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Figure 1. Exterior wall of great Mosgue at Cordoba Figure 2. Wall of gate house at entrance to National 

(photograph M. A. Hann). Museum of Korea, Seoul (photograph M. A. Hanni). 

    

Figure 3. Detail of leaf from 

Topkapi Palace Scroll (upper 

design 3a and lower design 

3b). Source: Topkapi Palace 

Museum Website. 

Although the three locations are distant geographicaly, it is readily apparent that the designs depicted 

are structuraliy similar. This similarity suggests knowledge of relevant geometry. The designs from the three 

sources are known as key (or fret) designs, a class of designs which shows remarkable universality. The aim of 

this paper is to demonstrate further this universality and in particular to address the guestion: Why do these 

designs from geographically distant locations have such remarkabiy similar structural features? 

2. The Space Between East-of-East and West-of-West 

The use of key-type designs can be detected in various ancient cultures. Jablan referred to evidence for 

their very early use in Palaeolithic times (from Mezin in the Ukraine) and also gave examples from late Shang 

dynasty China, Celtic Europe, fourth-to-first millennium BCE Western Siberia, as well as ancient Mexico and 

Neolithic Yugoslavia (1). An interesting article by Davidson noted the use of an “interlocking key design" in 

aboriginal Australian decorative art, and observed further the prominence of such designs in “Greece, China 

and Peru” as well as in the “Bronze Age deposits in Celebes” (Indonesia) (21. In addition to the areas mentioned 

above the use of key-type designs has also been prevalent to varying degrees in Egyptian tomb painting, 

”



İG KEY PAT 
  

various İslamic contexts (including Moorish, Turkish and Persian), as well as Anglo Saxon, traditional Korean, 

Japanese, West African, Peruvian and Indonesian forms of decoration. Probable the most prolific early form is 

the sub-class known as Greek key patterns, in widespread use during the Geometric Period (around 8th century 

BCE). These included border patterns with arrangements of zigzags, triangles, frets or swastika shapes. Sub- 

seguentiy the use of such designs could be detected in the Roman and Byzantine worlds as well as in Italian 

renaissance times. What is readily apparent is the ubiguitous nature of the class of designs. Various examples 

of key-type border patterns are given in Figure 4. 
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Figure 4. Examples of 

Key-iype Border Patterns. 

Source: L. F. Day, Pattern 

Design, Dover Publications, 

New York (1999) p.58 

3. Diffusion Versus Evolution 

Structurally-similar designs depicted in different environments and created at different points in time may 

result from two causes: a process of diffusion or exchange, which allows an idea or invention to be transferred 

from one geographical location to another or, alternatively, a process ofindependent discovery and evolution. 

The authors'position is generaliy that a vast range of design components (e.g. amotifofa particular type ora 

composition involving a particular structural geometry) result, to large degree, from a process of cultural diffu- 

sion. Cultural diffusion is the process by which cultural traits, belief systems, musical styles, cooking procedures 

and ingredients, material objects, ideas, artistic styles, inventions, inmovations or patterns of behaviour are 

spread from one social or geographical context to another. Such a process is integral to globalisation, a term 

coined in modem times to refer to the increased inter-connectivity between countries, societies and cultures, 

expressed primarily through trade and facilitated through developments in technology and communication. 

There are many examples of similar forms of decoration existing in different cultural or historical domains, 

attributable to acommon identifiable source and thus resultant from a process of diffusion. However itmay be 

the case that certain basic motifs and patterns (e.g. spots, stripes and checks) are examples ofclasses of designs 

developed largely on an independent basis across many cultures, time zones and geographical locations, thus 

suggesting a process ofindependent evolution rather than diffusion. 

Among theleading theoretical contributors to the development of diffusion theory and its associated con- 

cepts and perspectives were: Franz Boas (1858-1942) a pioneering anthropological field worker and theorisi; 

Leo Frobenius (1873-1938), the originator ofthe concept of cultural circles; Fitz Graebner (1877-1934), aleading



diffusion theorist; A. C. Haddon (1855-1940), a Cambridge zoologist and anthropologist, who produced an 

important book entitled “A Short History of Anthropology”; Thor Heyerdahl, a twentieth century Norwegian 

adventurer; A. L. Kroeber (1876-1960) a student of Franz Boas; Freidrich Ratzel (1844-1904) who contributed 

significantly to nineteenth century theories of migration and diffusion; W. H. R. Rivers (1864-1922) was a strong 

supporter of diffusion perspectives and spoke strongiy against evolutionist explanations (3-10). Diffusion the- 

ory therefore has its origins in the discipline of anthropology. In modern times, diffusion concepts have been 

used in the areas of archaeology, cultural geography, business studies and marketing. The work of Rogers and 

Shoemaker (1971) is of particular importance in introducing diffusion concepts to researchers from a wide 

range of disciplines in modern times (11). 

Trade has been a major stimulus for cultural diffusion. There was much trade between nations for many 

centuries before the commonly-accepted “Year One” In theory there was access between Europe (say Britain 

or Spain) in the west and Korea or Japan in the east. By the end of the first century BCE, there was substantial 

international trade, involving the Roman Empire (in the east of the Mediterranean), the Parthian Empire (Ira- 

nian Plateau), the Kushan Empire (current day Pakistan, north India and part of Afghanistan), a confederation 

of Central Asian nomads and the Han Dynasty (China). Various routes developed and terms such as “Amber 

Route? “Spice Route; and “Incense Route” as well as “Silk Road" (or “Silk Route”) have been used in relatively 

modern times to refer to geographically separate trade networks, often used during different time period3. 

The term “Silk Road” was first used by the German scholar Ferdinand Von Richthofen to refer to the network of 

trade routes stretching from China (Chang'an, or today“ Xi'an) to the eastern Mediterranean, extending over 

5,000 miles (8,000 km), with branches into South and South-east Asia. Silk and other woven goods were indeed 

transported, but so also were spices, porcelains, religious relics, precious stones, metals, jewellery and other 

precious items. Parallel with this, artistic method5, motifs and symbols, styles of music, religion, languages and 

literature, philosophies and political ideologies were transmitted from one region to others. 

Itis important to recognise that the Silk Route was a network rather than a single road and it is doubtful 

if many traders travelled the full distance, but instead exchanged good5 at various locations between east 

and west. Key points along the routes from Chang'an (regarded as the first or last staging post in China) were 

Lanzhou, the Gansu Corridor (between the Tibetan and Mongolian Plateaus), the Taklamakan Desert, Dun- 

huang, several alternatives which ultimately joined in Kashgar, the Pamir mountains, alternatives into Central 

Asia or southwards into Pakistan, India or Afghanistan, the Iranian Plateau, Black Sea, Marmara Sea, through 

the Balkans to Venice or across the Black Sea to Georgia and then to Constantinople (current-day Istanbul). 

From here, sea andlandroutes ledto North Africa and parts of western Europe including the Iberian peninsula 

(Spain and Portugal). Notable travellers associated with parts of the Silk Route include: Alexander the Great, 

Xuan Zang (sometime appears as Hsuan Tang), Marco Polo, Ibn Battuta, Aurel Stein and Sven Hedin. Religions 

associated in some way with the Silk Route include Buddhism, Islam, Manichaeism and Nestorian Christianity. 

Important periods, empires or dynasties, from the viewpoint of developments in the decorative arts as well as 

trade between nations, include: The Parthian period, the Sassanian period, the Kushan Empire, Han Dynasty 

China, Tang Dynasty China, the Mongol Empire and the Timurid period, as well as Safavid Persia, Mughal 

India and Ottoman Turkey. There are numerous examples ofartistic styles diffusing across the silk route and of 

ten connections between one culture or region and another can be found readily. Examples include Gandhara 

and Hellenistic sculpture or Persian silver and T'ang porcelain. It seems that diffusion is dependent on either a



  

portable object being transferred from one zone to another, or for certain knowledge, ideas, skills or principles 

being iransferred from one individual or group to another by word of mouth or through demonstration. 

lt seems also that knowledge and skills relating to mathematics (particularly geometry associated with 

building construction) also transferred from one culture to another. Precisely how this knowledge was trans- 

ferred is not entirely clear. If in written form, then literacy and linguistic skills in dealing with the language of 

ihe culture of origin would be reguired, though illustrations of geometric shapes/figures or arrangements may 

have been selfexplanatory from illustrations alone. A further possibility is that artisans migrated and settled in 

distant locations bring with them relevant knowledge and skills. 

It is largely accepted that the ancient Greek geometricians (such as Eudlid and Archimedes) drew hea- 

vily on the knowledge of the ancient Egyptians (possibiy through visits to north Africa). Subseguently, various 

Islamic mathematicians (e.g. al-Kwarismi) developed this accumulated knowledge further and also added 

insights from lands as far away as India. Such knowledge was then applied across several scientific and engi- 

neering areas as well as in the realms of architecture and decorative design (especially tiling designs). It seems 

ihat Fuclids Elemenis (the classic treatise which formed the basis of all geometry taught worldwide untül 

relatively recentiy) was safeguarded through its translation initially from Greek into Arabic and, a few centuries 

later, from Arabic into Latin (for transmission into much of Europe during early Renaissance times) (12). So in 

this case it seems that a process of diffusion is followed up by independent development and then subseguent 

further diffusion. 

A process ofindependeni evolution is occasionally argued as an explanation for cultural development. For 

example, some early anthropologists argued that all cultures are best considered Iying at some point along 

a line of evolution with some positioned ahegd of others, and that all cultures will ultimately (and indepen- 

denily) discover the necessary accoutrements of 'civilisation” such as, for example, the wheel, fire, writing and 

counting, the spinning of fibres, the weaving of thread5, pottery and metal smelting. While this “evolutionist” 

view has lost popularity, and it is İargely contrary to the perspective taken in this paper, it is not dismissed 

totally from the discussion and some recognition is given to the possibility that certain basic geometric knom- 

ledge and constructions may well have diffused from one geographic zone to another and were then applied 

independenily to achieve certain universal forms of decoration such as key-iype designs. 

As noted by Jablan, when observing the characteristics of very ancient Palaeolithic and Neolithic forms of 

ihe design class, all resultant designs seemed to result from the systematic manipulation of only a few basic 

units which he refereed to as “prototiles” (13). This calls to mind the principal of modularity in design whereby 

afew basic units or modules are capable of being arranged and re-arranged to produce a wide range of alter- 

natives within a collection of designs; although different, each design within the collection will have characte- 

ristics which place it cearly in the same class as its relatives. This is the case with key-type designs. 

It appears hat many designs in antiguity were planned and worked out using Sguared paper. It should be 

recognised that certain methods of working, for example, using sguared paper (as was the case with the Top- 

kapi Palace scroll designs) may encourage resultant similarities in designs produced. However such similarities 

would only be apparent in the simplest of cases. Also, as indicated in Figure 5, starting from a simple balanced 

black-and-white digamond-shaped grid, numerous alternatives (recognisable within the same class) are in- 

deed possible (although only a few are shown here). Figure 6 give a further impression of the wide-ranging 

possibilities readily evident from developments using a simple sguare-grid structure. 
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Figure 5. Alternatives from Figure 6. Examples of 

a simple black-and-white possibilities from a simple 

diamond grid. Source: A. sguare grid. L. £ Day, Pattern 

H Christie, Pattern Design 

  

An Introduction to the 

Study of Formal Ornameni, 

Dover Publications, New York 

(1969), p.297. 

4. Structural Variations in Key-Type Patterns 

Variations within the class of designs are apparent, and include singular-motif forms (e.g. the Indonesian 

hook-and-rhomb motif) or may come together as regularly repeating designs in the form of border or al/-over 

patterns. Component lines can be straight and at right angles or curved with rounded corners of varying deg- 

rees of thickness or thinness. Spiral-like forms, interlacements or Arabesgues seem to be further developmenis, 

but these are outside the immediate scope of this paper. 

Christie refers to the type of designs shown in Figures 1, 2 and 3 as swastika-type patterns, which he obser- 

ved were “..common throughout the Middle Ages” It is interesting that Christie proclaimed that: 

“Itis unfortunate that the swastika has been the subject ofmuch inconseguent discussion. The many fatu- 

ous meanings read into its most trifling, possibly accidental, variations, have gone far towards bringing serious 

mystical inguiries into discredit; and have tended to stigmatize what is, in reality, one of the most interesting 

pattern elements as a symbol of irresponsible nonsense” (14). 

Christie, writing in 1929, could not have anticipated the horrific connotations associated with the symbol 

during the 19305, and subseguentiy, particularly in Europe. Although itmay weli be the case that some designs, 

particularly border-type designs of the type shown in Figure 7, may well have been developed graphically by 

extending and connecting arms of the constituent swastika shapes, it is believed by the authors that designs 

of the sophistication shown in Figures 1, 2 and 3 were created following the procedure outlined below. The 

swastika shapes were therefore a secondary, resultant element or visual by-product of the construction rather 

that the initial basis of construction. 

The most straight-forward means of constructing (or drawing up) the class of designs is through the use 

ofsguared paper (though itis unknown precisely how such designs were developed in antiguity). Probabiy the 

simplest form of construction, though one that appears initially to be very complex, is the category considered 

as traditional to Korea, China and Japan. This category is“ shaped (ortwo “Ts? with one upturned). An examp- 

le is given in Figure 8. It can be seen that the fundamental repeating unit (or motif) is 17 sguares in length with
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double tails of 13 sguares overlapping at the top and bottom of the “7: When placed at 90-degree-rotational 

intervals a four-part unit results. When the unit is repeated in two independent directions across the plane the 

final design develops. Two further examples of interlocking key patterns are shown in Figures 9 and 10, 
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Figure 7. Border-iype key design. A. H Christie, Pattern Figure 8. Stages of possible 

Design. An Introduction to the Study of Formal Ornameni, o construction. Drawn by A, 

Dover Publications, New York (1969), Christie p.41 Humphrey. 
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Figure 9. Example of Figure 10. Example of 

inter-locking key-type inter-locking key-type 

pattern. Source: A. Fenn, pattern. A. Fenn, Abstract 

Abstract Design and How to Design and How to Create It, 

Create It, Dover Publications, Dover Publications, New York 

New York (1993) p. 128. (1993) p.128. 

5. Towards a System of Classification and Analysis 

Probabiy the most influential nineteenth-century study of pattern was Owen Jones' The Grammar of 

Ornameni (1856), which focused on the cultural and historical aspects of patterned ornament (15). Although 

this work was not concerned with the geometrical characteristics of pattern structure, it was an early attempt 

to categorise patterns in terms of their cultural and historical origins. A large proportion of the design literature 

of the İate-nineteenth and early-twentieth centuries focused on pattern construction. The fundamental geo- 

metric principles underlying the construction of regular repeating patterns was indeed understood by many 

observers; relevant literature in this category has been identified by Hann and Thomson 16/16). A small num- 

ber of publications are of particular interest as they suggest perspectives similar to those used at a later date in 

more mathematicaliy-focused work. Meyer, for example, grouped designs according to spatial characteristics 

 



into enclosed spaces, ribbon-like bands, or unlimited flat patterns, corresponding to motifs, border patterns 

and ali-over patterns respectively (17). Meyer also recognised that there was a :..certain division, a subsidiary 

construction or a network; anticipating the principle of lattices underlying the structure of all-over patterns 

(181. Stevenson and Suddara5, in their appraisal of the geometry of Jacguard-woven patterns, illustrated.cons- 

tructions based on rectangular, rhombic, hexagonal and sguare lattices (19). Similarly, Day (1903) empha- 

sised the geometrical construction of patterns, illustrating ali-over patterns based on sguare, parallelogram, 

rhombic and hexagonal type lattices (20). Christies Pattern Design, first published in 1910, made a formal 

classification of patterns according to the motifs appearing within them, rather than by reference to time pe- 

riods or culture (21). This work is of significance as it represents an early stage in the categorisation of patterns 

in terms of their geometric properties. The works of Walker and Padwick (1977), Schatischneider (1978, 1986) 

and Stevens (1984) made the consideration of pattern symmetry accessible to a non-mathematical audience 

(22-25). In 1980, Crowe presented a flow-chart to aid the recognition of the seventeen symmetry classes of ali- 

over patterns (26). This was developed further in collaboration with Washburn in 1986 (27). Grünbaum and 

Shephard (1987) charted much of what is known currentiy about the geometry of both regular tilings and pat 

terns; in fact their work is the obvious landmark to date in the mathematical investigation of the subject (28). 

Washburn and Crowe (1988) published an impressive work dealing with the theory and practice of pattern 

analysis and, in particular, with the use ofsymmetryconcepts as an gid tothe classification of designs from dif- 

ferent cultural settings and historical periods (29). This has proved to be a classic reference for anthropologists, 

archaeologists, art historians, mathematicians and designers. A series of papers produced by Hann presents 

a comprehensive review of theoretical developments during the latter part of the twentieth century (30-32). 

Itis now therefore well established that regularly-repeating patterns can be classified readily by reference to 

their underlying geometric or symmetry characteristics. In brief, a group of four geometric actions known as 

symmetry operations combine to form seven possible classes of border patterns and seventeen possible classes 

of all-over patterns. İt is of course the case that variations in line, texture, colour and scale, can yield infinite 

possibilities (aesthetically) within each class. Symmetry is an underlying feature, which is read subliminally or 

unconsciousiy, and believed to have deep cultural significance. 

Itis now accepted widely (indeed established) that when a representative group of patterns from a given 

historical or cultural context, is analysed by reference to symmetry characteristics and classified accordingiy, 

a non-random distribution of symmetty classes results. Also, different cultural settings and historical periods 

exhibit their own unigue symmetry preferences. İt is therefore well established that symmetry classification is a 

culturaliy-sensitive tool, Indeed symmetıy classification could be useful as a means of pinpointing cultural ad- 

herence, continuity and change (possibility as a result of diffusion). Subject to the availability of representative 

(and chronological) collections of data, symmetry classification could be used to evidence the pointin the past 

when cultural diffusion actualIy took place. 

6. A Preliminary Analysis 

Itisnotthe intention ofthis paper to report on a wide ranging empirical survey but rather to suggest a met- 

hodology which could be of value in determining whether or not cultural diffusion took place. In other word5, 

accepting that different cultures express their own unigue symmetry preferences and also that symmetiy pre- 

ferences will vary as a result of cultural change, it may be worth analysing representative selections of key-type



  

      

patterns from different cultures, in order to determine the degree of similarity and thus the degree to which 

such cultures may have come into contact with each other and initiated a process of diffusion. Research with 

this focus is in the early stages and this paper reports on preliminary findings only. An examination has been 

made of small numbers of key-type all-over patterns from the three locations, including the interlocking key 

designs indentified in Figures 1, 2 and 3. A predominance of four-fold rotational symmetry can be reported. 

Also of great importance is the fact that the interlocking key-iype ali-over patterns identified in Figures 1, 2 

and 3 are of exactly the same symmetry class (class p4gm). It is worth reporting further that this particular 

symmetiy class is probabiy the most complicated, in terms of constituent symmetries, of the seventeen pos- 

sible al/-over pattern classes. In view of this it is difficult to resist the proposal that the relevant cultures came 

into some degree of direct contact, involving person to person interaction, rather than either indirect and more 

remote contact, and involving several stages of interaction across time and from zone to Zone between the 

three geographical locations. 

7. Conclusion 

The geometrical intricacy of the inter-locking key-type patterns from Spain, Iran and Korea present a 

challenge in terms of analysis and, in particular, in accounting for their close structural similarity. Symmetry 

dassification is a clear and objective means for confirming this similarity, rather than relying on subjective 

comparison only. Although the three inter-locking key-type designs presented in Figures 1, 2 and 3 have minor 

structural differences (not obvious immediately to all observers), they are identical in terms of their underlying 

symmetıy. Key-type designs are exceedingiy universal, and early indications in this investigation suggest the 

use of various types of the design class within most continents at some time over the past three millennium. 

The survey of the evidence suggesis to the authors that independent invention and discovery in isolation may 

have initiated certain rudimentary key-type designs built from cross-type line configuration (thus accounting 

for the wide spread use of the design). However the sophistication (in the geometric sense) of the interlocking 

key patterns and their close structural similarities suggests a process of independent discovery in one centre 

and further development in the wake of diffusion, possibility in several directions and involving several diffe- 

rent culture. In the context of the interlocking key patterns shown in Figures 1, 2 and 3, it is believed by the aut- 

hors that regular trade and freguent interactions were instrumental in design development. It is worth noting 

that it has been observed that during the 7th and 8th centuries CE, the Silk Road connected Korea with Arabia, 

and in 845 CE an Arab trader proclaimed that: 

“Beyond China is a land where gold abounds and which is named Silla fan ancient name for Korea|. The 

Muslims who have gone there have been charmed by the country and tend to settle there and abandon all 

idea of leaving” (33). 

Itis interesting to note that around the same time, Arabic influence (particularly from Syria) was exercised 

to the west in a/-Andalus. However while significant numbers of key-type patterns have been found in non- 

Arabic regions (including Turkey and Iran), the design class is not readily evident in the bulk of Arabic countries. 

So the evidence collected to date (surprisingiy) does not support an Arabic source. Substantial further research 

is reguired however in order to confirm whether or not this is the case. İt is necessary to determine more pre- 

cisely the chronology and extent of the interaction between east and west, and also to suggest a chronology 

of key-iype pattern development. There does however appear to be sufficient evidence to suggest a process of 

 



diffusion rather than independent discovery of complex versions of the design class in al-Andalus, Korea and 

Iran. 
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