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This paper is written and punctuated in American English. 

This discussion will explore of the following keywords: pattern, paisley and fractals. It will investigate the three aforementioned keywords and delve into their different meanings, definitions, contexts and roots as well as their historical uses and antecedents whereupon the discoveries made in the following text will engender a series of questions which will form the basis of my research and dissertation in the upcoming year. 
The English Oxford Living Dictionary defines pattern as “a repeated decorative design” (English Oxford Living Dictionary, 2018). Surface pattern designers further refine that definition as the way in which a group of objects is laid out. Individual designers often create their own paradigms of what they see as pattern. In the mid-nineteenth century Owen Jones, an architect and collector of patterns, wrote an influential tome which identified eighteen different propositions for the arrangement of form and color in the decorative arts, several of which are directly applicable to this research. The most relevant to this study is Proposition Eight: “All ornament should be based upon a geometrical construction” (Jones, 1868, p5). These propositions continue to inform the work of designers today. 
The meaning of patterns has fluctuated over time although the patterns themselves have not changed radically. Today, polka dots convey a sense of happiness and lightheartedness although in Medieval Europe they were considered a sign of sickness and plague. A dotted fabric was a reminder of a lingering illness, e.g. blood on a handkerchief as a sign of tuberculosis. Stripes are now a fashionable pattern and vertical ones are considered especially slimming but during the 13th century they were worn by prison inmates and prostitutes. Another pattern that is associated with visitors of the prison system is the fleur-de-lis: while it was a signal of the wealthy and aristocratic society, it was also used to brand criminals and slaves (Stewart 2015, p103). It is thought provoking to consider how the symbolism of pattern is subject to the vicissitudes of fortune much in the way that fashions are, and yet the pattern endures.
Owen Jones, a collector of paisley patterns, was one of the forerunners in the exploration of paisley pattern. Jones was a founder of the Victoria & Albert Museum, known then as the South Kensington Museum. He was born of a Welsh father in 1809 in London and was an accomplished architect and designer of the 19th century. In the fall of 1833 Owen Jones set off on a journey across the Middle and Near East that would spark a lifetime interest in the world of design (Jones, 1868). Jones acquired paisley patterns from the Middle and Near East that he published in his book Grammar of Ornament in 1868. It is conceivable that Owen Jones influenced William Morris, one of the leaders in the arts and crafts movements in the nineteenth century who incorporated paisley into his patterns. With the ability to mass-produce wallpaper, the influence William Morris had on the world of design was magnified. His floral patterns made use of flowers, foliage and fruits, using his iconic designs for not only wallpaper but also interior covers for chairs and couches (Stewart, 2015 p94). Some of his most famous floral patterns appear to be influenced by paisley motifs. 
Paisley can be defined as brightly colored teardrop shapes. Embedded in other motifs, it is commonly used in combination with the fig tree, known in some cultures as a symbol of fertility (Stewart 2015, p95). There have been many different cultural interpretations of the paisley motif, ranging from a dragon, a yin and yang or a cypress pine (Stewart 2015, pp95). Perhaps the most famous interpretation was given to us by the ancient Babylonians (Reilly 1989, pp7), who considered it to represent the date palm shoot which symbolizes wealth and prosperity as the date palm has many uses, providing food, wine and thatch, and thus many of the necessities of life. 
The paisley motif has taken on many different expressions from geometric shapes to organic ones. The teardrop-like appearance that is the paisley we know today can, in and of itself, be a small motif or can be a buildup of smaller motifs. It has also been used in many different textile processes such as printing, weaving and stitching. Today it is typically associated with men’s wear, but it was originally known due to its appearance on cashmere shawls. There is evidence of paisley in Kashmir as early as 19th century India when it was worn by the men of Indian nobility (Lévi-Strauss 2013, p17). Paisley shawls were a technical masterpiece that could take up to three years to complete. The process begins with the cashmere goats of the Tibetan mountains, where the goats live during the winter. When the spring arrives they travel down the mountains in search of greener pastures, rubbing against rocks at they go and shedding their soft undercoat which is then collected by hand and is the staple of the cashmere shawl, so it not only takes a great amount of time to produce but passes though the hands of many skilled artisans. European travelers to India brought paisley shawls back with them, although they did not gain popularity until they were imported to Europe via the East India Trading Company (Jayakar, Irwin 1956). These shawls then became so popular that the import trade could no longer keep up with demand and production was taken up by weavers outside of Glasgow, Scotland in a weaving town called Paisley, thereby acquiring the name paisley (Reilly 1989, p9), superseding its original Hindu name of Buta or Boteh which translates to flower (Stewart 2015, p95). Therefore the history of the paisley shawl is itself a prime example of the evolution of paisley and the rich history it holds. 
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Gros. The Empress Josephine. 1809. 
Paisley shawls were popularized by upper class women such as the Empress Joséphine, Napoleon’s wife, who wore paisley shawls that he sent back to her from Egypt during his aborted campaign to invade India (Fabretti 2006). However there are conflicting accounts of when and who paisley shawls reached first: whether the East India Trading Company first imported it to England (Stewart 2015, p97) or Napoleon and his officers sent them from Egypt and Syria first while they were campaigning (Lévi-Strauss 2013, p26). Paisley shawls remained popular until the bustle came into fashion in the 1870s (Riley 1989, p10). Paisley has since come back in many different ways after its first iteration as a shawl. When printing on cotton became affordable, paisley was printed onto cotton bandanas and became synonymous with the American working class much in the same way denim was. Later, it was associated with the hippy movement in the 1960s; John Lennon reportedly had his car covered in paisley. In 1970s San Francisco it was a worn by gay men in their back pockets, and the color of the cotton handkerchief was an indication of one’s sexual proclivities. During the 1980s it was taken over as a gang symbol and identified to which gang one belonged. It was next appropriated by the Boy Scouts as a sign of troop affiliation (Stewart 2015, p105). An example of present day paisley in men’s fashion would be the designer Patrick Moriarty whose modern day adaptations of paisley patterns bring new life to old designs. His designs are for both interior and fashion; his most popular paisley patterns incorporate animals such as rats and cats (Moriarty 2014). This is yet another example of how the diverse and flexible paisley design has morphed and changed over time while keeping its integrity.
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(Cornish 2014)
Paisley lends itself to fractal iteration because of its resemblance to the Fibonacci spiral. The word fractal originates from the Latin fractus which means broken (Stewart 2015, pp125). A fractal is a mathematical term that forms a motif which can be repeated ad infinitum and is by definition a pattern.  As stated in Fractals Endlessly Repeated Geometrical Figures: “A fractal is a geometrical figure in which an identical motif repeats itself on an ever diminishing scale ”(Lauwerier, H. 1991, p xi). Fractals are often tied to the study of infinity. Benoit Mandelbrot, a mathematician born in Poland but who studied in France, brought them into the public eye. He was the first to be able to use the newly minted technological advances to his advantage and bring fractals to life on the computer screen, and because of technological advances, Mandelbrot’s fractal theory has also influenced many fields such as the financial market and the production of cell phone
technology.
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(Briggs, 1992, p76)
Fractals are made up of number patterns. There are three different mathematical sets (essentially different algorithms) used to create different fractal patterns. First, there is the Newton method, named after its creator Isaac Newton. This set is used by builders and architects to determine whether or not a material has the ability to hold a certain amount of weight or is able to bend a certain amount (Briggs, J. 1992, p149). The second set is the Julia set named after Gaston Julia, who studied complex dynamics. Julia published a mathematical study that propounded a new type of iterative transformation, which today are called the Julia set (Lauwerier 1991, p124). They remained obscure until Mandelbrot breathed new life into them using computer technology, building on the works of his predecessor Gaston Julia. Mandelbrot’s inspiration derived from work investigating topographical studies of the coast of Britain. An aerial analysis generated a mathematical number, and the further one zooms in on the aerial view the more angles one will see and the more angles and numbers one will find, on into infinity, demonstrating a fractal within the coast of Britain. He was able to use a computer to generate his equations and was one of the frontrunners in the push to bring mathematics and the arts closer together today (Lauwerier 1991, p124). There are also many practical applications for fractals, such as a fractally constructed antenna, which sends a better signal than otherwise constructed antennae. Another practical application for fractals would be that of the Computer-Generated Imagery landscapes, which are used to create good quality pictures within films.
Patterns are a grouping of objects organized in a visually pleasing format. A fractal is a mathematical pattern, since it can be repeated in varying degrees, and thanks to technology, has been brought to the visual word though computer graphics, where the mathematical equation is entered into the computer and the visual representation is generated. Different aspects of the equation are designated different colors, creating an ever-diminishing pattern (Briggs 1992, p150). When fractals were first able to be represented visually and became readily available to the general populace, there was some question as to whether or not a computer-generated mathematical equation could be considered art. Is the person who generates the fractal simply inputting the equations into the computer without adding any information of his or her own?  (Briggs 1992, p151) The answer to that question would be a definite no. The person in question does have many artistic choices when creating the output of the visual fractal: the choice of color in each iteration, a choice that affects the outcome of the image; the number of iterations affects the size and the depth of the image. These are personal artistic expressions of the generator of the fractal image. 
There are many crossovers between art and fractals. Jackson Pollock’s paintings have been proven to be redolent of fractal geometry, with his seemingly random splatters across the canvas; they are anything but random as there are in fact fractal patterns within his paintings (Taylor, Newell, Spehar and Clifford, 2005, p53). Considering these discoveries it can be deduced that the arts and mathematics go more than just hand and hand, they are able to crossover and work together to inform mathematics though art and to create art though the study of mathematics. 
This research has led me to consider the role of the mathematical formula and its uses in relation to surface pattern design throughout history to the present day. Examples of this have been paisley shawls’ precise woven designs that could be deduced as mathematically derived. As concluded from my research above, fractals can play a large part within the scope of surface pattern design. Therefore my research question for the dissertation would be around the notions of fractal patterns within and relation to patterns and their development in specific relation to paisley. My possible question and sub-questions are: 
How can mathematical formulas be encoded into surface pattern design and what might their present day uses be? 
How does a mathematical formula get encoded into surface pattern design?
How can a designer encode a mathematical formula into surface pattern design? 
What is the intersection between mathematics and surface pattern design?
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