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Completing the polygons for the openings. To create a doorway the two edges, the bottom of the wall and the bottom
of the door opening, should be geometrically part of the same line. This is achieved by projecting both the start- and the
end points :pr, :pl of the line strip :poly onto the line through the end points :pw0, :pw1 of the wall bottom edge (lines
13-18). Note that this yields vertical sides only when the wall bottom is horizontal. In case the ground has a slope a line
intersection operator should be used instead. The points on the ground are then the intersection points of two vertical rays
that emanate from :pr and :pl in downdward direction, and the line along the wall bottom. But then also provision must be
taken for the case when these rays do not both properly intersect the ground line.

An array is created from the two intersection points :plb, :prb, in this order (left first) to maintain a CCW orientation,
because :poly is appended to it (line 20). Of course the intersection points could also be appended to :poly. But :poly is a
function parameter (line 1), and array manipulation is always by reference; so the array of the calling function is affected,
a behaviour that should be avoided whenever possible to prevent side effects.

Inserting the openings and connecting them. The new :poly is projected in direction :nrml on the back side of the wall
(lines 22-23 and 2d). Then both polys are inserted into their respective walls using the local function :glue-ringface-edges
discussed before (lines 26-27 and 3a). So in total two projection operators from the GML Geometry library are used in
this example:

p p0 p1 project_ptline → q returns the point q on the line through points p0, p1 that is closest to p.
[ P ] dir n d project_polyplane → [ Q ] creates a copy Q of polygon P by projecting it in direction dir onto the

plane (n,d) with normal vector n and distance d.

Note that the bottom points :plb, :prb are duplicated when creating the array in line 19. The reason is that mode 5 of the
poly2doubleface operator sets the temporary vertex flags according to the multiplicity of the points in the array (see section
4.5.1). This way the double-sided face has corners in the right places, e.g., at the bottom. The temporary vertex flags are
then evaluated by mode 2 of the bridgerings operator to appropriately set the sharpness flags of the edges connecting the
front- and backside openings (line 28 and 3b).

Removing the superfluous floor. The result of e0 e1 mode bridgerings is a halfedge that is uniquely determined: It is
the newly inserted edge that connects the vertices of e0 and e1, and it is on the same vertex as e0. This halfedge is stored
in :doorL in line 30, and it is shown as the left of the two halfedges in image (3c); the right one is :doorR that is obtained
in line 31. To create an actual door the two sides of the wall must be separated at the bottom. This can be easily done.
The faces of the two-sided floor in (3c) are joined with killEF (line 32), resulting in the situation in (3d): A single edge
with the same face on both sides, which can only be removed with killEmakeR. This turns the face below the right side
(:doorR edgemate) into a ring of the face below the left side of the wall (:doorL edgemate). Only in case the latter is not a
ring itself (of yet another face) but a baseface, the ring :doorR edgemate just created must also be made a baseface (lines
34-36). Note that rings can have no further rings, but all rings that belong to the same baseface are equivalent.

The case that the face on the bottom of a wall is a ring is shown in the last two images in 5.15, (4a) and (4b). This
happens when the wall is set onto a ground face. These two pictures also demonstrate the versatility of the modeling
tool just created: A manifold of different arches and doorways can now be created very easily. As few as four powerful
high-level parameters permit to create openings of any desired 2D shape. The tool can even cope with walls whose front-
and backsides are not parallel by utilizing the :nrml parameter.

Parameter conditions for ‘consistent’ results. The parameter polygon :poly must lie in the plane of the front wall,
and it must be oriented leftwards (first point right, last point left) because it represents the upper part of the opening.
Furthermore, the size and orientations of the front- and back face planes must be compatible to the direction of projection,
to assure that the projected polygon lies indeed within the back face. This can be critical at the bottom. When the ground
plane is slanted it may be that :plb and :prb, when projected to the back, are not part of the line along the halfedge :backwall.
– Finally, as mentioned, the ground plane of the wall must be horizontal to assure that the sides of the opening are vertical,
because the sides are perpendicular to the ground plane.

Whenever creating re-usable tools it is vital to examine which conditions the parameters must fulfill to guarantee
non-degenerate results. So under which conditions can the new tool be used? Which limitations exist? This involves a
rigorous analysis of the valid parameter ranges as well as to identify the pre- and post-conditions of the tool.

Formal correctness means only that no GML errors occur and that the resulting mesh is geometrically consistent. But
this is only a part of the correct application of a modeling tool. Much harder to specify precisely is the intended purpose of
a tool: When can a tool be reasonably applied? – And sometimes creativity reveals that a tool is much more versatile than
thought at first, and that it can be used for other purposes than it was conceived for. Remember that intermediate meshes
may very well be geometrically inconsistent, and the end result may still be perfectly consistent (also see the discussion
of consistency in sections 2.3, particularly 2.3.5, and 4.4.3).




