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Introduction 

While there are several directions in which urban evolution can be examined based on 

complexity and fractal theories, this research focuses on geometrical rather than 

functional aspects. Therefore, this chapter takes the first step in focusing the research by 

identifying the advantages of fractal geometry in comparison to conventional Euclidean 

geometry in urban morphological analysis. In the first part of the chapter, the geometry 

of straight lines as applied to architecture and urban form will be interpreted.  In the 

second part, the strengths and weaknesses of such geometry will be discussed. 

 

The chapter attempts to review the significance of geometrical approaches towards the 

built environment in various historical periods. This brief review does not cover the 

history of urban forms, instead aiming to emphasise how developments in the science of 

geometry have equipped humans with a mathematical tool to conceptualise their 

environment; and highlighting how the geometry of straight lines – known as Euclidian 

geometry – governs the way we think and build our cities. It will then be argued that 

even though this geometry has gained success in some aspects of architecture and city 

design through history, it has failed to describe the substantial complexity that exists 

within the city fabric; hence a new theory of urban form and growth is required that can 

explain more accurately how cities develop and should be developed. In this sense, the 

main goal of this chapter is to establish the reasons why new insights into the evolution 

of urban form require some knowledge of complexity and fractal geometry. 



Chapter Two: The geometry of straight lines 

 

www.toofanhaghani.com 20 

2.1 Part One: The Implications and Interpretations of Euclidean 

Geometry as Applied to Architecture and Urban Form 

2.1.1 The origins of geometry and its role in shaping the built environment 

„There is evidence that man always made sense of the world through 

powerful simplifying abstractions which seek out the underlying 

principles and order in our experiences and perceptions‟ (Batty and 

Longley, 1994, p.10). 

 

According to Batty and Longley (1994), humans have sought such abstraction to simplify 

the world visually and impose a smooth geometry on art so that its meaning can be 

communicated in the simplest and the most effective way. In fact, the science of 

geometry has enabled people to define their relationships with their natural and built 

environment, by measuring spaces and objects within nature and consequently reflecting 

their perception and interpretation on what they created such as paintings, sculptures, 

handicrafts…, as well as buildings and cities. 

 

Human kind ----------------------------------- Nature 

 

Based on archaeological evidence, today we know that humans attempted to devise a 

simple geometry describing natural phenomena (Janson, 2001). This geometry enabled 

them to simplify and abstract the natural environment into simple lines, circles, and dots. 

This also assists them to make a sense of their environment by measuring the size and 

distance of objects and comparing their proportions (Gardner, 1970). This can be 

observed in cave paintings (15,000 – 7000 BC) and the primitive tools and crafts 

remained from them during this period. Stone Age cave paintings revealed a primitive 

way of symbolizing nature in very simple geometrical signs (figure 2.1). Humans 

Geometry 
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employed geometry in many ways such as: describing natural shapes, creating symbols 

for visual communication, expressing belief, emotion, metaphysical metaphors, and 

imposing mathematical order to define territories and in shaping his built environment.  

 

 
Figure 2.1: The above cave paintings found shows that man improved his ability from naturalistic 

perception of nature (Left, Dordogne, France, 15,000-10,000 BC) to more abstract signs 

imbedded in rectangular format (Right, Standard of Ur, Mesopotamia, 2600 BC). (Left, Gardner, 

1970, p.16; Right, Janson, 2001, p.67)  

 

Nickolas Salingaros (1997, 1999, 2003, 2005), a mathematician with a broad interest in 

the conceptualization of fractal geometry, believes that „geometry‟ as one of two main 

branches of pre-modern mathematics could provide a universal grammar for architecture. 

He states that geometry explains the role of detail, colour, decoration, matching shapes, 

repetition of units, etc; and in traditional architecture, it was a vocabulary for achieving 

coherence. He states that, in the past, the relationship between mathematics and 

architecture was two-way, reinforcing, and mutually beneficial (Salingaros, 1999). 

Symmetry, mathematical proportion in the Renaissance architecture (e.g. Alberti‟s work), 

and the Golden Section in classical and humanistic architecture, are some examples of 

this key mutual relationship. The next section elaborates some of these examples to 

highlight the role of the science of geometry in shaping the built environment through 

history. 
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2.1.2 A brief history of geometric implications for architecture and urban form 

2.1.2.1 Geometry of antiquity: 

 
„There is no sense in the written record of any time when man‟s spatial sense of 

order was less developed than in modern times, although the association of 

geometrical order with science and with the means to impose that order through 

technology has changed substantially since the first urban civilization emerged‟ 

(Batty and Longley, 1994, p.11).  

 

In the long history of city forms and shapes from western Asia and Mesopotamia to 

today‟s new towns, the science of geometry has played an outstanding role. While most 

early settlements are marked by „natural‟ or „organic‟ growth (figure 2.2, left), there are 

some examples of „planned‟ developments where a simple but precise geometry was 

employed (Morris, 1994; Kostof, 1991). From the earliest settlements, people have 

sought to impose the notion of visual abstraction and pure geometry on both natural and 

artificial phenomena such as towns. The Babylonian city of Ur, the Egyptian city of Tel-

el-Amarna, Kahun, Mohenjo-Daro in the Ancient Indus Valley, etc, all had elements of 

geometrically ordered streets and buildings and some followed gridiron plans (figure 

2.2). 

 

 
Figure 2.2: Geometry of early settlements; the organic plan and schematic reconstruction of Huyuk in 

Mesopotamia (left and middle) as compared to the gridiron plan of Kahun in ancient Egypt (right). 

(Middle, Gardner, 1970, p.32; Left and right, Morris, 1994, pp.19, 29) 
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There is no doubt that the Egyptian civilization was also clearly aware of the science of 

geometry, by which they divided agricultural lands, measured the boundaries of the 

annual floods of the Nile and so on. The Egyptians considered the world to be a flat plane 

and that the river Nile passed through its centre. In the Egyptians‟ mind, the line from the 

South to the North was drawn by the river while the East-West direction was defined by 

the sun, the four basic directions that inspired them to orientate their buildings. Records 

also show that they were clearly aware of the Pythagoras‟s 3-4-5 proportion to create a 

perpendicular line by which their buildings such as the Pyramids obeyed precise 

geometry (Bianca, 2000). 

 

However, it was the Greeks who first founded the philosophical approach towards the 

science of geometry and developed it to plan and build their cities. A long line of Greek 

scientists and geometers (e.g. Pythagoras, Plato, Aristotle and Euclid) assembled a 

science that ultimately provided the foundation for later civilizations. They developed 

our visual senses to the point where „art and science came to be treated as one‟, and 

where „the imposition of geometry upon the nature was first interpreted though the 

medium of science‟ that has been continued ever since (Batty and Longley, 1994, p.11). 

While scientists such as Aristotle (circa 384 BC – 322 BC) contributed to the key ideas 

and concepts of understanding and classifying nature, Euclid (circa 325 BC–265 BC), in 

particular, established the geometrical principles and forms which dominated the history 

of architecture, city planning, and design – known  as Euclidean geometry (Pearson, 

2001). 
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Figure 2.3: The Parthenon, Athens (447-432 BC). The geometrical analysis (right) reveals the 

effect of „Golden Section‟ (left) on the distribution of elements across the façade (middle). 

(Ching, 2007, pp.303-304)   

 

 

In architectural terms, as Ching (2007) describes, the Greek public buildings obeyed 

precise proportions (e.g. golden section, figure 2.3) based on the belief that certain 

numerical relationships manifest the harmonic structure of nature (the Pythagorean 

concept, see 2.15, left). In urban terms, however, ancient Greeks (before 400 BC) tended 

to create a harmonic relationship between the city form and its natural terrain (e.g. 

Athens, figure 2.4).  

 

According to Benevolo (1980), this concept was applied to early Greek cities, 

particularly those before the classic and Hellenistic eras, where houses developed 

organically around public places and followed natural topographical features of the 

nature. Although each individual public building within an agora (Greek public space) 

obeyed a pure and proportional geometry, their composition at the city scale did not 

violate the organic features of the terrain. Therefore, it can be claimed that the structural 

and organizational order of the city as a whole „was not the result of any fixed forward 

planning policy‟, but the result of „the process of self-improvement‟ (Benevolo, 1980, 

pp.71-72). 
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Figure 2.4: Athens‟ rough plan and a view of its agora during the Roman period which 

reveals its geometrical harmony with natural features. (Benevolo, 1980, pp.92-94) 

 

In the case of Athens (figure 2.4), for instance, Benevolo (1980, pp.60-72) described the 

geometrical characteristics of the city as follows: 

„Neither the streets nor the walls nor the monumental buildings succeeded in 

concealing the natural contours... and the lines of the countryside.‟ 

 

While this is relevant for the early Greek cities such as Athens and Delos, evolving and 

growing gradually without planning, there was a group of cities, reconstructed later in the 

classic era (480 BC – 323 BC) such as Miletus and Priene (figure, 2.5), which had 

defined plans with specific divisions created by a regular geometry. The latter group 

manifested clearly a shift from philosophical approaches to analytical and socio-political 

views toward geometry and its role in city planning and design. 

 

 
Figure 2.5: The imposition of the Hippodamian grid – as opposed to natural lines of surrounding 

nature – in Miletus (left) and Priene (middle, and right). (Morris, 1994, pp.43-45) 
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The influential idea of the gridiron layout was developed by one of the first known city 

planners, „Hippodamus‟ (circa 498 BC–408 BC). He proposed a city plan that featured 

order and regularity, in contrast to the intricacy and complexity that were more common 

in earlier Greek cities, and he is called the originator of the idea that a town plan might 

formally embody and clarify a rational social order (Morris, 1994).  

 

The Romans moved on from Greek philosophy of geometry to practice. The influential 

work by Vitruvius (circa 80 BC – 15 BC) developed the science of geometry to a more 

functional level at both architectural and urban scales. His „homo quadratus‟ – the figure 

of a man with extended arms and feet (figure 2.6, left) – fit neatly into the square and 

circle which were considered the most perfect geometrical figures (Ching, 2007). The 

Romans found that these two shapes are structurally stronger and more economical than 

earlier straight post and beam designs, hence which they developed arches, vaults, and 

domes (Pearson, 2001).  

 
Figure 2.6: Left, circle and square were assumed as perfect geometry in Vitruvian man (drawn 

by Leonardo da Vinci); Middle, three types of Roman vaults based on combination of circle 

and square; Right, plan of the Pantheon, 118-25 AD. (Left, Ching, 2007, p.292; Middle and 

right, Gardner, 1970, pp.211-212) 

 

At city scales, the Romans established a series of military towns and camps (called 

castra) within their vast empire to be able to control their territories. The main structure 

of a Roman camp obeyed a simple rectangular geometry created by two perpendicular 

long streets (decumanus and the Cardo) with the emphasis on certain buildings (e.g. 
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basilicas) or monumental elements (e.g. statues). This regular urban layout facilitated 

military movement (figure 2.7).  Further to the functional purposes, the geometrical 

prototype of this model was a way to express the dignity and power of the empire. The 

pure, straight, and powerful geometry became the master plan of many colonial cities 

after they had been conquered by the Romans, which implied the dominant unity of the 

Romans across their territories (Mumford, 1961).  

 
Figure 2.7: Timgad, North Africa (circa 100 A.D.); a typical example of a Roman 

castra. (Gardner, 1970, p.205; annotated by the author) 

 

Vitruvius is well known not only for his significant contributions to the field of 

architecture and city planning, but for inspiring and motivating other artists and architects 

in the early Renaissance. His significant work ‘De Architectura libri decem’ (Ten Books 

on Architecture) is the only complete treatise on arts, architecture and urbanism to 

survive from classical antiquity (Encyclopaedia Britannica, online, undated).  In this 

book, he outlines fundamental considerations to be observed in designing towns and 

describes the features of a city laid out on a circular plan (figure 2.19). „His ideas were 
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not, however, illustrated by an actual plan… and this is a form never used in practice by 

the Romans for any of the countless military camps and towns they established 

throughout the empire‟ (Morris, 1994, p.169). Nevertheless, it can be claimed that 

Vitruvius himself was advocating theoretically the concept of ideal city, which later 

influenced on the Renaissance planners who developed his idea.  

 

2.1.2.2 Divine geometry of dark ages (the Middle Ages): 

The gap between classical antiquity and the Renaissance was regarded „as a thousand 

dark and empty years‟ (Gardner, 1970, p.368). During this period (circa 400–1400 AC), 

the science of geometry did not make any significant progress, instead, it was shifted 

from humanistic and naturalistic philosophy towards a divine state of mind under 

Christian spirituality. In architectural terms, it means: 

„You make each building in a way which is a gift to God. It belongs to God. It does 

not belong to you. It is made to serve God, to glorify God. It is not to glorify you. 

Perhaps, if anything, it humbles you‟ (Alexander, 2004, p.304). 

 

While some elements of mystical and mythical interpretations have been established by 

earlier civilizations (e.g. the Egyptians and the Greeks), divine geometry was enhanced 

through the “Early Medieval”, “Romanesque”, and “Gothic” periods (Pearson, 2001). 

During these periods, mathematics and abstract geometry were considered the only 

appropriate expression of order and perfection created by God. For instance, in the 

Byzantine Empire, architecture was re-inspired with the ideas of divine proportion and 

mystique of numbers, and developed the Roman form of a dome placed on a square to 

create the typical Byzantine cross-in-square church plan (figure 2.8, left) and the Roman 

Basilica to the cross-in-rectangular plan (figure 2.8, right). 
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Figure 2.8: Two examples for geometrical evolution from the Roman forms to 

Byzantine and Romanesque churches. (Janson, 2001, pp.164, 167, 218,  276) 

 

The line of evolutionary change in church architecture continued during the Gothic 

period where the application of the rib vault and the pointed arch provided a sophisticated 

architectural technique. Figure 2.9 shows how the geometrical difference between the 

Romanesque and the Gothic vaults resulted in a lighter, more flexible structural system. 

One of the characteristics of this system is its emphasis on the height with the columns 

and arches featured by several vertical lines (figure 2.10, middle and right).  

 
Figure 2.9: The geometry of the rib vault (3) as compared to the domical vault (2) is 

a lighter more flexible system, affording ample space for large windows. While the 

height of the semi-circular arch depends on the width of the vault (1) the pointed arch 

can maintain the same height with varied vault width. (Gardner, 1970, p.332)  



Chapter Two: The geometry of straight lines 

 

www.toofanhaghani.com 30 

 
Figure 2.10: The geometrical emphasis on height (Verticality) in the 

Gothic architecture. The buttress structure (left), the Nave elevation 

of Chartres (middle), and the choir vault of Amiens (right). (Janson, 

2001, pp.313-314, marked with red arrows by the author) 

 

According to Bony (1983), the Gothic architects used height and light to obtain a feeling 

of aspiration toward God and heaven. They did this through the use of pointed arches, rib 

vaults, and the creative wall supporting system called „flying buttresses‟ by which the 

weight of the building is placed on outside supports (figure 2.10, left). Since the walls 

were freed from bearing the weight of the ceiling, they could be designed with large 

openings. Artists filled these openings with the stained glass – tiny pieces of coloured 

glass fit together to form images which told the stories of Jesus and the saints. According 

to Bony (1983), „Lightness‟ and „colour‟, together with „tall vertical elements‟ give the 

worshiper an image of the Heaven, an experience of the other world (figure 2.11). 

 
Figure 2.11: Chartres Cathedral‟s interiors; light, 

colour, and verticality in the Gothic architecture. 

(Left, Janson, 2001; Right, Branner, 1969) 
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Figure 2.12: The geometrical dominance of the medieval cathedrals at city scales: a) a model of 

Mont St Michel; b) Siena, an aerial view of the city centre and the Piazza del Duomo; c) St 

Mark‟s Square, showing the Palace and the Cathedral. (Benevolo, 1980, pp.307, 321) 

 

Divine geometry had an impact at city scales too. The form of many medieval cities (e.g. 

figure 2.12, left) can be described as compact but nevertheless irregular, where buildings 

sited around central market square and church, following the form of the terrain (Lorenz, 

2003). It can be claimed that there was geometrically a monumental competition in the 

townscapes of that time period between the cathedrals and the palaces associating with 

two social groups – clergy and aristocracy (e.g. figure 2.12, right). However, in the most 

cases, the glory and the height of the cathedral are a dominant element in the skyline of 

the medieval city (Mumford, 1961). It is this background that Le Corbusier describes in 

his book – written in 1937 and entitled „When the Cathedrals were White’ (quoted by 

Benevolo, 1980, p.312): 

„… Above all the cities and towns encircled by new walls, the skyscraper of God 

dominant the countryside. They had made them as high as possible, extraordinarily 

high. It may seem disproportionate in the ensemble. Not at all, it was an act of 

optimism, a gesture of courage, a sign of pride, a proof of mastery! ...‟ 

 

Urban historians (e.g. Mumford, 1961; Kostof, 1991), however, believe that the theories 

of absolute proportion lost their original significance in planning cities during the Meddle 

Ages. A fair summary of the situation was given by Paul Zucker – the author of “Town 

and Square” – that „except in the comparatively few planned towns, the organization of a 
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town as a whole was neither understood nor desired by the builders of the Middle Ages‟ 

(quoted in Morris, 1994, p.102).   

 

According to Morris (1994) and Benevolo (1980), medieval cities mainly did not obey a 

regular predetermined plan, and even some cities originated from the Hippodamian 

schemes or the gridded Roman colonies gradually transformed into less regular and 

randomly oriented patterns (see figures 2.13, and 2.14). There are, also, several medieval 

new towns (e.g. the bastides) or „medieval planned extensions‟, which started out from a 

gridiron plan subsequently underwent uncontrolled expansion and change‟ (Larkham et 

al, 1991, p.44; and Morris, 1994, p.92). It can be claimed that the initial geometrical 

order in the layouts of this type of medieval cities is due to the convenience of gridiron 

implementation rather than scientific or philosophical planning purposes.  

 

 
Figure 2.13: The Centre of Damascus; the outline of the Islamic city overlays the 

Hippodamian scheme of the Hellenistic city – marked by dotted and dashed lines – changing 

its geometricality.  (Benevolo, 1980, p.260)  
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Figure 2.14: Three stages in the development of the city of Regensburg from its Roman frontier 

castra origin. The layout of 1100 AD within the castra perimeter shows little sign of the 

original Roman gridiron. (Morris, 1994, p.104)  

 

 

2.1.2.3 Rational geometry of the Renaissance: 

„The Citta ideale of the Renaissance is really the rationalization of a 

medieval type…‟ (Giedion, 1956, p.45). 

 

The revival of the classical principles in the Renaissance (between the 14
th

 and 17
th

 

centuries) led to the scientific interpretation of nature, in which divine expressions have 

been replaced by rational analysis. The Gothic period was criticised by the Renaissance 

scientists „who scorned the lack of conformity of Gothic art to the standards of classical 

Greece and Rome‟ (Gardner, 1970, p.327).  

 

In architectural terms, the Renaissance scientists renewed the classical theories of 

proportion based on human form. Leonardo da Vinci (1452-1519 AD) made his famous 

drawing of Vitruvius‟s „homo quadratus‟ (as shown earlier in figure 2 .6, left), and 

Michelangelo (1475-1564 AD) held that knowledge of the human figure was vital to a 

comprehension of architecture (Pearson, 2001). Leon Battista Alberti (1404-1472 AD) 

believed that mathematics could lay the basis for the beauty of buildings and urban 

spaces, and returned to the Greek mathematical system of proportions (Ching, 2007; see 

also Allsopp, 1959).  
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Figure 2.15: Left, Pythagoras‟s theory of numerical intervals of the Greek musical scale. 

Right, the geometrical translation of Pythagoras‟s theory as applied to the Renaissance façade 

(Santa Maria Novella) by Alberti. (Ching, 2007, p.314) 

 

 

Ching (2007, p.314) writes that „just as the Greeks conceived music to be geometry 

translated to sound, the Renaissance architects believed that architecture was 

mathematics translated into spatial units‟. They applied Pythagoras‟s theory of means to 

the ratios of intervals to develop an unbroken proportion of ratios that formed the basis 

for the proportions of the Renaissance architecture (figure 2.15). Pearson (2001) writes 

that with the new „Age of Reason‟ and „the birth of modern scientific method‟; 

architecture also came to be a science, and that each part of a building, inside and out, 

had to be integrated into one system of mathematical ratios.  

 

Alberti believed that mathematics is the common ground of art and the sciences. In his 

books – „On Painting‟ (1435) and „On Architecture‟ (1452) – Alberti referred to 

Vitruvius and claimed that architecture is essentially to be governed by mathematical 

laws and proportions (see Allsopp, 1959, pp.27-45; Janson, 2001, pp.612-613). The 

Renaissance architects not only applied the theories of proportion and mathematical 

beauty to unify the interior and exterior of their designed buildings, but to integrate 

separate buildings and elements in an urban space. They employed Roman-origin arcades 
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as a geometrical means to introduce order into several squares in Italian cities (Giedion, 

1967).  

 
Figure 2.16: The arcade of Brunelleschi‟s Foundling Hospital (left) set the pattern for the later 

enclosure of the Piazza Annunziata (middle, and right). (Right, Allsopp, 1959, p.18; Right, Morris, 

1994, p.174; Middle and left, Mumford, 1961, p.277) 

 

According to Morris (1994), the Pizza Annunziata in Florence is of great significance as 

a work of the Renaissance urbanism; the beautiful arcaded façade of the Foundling 

Hospital (1417-1419 AD) – designed by Filippo Brunelleschi – initiated the pattern for 

the eventual enclosure of the square. The pattern was followed by some other architects 

such as Michelozzo in 1454 and Giovanni Caccini in 1601-1604 to apply unity to the 

unresolved space in front of the church (figure 2.16).  The square in front of St. Peter‟s – 

first proposed by Michelangelo (1475-1564 AD) and later completed by Bernini (1598-

1680 AD) – is another example of the Renaissance arcaded squares (figure 2.17).  

 
Figure 2.17: Arcades as means of imposing geometrical order on former irregular public 

places during the Renaissance; the plan and aerial view of St Peter‟s Square. (Benevolo, 

1980, pp.585, 587) 
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Apart from the influence of the rediscovery of the Greek and Roman ideas, the discovery 

of perspective provided a new conception of space – focusing on the eye of the viewer – 

that can be interpreted by relating the world to man (figure 2.18, left).  Giedion (1967, 

p.31) explains that, „in linear perspective… objects are depicted upon a plan surface in 

conformity with the way they are seen, without reference to their absolute shapes or 

relations. The whole picture or design is calculated to be valid for one station or 

observation point only‟. In a perspective representation, therefore, every element is 

related to the unique point of view of individual inspector (see also Lorenz, 2003; 

Hersey, 2000).  

 

During the Renaissance, principles of perspective became a powerful attitude of mind in 

drawing, painting, architecture, and city design. In architectural terms, it meant that the 

space as an entity with the interactions of thousands of separate elements could be 

coordinated by only one or two vanishing points. Figure 2.18 shows perspective 

principles with one and two vanishing points in the work of two Renaissance artists, and 

the reconstruction of „Filippo Brunelleschi‟s (circa 1425) attempt to create a painted 

optical projection of the Florence Baptistry, the Pizza San Giovanni [and Piazza della 

Signoria] in which it stood‟ (Hersey, 2000, p.162). 

 

 
Figure 2.18: A and B) reconstruction of Brunelleschi‟s experiment (showing a view of Piazza 

della Signoria). C) An architectural scene in one-point linear perspective by an unknown artist 

(circa 1470 AD). D) two-point linear perspective by Ferdinando Galli (1711 AD). (C, Benevolo, 

1980, p.523; A, B, and D, Hersey, 2000, pp.162, 163, 166) 
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The discovery of perspective, together with the revival of Vitruvius' ideas on good city 

form, inspired some of the Renaissance scientists from Antonio Filarete (1404–1472 AD) 

to Vincenzo Scamozzi (1552–1616 AD) to develop the theory of ideal cities, and led to 

the concept of radial streets and straight axes a little later in the Baroque period. 

According to Batty and Longley (1994, p.23), „the need for regularity laid out city 

blocks, ideal town plans that were much more ambitious than anything previously‟; and 

therefore, the Renaissance can be called „the time of high theory for the city of pure 

geometry‟. And, Giedion (1957, p.45) interpreted the star-like geometry of the 

Renaissance ideal cities as „the rationalization of a medieval type‟ in which the castle, 

cathedral, or main square formed the core of the town and encircled by several belts of 

houses (figure 2.19). 

 

 
Figure 2.19: A) Geometric translation of Vitruvius‟ idea on good city form; B) the first fully 

planned ideal city by Filarete; C) the ideal city of Danieli Barbaro based on his commentary on 

Vitruvius; and D) Palma Nova, realised by Scamozzi. (Morris, 1994, pp.169-172) 

 

The Renaissance town planning flourished during the Baroque period (circa 17
th

-18
th

 

centuries) when the city became a functional, calculated, homogenous, and 

comprehensive work of art that represents an object of prestige (Lorenz, 2003). Idealized 

planning principles were also applied to existing cities by the construction of 

geometrically regular fortifications, but also by cutting up the existing structure for 
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installing radial and axial streets (figure 2.20).  The star-shaped towns and the Baroque 

axial streets were also a logical response to the Renaissance perspective. As Giedion 

(1957, p.54) describes, it is based on „a strictly limited range of distance and demands a 

measurable point of optical arrest‟ in which the horizontal lines along the straight street 

set a focal interest in an architectural element (e.g. an arcade, a statue, a city gate, etc) „in 

the extreme background as a sort of ultimate target for the eye‟. In other words, a focal 

interest terminates a vista. 

 

 
Figure 2.20: The conformity of radial and axial streets to the Renaissance perspective. Left, plan 

of new streets of Rome, following the schemes of Sixtus V. Middle, the three streets that 

converge on the Piazza del Popolo. Right, a masterpiece of perspective in the short street of the 

Uffizi in Florence. (Left and middle, Benevolo, 1980, pp.582, 592; Right, Mumford, 1961, p.276)  

 

In the 17
th

 and 18
th

 centuries, the Baroque style tried to enforce its principle, wherever it 

could, to give a uniform appearance to an existing unplanned city. Kostof (1991, p.44) 

writes:  

„Baroque city-makers everywhere urged, or legislated when they could, that street 

defining buildings be brought to the edge of their lots in a straight line, and further, 

that they be given identical facades‟.  

 

After the implementation of the radial streets and straight axes in Rome under Pope 

Sixtus V (during the late 16
th

 century), these principles were widely applied to other 

European cities such as the proposed plans for the city centre of London after the great 

fire in the late 17
th

 century; the palace parks of Versailles and Karlsruhe in the 17
th

 and 
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18
th

 centuries respectively; Nash‟s Regent‟s Park in London during the early 19
th

 

century; Haussmann‟s Paris in the mid-19
th

 century and so on (figure 2.21, from a to e).  

 
Figure 2.21: The Baroque street layout; a and b) the proposed plans for the city centre of 

London by Evelyn and Wren in the late 17
th
 century, c and d) the palace park of Versailles 

and Karlsruhe, e) plan of the environs of Paris during the mid 18
th
 century, and f) L‟Enfant‟s 

plan of Washington DC in the early 19
th
 century. (a, b, c, d, and e, Benevolo, 1980, pp.668-

718; f, Morris, 1994, p.351)   

 

From the late 18
th

 century onwards, however, it was the application of the pure gridiron 

based plan that became popular again in the planning of many rapidly growing European 

and American cities – except L‟Enfant‟s plan for Washington DC (figure 2.21, f) which 

was claimed to be under the influence of Baroque planning layout (Benevolo, 1980; 

Mumford, 1961). Batty and Longley (1994, p.22) write, „Cities in the new world 

resembled those in the old until the early 19
th

 century when rapid expansion led to 

widespread application of gridiron as a matter largely of speed and convenience, and 

perhaps through a sense of modernity – a break with the past‟. 
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2.1.2.4 Pure geometry of modernism:  

From late the 19
th

 century, an important shift from classical geometry caused a massive 

change in architecture. There are indications that two core architectural movements of the 

20
th

 century – a) the overly simplistic strategy of modernists; and b) the anti-traditional 

scheme of deconstructionist philosophers – have separated themselves from 

mathematical beauty in its traditional key aspects (Salingaros, 1999). The modern 

movements criticized the traditional view on proportion, size, form and detail. 

Traditional symmetry (figure 2.22) was called intellectual laziness, ornaments were 

considered as an unnecessary veil hiding the real face of buildings, and proportions were 

defined in new ways. 

 

 
Figure 2.22: Traditional symmetry in architecture was 

called intellectual laziness. (Bovill, 1996, p.1)  

 

In 1908, the Austrian architect Adolf Loos, and a little later in 1917, the Swiss architect, 

Charles-Edouard Jeanneret – better known as Le Corbusier – banned ornament from 

architecture: this became a rule followed by other modernist architects. Loos, both in his 

book, Ornament and Crime, and his designs (e.g. in the Steiner Haus, figure 2.23), clearly 

showed an aversion to ornament and found it „obscene‟ – to him it was not compatible 

with modernity. Harries (1998, p.32-33) argues that „Loos‟s argument parallels one that 

Enlightenment critics had formulated against the decoration-obsessed culture of the 

Rococo‟. 
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Figure 2.23: Steiner Haus, designed by Adolf Loos in 1910. The 

elimination of ornament in modern movement. (Harries 1998, 

p.41) 

 

Modernists condemned the material culture of mankind accumulated over millennia from 

around the globe, and instead developed the theories of “minimalism”, and “purism”. 

They believed that form should be purified from any unnecessary elements, colour, 

ornament, and detailing, and therefore, form needs only to follow its purpose – “form 

follows function” (Baker, 1989). The modernists‟ belief is well described in the 

following quote: 

„They claimed that machine and other man-made artefacts should respond to 

the same laws of economy and the selection through fitness of purpose that 

are apparent in nature… and nature contains truths of form following 

function‟ (Bovill, 1996, pp.136-137). 

 
 

The pioneer modernists believed that scaling relationship, proportion and organizational 

order are to be restricted to the functionality of the space. The modulor man of Le 

Corbusier (figure 2.24, left), considering human scale in designing space, suggested a 

kind of geometrical order which could be applied to „a vast range of scales from tables to 
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cities‟(Hersey, 2000, p.214). Le Corbusier generated a panel exercise of lattices (figure 

2.24, right) to illustrate the diversity of sizes and surfaces that could be obtained with the 

proportions of the modulor. The proponents of his modulor idea believe that he achieved 

a proportional harmony by setting a system of measurements that could govern lengths, 

surfaces, and volumes, and maintain human scale everywhere; Ching (2007, p.319) 

claims that „it ensures unity with diversity‟.  

 

 
Figure 2.24: The modulor man (left) and the modulor lattices (right) 

generated by Le Corbusier in 1946. (Hersey, 2000, pp.212, 218) 

 

2.1.3 Pure geometry and design quality 

2.1.3.1 Purism and critics:  

„Ornament and function are indistinguishable‟ (Alexander, 2004, p.331). 

The movements after modernism criticized the notion of reductionism and purism in 

modern architecture. The nostalgic view of postmodernism, looking back to the form and 

shapes before modernism (e.g. work by Graves), the detailed structures in High Tech Style 

(e.g. work by Foster, Rogers), the idea of “superimposed layers” and “curved shapes” in 

Deconstruction Style (e.g. work by Eisenman , Hadid),  all seek something missing: 

„quality‟, or as Alexander et al (1979, p.28) called it, „the quality without a name‟. 
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The critics believe that the modulor idea of modernism – associated with purism and 

minimalism – was more in favour of easier, faster, stronger, and cheaper construction 

rather than making formal proportional and scaling relationship between the components 

and the structure. Salingaros (1999) argues that purism does not suggest “depth” and 

“richness” in design. He claims that, while the idea may seem an action of merely 

economic and stylistic interest, it has indirect but serious consequences: the elimination of 

ornament. It removes all structural differentiation from the range of scales 5mm to 2m or 

thereabout. He believes that the lack of textural progression under 2 metres makes a 

modern façade cold. Other critics have raised the same point in different phrases such as: 

„… that is why some modern architecture never accepted by general public. It is 

too flat‟ (Bovill, 1996, p.6). 

 

„It is obvious that we immediately feel when a building is too simple, raw and 

without depth. We say it lacks character, or is impoverished‟ (Jencks, 1997, p.75). 

 

„… the lack of interest in formal composition in modern architecture is one of the 

causes of its lack of scaling features‟ (Crompton, 2002, p.459). 

 

Alexander (2002, 2004) also raises a similar point and provides a comparative example. He 

criticises the minimalistic concept and the modulor proportion in Le Corbusier‟s Marseilles 

block apartments (figure 2.25, right) as compared to the hierarchy of scale in tile-work at a 

Mosque (figure 2.25, left), and states that it lacks some essential „levels of scale‟ 

(Alexander, 2002a, 149). He believes that a good design tends to have fine details at its 

different scales termed „levels of scale‟. He defines the term as: „a beautiful range of sizes 

exist at a series of well-marked levels, with definite jumps between them‟ (Alexander, 

2002a, p.145). In other words, there should be a proportional relationship between 
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constituents of a space or a piece of architectural design, linking each level of its 

hierarchical structure to the next level and to the whole. 

 
Figure 2.25: Left, profound hierarchy of scale in tile work at a mosque in 

Meshed, Iran. Right, poorly developed levels of scale in Le Corbusier‟s 

Marseilles block of apartments. (Alexander, 2002a, p.149) 

 

2.1.3.2 Scaling relationships and fractal concepts: 

The brief historical review reveals that designers have long sought the „scaling 

relationship‟ between the whole and the constituent parts of a complex form to find an 

arithmetical and geometrical basis for what was thought to be good design. This notion 

can also be traced in theories of complexity and fractal geometry, which will be defined 

and elaborated in the next two chapters. However, in the first instance, it is helpful to 

imply how simply these seemingly difficult terms might be understood just by 

interpreting the Ruskin‟s thought of good design:  

„all good ornaments and all good architecture are capable of being put into 

shorthand; that is, each has a perfect system of parts, principal and subordinate, 

of with, even when the complemental detail vanish in distance, the system and 

anatomy remains visible‟ (Ruskin, 1904, vol.3, p.208). 

 

Crompton (2002) and Unrau (1978) argue that Ruskin‟s belief about good ornaments and 

good architecture can be interpreted as a fractal concept. „In short, ornament ought to 
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reveal new details and forms as one gets close. Of course a fractal is well adapted to do 

just that; indeed in their most developed form, fractals look the same from whatever 

distance they are viewed‟ (Crompton, 2002, p.456).   

 

The notion of „lack of scaling features‟ – raised by some critics – echoes the similar 

advice given by Ruskin (1904) about producing composition with scaling rules. Whether 

it is an ornament, a building or an urban space, Ruskin (1904) stated that: 

„An ornament should be designed so that it is meaningful when seen at long, 

intermediate, and close range‟ (quoted in Crompton, 2002, p.456). 

 

Having this quote of Ruskin, Crompton (2002, p.456) believes that Ruskin‟s argument is 

well expressed by his dislike of the decoration on Constitution Arch in London (figure 

2.26), „where there is a big jump in scale between a patch of intricate cast-iron decoration 

and the mass of smooth stone in which it is set‟. 

 

 
Figure 2.26: Constitution Arch in Hyde Park, London, designed 

by Decimus Burton in 1828. The lack of intermediate scale 

causes a big scale jump between a patch of intricate cast-iron 

decoration and the mass of smooth stone. (Quoted from 

Crompton, 2002, p.456; the photo taken by the author, June 

2008) 
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This view is also emphasized by Cooper (2000, p.177), who writes that „… in order to 

maximise visual interest a building should have a “cascade” of detail that is revealed in 

greater and greater distinction as the viewer approaches‟, which is exactly what 

Alexander (2002a) means by “levels of scale”, and Bovill (1996) means by “the 

progression of texture”. Figure 2.27 shows one of wonderfully diverse residential 

projects designed by Lucien Kroll incorporating the progression of texture. 

 
Figure 2.27: Three levels of scale at a residential project designed by Lucien Kroll. It shows 

the progression of texture revealed as the viewer approaches the façade. (Bovill, 1996, p.186)  

 

 

Bovill (1996, p.5) suggests that „Architectural composition is concerned with the 

progression of interesting forms from the distant view of the façade to the intimate 

details. This progression is necessary to maintain interest. As one approaches and enters a 

building, there should always be another smaller-scale, interesting detail that expresses 

the overall intent of the composition‟. As experts in fractal theory suggest, this is „the 

fractal concept‟, which is the formal study of this progression of self-similar detail from 

large to small scales. 
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2.2 Part Two: The Failures of Conventional Geometry 

Part one of this chapter highlighted some of the key achievements in the science of 

geometry through the history of architecture and urban form and its impact on shaping the 

built environment. Despite the conceptual diversity between the styles at different 

historical periods, it can be claimed they have been all developed under dominance of one 

common influential concept: “the Euclidean geometry of straight lines”. The principles of 

the conventional geometry of Euclid have been used whenever human have attempted to 

regulate and order the built environment. As exemplified in part one, the geometry of 

straight lines in general, and the gridiron layout in particular, have been largely applied to 

all types of the cities that can be termed “planned”, but not to those which are named 

“unplanned” or “organic”. In urban terms, Euclidean geometry can be argued to have the 

following advantages and disadvantages: 

1. While Euclidean grammar can describe the relationship between the constituent 

parts of a planned urban context, it fails to explain the irregularity existing in a city 

or parts of a city grown organically without a predetermined plan.  

2. While Euclidean geometry can impose order to an existing organic urban context, 

simultaneously, it creates thousands of mistakes! 

 

The second part of this chapter will elaborate the above argument by comparing the main 

differences between the geometry of planned and organic cities. This contributes to the 

main goal of this chapter to establish some reasons why new approaches towards city 

forms and shapes are essential in the light of the theories of complexity and fractal 

geometry.  
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2.2.1 The strengths and weaknesses of Euclidean geometry in interpreting planned 

and organic city form 

„Man walks in straight line because he has a goal and knows where he is going‟ 

(Le Corbusier, 1924, quoted by Kostof, 1991, p.95). 

 

For years and years, the idea of a planned city with pure geometry was believed to be an 

ultimate utopia for a city, and therefore, the planning goal was to reduce irregularity to 

achieve more order (Batty and Longley, 1994). At its purest, a planned layout would be a 

grid, or else a centrally planned scheme like a circle or a polygon with radial streets which 

are issued from the centre; however as Kostof (1991, p43) claimed „the grid is by far the 

most common pattern for planned cities in history‟. Le Corbusier (1924) believed that the 

reason for wide applicability of the grid in the history is that its planning is often simple 

and pragmatic, and so he claimed that the concept could be still valid in designing of the 

modern cities. He claims that no better urban solution recommends itself as a standard 

scheme for disparate sites to create order. 

 

Further to some successes that the geometry of straight lines has achieved through the 

history of urban forms (as discussed in part one), Kostof (1991, pp.95-157) claims that the 

grid, in particular, has served human needs through the following purposes: 

 Practical purposes (e.g. it facilitates movement in working areas in city both for 

pedestrian and vehicle) 

 Political purposes (e.g. it has been employed to control both internal and external 

treats)  
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 Economical purposes (e.g. it serves well the need for fast development when time 

and money are in shortage) 

 Social purposes (e.g. a means for the equal distribution of land or the easy 

parcelling and selling of real estate)  

 Finally, it is claimed to be an exceedingly flexible and diverse system of 

planning; the orthogonal street pattern of grid systems makes parallel street lines, 

which are not immutable. The system can curve around irregularities on the 

ground without betraying its basic logic. 

It is true that the science of geometry in general and the gridiron in particular have had 

some successes through the history and served human needs, but perhaps it is also true to 

claim that the geometry of Euclid as applied to city forms has always associated with the 

conventional thought of reductionism and simplicity. However, as Batty and Longley 

(1994, p.2) argued, „planned cities are cast in the geometry of Euclid but by far the 

majority, those which are unplanned or planned less, show no such simplicity of form‟. 

This brings up some immediate questions: 

1- Can Euclidean geometry explore the forms beyond a planned city and explain the 

spatial relationship between the constituent elements or morphological features 

within an organic city?  

2- Even planned cities experience evolution and change; are Euclidean principles still 

valid and capable of interpreting urban forms after they have been changed? 

3- While the shape of a planned city is usually determined only in two (horizontal) 

dimensions, can Euclidean geometry analyse the third (vertical) dimension of urban 

forms in its city panorama?  
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Clearly, the answer to the first two questions would be negative. The majority of cities 

display a mixture of both types – planned and unplanned – which their form would not be 

seen as being regular and purely geometric; thus, it cannot be analysed by Euclidean 

grammar. Furthermore, the regularity in planned cities is not usually consistent. Cities 

may sometimes start with sustained regular plans, but more commonly, their form 

involves continuous unpredictable processes of evolution over the time (Marshall, 2009). 

It can be claimed that „no two planned cities are exactly alike‟ (Kostof, 1991). As Batty 

and Longley (1994, p.2) explain, the reason is that „even planned cities are adapted to 

their context in more natural ways once the plans come to be implemented‟. Since the 

forces that engender it are many, the new form does not display the clean lines and 

continuity of the original, and thus, it is not explicable in every detail by Euclidean 

geometry any longer.  

 

 
Figure 2.28: Geometrical evolution in ground plan of Baghdad during the 8

th
 and 9

th
 

centuries. (Kostof, 1991, p.13) 

 

An example of such changes can be seen in the famous round city of Baghdad by Caliph 

al-Mansur in 8
th

 century (figure 2.28). It hardly ever existed more than a century in the 

perfect shape conceived for it (Kostof, 1991). Another obvious example can be observed 
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in some Roman cities. As figure 2.29 illustrates, the initial regular Roman form was 

evolved vividly towards the Middle Ages period in a way that the latter form offers the 

merest similarity to the original layout (see also the examples shown earlier in figures 

2.13 and  2.14). 

 

 
Figure 2.29: The gradual transformation of a gridded Roman colony into an Islamic city. (Kostof, 

1991, p.49) 

 

The answer to the third question would also be negative because the spatial pattern of 

elements composing a planned city in terms of its networks, buildings, and spaces are 

defined through its geometry mainly, but not exclusively, in two rather than three 

dimensions. While the shape of a planned city is determined in two dimensions at 

somewhat large city scales, its third dimension is usually formed from many individual 

decisions at much smaller scales (architecture or urban design level). In this sense, streets 

that can be read as straight and uniform on the city plan might be seen irregular in their 

elevation. Even where some restrictions are applied to an urban facade by planning 

policies, the buildings‟ height and their facades are usually the product of a negotiated 

ever-changing design between individual owners and the planning authority. 
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Although there are also places, where urban designers attempted to apply order to the 

third dimension (e.g. identical facades during Baroque), these are usually limited to the 

small city scales such as a square or a street and might be seen less regular if observed at 

larger scales. Nonetheless, it can be claimed that, in most cases, the cities were only 

planned in two (horizontal) dimensions. Kostof (1991, p.44) stated that „the regularity of 

the planned city is conditional…. even when buildings are marshalled like troops along 

straight lines of an urban grid, the degree of animation in their mass and, more 

essentially, variable height can result in picturesque formations believed to be congenital 

to the unplanned city‟.  

 

Therefore, in any case, the extent to which city-form is ordered or planned is always a 

matter of degree. In this sense then, all cities show some irregularity in most of their 

parts, which are not explicable by Euclidian geometry. Instead, as Batty and Longley 

(1994) suggest, they are all ideal candidate for the application of fractal geometry.   

 

2.2.2  The association of mistakes with the application of Euclidean geometry 

It was discussed that the ultimate goal of designers in creating order where a city exhibits 

irregularity, came to be realised by the wide application of Euclidean geometry. In his 

recent essays on “The Nature of Order”, Alexander (2002b, 2004) raises a very important 

point stating why the application of the conventional geometry as applied in planned 

cities creates „mistakes‟. The main reason has to be sought in the contrast between the 

geometry of planned and unplanned settlements, and hence, lies in the intrinsic 

incapability of Euclidean geometry of straight lines to adapt the existing environmental 

factors when a city or a part of a city is planned “all at once”. 
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In a planned settlement, the physical variables (length, area, volume, angle, etc) are 

usually fixed by rigid straight lines imposed on every dimension. They are designed at 

once or in a very short period by one person or by a design team. Inevitably, such a 

design process and its output are deterministic. This means physical elements such as 

lines, edges, and positions are strictly determined by planners and designers on their 

drawing boards and as Alexander (2004) explained, the result is fabricated. 

 

By contrast, in an organic structure, its plan is generated over a history extended in time, 

which is not made by central decision of an authority. It is evolved gradually by 

decisions made by individual people (Kostof, 1991). Each existing line, surface, and 

space is refined based on changes in the occupiers‟ needs and through step-by-step 

adaptation according to socio-economic factors and the environmental conditions of the 

place, and the house such as topography, climate, etc. Therefore, the main differentiation 

between planned and organic city forms lies in the process creating them. The vast 

superiority of the geometry of organically generated plans as Alexander (2002b, p.86) 

noted is that it avoid mistakes; He claims that, „in all fabricated plans, the overwhelming 

majority of possible mistakes are actually committed‟, but how?  

 

Each element of an object represents a decision. At architectural scale, decisions should 

be made about part, line, edge, position, colour, size, etc. At urban scale, decisions are 

about streets, house groups, courtyards, party walls, paths, blocks, etc. Furthermore, if we 

accept that each line has created space on either side of an element (in and out), and each 

represents four or five possible decisions about space (through size, convexity, 

adjacency, organization, etc), then it can be claimed that each decision as applied to each 
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line has the possibility of being wrong. It means that the element as placed, sized, and 

oriented, may be well adapted to its neighbours, to the space around it, to the conditions, 

which exist, and to the conditions arising from the structure of surrounding elements – or 

it may be badly adapted to the neighbours, conditions, spaces, arising from surrounding 

elements. 

 

 
Figure 2.30: Left, a generated organic structure, Shilnath, India. Right, a fabricated 

planned structure designed by B. V. Doshi, Vatsu Shilpa. (Alexander, 2002b, 

pp.182, 184) 

 

 

Providing an example of an organic plan (Shilnath, figure 2.30, left) and an example of 

fabricated plan (Vastu Shilpa, figure 2.30, right), Alexander (2002b) argued that, in a 

plan like that proposed for Vastu Shilpa which is composed of 400 hundred houses, 

hence about 1600 line/elements, and as each line is associated with five decisions, the 

total number of decisions that must have been made, can be roughly estimated as:  

800016005   
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In the proposed plan of Vastu Shilpa (in two dimensions), more than 8,000 possible 

decisions have been made; however, many more decisions should be made to determine 

the third dimension of the city. Each of these decisions was associated with potential 

mistakes in a deterministic planned scheme, and by that Alexander (2002b, p.187) means 

that: 

„the line was drawn on a drawing board, without any opportunity for the line to be 

modified, or adjusted, according to realistic perception of actual difficulties and 

opportunities on the place itself…. in a professional planning/design/development 

process, this failure of adaptation is inevitable, and that at the time of its creation no 

process was put in place to remove these mistakes.‟ 

 

By contrast, in Shilnath, each line represents a decision that was put down by people 

once at a time over a history extended in time. Because of this relatively slow 

decentralised process of decision-making associated with the needs of the situation each 

of five possible mistakes that existed in Vastu Shilpa, is here corrected, by adaptation and 

careful adjustment of each line. 

 

In general, an organic structure emerges out of a generating process. The generating 

process – through iterated, repeated, sequence of transformations – makes it 

progressively „more and more profound, more and more living‟ (Alexander, 2004, p.95). 

This creates a quality that is the result of self-generating process, which causes a complex 

city form, becomes eventually something more than sum of its components. As 

Alexander (2002b, pp.182-201) suggests, this is the quality of “deep complexity”, and 

according to Batty and Longley (1994), the geometry that represents such complexity can 

not be Euclidean: it must be fractal. 

 

In short, the compositions and the plans that designers propose at once for a city or part 

of a city, inevitably, do not have such quality. It is impossible to generate a complex form 
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at once by simply adding its components together. Euclidean geometry is only capable of 

creating linear relationships between the components of a design, which the resultant 

form cannot be called deeply complex. As they are planned through a rather short process 

of design, they never reach a high level of complexity. Finally, there is always a risk of 

removing the complexity at anytime when an urban intervention imposes its pure 

geometry of Euclidean forms on an existing organic city context. That is why complexity 

theorists advise that urban interventions are to be avoided at large urban scales (Marshall, 

2009) and are to be carried out with extreme caution even at a small city scales (Batty, 

2008). 

 

2.3 Chapter Summary  

This chapter began with pointing out the significance of the mathematical and 

geometrical approach in studying architecture and urban forms. The literature was 

reviewed to highlight some of the key achievements of the science of geometry at 

different historical periods and its impact on the way human shaped his built 

environment. The conventional geometry of straight lines – known as Euclidean 

geometry – was shown to be the main and powerful tool in the hand of planners and 

designers at any time they attempted to apply order to city forms. However, the 

credibility of this geometry in analyzing the way a city changes and evolves was called 

into question. 

 

Some of the failures of the conventional geometry of Euclid were discussed to establish 

the reasons why a new realistic insight into urban morphology is required in the light of 
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the theories of complexity, and fractal geometry. However, before asking how these new 

theories may be applied to city forms, the questions that remain to be answered are: 

What are the definitions for the terms “complexity” and “fractal”? What is the 

relationship between these terms? Moreover, can Euclidean geometry be replaced by 

fractal geometry in designing objects from small architectural elements to large city 

forms and shapes? 

 

The research seeks to find some answers to above questions in the following chapters. In 

chapter three, the origins and definitions of the terms fractal and complexity will be 

explored through the recent literature. It also will be discussed that, even though cities 

are man-made, but dissimilar to other artefacts, they are better understood in terms of 

nonlinear and living self-organized systems rather than conventional linear and 

mechanical approaches. 


