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Abstract

Interpolating discrete volume data into a continuous
form adapts implicit surface techniques for rendering
volumetric iso-surfaces. One such algorithm uses the
Lipschitz condition to create an octree representation
that accelerates volume rendering. Furthermore, only
one preprocessing step is needed to create the Lipschitz-
octree representation that accelerates rendering of iso-
surfaces for any threshold value.
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1 Introduction

Due to the immense size of volumetric data, volume
rendering is a notoriously slow process. Preprocessing
raw volumetric data into a more efficient representa-
tion, such as a polygonal surface [14, 9] or an octree
[8], accelerates volume rendering of specific isovalue sur-
faces. We concentrate on accelerating the ray-casting
technique for volume rendering [7] as opposed to the
“splatting” technique [3]. This paper adapts implicit
surface ray-tracing algorithms [6, 4] for preprocessing
volumetric data to accelerate iso-surface ray-casting for
general threshold values.

Section 2 outlines relevant methods currently used
for accelerating the rendering of volumetric data and
implicit surfaces, and defines the Lipschitz condition.
Section 3 applies a trilinear interpolation function to
volumetric data, computes a Lipschitz bound for the
interpolation function, and merges the resulting Lip-
chitz bounds into an octree. Section 4 explains how the
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Lipschitz condition can be used to accelerate ray trav-
eral, and presents our algorithm for accelerated volume
rendering of any iso-surface using Lipschitz methods.
Section 5 documents the results of the implementation
and Section 6 outlines directions for further research.

2 Previous Work

The following discussions summarize some of the many
algorithms relevant to the Lipschitz-based volume ren-
dering method described in the rest of the paper. These
include techniques for rendering both volumetric isosur-
faces and implicit surfaces.

2.1 Volume Rendering

Volume rendering discussions often utilize the duality
of voxels and cells. Voxels are points whereas cells are
regions. Eight adjacent voxels in a cubical lattice define
the corners of a cubic cell. Furthermore, cells may be
grouped together to form larger regions. The voxels in
the following examples have been classified and have
an opacity associated with them, where an opacity of
zero indicates complete transparency. The opacity in
a cell is an interpolation of the voxels it contains. A
cell is transparent if and only if all of its voxels have
an opacity of zero. The following algorithms accelerate
volume rendering by culling large regions of transparent
cells from consideration during ray traversal.

2.1.1 Octree-Based Volume Rendering

Levoy [8] uses an octree to accelerate volume rendering
of a specific classification V of opacities. This method
constructs a second binary volume By : Z° — {0,1} of
cell resolution X x Y X Z consisting of entries corre-
sponding to the cells of the opacity volume V : Z*> — Z
of voxel resolution (X +1) x (Y +1) x (Z 4+ 1). For sim-
plicity, we assume the original volume is padded such
that I,J and K are powers of two, and [ = J = K. The
binary value of an entry in Bj is zero if and only if the



cell it corresponds to in V is transparent. An octree of
binary cell volumes B,,, (0 < m < M) is defined then by

B, (z,y,z) = max B, 12z + 4,2y + 5,2z + k). (1)
:,7,ke{0,1}
from level B; up to a top level By, consisting of a single
cell bounding the entire volume.

Ray traversal begins at the top level m = M of the
octree. As the ray enters the current cell in B,,, the
cell’s value is checked. If zero, then the entire cell is
transparent, none of its voxels need be checked, and ray
traversal proceeds to the next cell in B,, if it shares the
same parent, and if not, then ray traversal proceeds to
the parent of the next cell, in B,,4;. In the other case
where the value of the current cell in B,, is one, if m > 0
then the cell is subdivided into eight smaller cells from
B,,_1. Otherwise we are at the bottom level of the octree
and the opacity of the current cell is sampled.

This algorithm saves time by culling large transpar-
ent portions of the volume from consideration, and ac-
celerates rendering times between 20% and 50% of the
ray-marching rendering times [8]. On the down side,
the octree must be reconstructed every time the isosur-
face threshold is altered, which increases the accelerated
rendering time by an additional 32%.

2.1.2 Min-Max Octrees

Min-max octrees provide the spatial subdivision advan-
tages of an octree without the overhead of regenerat-
ing the structure whenever the isosurface threshold is
changed. Min-max octrees were first used in volume
rendering to enhance the polygonization speed of an iso-
surface [13] and were later surveyed as a multiresolution
acceleration technique, called homegeneity-acceleration,
for volume ray tracing [2].

A min-max octree consists of two octrees. Each cell
in the B;';NO < m < M octree consists of the maximum
value of its children whereas each cell in the B_,0 <
m < M octree consists of the minimum value of its
children. Ray intersection proceeds as described in the
previous section, except that one subdivides an octree
cell if and only if the threshold 7 is no greater than the
Bt cell value and no less than the B~ cell value.

The min-max octree structure was shown to accel-
erate ray tracing by 30% of the speed of simple ray
marching [2].

2.1.3 Ray Acceleration by Distance Coding

Zuiderveld et. al. [16] also use a binary volume B whose
entries correspond to cells in the opacity volume V| and
an entry in B is zero if and only if its corresponding
cell in V is transparent. Their method then applies
a distance transform to B, creating D, a volume whose
entries consist of a pseudo-Euclidean distance from that
cell to the nearest corresponding non-transparent cell
in V. Details of the distance transform can be found in

[1]. A faster but more space consumptive version of the
distance transform is described in [16] as adapted from
[10].

Ray traversal begins at the point where the ray enters
the volume. At a given point on the ray, the distance
volume D yields the distance d from that point to the
nearest non-transparent cell. If d > 0, then for a length
of d, the ray intersects only transparent cells, which may
be culled from consideration, and traversal continues at
a point d units further along the ray. If d = 0 then the
current cell is not transparent and its opacity is sampled
from V.

Like the previous octree method, distance coding en-
hances volume rendering by providing effective space
leaping, accelerating the rendering time to 28% of the
ray marching time [16]. The down side is the time and
space expense of recomputing the distance transform for
each new isovalue threshold, which increases the accel-
erated rendering time by an additional 85%.

2.2 Lipschitz Methods for Rendering Implicit
Surfaces

A map between metric spaces f: D — R is Lipschitz if
and only if

lf(e) = F(Il < Lllz — 9|l Yo,y € D (2)

for some positive L. A function is Lipschitz if its deriva-
tive is bounded. The minimum L satisfying (2) over a
given domain D € D is known as the Lipschitz constant
of f, denoted lip, f. In practice, one usually needs only
a Lipschitz bound, a value L > lip f such that (2) holds.

The spatial Lipschitz condition is used to accurately
triangulate deformed, intersecting surfaces in [11] and
a spatio-temporal Lipschitz condition is used to detect
collisions of parametric surfaces in [12]. A temporal
Lipschitz condition is used for accelerating the rendering
of an animated sequence of volumes in [15].

Of particular interest are applications of the Lipschitz
condition for rendering implicit surfaces, such as [6] and
[4]. An implicit surface is defined by a function f: R® —
R as the set of points {x : f(x) = T} for some threshold
T. Our algorithm adapts these implicit surface rendering
techniques to volumetric data. These techniques are
described in the following sections.

2.2.1 L-G Surfaces

Kalra and Barr [6] use the Lipschitz condition of a func-
tion and its gradient to guarantee correct ray intersec-
tions with its implicit surface. The method consists of a
root finding algorithm which is made more efficient by
an octree structure.

The octree structure is based on a domain-specific
Lipschitz bound. If (but not “and only if”) the value
at one corner of an octree cell C' is below the thresh-
old T whereas the value at another corner is above the



threshold 7, then the cell “straddles” the implicit sur-
face. Otherwise, let L be a Lipschitz bound over the
domain C, let point xy € C be its centroid and let d be
the distance from xy to the farthest corner of C. Then
the condition
|f(x0) = T > Ld (3)

guarantees that the octree cell ' is either entirely in-
terior or entirely exterior with respect to the implicit
surface, and may be culled from consideration when in-
tersecting a ray with the implicit surface. If (3) fails,
then the octree cell is subdivided and the process re-
curses on its children until all octree cells either strad-
dle or do not intersect the implicit surface, or the cells
subdivide down to some terminal level.

The intersection of a ray with the implicit surface
lies within a straddling octree cell, and is found using a
Lipschitz bound of the directional derivative of the im-
plicit function with respect to the ray direction. This
Lipschitz condition allows them to determine if the im-
plicit surface intersects an interval along the ray zero,
one or possibly several times. In the latter case, the
interval is subdivided and the Lipschitz condition re-
applied until the answer is zero or one. Once isolated in
a monotonic region, a root refinement method such as
Newton’s method or regula fals: quickly finds the root.

2.2.2 Sphere Tracing

Hart [4] presents a similar algorithm requiring only the
Lipschitz bound of the function defining the implicit
surface. Equation (3) can be reformulated to state that
the distance from a point Xy to the implicit surface of f
is bound by

d(xo, f7(T)) > (f(x0) = T)/L. (4)

Ray intersection then progresses in a fashion similar to
the distance transform volume rendering acceleration
method of [16].

3 The Lipschitz-Octree Structure

The ILipschitz-octree structure combines the speed en-
hancements of distance coding with the threshold flexi-
bility of min-max octrees. The Lipschitz-octree method
is based on L-G surfaces and sphere tracing. These im-
plicit surface rendering methods are adapted to volume
data by redefining the discrete voxel data as a conti-
nous scalar field, over which a local Lipschitz bound can
be computed. These local Lipschitz bounds are repeat-
edly merged to form an octree of Lipschitz bounds over
variously-sized domains, ending at the top-level with a
global Lipschitz bound on the entire volume.

3.1 Defining Discrete Volumes Continuously

Our volume rendering algorithm adapts the two implicit
surface rendering algorithms described in Section 2 to

discrete data. Given a lattice of sampled volume data
V . Z* — 7Z one reconstructs a continuous signal by
interpolating discrete data points. The reconstructed
R® — R matches V at lattice points, and
returns interpolated values otherwise. Hence, the prob-
lem of rendering an isovalued surface from volume data
becomes the problem of rendering the implicit surface
o(z,y,z)=T.

The choice of interpolation impacts the analytic prop-
erties of the resulting continuous reconstruction. Near-
est neighbor interpolation is not continuous and hence
is not Lispchitz.
but is not smooth across cell boundaries. These creases
can cause problems for typical root finding algorithms,
such as the one used in L-G surfaces [6] which requires
first derivative continuity.
only the Lipschitz bound, such as sphere tracing [4],
converge cleanly to surfaces in continuous but creased

volume v :

Trilinear interpolation is continuous

However, algorithms using

spaces.

3.2 A Lipschitz Bound for a Single Cell

For simplicity, consider a single cell C with voxels Vjqo
and Vii; at its corners. Using trilinear interpolation, the
value within C is defined using the values of the eight
corner voxels V;; as

o(z,y,z) = Z (1—2) 2 (1 =)'y’ (1 — 2)' 755V,

i,5,k€{0,1}
(5)

for real z,y,z € [0, 1].

The Lipschitz constant lip . v over the domain of cell
C is the maximum gradient magnitude within C, which
is bound by the magnitude of the maxima of the indi-
vidual gradient components

. < v\’ n v\’ n v\~

ip v max [ — max | — max [ — | .

cp - c oz c dy c 0z

The maximum of each of these partial derivatives is sub-
sequently bound by

dv
max |[—| < max |Vi;n — W
¢ |0z - J7k€{071}| 1k gl
dv
max |—| < max |Viix — Viox|
¢ |ay| —  ikefoar
il Vi — Vil (7)
max |— max . — Vi
c |9z — ije{o1} Eh 0

3.3 Lipschitz-Octree Construction

Large Lipschitz bounds result in smaller step sizes. Of-
ten most of an image is fairly regular, but a few areas of
the volume have high gradients which cause large Lip-
schitz constants. Since a global Lipschitz bound must
be guaranteed accurate everywhere in the volume, these



few areas force a poor Lipschitz bound for the entire vol-
ume. Hence, we borrow the concept of local Lipschitz
bounds from [6].

We construct a hierarchy of Lipschitz bounds L, :
Z® — R, (0 < m < M). Using equations (6) and (7), we
compute the volume L, whose entries are the Lipschitz
bounds of each cell of the original volume. The Lipschitz
constant of any continuous collection of cells forming a
convex shape is bound by the maximum of the Lipschitz
constants of the individual cells'. Hence, we build the
hierarchy from the bottom up, each level a cubic region
consisting of eight smaller cubes, and whose Lipschitz
bound is the maximum of the Lipschitz bounds of its
eight components,

Ly(z,y,2) = max L, 12z +1,2y + 5,22+ k). (8)
:,7,ke{0,1}

The top level of the hierarchy L, contains one cell, and
this cell’s entry is a global Lipschitz bound.

Comparing (8) to (1), the essential difference between
the octree and the Lispchitz-octree is that the latter is
independent of the isosurface threshold.

Volumes are often padded with zeros to make them
cubes with power-of-two edge sizes. If the voxels at the
edge of the original volume are non-zero, then padding
zeros will create artificially high Lipschitz constants in
the hierarchy along this boundary. Instead, edges must
be padded by continuing the values at the edge to the
padded resolution to avoid Lipschitz artifacts. These
extra voxels may be culled during ray intersection by
clipping the rays to the boundaries of the original vol-
ume.

4 Ray Intersection

Ray intersection uses the Lipschitz condition to step
along the ray over areas known not to intersect the
iso-surface. A global Lipschitz bound penalizes the
entire volume for the region with the largest gradient
whereas hierarchical methods use more localized Lips-
chitz bounds, resulting in larger step sizes. The global
algorithm is presented first.

ITProof: A straight line [ connecting any two endpoints a, b in the
convex shape is itself in the convex shape. Letting the rest follow by
induction, consider the simple case of two cells where « is in one cell
and b in the other. Let I, be the segment of [ from a to the point ¢ on
where it intersects the boundary between the cells, and let |Io| denote
its length. Define I3 likewise. Let L, (L) be a constant satisfying
the Lipschitz condition for the cell containing « (), and let L be the
maximum of the two. Then

[f(a) = f(e)l £ Lalla] ()
[F(8) = f(c)l £ Lu|la] ()
[£(a) = £() < 1f(a) = F() +1F(B) — f(o)  (by A #)
< Lalla] + Lyl (by (*),(**))
< I o

4.1 Global Ray Intersection

Let L be the Lipschitz bound of the entire continuously
R® — R and let T be the
desired threshold. Given a scalar value s = v(x) at a
point x, one knows with surety, as a consequence of (2),
that one could move a distance of

s—T
L

reconstructed volume v :

d =

()

in any direction before any scalar values could possibly
reach the threshold 7. Eq. (9) underestimates the dis-
tance from x to the iso-surface, which was shown to be
useful for ray tracing originally in [5].

A ray is defined by an anchor ry and a unit direction
ry parametrically as

r(t) = ro + try. (10)

The sequence defined by the recurrence equation

’U(Xn_l) - T
Xp = Xpo1 + —————14 (11)
L
begining with x, = rg, converges to the first intersec-

tion between the ray and the iso-surface if and only if
it converges at all. Thus, for each point x,_; along the
ray, the next point x, can be determined by calculating
the scalar value at x,,_; and determining the safe step-
ping distance d based on equation (9). This process is
repeated until the value at x,, is sufficiently close to the
threshold, or until the sequence escapes the volume.

4.2 Hierarchical Ray Intersection

Given a point X on the ray, one can use the Lipschitz
bound of the entire volume with (9) to compute dyy, the
size of the next step along the ray. But if the global
Lipschitz bound is too large, then perhaps one could do
better at a more local level.

Let L,,(x) be the local Lipschitz bound, valid only
in the domain D,,(x) that contains the current point,
of the 8¥~™ domains at level m of the octree. Let d,,
indicate the Lipschitz bound on the distance at level m,
from x to the isosurface, valid only within the domain
D (x).

Let [, be the length (distance) along the ray in the
positive direction from the current point to the bound-
ary of the domain D,,(x).

When the local Lipschitz distance bound meets or
exceeds the distance to its domain of validity (d,, > I),
then one can safely step forward along the ray only to
the current domain’s boundary. Figure 1 illustrates an
example.

In the other case (d,, < l,,), perhaps a more localized
Lipschitz bound will give a greater distance.

If the distance d,, steps beyond the domain D,,_;(x),
or symbolically d,, > [,,_1, then we need not find the
local Lipschitz bound L,,_;(x), since it is guaranteed



Level 2 consists of 4 by 4 cell groups

Level 1
Level O
1
dy
e

Figure 1: Case A: Local Lipschitz distance bound d,
exceeds ray-boundary distance l,. Step forward only to
the level 2 boundary.

| &)

Figure 2: Case B: No need to try level 1 since [ is less
than d,. Step forward d,.

only within Dy, _;(x). At this point, one cannot do better
than d,,. Figure 2 illustrates an example.

On the other hand, if d,, < l,,_;, and stepping by
dp, remains within the domain D,, ;(x), then compute
dyp_1. Figure 3 illustrates an example.

do

/él

o
X

Figure 3: Case C: Since d, does not exceed Uy, try level
1 for a better Lipschitz distance bound.

This process repeats, subdividing the octree as nec-
essary, searching for the largest possible safe step size.
The subdivision terminates at the bottom of the octree
m = 0. Figure 4 illustrates an example.

After stepping along the ray, determination of the
next step size starts at the same level m used to deter-
mine the previous step, or one step higher m+1 if a level
m domain boundary was crossed. Figure 5 summarizes
the algorithm.

For ray tracing general implicit surfaces, the conver-
gence test should be set to machine precision to avoid
numerical problems in self-shadowing. However, since

©

Figure 4: Case D: Step forward dg, the distance provided
by the cell-level Lipschitz bound.

we are dealing with linearly interpolated discrete volume
data, and self-shadowing is not routinely performed in
typical volume visualization environments, better con-
vergence test are available.

The algorithm need only step along the ray until the
distance puts the surface within the current cell in Lg.
Then one can solve, in closed form for trilinear interpo-
lation, for any intersections of the ray with the interpo-
lated iso-surface. If there are no intersections, then one
moves along the ray to the boundary of the current cell
and continues stepping from there.

Another alternative is to sample a cell known to con-
tain the iso-surface at its centroid. When volume resolu-
tion is much greater than image resolution, the artifacts
of this approximation are hardly visible.

5 Results

Section 5.1 describes the implementation and the ex-
amples used for analysis of the algorithm. Section 5.2
analyzes the algorithm’s performance; showing it spends
most of its time on silhouette edges. Section 5.3 com-
pares the algorithm to other acceleration techniques, ar-
guing, solely on the basis of algorithm analysis, that the
Lipschitz-octree combines the benefits of the min-max
octree and the distance transform to beat both algo-
rithms individually.

5.1 Implementation

We have implemented the Lipschitz-octree structure
and analyzed its performance, but, at the time of this
writing, we have not yet implemented the other accel-
eration techniques. We hope to have implemented the
other ray acceleration techniques and to have found con-
clusive timing results at the time of this paper’s presen-
tation.

In the interest of fair comparison, the results pre-
sented here only count the steps needed to converge
to the cell that contains the iso-surface. Our imple-
mentation continues the process to converge onto the
intersection of the ray with the isosurface, though there
are faster, constant-time techniques available for this.

The Lipschitz-octree algorithm was tested on a dig-
itized lobster (Figure 6) and on four voxelized spheres
implicitly defined by the integer function

Ve, y,2) =2 +9° + 2°. (12)



Initialize x to the point where ray r(t) = ro + tr, enters the volume.
Initialize m = M. The mazimum (global) level.
Until x hits the iso-surface or exits the volume ...
Initialize d = 0. Current safe stepping distance.
While m >=10... the minimum (cell) level (Case D)
Let I, = length along the ray from x to the boundary of D,,(x).
If d > 1, then break (while). Distance at mazimum (Case B).
Let dy,, = |v(x) — T|/ L (x). Distance guaranteed not to intersect iso-surface.
Let d = min(d,,, In). d., only valid up to l,,.
If d,,, > 1, then break (while). Distance at mazimum (Case A).
Decrement m. Try for better results one level finer (Case C).
Let x = x + dry. Step along the ray by d.
Let m = max(m + 1, M). Start one level higher next time.
Return intersection at x.

Figure 5: The hierarchical Lipschitz-based ray traversal algorithm. Figures 1 through 4 illustrate cases A-D.

h —— Volume | Cells Ave. Step Size
K | Hit Rays | Miss Rays
Lobster | 3192 x 33 | 1.52 2.36
Sphere 1 | 32° 2.95 2.38
Sphere 2 | 64° 4.10 4.40
Sphere 3 | 128° 5.20 7.33
Sphere 4 | 200° 6.36 10.22

Table 1: Step size statistics for rays that hit the iso-
surface and rays that miss the iso-surface.

tween samples for the images of Table 1. Because of the
clipping to octree-cell boundaries, the step sizes tend to
be at powers of two.

Figure 8 illustrates that silhouette edges require the
most computation (compare to [8]). The lobster was
suspended in a cylinder, perhaps a bucket, while be-
ing digitized, which caused a ring of voxels with large
gradients, resulting in poor Lipschitz bounds and an in-
creased number of samples required per ray. The ring is
isolated by the octree structure, so its impact on the per-
formance is decreased somewhat, though clipping such
scanning artifacts would yield lower Lipschitz constants,

Figure 6: Rendered image of the lobster

5.2 Analysis

Table 1 lists the average distance between samples for
both hit and miss rays.

Even for highly detailed volumes such as the lobster,
the average step size between samples is well over cell
size. For more uniform volumes such as the spheres, the
average step size between samples can reach an order of
magnitude higher than any uniform voxel stepping al-
gorithm could achieve. The results of the spheres’ ren-
dering demonstrate that as the resolution of the volume
increases, the Lipschitz algorithm’s results improve.

Figure 7 portrays a histogram of the step sizes be-

improving performance.

5.3 Discussion

The step sizes in Table 1 show the average Lipschitz-
octree algorithm step sizes beat the unit step sizes of
ray marching. Moreover, the Lipschitz-octree structure
combines the benefits of both the min-max octree and
the distance transform, with the expectation that it can
outperform both methods individually.

The min-max octree [13] is comparable to the Lips-
chitz octree. Given a point xin a level m octree cell, the
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Figure 7: Step size histogram. The horizontal axis in-
dicates various distances between steps. For each step
size, the vertical axis indicates how many actual ray
tracing steps were that size.

Figure 8: Work image where brightness indicates num-
ber of steps taken to traverse the ray, showing the algo-
rithm concentrates on silhouette edges.

values in that cell are bounded by B} (x) and B, (x) in
the min-max octree, where B} and B_ functions return
the minimum and maximum of the level m cell contain-
ing x. In the Lipschitz octree, the level m cell values are
bounded by v(x)+ 7L, (x) and v(x)— rL,,(x) where ris
the distance from x to the farthest point on the bound-
ary of the level m cell. The comparability of these two
structures shows the Lipschitz-octree method to operate
similarly to the min-max octree method, through with
the added benefit of the Lipschitz distance bound.

The step size histograms in Figure 7 are roughly
shaped as the histograms in [16], implying that the step
size distribution of both algorithms is skewed toward
the smaller step sizes. This similarity implies that the
Lipschitz bound steps perform comparably to the dis-
tance transform steps. The use of an octree can be seen
in Figure 7 as variances in the general trend of the his-
togram. Although the Lipschitz distance bound and its
associated octree generate more conservative distance
estimates than distance coding, both algorithms con-
verge similarly and Lipschitz octrees furthermore avoid
the cost of reprocessing for each new isovalue.

6 Conclusion

The Lipschitz-octree structure, based on techniques
from implicit surface research, merges the benefits of
both the min-max octree and the distance transform to
create a new faster direct volume isosurface renderer.
Unlike any other direct volume ray-casting acceleration
technique except min-max octrees, the same Lipschitz
octree can be used to render isosurfaces at any desired

threshold level.

6.1 Further Research

Since most volumes are not square nor powers of two
(note the dimensions of the lobster) and since the in-
terpolation function defines the volume over R?, it may
be more efficient to build the Lipschitz hierarchy inde-
pendent of the cell resolution of the volume, from the
top down to some bottom level just below the cell res-
olution. This would eliminate any need for padding.
In fact, this would also eliminate the requirement of a
cubic lattice, extending the algorithm to applications
involving the visualization of volumetric data defined
on irregular grids.

The Lipschitz-octree method was developed for final
presentation-quality rendering. Fast approximate vol-
ume rendering algorithms, such as those surveyed in
[2], produce the best rendering in a given amount of
time or within a given error bound, and are useful for
interactive volume visualization. Mip-mapping average
opacity and shading information into the octree, and
using the Lipschitz bounds as an error bound, trans-
forms this method into a more interactive approximate
renderer.



We are pleased with the interplay of volume isosur-
faces and implicit surfaces, and have integrated volume
visualization into our research program in implicit sur-
faces with the expectation that their similarities will
foster further advancement in both areas.
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