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Abstract 

Purpose 

Frank Lloyd Wright’s famous house Fallingwater, has been the subject of enduring scholarly debate centred 
on the allegedly clear parallels between its form and that of its surrounding natural setting. Despite these 
claims being repeated many times, no quantitative approach has ever been used to test this argument. In 
response, this paper uses a quantitative method, fractal analysis, to measure the relationship between the 
architecture of Fallingwater and of its natural surroundings.  

Methodology 

Using fractal dimension analysis, a computational method that mathematically measures the characteristic 
visual complexity of an object, this paper mathematically measures and tests the similarity between the 
visual properties of Fallingwater and its natural setting. Twenty analogues of the natural surroundings of 
Fallingwater are measured and the results compared to those developed for the properties of eight views of 
the house. 

Findings 

Although individual results suggest various levels of visual similarity or difference, the complete set of 
results do not support the claim that the form of Frank Lloyd Wright’s Fallingwater exhibits clear visual 
similarities to the surrounding landscape. 

Originality 

In addition to testing a prominent theory about Wright’s building for the first time, the paper demonstrates a 
rare application of fractal analysis to interpreting relations between architecture and nature. 
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1 Introduction 
Fallingwater is an iconic three-storey house set over a waterfall in a forested valley in Pennsylvania (USA). 
Designed by Frank Lloyd Wright in the 1930’s for the Kaufmann family, Fallingwater is one of the most 
famous houses in the world today. The approach path taken by visitors to Fallingwater immerses them in 
nature, channeling them through a thickly forested glade above the Bear Run creek. At the end of the path, the 
valley opens out revealing the house, like something that has grown out of its site (McCarter, 1999). Broad 
concrete horizontal outdoor spaces are layered around the core of the house, projecting beyond the rising walls 
of rough-cut stone which enclose small private rooms. Dramatically, the waters of Bear Run travel under the 
house and then emerge from beneath the living room terrace, pouring down a series of ledges and flowing out 
of the west of the site.  

Today, Wright’s architecture is often described as reflecting its natural site, and many scholars argue that 
Fallingwater is Wright’s consummate demonstration of the close visual connection between the landscape 
and a building (Hoffmann, 1993; Kaufmann, 1986; Levine, 1996). For example, Fallingwater has been 
described as a place that ‘effectively unites architecture and nature as one’ (Laseau and Tice 1992, p. 94). 
Despite such claims, there are those who disagree, prompting an ongoing debate. For example, Frampton 
argues that Fallingwater’s purpose is to ‘juxtapose nature and culture as explicitly as possible’ (1994, pp. 72). 
This debate about the visual similarities of Fallingwater and its site is the catalyst for this paper. However, 
rather than revisiting the past arguments in detail, this paper takes a quantitative, computational approach. 
Such approaches are significant because, as Laseau and Tice argue (1992, p. ix), Wright’s work has been 
extensively examined using qualitative methods, but only a relatively small number of quantitative studies 
have been published. Such studies do, however, confirm that new insights into Wright’s architecture can be 
developed using computational means to illuminate the arguments of historians. Examples of quantitative 
studies of Wright’s architecture include those employing diagrammatic analysis (MacCormac, 2005; Sergeant, 
2005), shape grammars (Knight, 1994; Koning and Eizenberg, 1981; Lee et al., 2017), typological studies 
(Laseau and Tice, 1992), space syntax (Behbahani et al., 2014; 2016) and isovist fields (Dawes and Ostwald, 
2014; Ostwald and Dawes, 1998). 
Possibly the most common computational method that has been used for measuring the properties of Wright’s 
architecture is fractal dimension analysis. This method measures the characteristic visual complexity of 
images, particularly line drawings. Fractal analysis was first applied to Wright’s architecture by Bovill (1996), 
who analysed Wright’s Robie House, and it has since been used by multiple researchers to examine Wright’s 
work (Lorenz, 2003; Ma et al., 2020; Sala, 2000; Wen and Kao, 2005). The most extensive application of 
fractal analysis in architecture measured and compared the properties of 85 houses, 15 of them by Wright 
(Ostwald and Vaughan, 2016). Significantly, none of the past research using fractal analysis examines 
Fallingwater. There is another reason why fractal analysis is relevant in the present context, it has been used 
to the compare the visual complexity of both buildings and landscapes (Bechhoefer and Appleby, 1997; Bovill, 
1996; Lorenz, 2003).  
The present paper uses computational fractal analysis to test if the formal and visual properties of Wright’s 
Fallingwater strongly reflect aspects of its natural setting. The paper commences with a review of Wright’s 
claims, and historians’ arguments about the alleged connections between the form of Fallingwater and that of 
its site. Through this review, four key points of comparison are identified, providing the basis for constructing 
a mathematical examination of the arguments. Thereafter, the paper introduces fractal analysis, describing its 
background, application and results. The fractal analysis approach in this paper uses the most advanced 
architectural method and software, coupled with insights drawn from the recent framework for comparing 
architecture and nature (Vaughan and Ostwald, 2017). Drawing on the framework, the paper presents the 
results of an analysis of 20 analogues of the natural landscape surrounding Fallingwater and of eight views of 
the house. This is followed by a discussion of the results and what they imply about the visual connection 
between Fallingwater and its setting. Methodological limitations are described throughout and are also 
considered in the discussion.  



 

2 Fallingwater and Nature  
Liliane and Edgar Kaufmann were introduced to Frank Lloyd Wright by their son, Edgar Junior in 1934. The 
Kaufmanns, who shared many of Wright’s philosophical views about the value of spending time in nature 
(Cleary, 1999), had a holiday cabin located in a thickly forested area of Pennsylvania, adjacent to Ohiopyle 
State Park and Bear Run Nature Reserve, within the lands of the Monongahela, Delaware, Shawnee, and 
Seneca (Palmer, 1984). The Kaufmanns’ property was ‘a wooded glen […] characterized by large sandstone 
outcroppings that exhibited a rustic, even ancient, appearance’ (Smith, 2000, p. 21). The land itself was also 
full of life, with a dense forest canopy above of ‘red maple, oak black cherry, tulip poplar, and black birch’ 
and below the ‘shrubs are evergreen, including mountain laurel and rhododendron’ (Cleary, 1999, p. 38). On 
the forest floor there was a ‘rich mat of ferns and mosses and a variety of wild roses, mountain roses, and 
native bulbs’ (Cleary, 1999, p. 38). The Bear Run stream entered the Kaufmanns’ property from the east, 
running through a valley of the ancient Pottsville sandstone, creating waterfalls as it flowed out of the west of 
the site to the Youghiogheny River.  

When the Kaufmanns began thinking of building a more refined holiday home, they invited Wright to inspect 
the site, which he did in December 1934. Edgar Kaufmann Junior recalls the day Wright came to their site 
when the ‘mountains put on their best repertoire to him – sun, rain and hail alternated; the masses of native 
rhododendrons were in bloom’ (1983, p. 69), and he remembers how the weather that day ‘accentuated the 
rugged terrain’ (1986, p. 36). After showing Wright the site they had chosen for the house, the Kaufmanns 
took Wright to a special location in the creek where they loved to swim, and the rock that they enjoyed 
sunbathing on. After staying all day on the property, Wright requested ‘a survey of the terrain around the falls 
[asking that] large boulders and large trees were to be marked on it’ (Kaufmann, 1983, p. 69). In September 
1935 the Kaufmanns saw Wright’s design for the first time, and were surprised that he had located the house 
directly over the waterfall at Bear Run, on their favoured swimming spot. They agreed to the concept design 
in September and the first working drawings were completed in January 1936 (Langmead, 2009). Construction 
of Fallingwater commenced in June of 1936 and the house was completed by the end of 1937. 
From the earliest accounts, Fallingwater has been discussed by architectural critics in terms of its connection 
to nature (Mumford, 1938), and Wright himself described it as ‘an extension of a cliff beside a mountain 
stream’ (Wright, 1938, p. 36). Subsequent descriptions of Fallingwater have noted that it is a building which 
displays an ‘unparalleled integration of architecture and nature’ (Levine, 2005, p. 250). Prior to Fallingwater’s 
design, Wright was already known for creating links between natural and architectural forms and his design 
strategies for creating these reflections are well documented, including a clear interest in the geometry of the 
landscape.  
One of the key design strategies Wright used in the 1930s commenced with the identification of the 
characteristic natural shapes of a site via its topography, ecology and geology which he then reinterpreted in 
the built form (De Long, 1996; Jodidio, 2006). Wright used this strategy at Fallingwater, whereby he initially 
identified the ‘unique characteristics of the site’ (Riley, 1994, p. 104). But thereafter, disagreement exists 
about the extent to which Wright used these natural forms. Scholars, and Wright himself, have identified four 
natural elements which allegedly generated Fallingwater’s appearance. These are: the Pottsville sandstone 
geology (Fell, 2009; Hoffmann, 1986; Kaufmann, 1986; Levine, 2000; Wright in Meehan, 1984), the gully 
(Andropogon, 1997; Kaufmann, 1986; Wright, 1994), the forest (Fell, 2009; Levine, 2000; Wright, 1938), and 
the Bear Run stream (Cleary, 1999; Hoffmann, 1986; Levine, 2000; Smith, 2000; Wright, 1938). 
Wright himself described the shape of the Pottsville Sandstone formation as a major influence on the design 
of Fallingwater. He observed that just as ‘[n]ature cantilevered those boulders out over the fall … I can 
cantilever the house over the boulders’ (Wright, qtd in Levine, 2000, p. 37). Following this lead, scholars have 
accepted that a level of visual similarity exists between the site’s sandstone geomorphology and the building’s 
appearance, several proposing that the house’s forms visually recall the form of the site, albeit in an 
understated or abstracted way. For example, Fell suggests that the Fallingwater’s terrace ‘echoes the geometry 



of the moss-and lichen-covered cliff’ below it (2009, p. 11), and for Kaufmann, ‘[l]ayered stone outcroppings 
are features of the terrain, their character echoes in the stone walls of the house and in the rippled flagging 
that covers its floors’ (1986, p. 124). For Levine, ‘[t]he horizontal lines of the stone walls of the house […] 
echo the strata of stone ledges in the walls of the glen’ (Levine, 2000, p. 61). 
An alternative argument, proposed by architectural historians and critics, emphasises Wright’s decision to 
locate Fallingwater within the steep ‘dramatic gorge’ of the Appalachian plateau (Andropogon, 1997, p. 37), 
suggesting that this valley shaped the building’s form. Edgar Kaufmann even argues that the ‘major 
relationship of the house and site arises from setting the building within the valley’ (1986, p. 124) and Wright’s 
own description of Fallingwater highlights the valley: ‘a design for living down a glen in a deep forest’ 
(Wright, 1938, p. 41).  
Wright’s ‘deep forest’, a ‘typical successional Mesophytic Forest’ (Andropogon, 1997, p. 27) which envelopes 
Fallingwater (Fell, 2009, p. 88), is the third natural feature that critics claim is mirrored in the forms of the 
building. Wright even integrated the living trees of the forest into the building, and the poplars within the entry 
trellis have a similar ‘rugose texture and dark color’ to that of the adjacent ‘wall and thus appeared to be one 
in nature with it’ (Levine, 2000, p. 61). Scholars also note that the form and texture of the forest has shaped 
that of the building. For example, Levine observes that the long narrow columns of stone on the eastern facade 
‘merge into the background of tree trunks’ (2000, p. 64). 
The last of the four natural features is the Bear Run waterfall and its ledges. Wright described Fallingwater 
as a house that comes ‘[o]ut of the stone ledges over the stream’ (Wright, 1938, p. 36). Hoffmann (1986) and 
Levine (2000) argue that the shape of the waterway influenced the form of Fallingwater, and Smith proposes 
that the house ‘mimic[s] the form of the waterfalls in the building’ (2000, p. 25). Levine agrees, declaring 
specifically that it is ‘the trays, with their upturned, rounded edges, [that] read as […] the overflowing pools 
of a cascading fountain’ (2000, p. 55). 
While the most common scholarly view is that Fallingwater reflects the surrounding landscape, alternate 
arguments have also been presented. For example, Hoffmann reflects that ‘[a]lthough he meant to honor the 
forest site, Wright also chose to compete with the high drama of the falls and with the insistent asymmetric 
rhythms of the projecting sandstone ledges and long cantilevered leaves’ (1995, p. 83). Similarly, Aguar and 
Aguar feel that the house is ‘an architectural intrusion’ that ‘contradicts every dictum [Wright] ever expressed 
with respect to site integrity or harmony with nature. Indeed, Fallingwater overwhelms nature’ (2002, p. 230). 
In a similar way, Alofsin describes Fallingwater as a ‘metaphorical interpretation of human confrontation 
with nature’ (1994, p.46) and Spirn argues that Wright left the natural landscape of Fallingwater untouched 
to deliberately create a juxtaposition with the building (Spirn, 1996).  
In all of these arguments – both for and against the proposition that Fallingwater has a similar visual character 
to its natural setting – qualitative connections between architecture and nature are made using language. In 
contrast, this paper uses one of very few methods available to mathematically measure and compare the 
characteristic complexity of diverse objects; computational fractal analysis. 
 

3. Fractal Dimension Analysis 
Originally proposed by Mandelbrot (1975; 1977; 1982) as a means of rigorously measuring roughness and 
irregularity in natural forms, a fractal dimension (D) is a measure of the space-filling properties of an image 
or object. It provides a numerical value that reflects the volume and distribution of geometry or information 
in the subject being measured. In an image, for example, D will be between one and two (1.0 > D > 2.0), or 
conceptually, the subject of the image will be greater than one-dimensional, but not quite two-dimensional.  
The most common approach to measuring the fractal dimension of an image is the ‘box-counting’ method 
(Mandelbrot, 1982; Ostwald, 2013). This method commences by placing a grid over the image being 
measured, and then each square is examined to identify if any of the lines of the image are contained therein. 
The number of boxes which have lines in them is noted. Next, a smaller grid is overlaid on the image and the 
process is repeated, and the number of boxes containing lines is also noted. A mathematical comparison is 



then constructed between the number of boxes with lines in the first grid and in the second grid, by plotting a 
log-log diagram (Bovill, 1996). The slope of the log-log graph is the ‘box-counting dimension’ of the image. 
When multiple additional grid comparisons are graphed, the slope of the line begins to approximate D. Past 
research has identified optimal settings for the application of the box-counting method, including number of 
grids, the scaling coefficient (ratio between grids), image size, position, resolution and representation 
(Ostwald, 2013; Ostwald and Vaughan, 2016). Furthermore, calculations are sensitive to the content of the 
image that is selected for analysis (what will be expressed of the subject) and to its representation (how the 
subject is presented) (Ostwald and Vaughan, 2012; Zarnowiecka, 2002). To develop a rigorous and repeatable 
result requires a consistent logic to both the subject and its presentation. Once this is achieved, then 
comparisons between D results may be constructed using range (R) or difference been results, which is often 
expressed as a percentage. While numerical analysis of R values is central to framing a comparison, past 
research has also described R using indicative qualitative descriptors found in many papers. Using qualitative 
descriptors, a range below 2.0% could be described as ‘indistinguishable’; a range of 2.0 ≤ x < 6  as ‘very 
similar’; a range of 6 ≤ x < 11 as ‘similar’; 11 ≤ x < 20 as ‘comparable’ and a range of over 21% as being 
‘unrelated’. These provide an intuitive way of comparing results, even though it is likely they over-emphasise 
the visual similarities because early research tended to use less accurate calculations (Ostwald and Vaughan, 
2016). 
Fractal analysis has previously been used to measure architectural designs (Lionar and Ediz, 2020; Ma et al., 
2020; Ohuchi et al., 2020) and natural forms (Liang et al., 2013; Patuano and Tara, 2020; Wang et al., 2011). 
Importantly, there are examples where researchers have compared fractal dimensions of nature and 
architecture (Boldt, 2002; Burkle-Elizondo and Valdéz-Cepeda 2006; Nakib, 2010; Zarnowieka, 1998). For 
example, Bovill (1996) compared the fractal dimensions of a vernacular facade and of a nearby natural land 
form in Amasya, Turkey. He concluded that both had similar levels of visual complexity and thus, the 
topography must have either influenced the design of the buildings, or alternatively all of these features were 
shaped by larger environmental conditions. Some of these comparisons have, however, subsequently been 
mathematically measured and compared with mixed results (Lorenz, 2003; Vaughan and Ostwald, 2009; 
Bourchtein et al., 2014). The predominant difficulty has been that the analytical subjects (the image content) 
and their presentation (the lines or data in an image that are chosen for analysis) are inconsistent (Bourchtein 
et al., 2014; Vaughan and Ostwald, 2017; Zarnowieka, 1998). For example, comparing D for a silhouette of 
a mountain range, and D for the plan of a building, would be a poor choice of image subject, unless an architect 
explicitly described the plan as being shaped like the mountain silhouette. Similarly, comparing D for a 
photograph of a tree, and D for a line drawing of an elevation, would be a poor choice of representation, as 
photographs and line drawings are processed differently in fractal dimensional analysis. The technical solution 
is to ensure that the natural and architectural subjects, their representations and data, are consistent and 
reasoned (Vaughan and Ostwald, 2017). Importantly, a comparison between nature and architecture is only 
reasonable if the natural and architectural data subjects and representations could be considered analogous 
(Vaughan and Ostwald, 2017). This is the approach adopted in the present paper, to select the images for 
analysis based on coherent subjects, presentation and data type.  

4 Application and Data Source 

Four steps are required before commencing analysis. The first is to identify the forms, natural and 
architectural, which historians, critics or Wright himself have explicitly linked together. These provide 
analytical subjects that have a logical basis for comparison. For the present paper these are the Pottsville 
sandstone, the Mesophytic forest, the steep gully and Bear Run stream. For the house, these are its iconic 
views (perspectives or photographs) and its plan. Thus, four natural features and two aspects of Fallingwater 
provide logical subjects for comparison. 
The next step is to identify appropriate levels of presentation or representation between compared subjects – 
not only in their physical representation (a photograph or line drawing for example) but also in their data type 
(a site plan or perspective drawing, for example). The most robust and repeatable representation format for 
this purpose is the line image (Bovill, 1996; Lorenz, 2003; Ostwald, 2013), and it has also been the subject of 



detailed testing, standardisation, and validation for fractal dimension calculations (Ostwald and Vaughan, 
2016). Line drawings are most appropriate for analysing general design issues, where ‘design’ is taken to 
encompass decisions about form and changes in materiality, which are the main elements scholars use to 
describe Fallingwater in relationship to the landscape. The level of representation chosen for both architecture 
and nature is single line tracing (no textures or infills), representing changes in form or surface level of greater 
than 25 mm, or between materials. 
The third step involves determining which image views are most appropriate for comparison. Taking into 
account the need to produce an analogous condition (Vaughan and Ostwald, 2017), this paper uses two 
correlations. The first compares views of the local natural objects (images of 3D objects, converted into 2D 
line drawings) with perspective views of the house (images of the house converted into 2D line drawings). 
The second compares plans (2D line drawings) of the local natural objects with plans (2D line drawings) of 
the house. 
The fourth step is to prepare the images for analysis. The images of natural subjects are derived from edge-
detected photographs (‘linear detail extraction’) in neutral lighting conditions (no strong shadows) and the 
matching images for views of Fallingwater are line drawings of Wright’s architectural perspectives (which 
were widely published at the time and also reflect the major photographs that were available). Four perspective 
views of Fallingwater are compared with four views each of the four natural elements, producing twenty 
views for comparison. In plan, the natural subjects are represented by line-drawn plans (technical site 
drawings), and Fallingwater is represented by a line-drawn architectural plans. Four plans of Fallingwater 
(from the ground floor to roof terrace) are compared with one plan each of the natural elements, producing 
eight plans for comparison. 
Table 1 summarises all the terms and codings used to describe the results for this research. For this paper, D 
was calculated using ArchImage (Version 1.16) software. The images were prepared for analysis in accordance 
with the pre-processing standards used in this field, including image position, line weight, white space and 
image depth which are all standardised using Photoshop (Adobe) prior to importing the files into ArchImage 
for analysis. (Ostwald and Vaughan, 2016). 

Table 1 Summary of definitions relating to the analysis of an individual house 

Abbreviation Meaning Explanation 

D Fractal Dimension Fractal dimension (D) is a measure of the formal complexity of a design and the consistency with 
which it is distributed across all scales of a design.  
The fractal dimension of the perspective view of an object is DV. The fractal dimension of a plan is 
DP.  

DV D for a specific view. 
DP D for a specific plan. 

Set Collection of related 
values 

All of the images for one natural element are considered a ‘set’ while all the Fallingwater images 
are another ‘set’ 

μV Mean D for the views 
of a set. 
 
 

A ‘mean’ is the average of a set of values (the sum of the values divided by their number). It is 
expressed here as a ‘population’ mean (μ) because the findings of this research are generally not 
extrapolated to comment on anything other than the actual images being analysed.  
The mean D for all of the views is μV. This value reflects the typical level of characteristic formal 
complexity visible. 
The mean D for all of the plans of Fallingwater is μP. This value reflects the typical level of 
characteristic complexity present in the spatial and formal properties of the interior and the 
expression of its roof. There is only one plan for each natural element so the mean D is not calculated 
for these. 

μP Mean D result for the 
habitable plans of a 
building. 

R Range  Difference between two fractal dimensions. 

The four perspective views were generated from a CAD model based on Wright’s original drawings 
reproduced by Drexler (1965) and Futagawa and Pfeiffer (1987c; 2003). The angles for the perspective views 
(fig. 1 a-d) replicate the vanishing points of Wright’s original drawings. These images depict the house from 
three distinct angles with the other being a slight variation of Wright’s oft-published colour-rendered 
perspective view of the house from below. The plans for Fallingwater are traced from those published by 
Storrer (2006), Futagawa and Pfeiffer (1986). The plans do not depict doors, glazing elements or built-in 
furniture (fig. 1 e-h) in accordance with representations standards for this method.    



 

 

 
a. View 1 b. View 2 

  
c. View 3  d. View 4  

  
e. Ground Floor Plan f. First Floor Plan 

  
g. Second Floor Plan h. Roof Plan 

Figure 1 a – h Images of Fallingwater analysed – Level 3 representation, not shown at a uniform scale 

The views and plans of the natural elements analysed in this paper are all derived from the immediate 
surroundings of Fallingwater. The area used for the natural element selection is based on the site plan prepared 
by Wright’s apprentices (Kaufmann, 1986: 39). This plan was produced in Wright’s studio from the original 
survey site plan prepared for Kaufmanns (McCarter, 2002: 5).  

For each natural element, four line-drawn representations were made of a unique example on the site and the 
images of natural views produced for analysis are depicted in Figure 2. The site plan is separated into four 
layers, each only showing the individual element analysed: the rocks, the contours, the watercourse and the 
tree cover (Fig.  2). Wright’s version of the site plan contains some minor errors and omissions that might 
affect the analysis, including the position of the waterline and the tree canopies, but no attempt has been made 
to correct these for the present research. The claims about Fallingwater and nature are largely about Wright’s 
intentions and so the information available to Wright at the time, and which has been published since then as 
proof of various claims, is prioritised. Except for the views of the valley, the views of the natural elements are 
edge-detected line drawings extracted from 2012 photographs of the landscape surrounding Fallingwater. The 
views of the valley were generated using Google Earth.  

 



  
a. Water plan (Wright’s survey plan) b. Water view 1 

 

   
c. Water view 2  d. Water view 3 e. Water view 4 

 
            

 

 
 

f. Rock plan (Wright’s survey plan) g. Rock view 1 
 

 
 

 
h. Rock view 2  i. Rock view 3 j. Rock view 4 

 

 
 

k. Valley plan (Wright’s survey plan) l. Valley view 1 (north) 
 

 
  

m. Valley view 2 (east)  n. Valley view 3 (south) o. Valley view 4 (west) 
 
 
 



  
p. Tree plan (Wright’s survey plan) q. Tree view 1 (eastern hemlock) 

 

   
r. Tree view 2 (scarlet oak) s. Tree view 3 (tulip poplar) t. Tree view 4 (great laurel 

rhododendron 
Figure 2 Images of natural elements analysed – not shown at a uniform scale 

Water(a-e); Rocks (f-j); Valley (k-o); Trees (p-t) 

 5 Results 
The cardinal directions from which the perspective views are predominantly framed are from the south and 
south-west (looking towards the north and north-east), with only one perspective view from the north (looking 
south towards the side of the house facing the steep slope behind). This northern perspective has the highest 
fractal dimension result of the perspective views of the house (DV4 = 1.5170). Of the southern perspectives, 
the treetop view looking down onto the southern balconies from above has the second-highest result (DV2 = 
1.5140), which is quite close to that of the northern perspective. The two views looking up from the water of 
Bear Run at the southern facade of the house vary only slightly in their perspectival construction, and their 
results are also relatively similar (DV1 = 1.4474 and DV2 = 1.4354). With a view predominantly of the underside 
of the outdoor terraces, these two perspectives lack the volume of geometric detail found of the other 
perspectives and thus have the lowest fractal dimensions. Overall, the mean result for the perspective views 
is μV = 1.4785 (table 2 and Fig. 3).  
Of the floor plans of Fallingwater, the ground floor has the lowest fractal dimension (DP0 = 1.3540). Without 
the furniture and the doors leading to the outside spaces, this floor becomes a shelf-like open area. The first 
and second floors are the most complex plans in the house (DP1 = 1.4291 and DP2 = 1.4018). Due to the terrace 
overhangs and outdoor circulation which are all visible in the roof plan, the roof plan of Fallingwater is (DPR 
= 1.3845) and is close to the mean result of all the plans (μP = 1.3923).  
The range for the perspective views is RV% = 8.16 which suggests that, compared to each other, the perspective 
views are visually ‘similar’ (Ostwald and Vaughan, 2016). For the plan results, the range is slightly closer, 
RP% = 7.51, and these could also be described as visually ‘similar’.  

 

 

 

 

 

 



Table 2 Results for Fallingwater, perspective views (DV) and Plans (DP) and Natural elements, views (DV) and Plans (DP): SD is the Standard 
deviation of the view data. 

Fallingwater  House    
Views DV1 1.4474     
 DV2 1.5140    
 DV3 1.4354    
 DV4 1.5170    
 μV 1.4785    
 RVD 0.0816    
 RV% 8.1600    
Plans DP0 1.3540    
 DP1 1.4291    
 DP2 1.4018    
 DPR 1.3845    
 μP 1.3924    
 RPD 0.0751    
 RP% 7.5100    
Natural Elements  Water Rocks Valley Tree 
Views DV1 1.6532 1.5450 1.3200 1.5699 

DV2 1.5985 1.5450 1.3169 1.4176 
DV3 1.4198 1.4744 1.3180 1.4142 
DV4 1.5840 1.2928  1.3109 1.7316 
μV 1.5639 1.5215 1.3165 1.5333 

 RVD 0.2334 0.0706 0.0091 0.3174 
 RV% 23.3400 7.0600 0.9100 31.7400 
 SD 0.1005 0.7614 0.0039 0.1508 
Plans DP 1.4671 1.1630 1.3378 1.1787 

 
The views of the water are taken from four different photographs of the waterfalls created by the rock shelf in 
the Bear Run stream. Of these, the main drop, during heavy rains or after the snow has melted, creates a wall 
of falling water, parallel to the southern facade of the house and the image of this fall has the highest visual 
complexity of all the water images (DV1 = 1.6532). The least complex water image is of the same waterfall, 
but from a line drawing extracted from a photograph taken when there was a lower water level in the Bear 
Run stream (DV3 = 1.4198) (Table 2). 
Of the tree views, the Great Laurel Rhododendron has the highest fractal dimension (DV4 = 1.7316) this is 
also the highest dimension of all of the natural views analysed. The other evergreen tree analysed, the Eastern 
Hemlock, has the second highest dimension (DV1 = 1.5699), this is the expected result, as the leaves add visual 
detail to the images. The deciduous trees, the Scarlet Oak (DV2 = 1.4176) and the Tulip Poplar (DV3 = 1.4142) 
have a similar result to each other, but lower than the evergreens. 
The four large rock outcrops analysed are all examples of the Pottsville Sandstone found in the Bear Run creek 
bed or near the house. The results for the first two are interesting because they have the same fractal dimension 
(DV1 = 1.5450; DV2 = 1.5450). These two may also be outcrops of the same rockface: the view 1 rock is the 
large outcrop that supports the western terrace of the house, and the view 2 rock is of the cliffside along part 
of the stream, below the western terrace. Those two have the highest complexity of the four rocks analysed. 
The next most complex section of rock is the cliffside underneath the southern terraces of the house (DV3 = 
1.4744), a result not too dissimilar to the others. The least complex result is for a group of boulders that sit 
mid-stream, just below the house (DV4 = 1.2928). Perhaps because they are subject to continual water erosion, 
they are less fissured than the cliff edges or the boulders above the water level, hence they have a lower fractal 
dimension. 
The views of the valley are the least complex of all the natural elements analysed, and rather than representing 
just one object such as a tree or a rock, these images are landscape views over a greater distribution of area. 
While all the results for the valley views are relatively similar, the highest is the view from the north (DV1 = 
1.3200), which looks across the Bear Run gully to the road used to approach the house. The least complex 
view is the view from the west (DV4 = 1.3109), which is taken from a viewpoint down in the stream which is 
constrained by the steep gully sides. 



Of the plan views, the nautical chart of the water has the highest fractal dimension (DP = 1.4671) and the rocks 
have the lowest level of complexity in plan (DP = 1.1630). The plan of the rocks which was analysed lacks 
detail and while it provides some qualitative information, as it is an aerial view many complex aspects of the 
outcrop, such as the cliff-line, are represented by a single line, and thus the image may not be fully 
representative of its character. Likewise, the tree plans which have a similar level of representational detail to 
the rocks, have only a slightly higher fractal dimension (DP = 1.1787); while the contour drawing used to 
measure the valley in plan has a higher level of complexity which is closer to those of the waterway (DP = 
1.3378).  
Excluding the plans from the mean results, the water set has the highest fractal dimension (μV = 1.5639), 
followed by the trees (μV = 1.5363) and then the rocks (μV = 1.5215); while the valley has a noticeably lower 
level of visual complexity (μV = 1.3165). The range of the results for the four views of the valley show the 
images to be visually indistinguishable (RV% = 0.91) and the standard deviation, while only for a very small 
data sets, confirms this (SD = 0.0039). The range for the views of the rocks is similar (RV% = 7.06, SD = 
0.7614); in contrast, the views of the water (RV% = 23.34, SD = 0.1005) and the trees (RV% = 31.74, SD = 
0.1508) are so different that they affectively unrelated. These last two ranges signal several challenges for 
interpreting the results. In essence, there is so much difference between these results that the mean is not 
necessarily useful for interpreting or comparing some of the data. 

6 Discussion 

For the individual views analysed, half of the results from the natural elements are higher than the perspective 
views of Fallingwater (1.4354 < DV < 1.5170) and the remainder are lower (Fig. 3). There is only one 
exception; the image of one of the rocks (DV3 = 1.4744) sits within the range of results for perspective views 
of Fallingwater. All the valley views and one representative from each of the other elements are less visually 
complex than Fallingwater. This confirms that generally, the results for natural elements are richer in detail 
than the perspective views of the house, and this can also be confirmed by the positioning of the mean 
trendlines for the natural elements compared to that of the house. Fig. 3 visualises the differences or 
similarities between perspective views of Fallingwater (results within the grey band) and the views of the 
natural elements with a lower value (within the central circle) and the natural elements with greater visual 
complexity (outer band of results). 
 

 



 

 

Figure 3 Graphic spread of results data – Views(above) and Plans (below) 

The plan results, which do not have the same volume of data, show a different pattern to the views. None of 
the plans of natural element fall within the range of the house plans (1.3540 < DP < 1.4291). Only one of the 
natural element plans has a higher result; the nautical chart Wright used to represent the waterway of Bear 
Run in plan. The contour plan for the valley (DP = 1.3378) is not much lower than the ground floor plan of the 
house (DP0 = 1.3540), however the other plans are all significantly lower. Fig. 3 visualizes the differences or 
similarities between the plans of Fallingwater (within the grey band) and the plans of the natural elements 
with a lower value (within the central circle) and the only natural element with greater visual complexity (outer 
band of results). 
When interpreting the data, in terms of the premise being tested in this paper, the results for range may be 
most significant. If the range is very small, then the images are visually similar. If the range is large, then they 



are dissimilar. The range values for the results are set using Fallingwater as a target value, and the R% values 
provided are the difference between the μ value for the natural element and the μ value for Fallingwater (Table 
3), noting that for a few ‘means’, there is only one data point. Thus, the Rμ indicates the percentage by which 
the natural elements differ from Fallingwater, in view (RμV%) and in plan (RμP%). Using qualitative descriptors 
for range (Ostwald and Vaughan, 2016), two of the views and one of the plans of the natural elements could 
be considered to be ‘very similar’ to those of the house. These are the view sets of the rocks (RμV%= 4.30) and 
the trees (RμV%= 5.48), and the contour plan of the valley (RμP% = 5.46). In both view (RμV%= 8.54) and plan 
(RμP% = 7.47), the water can be considered broadly ‘similar’ to Fallingwater, which seems fitting considering 
the name of the house and the significance Wright accorded Bear Run in the design. The complexity of the 
valley views are only ‘comparable’ to the house views (RμV%= 16.20); however the plans of the rocks and trees 
cannot justifiably be compared to the plans of Fallingwater, as they are visually ‘unrelated’ (RμP% = 22.94, 
RμP% = 21.37). However, as very few of the mean results are for data sets with low standard deviations, such 
an interpretation would be simplistic. Indeed, of the 15 natural analogue views, only one is within the same 
range as the views of Fallingwater and of the four natural plan views, none are within the same range as the 
plans of Fallingwater. 

Table 3 Comparison of mean results 

Natural element 

 μV μP RμV% RμP% 

Water  1.5639 1.4671 8.54 7.47 

Rocks 1.5215 1.1630 4.30 22.94 

Valley 1.3165 1.3378 16.20 5.46 

Tree  1.5333 1.1787 5.48 21.37 

House Fallingwater 1.4785 1.3924 0.00 0.00 

 

7 Conclusion 

Within the limits of the method used, and the sources of data chosen, this paper demonstrates that the form of 
Fallingwater does not strongly reflect the form of its natural setting. Certainly, a difference between some 
elements of the building and of nature of 5.46% < R < 22.94%, suggests that a few broad visual similarities 
(R = 5.46%), but most others are completely ‘unrelated’ (R = 22.94%). On balance, as many scholars are 
adamant that Fallingwater is an example of Wright’s aim ‘to achieve an indivisible bond’ between architecture 
and landscape (De Long, 1996, p. 120), the proposal that this house is visually similar to its landscape could 
be considered disproved in this paper. The evidence broadly supports the argument that Fallingwater is 
dissimilar to its surroundings (Frampton, 1994; Smith, 2000). 
Despite these findings, even using the best applications and frameworks available, rigorously comparing the 
visual appearance of architecture and nature is a challenge. Thus, while testing an argument about 
Fallingwater is the primary goal of the research, the paper is also the first to apply a detailed and consistent 
rationale in the selection process for identifying appropriate images to compare nature and architecture using 
fractal dimensions, and the first to test this more rigorous approach based on specific claims. Compared to 
previous work in this area, this paper uses more examples (of nature and architecture) leading to more data 
and the capacity to use some basic statistical approaches. However, despite the larger volume of data, and the 
more carefully chosen sets, a perfect result was never anticipated. Instead, the significance of this paper is at 
least partially its demonstration of the best method and set of measures possible at this time. 
  
 
 



References 
Aguar, Charles E and Aguar, Berdeana. (2002), Wrightscapes: Frank Lloyd Wright’s landscape designs, McGraw-Hill, 

New York. 

Alofsin, Anthony. (1994), Frank Lloyd Wright and Modernism. In Frank Lloyd Wright, architect, ed. Terence Riley, Anthony 
Alofsin, Museum of Modern Art (New York), and Frank Lloyd Wright Foundation, 32–57, Museum of Modern Art, 
New York. 

Alofsin, Anthony. (2004), Wright, influence, and the world at large. In American architectural history: a contemporary 
reader, ed. Keith Eggener, 281-293, Routledge, New York. 

Andropogon Associates Ltd. (1997), Interpretation and management plan for the landscape of Fallingwater, Western 
Pennsylvania Conservancy. 

Bechhoefer, William and Marylin Appleby. (1997), Fractals, music and vernacular architecture: An experiment in contextual 
design, Critical Methodologies in the Study of Traditional Environments, 97, 1–33. 

Behbahani, Peiman A, Ning Gu and Michael J. Ostwald. (2014), Comparing the properties of different space syntax 
techniques for analysing interiors. In Across: Architectural Research through to Practice: 48th International 
Conference of the Architectural Science Association 2014, ed. Francesca Madeo and Marc Aurel Schnabel, 683–694, 
The Architectural Science Association & Genova University Press, Genoa. 

Behbahani, Peiman Amini, Michael J. Ostwald and Ning Gu. (2016), A syntactical comparative analysis of the spatial 
properties of Prairie style and Victorian domestic architecture, The Journal of Architecture 21, 348–374.  

Boldt, Douglas. (2002), Fractal architecture: shaping a new century, Friends of Kebyar, 20.1, 4–16.  

Bourchtein, Andrei, Ludmila Bourchtein and Natalia Naoumova. (2014), On Fractal Complexity of Built and Natural 
Landscapes, In Computational Science and Its Applications – ICCSA 2014, ed. Beniamino Murgante, Sanjay Misra, 
Ana Maria A. C. Rocha, Carmelo Torre, Jorge Gustavo Rocha, Maria Irene Falcão, David Taniar, Bernady O. Apduhan, 
and Osvaldo Gervasi, 437–452, Lecture Notes in Computer Science 8580, Springer International Publishing. 

Bovill, Carl. (1996), Fractal geometry in architecture and design, Design Science Collection, Birkhäuser, Boston 

Burkle-Elizondo, Gerardo and Ricardo David Valdez-Cepeda. (2006), Fractal analysis of Mesoamerican pyramids, Nonlinear 
Dynamics, Psychology, and Life Sciences, 10, 105–122. 

Cleary, Richard Louis. (1999), Merchant prince and master builder: Edgar J. Kaufmann and Frank Lloyd Wright, Heinz 
Architectural Center, Pittsburgh. 

Cronon, William. (1994), Inconstant unity: The passion of Frank Lloyd Wright. In Frank Lloyd Wright Architect, ed. Terence 
Riley and Peter Reed, 8–31, Museum of Modern Art, New York. 

Dawes, Michael J and Michael J Ostwald. (2014), Prospect-Refuge theory and the textile-block houses of Frank Lloyd Wright: 
An analysis of spatio-visual characteristics using isovists, Building and Environment, 80, 228–240. 

De Long, David Gilson. (1996), Frank Lloyd Wright: Designs for an American landscape, 1922-1932, Harry N. Abrams, 
New York. 

Drexler, Arthur. (1965), The drawings of Frank Lloyd Wright. Published for the Museum of Modern Art by Horizon Press, 
New York. 

Frampton, Kenneth. (1994), Modernization and Mediation: Frank Lloyd Wright and the impact of technology, In Frank Lloyd 
Wright, architect, eds. T. Riley and P. Reed, 58–79, Museum of Modern Art, New York. 

Fell, Derek. (2009), The gardens of Frank Lloyd Wright, Frances Lincoln, London. 

Futagawa, Yukio and Bruce Brooks Pfeiffer. (1986), Frank Lloyd Wright monograph, 1937-1941. Vol 6, ADA, Tokyo. 

Hoffmann, Donald. (1986), Frank Lloyd Wright: Architecture and Nature, Dover Publications, New York. 

Hoffmann, Donald. (1993), Frank Lloyd Wright’s Fallingwater: The house and its history, Dover Publications, New York. 

Hoffmann, Donald. (1995), Understanding Frank Lloyd Wright’s architecture, Dover Publications, New York. 

Jodidio, Philip. (2006), Architecture: Nature, Prestel, Munich. 

Kaufmann, Edgar. (1983), The house on the waterfall (1936/1962), In Writings on Wright: Selected comment on Frank Lloyd 
Wright, ed. H. Allen Brooks, MIT Press, Cambridge. 

Kaufmann, Edgar. (1986), Fallingwater, a Frank Lloyd Wright country house, Abbeville Press, New York. 



Knight, Terry Weissman. (1994), Transformations in design: A formal approach to stylistic change and innovation in the 
visual arts, Cambridge University Press, Cambridge. 

Koning, Hank and Julie Eizenberg. (1981), The language of the prairie: Frank Lloyd Wright’s prairie houses, Environment 
and Planning B: Planning and Design, 8, 295 – 323.  

Langmead, Donald. (2009), Icons of American architecture: From the Alamo to the World Trade Center, Greenwood 
Publishing Group, Westport. 

Laseau, Paul and James Tice. (1992), Frank Lloyd Wright: Between principle and form, Van Nostrand Reinhold, New York. 

Lee, Ju Hyun, Michael J. Ostwald and Ning Gu. (2017), A combined plan graph and massing grammar approach to Frank 
Lloyd Wright’s Prairie architecture, Nexus Network Journal, Feb, 1–21. 

 Lionar, Mario Lodeweik and Özgür Ediz. (2020), Measuring Visual Complexity of Sedad Eldem’s SSK Complex and Its 
Historical Context: A Comparative Analysis Using Fractal Dimensions, Nexus Network Journal, 22, 701–715. 

Levine, Neil. (1996), The architecture of Frank Lloyd Wright, Princeton University Press, Princeton, N.J. 

Levine, Neil. (2000), The temporal dimension of Fallingwater, In Fallingwater and Pittsburgh, ed. Narciso G. Menocal, 32–
79, SIU Press, Carbondale. 

Levine, Neil. (2005), Frank Lloyd Wright’s diagonal planning revisited. In On and by Frank Lloyd Wright: A primer of 
architectural principles, edited by Robert McCarter, 232–63, Phaidon, London. 

Liang, Jiang, Yanqin Hu and Hui Sun. (2013), The design evaluation of the green space layout of urban squares based on 
fractal theory, Nexus Network Journal, 15, 33–49.  

Lorenz, Wolfgang. (2003), Fractals and fractal architecture, Masters Diss, Vienna University of Technology. 

Ma, Lan, Hua Zhang and Mingzhen Lu. (2020), Building’s Fractal Dimension Trend and Its Application in Visual Complexity 
Map, Building and Environment, 178 (July), 106925.  

MacCormac, Richard. (2005), Form and philosophy: Froebel’s kindergarten training and Wright’s early work, In On and by 
Frank Lloyd Wright: A Primer of Architectural Principles, ed. Robert McCarter, 124–143, Phaidon, London. 

Maddex, Diane. (1998), 50 favourite rooms by Frank Lloyd Wright, Thames & Hudson, London. 

Mandelbrot, Benoît B. (1975), Les objects fractals: forme, hasard et dimension, Flammarion, Paris. 

Mandelbrot, Benoit B. (1977), The fractal geometry of nature, W.H. Freeman, New York. 

Mandelbrot, Benoît B. (1982), The Fractal Geometry of Nature. Updated and augmented, Freeman, San Francisco. 

McCarter, Robert. (1999), Frank Lloyd Wright, Phaidon, London. 

McCarter, Robert. (2002), Fallingwater, Phaidon, London. 

Meehan, Patrick Joseph. (1984), The master architect: conversations with Frank Lloyd Wright, Wiley, New York. 

Moholy-Nagy, Sibyl. (1959), Frank Lloyd Wright’s testament, College Art Journal, 18, 319–329. 

Mumford, Lewis. (1938), The Sky Line: at home, indoors and out, In Sidewalk Critic: Lewis Mumford’s Writings on New 
York (1998), ed. Robert Wojtowicz, 206-209, Princeton Architectural Press, New York. 

Nakib, F. (2010), Fractal geometry: a tool for adaptability and ‘evolutionability.’ In Eco-architecture III: Harmonisation 
Between Architecture and Nature, ed. Santiago Hernández, C. Brebbia, and W. De Wilde, 39–47, WIT Press, Ashurst. 

Ohuchi, Hirotomo, Toshihiro Kimura, Shichun Zong, Setsuko Kanai and Takashi Kuroiwa. (2020), Quantitative Evaluation 
of Architectural Style Using Image Correlation and Fractal Dimension Analysis in Agora of Ancient Greek City 
Athens. AST, 103, 37–45. 

Ostwald, Michael J. (2013), The fractal analysis of architecture: calibrating the box-counting method using scaling coefficient 
and grid disposition variables, Environment and Planning B: Planning and Design 40, 644–663.  

Ostwald, Michael J and Michael Dawes. (2018), The Mathematics of the Modernist Villa: Architectural Analysis Using Space 
Syntax and Isovists, Birkhäuser, Basel. 

Ostwald, Michael J and Josephine Vaughan. (2012), Significant Lines: Representing Architecture for Computational 
Analysis. In From principles to practice in architectural science. 45th Annual Conference of the Australian and New 
Zealand Architectural Science Association, Sydney, Faculty of Architecture, Design and Planning, Sydney University. 

Ostwald, Michael J and Josephine Vaughan. (2016), The fractal dimension of architecture, Springer International Publishing, 
Basel. 



Palmer, Tim. (1984), Youghiogheny: Appalachian River, University of Pittsburgh Press, Pittsburgh. 

Patuano, Agnès and Ata Tara. (2020), Fractal geometry for Landscape Architecture: Review of methodologies and 
interpretations, Journal of Digital Landscape Architecture, 5, 72-80.  

Riley, Terence. (1994), The landscapes of Frank Lloyd Wright: A pattern of work, In Frank Lloyd Wright, architect, ed. 
Terence Riley and Peter Reed, 96–108, Museum of Modern Art, New York. 

Sala, Nicoletta. (2002), Fractals in architecture: some examples. In Fractals in Biology and Medicine, ed. Gabriele A. Losa, 
Merlini Danilo, Theo F. Nonnenmacher, and Ewald R. Weibel, III, 347–358, Birkhäuser, Basel. 

Sergeant, John. (2005), Warp and woof: a spatial analysis of Wright’s Usonian houses. In On and by Frank Lloyd Wright: A 
Primer of Architectural Principles, ed. Robert McCarter, Phaidon, London. 

Smith, Kathryn. (2000), A beat of the rhythmic clock of nature: Frank Lloyd Wright’s waterfall buildings. In Wright Studies, 
Volume Two: Fallingwater and Pittsburgh, ed. Professor Narciso G. Menocal, 1– 31, Southern Illinois University 
Press. 

Spirn, Anne Whiston. (1996), Frank Lloyd Wright: Designs for an American Landscape, 1922-1932, Harry N. Adams, New 
York. 

Spirn, Anne Whiston. (2000a), Frank Lloyd Wright: Architect of landscape, part I, Frank Lloyd Wright Quarterly, 11, 3–25. 

Spirn, Anne Whiston. (2000b), Frank Lloyd Wright: Architect of landscape part II, Frank Lloyd Wright Quarterly, 11, 4–25. 

Storrer, William Allin. (2006), The Frank Lloyd Wright companion, University of Chicago Press, Chicago. 

Vaughan, Josephine and Michael J Ostwald. (2009), Nature and architecture: revisiting the fractal connection in Amasya and 
Sea Ranch, In Performative Ecologies in the Built Environment: Sustainability Research Across Disciplines, 42, 
Launceston, Tasmania. 

Vaughan, Josephine and Michael J Ostwald. (2010), Using fractal analysis to compare the characteristic complexity of nature 
and architecture: re-examining the evidence, Architectural Science Review 53, 323–332.  

Vaughan, Josephine and Michael J Ostwald. (2017), The Comparative Numerical Analysis of Nature and Architecture: A 
New Framework. International Journal of Design & Nature and Ecodynamics, 12(2),156-166. 

Wang, Haowei, Xiaodan Su, Cuiping Wang and Rencai Dong. (2011), Fractal analysis of urban form as a tool for improving 
environmental quality, International Journal of Sustainable Development & World Ecology 18, 548–552.  

Wen, Kuo-Chung and Yu-Neng Kao. (2005), An analytic study of architectural design style by fractal dimension method, In 
2005 Proceedings of the 22nd ISARC, 1–6, Ferrara, Italy. 

Wright, Frank Lloyd. (1938), Frank Lloyd Wright, The Architectural Forum 68, supplementary section, pages 1-102. 

Wright, Frank Lloyd. (1957), An autobiography, 6th ed, Duell, Sloan and Pearce, New York. 

Wright, Gwendolyn. (1994), Frank Lloyd Wright and the domestic landscape, In Frank Lloyd Wright, architect, ed. Terence 
Riley and Peter Reed, 80–95, Museum of Modern Art, New York. 

Zarnowiecka, Jadwiga C. (1998), Chaos, databases and fractal dimension of regional architecture. In Computerised 
Craftsmanship in Architectural Education, 267–270, eCAADe, Paris. 

Zarnowiecka, Jadwiga C. (2002), In search of new computer tools: what does Bovill really measure in architecture? In 
Connecting the Real and the Virtual - design e-ducation 20th eCAADe Conference Proceedings, 342–345, Warsaw, 
Poland. 

 


	1 Introduction
	2 Fallingwater and Nature
	3. Fractal Dimension Analysis
	4 Application and Data Source
	Table 1 Summary of definitions relating to the analysis of an individual house

	5 Results
	6 Discussion
	7 Conclusion
	References
	ADP4630.tmp
	NOVA




