior |oop.
DDSur f ace* squar eSurface= new DDSurf ace(l oopl);

Il Create the circle surface.
Il Create points.

DDPoi nt * poi nt 5= new DDPoi nt ()
DDPoi nt * poi nt 6= new DDPoi nt () ;
DDPoi nt* poi nt 7= new DDPoi nt () ;
DDPoi nt * poi nt 8= new DDPoi nt ()

poi nt 5- >nX=0. 25;
poi nt 5- >ny=0. 25;

poi nt 6- >MX=0. 75;
poi nt 6- >ny=0. 75;

poi nt 7- >mX=0. 5;
poi nt 7- >ny=0. 5;

poi nt 8- >nX=0. 5;
poi nt 8- >n=0. 5;

Il Create arcs.

/1 Each arc nust have a unique instance of the center point.
DDAr ¢ *arcl= new DDArc(point5, poi nt6, point7);

DDAr ¢ *ar c2= new DDAr c(poi nt 6, poi nt 5, poi nt 8);

Il Create Edgeuses based on the arcs.
DDEdgeUse *edgeuse5= new DDEdgeUse(ar cl, DDFor war dSense) ;
DDEdgeUse *edgeuse6= new DDEdgeUse(ar c2, DDFor war dSense) ;

/1 Add edgeuses to | oop.

Il Edges that are next to each other in loop nust share the sane instance of the common end point
DDLoop* | 0op2= new DDLoop();

| oop2- >push_back( edgeuseb) ;

| oop2- >push_back( edgeuseb) ;

Il Create a surface with an exterior |oop.
DDSur f ace* circl eSurface= new DDSurface(l oop2);
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Il Create surface list to store the inprint results.
std::list<DDSurface*> intersection_surfaces
std::list<DDSurface*> difference surfaces fromA;
std::list<DDSurface*> difference surfaces fromB;
std::list<DDSurface*> ol d surfaces;

Il Imprint the square surface with the circle surface.

Il The results are stored in the three lists.

Il The intersection of the two surfaces is stored in the first list "intersection_surfaces".

Il Those areas that are fromthe first surface but are not covered by the second surface

Il are stored in the second list "difference_surfaces fromA"

Il Those areas that are fromthe second surface but are not covered by the first surface

Il are stored in the third list "difference surfaces fromB".

Il The original surfaces are returned in the last list "old _surfaces" These surfaces are not

/1 valid and need to be deleted

DDI mpri nt Cperat or: : subdi vi de_surface_ A with_inprint_fromsurface_ B(squareSurface,
circleSurface, .001, intersection surfaces, difference surfaces fromA,
difference _surfaces fromB, old surfaces);

Il Nowwe wite the results to a DXF format file.

Il The results are stored on different |ayers.
std::ofstreamout file

std::string output filename="output.dxf";

Il Qpen the file.

/1 This routine wites out the necessary header information

DDI nterface::open_dxf file for_witing(output_filename, out file)

Il Wite out each set of surfaces as a separate |ayer

std::string layer_name="Intersection Surfaces";

DDInterface::wite |ist_of surfaces_to file dxf format(intersection_surfaces,
.001, out _file, layer_nane);

| ayer name="Difference Surfaces From A"
DDInterface::wite |ist of surfaces to file dxf format(difference surfaces fromA,
.001, out _file, layer_nane);

Il For this exanple there are not surfaces in this list.

Il These lines are presented for conpl eteness.

| ayer _name="Difference Surfaces FromB";

DDInterface::wite |ist_of surfaces to file dxf format(difference surfaces fromB,
.001, out _file, layer_nane);

Il Cose the file.
DDI nterface::close dxf file(out file);

Il Delete the surfaces and all of the prinmtives that make up the surface
while(lintersection_surfaces.enmpty())
{

DDSur face *tenp=intersection_surfaces.front();

i ntersection_surfaces.pop_front();

DDSur f ace: : del ete_surface(tenp);

}
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whi | e(!difference_surfaces_fromA empty())

{
DDSur face *tenp=di fference_surfaces fromA. front();
difference_surfaces_fromA pop_front();
DDSur f ace: : del ete_surface(tenp);

}

whi | e(!difference_surfaces_fromB. empty())

{
DDSur face *tenp=di fference_surfaces fromB.front();
difference_surfaces_fromB. pop_front();
DDSur f ace: : del ete_surface(tenp);

}

/1 Delete the original surface.
Il These surfaces are not valid surfaces shouldn't be used for anything.
Il They need to be del eted.
while(!old surfaces.enpty())
{
DDSur face *tenp=ol d_surfaces.front();
ol d_surfaces. pop_front();
del ete tenp;
}
}

Example 2

The example C++ code listed here XORs two layers from a MENN&irfile together, and the
result is saved as a DXF format file.

#include <string>

#include <fstreanp

#include "DDinterface. hpp"

#incl ude "DDVEMVaskReader . hpp"
#include "DDVaskDefinitions. hpp"
#incl ude "DDSurface. hpp"

#i ncl ude "DDXOROper at or. hpp"

#i ncl ude "DDModi f yGeonetryTool . hpp"

int min(int argc, char* argv[])

{
Il This routine XORs two layers froma MEM format file together.

Il The result is saved as a DXF format file.
/1 Open an MEM format file.

std::string filename;

fil ename="Exanpl e. ment;

std::ifstreamin_file;
in_file. open(filename.c_str());
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if (in_file.fail())

{
std::cout<<"Unable to open file: "<<filename<<"\n";
exit(1);

}

|/ Create @BL-2D surfaces for each loop in the MEMfile.

/1 The DDMaskDefinitions class stores the loops fromeach [ayer of the MEMfile
Il as lists of surfaces indexed by |ayer nane.

DDVEMVaskReader nmask_reader;

DDMaskDef i nitions mask_definitions;

mask_reader. create_surfaces frommsk file(in_file, mask _definitions);

Il Close the MEMfile.
in_file.close();

Il CGet a list of the layer names that were inported.
std::list<std::string> layers;
mask_definitions.get |ayer names(layers);

/1 Make sure that there are at least two |ayers.

int nunber _of | ayers=layers.size();

i f (nunber _of | ayers<2)

{
std::cout<<"There nust be at least two |ayers in mask file.\n";
exit(1);

}

Il Get alist of the surfaces that make up the first |ayer.

Il This returns a list of pointers to the instances stored in the
/1 DDMVaskDefinitions class. Thus if these surfaces are deleted then
Il invalid pointers will be found in the DDVaskDefinitions class.

std::string layer A=l ayers.front();
std::list<DDSurface*> surfaces;
mask_definitions.get surfaces by layer(layer_ A surfaces);

Il Make a copy of the surfaces that can be changed by the XOR routine.
std::list<DDSurface*> surfaces A;
DDMbdi f yGeonet ryTool : : copy _|ist_of surfaces(surfaces, surfaces A);

Il CGet alist of the surfaces that make up the second |ayer.
surfaces. clear();

| ayers. pop_front();

std::string layer B=layers.front();

mask_definitions.get surfaces by layer(layer B, surfaces);

Il Make a copy of the surfaces that can be changed by the XOR routine.
std::list<DDSurface*> surfaces_B;
DDMbdi f yGeonet ryTool : : copy |ist_of surfaces(surfaces, surfaces B);

Il XOR the surfaces fromthe two |ists together.

[/ This routine requires that the surfaces in a list don't over |ap any surfaces in
[l the same |ist.

170



Il The surfaces in both lists are consuned by the routine.

Il The new result surfaces are stored in the first list.

DDXOROperator: :fast_xor |ist_of surfaces Awith |ist of surfaces B(surfaces_A,
surfaces_B, .001);

Il Wite the results to a file in DXF format.

std::string output filename="output.dxf";

std::string |ayer name="XOR';

DDInterface::wite |ist_of surfaces to file_ dxf format(surfaces_ A
.001, output_filename, |ayer_nane);
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