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Abstract
This dissertation explores the intersection of fractal mathematics and the paisley pattern. Fractals are ubiquitous in the natural world and have many modern applications.  Paisley is a curvilinear motif that is found in patterns in multiple sizes and is the ideal pattern to be analyzed in a fractal context. The archive of the paisley motif is an ever-expanding entity, as the pattern has a long and rich history archived throughout the world on the physical plane as well as the digital one. By including myself in the equation, I too become an archive of paisley knowledge.
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Introduction 
The phrase “curiosity killed the cat” is apt in describing the 18th century mathematician Gregor Cantor. When he encountered the fractal while exploring set theory, his quest to find the end of the equation drove him insane (Stewart, 2015, p. 126). It took another hundred years for the study of fractals to emerge as a relatively new field of study in the sphere of mathematics and it has a multitude of practical applications. I will look at the development of the field of fractals and its diverse applications. The paisley motif has not previously been used as an example when applying mathematical formulas to design patterns. In this dissertation I will delve into the paisley pattern and its connection to fractal mathematics, looking at their relation through a historical lens to explore mathematical formulae used to enhance surface pattern design. I will apply archival research to relevant historical paisley shawls and consider how it is possible to generate an aesthetically pleasing pattern by using fractal calculations. Finally, I will consider how fractal mathematics intersects with surface pattern design while looking at the paisley pattern in ancient and modern contexts.
The methodology for this research has three prongs: the synthesis of relevant literature, archival research and original analysis. The first comprises a comprehensive review of the literature surrounding the history and development of both fractals and paisley. Second, the archival research consists of a series of visits in England and Wales to examine primary sources: the Fashion Museum Bath – Study Facilities was visited on October 26th 2018, St Fagans National Museum of History on November 1st 2018, and the Clothworkers Archives at the Victoria & Albert Museum on November 8th 2018.  At each archive a minimum of six archival objects was examined consisting of paisley shawls and fragments of shawls, ranging from the 1800’s to the 1900’s in various states of repair, as well as produced in different locales and with different methods of production. Finally, original designs using fractal technology were generated in order to inform this study. Contributing to the original analysis is the extensive knowledge of textiles and computer skills of the researcher. The limitations of this study include time constraints, geographical location and access to pertinent data. For example, it would have been preferable to visit the archives of the Paisley Museum in Paisley, Scotland. Unfortunately, their archive is under repair until 2024. There is a wealth of paisley shawls scattered throughout the world, due in large part to how long they remained fashionable, and it is only possible to examine a fraction of these. The fractals generated for this study were constrained by the limitations of a PC and access to open-source software.

 Fractals Through the Artistic Lens 
[image: ][image: ]
Figure 1: Julia Fractal                                                 Figure 2: Koch Fractal     


[image: ]                             




                                         Figure 3: Cantor’s Comb
[image: ]Lauwerier defines a fractal as “a geometrical figure in which an identical motif repeats itself on an ever diminishing scale” (Lauwerier, 1991, p.xi). Fractal patterns found in nature have fractal characteristics but are not exact replicas, whereas a computer can repeat the fractal formula exactly (Bies et al, 2016, p. 4). Early famous fractal sets include the Julia set (Figure 1), the Koch snowflake (Figure 2) and the Cantor set (Figure 3). The mathematicians who discovered these sets never saw a graphic image of their fractal. The problem of fractals continued to plague mathematicians until Benoit Mandelbrot (Mandelbrot, 2004 p.23) tackled them with the aid of the modern computer.








                               Figure 4: Mandelbrot Fractal, Peitgen
[image: ]Fractals are ubiquitous in the natural world, but Mandelbrot did not coin the term fractal to describe the results of his formula Z = Z2 + C until 1980. The Mandelbrot set consists of all the choices for C where Z starts at zero and C is a complex number so that the iterations never grow beyond the number 2 and is then iterated (Briggs, 1992, p.75).  Mandelbrot was a Polish native who received his education in France (Mandelbrojt, 2011, p. 98). One of Mandelbrot’s first discoveries was that the coast of Britain formed a fractal: in studies from a map outlining the coast of Britain, when the outline is slowly blown up and the edges are mapped repeatedly, the coast of Britain can be measured fractally. Mandelbrot once described the length of the coast of Britain as infinite (Stewart, 2015, p.126). This is one of the original examples of fractal analysis applied to natural phenomena. 
Figure 5: Binary Tree
Nature is full of fractal patterns, i.e. tree branches are fractal. They look remarkably similar to the H-fractal, named dendrite from the Greek dendron, meaning tree. (Lauwerier, 1991, p.1).  Dendrites and trees have the same types of divisions, because a tree has a trunk and then two branches split from the trunk and then two more from each of those branches and so on and so forth, creating a natural dendrite fractal. 
[image: ]





                                                 Figure 6: Untitled 
Natural fractal patterns come in all shapes and sizes and can be found throughout nature. While it is widely believed that nature acts randomly, nature can be quite orderly. When analyzing a satellite image of a cloud formation by laying a grid of squares over the top of the satellite image, zooming in on a square, and then continuing to enlarge the section of the image, if part of the image remains the same as the whole while still retaining the same properties, then this image is fractal (Mandelbrot, 1989, p. 23). Ammonite fossils are spiral shaped fractal iterations (Figure 6); this spiral shape can be found in shellfish today (Powers, 1999, p.34). All living creatures carry fractals within them: DNA strands are made up of fractal structures that curve and twist into infinity - we are fractal creatures.                                         
        Fractals can thus occur in natural formations and also in man-made structures, in the buildings we create and in the way we order our societies. Ron Eglash is a mathematician who has studied fractal patterns by looking at the layout of villages in Africa. An aerial view shows these villages to be arranged in a fractal pattern. The beginning of the fractal, or in this instance the chieftain’s house, is then surrounded in a ring by his next of kin and extended family. As the ring expands, the relation to the chieftain diminishes, as well as the social standing, creating a fractal ring expanding outward from the house of the chieftain (Eglash, 1999). Eglash also states in his TED talk (Eglash, 2007) that, conversely, the further inward you go in the village the more polite people become within the fractal. This ordering of a village demonstrates an unconscious use of fractal patterning. 
Developments in modern technology have facilitated advances in the study of fractals and their patterns. Computers did not have the capacity to produce a fractal image until the 1970s. The advancement in microchip technology presented Mandelbrot with the opportunity to iterate fractals digitally. Prior to the invention of microchip technology, it took countless hours to iterate fractals by hand (Mandelbrot, 1989, p. 21) and human calculators were never able to reach the number of iterations that were generated on a computer in a matter of minutes.
Perhaps the best-known application of computer-generated fractal mathematics is its algorithmic use in the stock market. Mandelbrot published (Mis)Behaviour of Markets: A Fractal View of Risk, Ruin and Reward in which he takes a deeper look at the financial market through a fractal lens and shows that it can be regarded in such a way as to read the ever-moving landscape of the financial world. Additionally, fractal formulae have been used to increase the strength of construction cables used in suspension bridges. Fractals have also been used to improve cellular reception by the use of fractally-shaped antennae. A rather unusual use for fractal mathematics is its application to the recipe for concrete, which has helped to increase durability. Another lesser known application of fractal technology includes Computer-Generated Imagery (CGI) (Stewart, 2015, p.126), used in major motion pictures to create 3-D computer graphics and by architects to create 3-dimensional models. 
[image: ]Computer-generated fractals became popular because they are aesthetically pleasing when visualized. Generating them became an art form, or, arguably, broke onto the art scene. Initially there was some debate as to whether or not a computer-generated fractal image was considered art.  While the person inputting the equation is not creating a new equation, it is up to the individual to input the color palette and control the number of iterations. It can be concluded that computer-generated fractal iterations do fall within the realm of art and design. There are now several individuals that specialize in the creation of fractals for their artistic value (Briggs, 1992, p.156). This is a conscious creation of fractals for the sake of art, but there are artists who unconsciously create fractals within their art. 
Figure 7: Number One, 1950
Jackson Pollock (1912-1956) created his famous drip paintings between 1943 and 1952. Pollock’s paintings were created by dripping a continuous stream of paint onto a canvas that was at a horizontal angle. Each can of paint is a different layer dripped in a fractal pattern. It is not known if Pollock knew that this was a fractal pattern. He would use one can of paint and then change the pattern when using the second can of paint, creating different layers of color (Taylor, 2002, p.121). The case study by Taylor, done at the University of New South Wales, is a computer analysis of Pollock’s drip paintings. Taylor discovered that Pollock’s drip paintings resemble fractals that exist in nature. He determined that Pollock’s paintings were fractal using computer analysis. A painting was scanned into the computer and a digital grid was dropped onto the scanned image. A series of squares from the grid were isolated and continually magnified; the general image properties remained the same and the pattern structure did not change even though the magnification increased (Taylor et al, 2002, p.203).  Pollock’s paintings are considered classic, possibly because of their fractal D value.
It is only within this century that the study of the aesthetics of fractal patterns has been done looking at various D values of fractals and how the aesthetic responses vary. A fractal dimension can be defined by the D value, and this is mathematically defined as the ratio that contrasts their complexity with the change in scale. Regardless of whether fractal images are computer-generated or naturally derived, studies show that the most aesthetically pleasing fractal iterations have a fractal dimension of between 1.3 and1.5. There have been several case studies on the aesthetic values of fractal images (Bies et al, 2016) (Spehar et al, 2015) (Street et al, 2016) that show that by changing the D values, it is possible to alter the visual aesthetics of the image and therefore the pleasure of the viewer. When decreasing the fractal dimension, the preference for the fractal image drops (Spehar and Taylor, 2012, p.8). Some fractal patterns are known to have a calming or stress reducing effect on the viewer; they are even known to alleviate headaches (Street et al, 2016, p.2). The D values can be manipulated during the creation of the fractal images. Notwithstanding, aesthetically pleasing mathematical ratios are not limited to fractals and many have been used in art throughout history. 
[image: ]Nature tends to organize itself in fractal patterns. There are fractal characteristics all around us and within us. It was not until recently that fractal mathematics were utilized to advance modern technology, helping us better understand our surroundings and our natural aesthetic instincts. Fractals have been in hiding in the world of art, but thanks to recent studies and the advancement of modern computer technology, have become an art form of their own. 
Paisley: An Historical and Analytical Approach





                              Figure 8: Paisley Shawl 19th Century 
The archive of the paisley motif is an ever-expanding entity, as the pattern has a long and rich history archived all around the world on the physical plane as well as the digital one. The paisley motif resembles an enlarged comma. It is one of the many possible examples of a curvilinear coordinate as it is a closed, curved shape. Curvilinear coordinates, based on Euclidian geometry, comprise closed spaces with curved lines. The French mathematician Lamé first coined the term curvilinear as the coordinate systems are curved (Students’ Britannica India Volume Four, 2000, p. 142). This can be seen in Figure 8, an image of a paisley shawl from the nineteenth century where the closed curved shape that is the paisley shape is evident, [image: ][image: ]demonstrating clearly the curvilinear coordinate paisley shape. 
[bookmark: _GoBack]                                           

                   Figure 9: Squat paisley with                    Figure 10: Elongated paisley
                       with golden spiral                                       with golden spiral   

The curvilinear paisley motif also shares similarities with Fibonacci’s golden spiral in relation to the curved point. In Figures 9 and 10 it can be seen how the beginning of Fibonacci’s golden spiral and the curve at the top of the paisley shape share the same curve. The golden spiral is an ever-expanding spiral; with every rotation it expands by phi (Φ = 1.618). Phi is the basis for the golden ratio. This self-similar expansion has the possibility to continue into infinity. The golden spiral is another example of an aesthetically pleasing ratio that has been used by many famous painters such as Seurat and Michelangelo who used it in their works in order to create a more visually pleasing outcome. Seurat, Michelangelo and the creators of the paisley shape all have the golden ratio in common. The paisley motif with its endless variation in pattern and scale can be seen as an early echo of a fractal pattern (Lesmoir-Gordon,
1995), a clear indication that fractal mathematics and [image: ]surface pattern design intersect. 
Figure 11: Acanthus 
Paisley has spread around the globe and its versatility has contributed to its long-lasting popularity. William Morris (1834-1896) was heavily influenced by paisley, apparent in his famous wallpaper (Figure 11).  Paisley was at the forefront of fashion in the 1800’s, but finally fell from fashion due to a number of contributing factors: the Franco-Prussian war, a famine that swept through India taking with it many of the Kashmir weavers, and ultimately the rise of the bustle, as women were unable to wear a paisley shawl over a bustle in a flattering fashion. The paisley motif has been reimagined several times since the 1800s but never achieved the level of popularity that it once had, yet the paisley shawl remained part of the traditional bridal trousseau. It is still favored in some parts of Europe as church wear (Stewart, 2015, p.99). In pioneering America, paisley represented the working class as it was easy to print on cheap cotton and the demand for durable handkerchiefs was high, used by farmworkers, firefighters and cowboys alike. During the 1970s it was used by cruising gay men in San Francisco to signal sexual preferences (Stewart, 2009, p.102). Whether paisley is the height of fashion or at the forefront of social or political movements, paisley has secured a niche in the design world.
Prior to industrialization, paisley was woven in the state of Kashmir, India (Karpinski, 1963, p.119). The exact date that the first paisley pattern appears is unknown.  There is evidence Zain-ul-Abiden, who reigned in Kashmir from 1459-1470, employed weavers to create paisley shawls as gifts for visiting dignitaries and that accompanying parties would buy paisley shawls to bring back to their wives, therefore production can be dated back to at least the 15th century (Stewart, 2015, p.95). This production of paisley shawls was very time consuming. Before the invention of the mechanized loom, weaving intricate patterns in China and India required a weaver who sat at the loom and threw the shuttle and a boy who sat atop the loom and picked up the individual threads to create the pattern. Young drawboys (Lévi-Strauss, 2013, p.93) always did this work because their eyesight was very good (Schoeser, 2007). The strain on the eyes created by this job meant that the drawboys were usually blind by the age of thirty. 
Handwoven paisley shawls were valuable commodities traded by the East India Trading Company, founded on December 31st 1600. By 1866, the East India Trading Company had expanded their factories to Goa, Chittagong, Bombay and Madras as well as smaller villages in the east of India. Traditionally the production of a single shawl would take between one and two years and was woven in one piece. When the East India Trading Company started importing paisley shawls to Europe in the early 18th century, they became so fashionable that the Indian weavers could not keep up with production demands (Reilly, 1989, p.9). In an attempt to keep up with the export demand, the weavers of Kashmir wove the shawls in separate pieces sewn together with nearly invisible stitching (Lévi-Strauss, 2013, p.96). This reduced the production time to between six months and a year but was still not enough to satisfy the cravings in Europe, and so the production of the paisley shawl was undertaken in Europe (Lévi-Strauss, 2013, p.93). The European production took place mainly in England and France, but most notably in Paisley, Scotland (Reilly, 1989, p.8) from whence the paisley pattern (originally called Buta or Boteh) (Stewart, 2015, p.95) derives its name (Reilly, 1989, p.1). This shift in production grew Paisley’s economy as it expanded production.
The paisley pattern has influenced many economies and industries, not only designers and textile manufacturers. The need for paisley shawls at an affordable price caused printed paisleys to be produced en masse. The long-standing popularity of paisley generated significant increases to the economies that surrounded it. When paisley shawls become popular in Britain, the demand was insatiable, so much so that they began to be produced in Britain, creating a wealth of jobs. In addition, a new skill set was created in order to read the cartoons that were still imported from India and adapt them to European tastes. This new industry effectively helped to boost the economy of Britain while simultaneously creating a new economic structure in Kashmir (Karpinski, 1963, p.123). Paisley continued to influence the economic structure in the American Midwest, as there was a high demand for durable cotton clothes suitable for mining. It also extends into today’s fashion as a motif still readily available on the high streets. The paisley motif has gone through many different styles and the material with which the paisley shawls were woven was nearly as precious as the shawl itself.
Originally, the shawls were made with the wool of cashmere goats native to the Himalayas. In the winters the temperatures drop well below freezing, meaning that the goats’ fleece grows downy and thick (Fabretti, 2006 p.42). During the spring, when the weather is warmer and the goats come down from the mountains, they rub their underbellies on low shrubs and this soft wool is collected and used for paisley shawls. As the goats are indigenous to the Himalayas, the need to develop a new material arose when demand became higher in Europe (Lévi-Strauss, 2013, p.34). In 1812 William Moorcroft, a veterinarian from England, attempted to bring cashmere goats to England to be raised and bred there. When he shipped them to England he sent two boats, one with male goats and one with females; unfortunately the boat carrying the females sunk (Karpinski, 1963, p.116). Meanwhile in France, in 1818 Guillaume Ternaux set about putting together a party to go to Kashmir and bring back goats. The expedition was led by Amédée Jabert who bought 1,289 goats from the Kirghiz tribesmen. Sadly, as the goats were accustomed to a cold and mountainous climate and the temperatures do not drop low enough in France, the goats grew sick and died. Despite this setback Ternaux went about crossbreeding the remaining goats with other breeds of sheep (Lévi-Strauss, 2013, p.34) causing a new breed of sheep to be created. Another enterprising Frenchman who revolutionized the weaving industry in Europe was Joseph Marie Jacquard.
Jacquard invented the mechanized Jacquard loom in 1804, creating a faster and more effective way to produce luxury fabrics such as paisley shawls. The mechanics of the Jacquard loom work on a punch card system. Each hole in the punch card corresponds to a harness, meaning that when the loom hits a hole on the punch card a signal is sent to shafts telling them to raise a harness, eliminating the need for the second person atop the loom (Schoeser, 2007). This new technology was a great advancement because it gave the weavers the ability to weave more intricate designs in a shorter amount of time. Weaving is a rectilinear process in which the warp and weft threads interlace at right angles. With the invention of the Jacquard loom it was easier to weave curved shapes and allowed an abundance of curved structures within weaving throughout Europe. French and English weavers adapted to weaving these technically challenging designs that are more curved than traditional European designs; consequently, the weaving process became more mathematically challenging and the weavers were able to created more intricate patterns. 
There are millions of patterns in the world. Patterns are constantly being invented and recycled. If one looks at the mechanics of pattern through a mathematical lens, how many patterns are there? According to Stewart the answer is simple:
         Seventeen. That is to say, if you take a figure through every possible combination of rotation and reflection on a flat plane, you will wind up with seventeen different patterns types - no more, no less. Mathematicians call these the “plane groups” or, more whimsically, “wallpaper groups” (Stewart, 2015, p.123). 
In other words, a single two-dimensional pattern can be tessellated seventeen different ways when filling a flat plane. 
The paisley pattern has gone through many changes. Europe's insatiable desire for the paisley shawl created new industries, expanding weaving mills and inspiring aspiring entrepreneurs to find new and more affordable ways to replicate and manufacture the cashmere wool that was needed to create a true paisley shawl. The designs of paisley shawls changed radically to adapt to European styles and tastes, changing the color palette and shortening and widening the curvilinear paisley shape. Paisley has been adopted and worn proudly in support of many movements securing a place in the history of textiles.
Archival Research and Practical Applications
Paisley is a curvilinear motif that is found in patterns in multiple sizes and thus it is the ideal pattern to be analyzed in a fractal context. Fractals are shapes derived from a mathematical equation that repeat a pattern in an ever-diminishing scale. As part of a personal exploration of the tangible paisley shawl and armed with the knowledge gleaned from the literature on paisley as well as a new fractal perspective, I visited three archives with the aim of exploring how a mathematical formula is used to enhance surface pattern design. The sheer volume of archived shawls meant that I was only able to view a select few. The assortment of shawls and fragments that were shown to me was somewhat serendipitous.  Of the available twenty-four artifacts, six were chosen for comparison because of their diverse nature. The opportunity to conduct fieldwork on the available archival material permitted me to take a deeper look at the intersection of mathematics and the paisley pattern. I was able to see how the curvilinear paisley shape has been manifested historically. Secondly, I reversed the process, creating a paisley-shaped fractal using open-source software and analyzed the results.
The nature of archives is not static and its definition has undergone a recent sea change. Derrida defines an archive as a domicile guarded by men in power housing objects that are usually text based (Derrida, 1995, p.10). Foucault’s definition of an archive is quite similar to Derrida’s, nonetheless Foucault suggests that an archive should only house written works and only for a finite amount of time until they lose their relevance and then be discarded (Foucault, 1972, p.102). In the digital age, information is readily accessible in a way that it was not before; therefore, we must expand the term archive to include non-text based material.
[image: ][image: ][image: ]

Figure 12: Elongated paisley print
Figure 13: Elongated paisley print detail                                         Figure 14: Elongated paisley weave


The two paisley shawls shown in Figures 12 and 14 have a distinctly Indian style because they both share a particular elongated paisley shape. The red shawl in Figure 12 (with finer detail shown in Figure 13) is printed on wool. There is no concrete information regarding this shawl, housed at St Fagans National History Museum. Shown in Figure 13 are bands of large paisley shapes and bands with smaller iterations, in different colors that are printed in repeating rows. At each end, there is a row with interlocking paisley shapes, resembling waves. On the outer border of the shawl, there are curvilinear paisley shapes, lapping at the edges. The intricate nature of this shawl is due in large part to the numerous colors that were used. A new block print is needed for every color, so that the printer must align the color and the pattern, traditionally done by eye. Unlike the red shawl, the beige shawl in Figure 14 is a plain weave brocade, woven with a cotton warp and wool weft. Because it was woven, it was more time consuming and costly to produce than the red shawl, and may be why it does not have as many varying motifs incorporated within. The beige shawl has fewer but larger curvilinear shapes in a more muted color palette. These two shawls also differ in the direction that the paisley shapes are facing: with the red shawl they are facing outward, and the beige shawl they are facing inward. On the beige shawl, the paisley shapes are very large and there are only two sets, each spanning half the shawl. The beige shawl is housed in the [image: ][image: ]Fashion Museum in Bath. Neither gives an origin.   

Figure 15: Shawl woven in Paisley, Scotland                                                            Figure 16: Shawl woven in Paisley, Scotland detail

   
[image: ]





Figure 17: Shawl with white center
These next two shawls share a color scheme and a basic layout. Both are woven twill brocades. The shawl shown in Figure 15 (with finer detail shown in Figure 16), housed at the Clothworkers Archive, was produced in Paisley, Scotland circa 1847. It has a silk warp and wool weft. The use of silk is largely due to its durability and is possibly a lingering result of Napoleon's blockade of 1806 that forced weavers to look for alternatives to cashmere. This shawl has a central motif that spans outward in curling, curvilinear lines, curving like the Fibonacci golden spiral. These curving lines then merge with the large colorful border filled with paisley motifs. This particular shawl has one very interesting attribute: a single white outline of the paisley shape on the corner, almost as if it had been dropped on top of the pattern afterwards (see Figure 16). The shawl pictured in Figure 17, housed at the Fashion Museum, shares similar traits to the shawl from the Clothworkers Archive in layout and color palette, as well having a silk warp and a wool weft. It was produced circa 1850-1859, only slightly later than the shawl from the Clothworkers Archive. The producers of both shawls likely suffered from the same issues in access to material. The patterning of the shawl from the Clothworkers Archive also has a white center covered in curvilinear lines that descend into the heavily patterned border. The shawl from the Fashion Museum has slightly more oriental motifs incorporated into it and the lines are thinner and even more along the lines of the golden spiral in their [image: ][image: ]curving nature.

Figure 18: Single-tipped fragment                       Figure 19: Double-tipped fragment  
           These last two shawl fragments are from the Clothworkers Archive. The single-tipped paisley fragment in Figure 18 was woven in Kashmir circa 1820 and the double-tipped paisley fragment in Figure 19 was probably woven in Kashmir about the same time because it shares multiple characteristics with Figure 18. They are both woven with what is most likely cashmere in a 2/2 twill. It is possible that the double-tipped paisley fragment was produced later as the colors are slightly brighter, or simply that it is better preserved. Both are piece woven which means that the solid red parts of the fragments, the paisley pattern and the bands of pattern surrounding the paisley sections and the borders were all woven in separate pieces. This was done to decrease the production time in order to keep up with European market demands. The double-tipped paisley fragment has a unique curvilinear shape: while the bottom half stays in the traditional paisley shape, the top, instead of having one curving tip, has two curving tips facing in opposite directions much like the dendrite fractal (see Figure 5). The double-tipped paisley fragment’s paisley shapes are filled with smaller floral motifs styled in a simple design. The single-tipped paisley fragment has a more classically styled paisley shape with a golden spiral curve to the top. The single-tipped paisley fragment is also filled with floral motifs; these are styled in a [image: ]more intricate fashion and it is possible to discern a lotus flower among them. While these two fragments may be similar in color palette and in the basic weave structure, delve into them a little further and see how mathematically different they present. This may be in response to a change in fashion or simply a change in style of the maker of the cartoons, but at this time it is not possible to determine why.

Figure 20:  Fractal Iterations         Series #1 (top)      Series #2 (bottom)     
In my exploration of fractal iterations using the open-source software CSDT, it was possible to create fractal simulations and gain a deeper understanding of the creation of fractal art. These two series of iterations depict how a simple line is iterated to create an intricate design, much like the composition of simple shapes that make up the paisley shawl. I chose to use curved shapes to start with in order to test whether this would simulate a paisley shape and if so at what iteration point this would occur using a curve similar to the letter C.  The letter C when iterated, creates a curve that is comparable to the Fibonacci golden spiral and the tip of the paisley shape. This is a single line that is not a closed shape and does not fall under the category of curvilinear. Series #1 was created with a C-like curve, that is more inwardly curved than Series #2, which is more tapered. Series #1 created an extra looping effect within the paisley-like curve of the overall fractal shape.
The archives that I visited house the physical shawls, nevertheless we can only marvel at the creativity of the weavers, dyers and designers, who house within themselves a repository of knowledge and design skills.  When paisley became popular in Europe, not only the paisley shawls were brought to Europe, but also Indian culture through its designs. European tastes transmuted these designs and incorporated them into their own cultural heritage. My foray into the paisley pattern and its fractal derivatives is a continuation of the evolution of this process of transmission and transmutation.  By including myself in the equation, I too become an archive of paisley knowledge.
Conclusion
Visiting these three archives allowed me to connect with the objects and make intangible heritage tangible, enabling me compare and contrast diverse paisley shapes. Of the twenty-four artifacts that were examined, I chose to compare three pairs as these six artifacts are the most diverse and present interesting characteristics to analyze. They show some of the most unique patterns viewed, such as the paisley fragment from Kashmir with the unique double tips at the top of the paisley motif, or the elongated paisley shapes that were uncommon in the collections that were viewed. The early echo of a fractal can be seen in the paisley shawls that have size variations within an array of paisley shapes. The use of computer software enabled me to draw clear visual conclusions as to the relation of the paisley shape, curvilinear shapes, the golden spiral and fractal iterations by working with available software to create fractals after the fashion of the golden spiral curve and similar to the paisley shape. The original line shape and the resulting fractal iterations (with the exception of the first iteration perhaps due to lack of depth in the image) shared the rough shape of the paisley curve. Personally, I found that iteration #2 in both series was the most aesthetically pleasing, as to my eye it filled in the page with the right amount of color. Iteration #1 felt very unsettled and iterations #3 and #4 felt too dense. I was able to make a paisley shaped fractal with an aesthetically pleasing D value, using the paisley shape in a fractal iteration. Utilizing the knowledge and skills gained from the comparative analysis of the literature on fractals and paisley, I was able to apply them to archived paisley artifacts and analyze their patterns, structure, material, motifs and curvilinear composition.
The field of fractal mathematics is a relativity new area of study with a wealth of material to offer many disciplines. Fractal analysis has shed new light on old works of art, verifying their originality as well as identifying new patterns within our natural habitat. Fractals' unique curving and undulating nature lends itself well as a tool to analyze the paisley shape whose rich history has had nearly as many undulating curves as the fractal itself. While the paisley motif has found its place in nearly every household, the origin of paisley is not nearly as well known; paisley has traversed many continents, but had its first foray into fashion in the city of Kashmir, India. While looking into archives that have holdings of paisley, I discovered the vast wealth of paisley deposited all over the world, some of which are still uncatalogued. It would be invaluable to have a comprehensive database of paisley artifacts in order to track physical locations and compare the varying styles of paisley shawls through time and space or perhaps make an accompanying mathematical analysis of each artifact. Researching this dissertation was an exhilarating experience.  The ancient paisley pattern and the new field of fractal mathematics provided a delectable intersection of design and function that led me to explore hitherto unknown and unimagined areas and has given me inspiration for further research. 
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