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AAbbssttrraacctt.. The study of the relationship between information,
architecture and complexity can be accomplished through the
study of patterns of relationships, opening up the field for the 
understanding of architecture as organization.

IInnttrroodduuccttiioonn
The study of organization did not become part of the program of modern science 

until the discovery of systems of particles and the development of thermodynamics. The 
understanding of complex systems is parallel to the definition of two major concepts
related to organization: on the one hand, the concept of entropy (S) is a measure of the 
order or disorder in the internal structure of systems of objects, and therefore of its 
internal complexity; on the other hand, the notion of “information” (loosely derived by 
Claude E. Shannon from the concept of entropy) expresses the internal organization of a 
communication system, or the internal order or disorder of a message. The relationship 
of entropy to information must not be underestimated, for it is the key to grasp the little
details at play in the game of complex systems.1

While the universe and its constituents tend to a state of maximum entropy or 
disorder (following the second law of thermodynamics) there are local enclaves where 
there is a limited and temporary tendency for organization to increase. Complex 
adaptive systems, typical of living organisms, are some of these enclaves: non-linear,
dynamic and open, these systems exchange matter and energy (hence information) with
their environment, acting as rudimentary information systems. While reacting to the 
uncertainties of their environment (noise), they increase their internal organization to
absorb and respond to it: it is the phenomenon that Henri Atlan described as “order out
of noise” [Atlan 1979]. In so doing, they defy the second law, creating organization 
instead of evolving towards a greater state of disorder.  

AArrcchhiitteeccttuurree aanndd ccoommpplleexxiittyyytyy

Architecture can be defined as the technological production of built structures, from
their inception or design to their construction. Architecture has traditionally been seen as 
a system of juxtaposed elements – objects above objects, objects next to objects, objects
supporting other objects – but its organization has usually been disregarded. The focus,
as with modern science, has been on the elements, not on how these objects are arranged
in respect to each other, and to the whole of the system. 

However, architecture is one of those phenomena that can be regarded as the creation 
of a complex, organized system of parts, the act of creating order out of disorder, of 
transforming plain raw materials into an organized whole that acts coherently, and
maintaining this organization (i.e., the building) against all odds. The process of design, 
and the later construction of the projected building or town results in structure and
organization where there was previously neither order nor structure, only y noise. 
Considered as a complex system, then, architecture represents the transformation of a 
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certain state of the environment into a more organized one, using energy and raw 
materials, and the exchange of information with the environment: a transformation of 
information into organization. 

But how can we account for the type and amount of organization in a building? How 
can we get hold of it and study it? What can we learn from other disciplines that have 
found in the study of organization a leap forward in the resolution of such problems?  

All these questions are important and will be answered soon, but they must be
preceded by a more fundamental question: how can we equate architecture to a complex 
system? 

PPaatttteerrnnss ooff rreellaattiioonnssiippss

A complex system is much more than just a set of many different parts, more than a 
multiplicity of elements which are considered together. A complex system also considers 
the many relationships among these elements, the different ways in which the elements of s
the system interact. But that is not all: the organization of complex systems begins with
an economy of elements, so that these fall into a limited number of categories. These 
elements, in turn, are themselves composed of systems of smaller elements, in a very 
particular pattern: systems nested within systems. 

In a building we have different types of elements: supported and supporting, vertical 
and horizontal, solids and voids, and structural, dividing connecting elements. But this 
classification does not give us a clue about how these elements interact with each other.  

First observed and proposed by Christopher Alexander, patterns of relationships are a s
way to view the built environment from an organizational perspective. In his seminal
book, The Timeless Way of Building [1979], Alexander makes it evident that for a study t
of organization the elements alone are not sufficient, but that it is also necessary to
account for the invariants that these elements show:

… it is very puzzling to realize that the ”elements”, which seem like elementary 
building blocks, keep varying, and are different every time that they occur.  
…
Since every church is different, the so called element we call “church” is not 
constant at all. Giving it a name only deepens the puzzle. If every church isy
different, what is it that remains the same, from church to church, that we call
“church”?
When we say that matter is made of electrons, protons and so forth, this is a 
satisfying way of understanding things, because these electrons seem, indeed, to
be the same each time that they occur, and it therefore makes sense to show how 
matter can be built up from combinations of these “elements”, because the 
elements are truly elementary.
But if the so-called elements of which a building or a town is made—the houses,
the streets, windows, doors—are merely names, and the underlying things which 
they refer to keep on changing, then we have no solidity at all in our picture, and
we need to find some other elements which truly are invariant throughout the
variation, in a way that we can understand a building or a town as a structure 
made up by combination of these elements [1979: 84-85]. 

The finding of Alexander points in the correct direction: there can be no
understanding of organization without first defining the set of atoms of the 
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environmental structure. Having found that the elementse are not the kind of stable 
structures that he needs to define organization, he will turn to relationships in search of 
these invariants:

Let us therefore look more carefully at the structure of the space from which a 
building or a town is made, to find out what it really is that is repeating there.  t
We may notice at first that over and above the elements, there are relationships 
between the elements which keep repeating too, just as the elements themselves 
repeat…
Beyond its elements, each building is defined by certain patterns of relationships 
among the elements. 
…
Evidently, then, a large part of the ”structure” of a building or a town consists of 
patterns of relationships [1979:85-87].

Alexander finds in the relationships – and not in the elements themselves – the truly 
invariant atoms that are constant and allow us to identify the elements:  s

Indeed, in our discipline we use names for certain elements (“wall”, “room”, “stair”,
“ceiling”, “beam”, etc.) to indicate what are in fact particular arrangements of elements.
For example, it would be difficult to define the element “column”. Columns come in
different flavors, and may show many different shapes and forms, making it inadequate
for an invariant object. Nonetheless, the “particular arrangement of a supporting vertical
shaft transmitting a load from a supported element to a bearing bottom” (that is, a 
pattern of relationships) is what we s always – invariantly – call “column”. s

At first sight it seems as though these patterns of relationships are separate from 
the elements.  
…
When we look closer, we realize that these relationships are not extra, but 
necessary to the elements, indeed a part of them. 
…
… it is not merely true that the relationships are attached to the elements: the fact 
is that the elements themselves are patterns of relationships [1979: 87-88]. s

From this particular point of view, buildings are made of determinate arrangements
of certain secondary elements (such as spaces or rooms), each one being bound to – but 
also separated ord divided by – other, even smaller elements (a particular pattern of d
relationships among walls, floors, ceilings, etc.) arranged in particular ways. Depending 
on this arrangement, we distinguish between rooms, corridors, staircases or porches. In 
turn, each of these tertiary elements are composed of other smaller elements, and so on.  

Although only briefly sketched here, fully understanding the concept of pattern of 
relationships —and all its consequences— is the s first step towards understanding the
organization of the built environment, and will prepare the terrain for an architecture of 
organization. Patterns of relationships offer the clue to identify organized structures and
distinguish them from bare materials, as we are able to distinguish a cell from its
surrounding molecules.

PPaatttteerrnnss iinn iinnffofoffofoff rrmmaattiioonn tteecchhnnoollooggygygyggyggygg

Alexander’s amazing insight was followed by by another book entitled A Pattern 
Language [1977], which contained a list of the most desirable patterns in architecture, 
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according to its author. At the time of publication, patterns (the most common ands
recognized good solution to a design problem) were documented in text and drawing,
and compiled in a book: each pattern was described by a name, a descriptive entry, and
some cross-references – much like a dictionary entry – and explained why that solution
may be considered a good one for that problem in a given context. All the patterns 
documented together formed a pattern language. 

Fig. 1. A geometric rendering of a simple element (top), and its initial
representation as “patterns of relationships”, showing a top-down approach  

(PO, physical object; PT, point; GE, geometry; MAG, magnitude)

This was acclaimed as a new design methodology, and was widely used around the
world to design buildings and foster public participation in the design of social 
environments. However, the methodology did not yield the expected results, and was not 
accepted by the architecture intelligentsia, and was finally abandoned as another failed
experiment in the history of architecture. 

But in the late 1990s software programmers rediscovered patterns as they began to 
implement software systems with the new programming languages based on objects2 –
mostly object-oriented interfaces. They too found that software systems tended to repeat,
again and again, certain basic processes (such as opening a file, responding to interaction,
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modifying visual cues, etc.) that could be identified as patterns, ands for which there also 
existed a good design schema. Inspired by Alexander’s insights (the idea of “patterns of 
relationships”, not “pattern languages”) certain software designers began describing and
documenting software patterns.3

gg
They also documented the elements (software objects) 

and the set of relationships (members, methods, etc.) that composed the pattern.  

But this time something was different. Computers had been around for a certain 
length of time, and were the natural medium of programmers, therefore patterns were
not documented with loose, fragmentary and ambiguous descriptions: this time object 
data could be stored, together with their relationships, in a consistent data structure: the 
patterns were physically implemented, physically stored, and physically reused – if we cany
call computer software something “physical”. 

AArrcchhiitteeccttuurraall ppaatttteerrnnss rreevvveviissiitteedd
In any case, software design patterns have given us the clue to the implementation of 

architectural patterns in computer systems, so that we can capture the organization of 
designed objects, analyze them and take the most out of them. 

By coupling the flexibility of object-oriented database management systems, or 
OODBMS [Bertino and Martino 1993], to which objects and relationships are native,
with a well designed data model, architecture can be captured and represented, 
reproducing closely the insights of Alexander [Sola-Morales 2000]. In this way, we have
been capable to make several breakthroughs.

In the first place, we have been able to represent architecture in its complexity (i.e., 
architecture represented as a complex system), increasing the amount of information that 
is stored about an architectural object. These representations become semantically richer, 
overcoming the problems of most CAD systems, which can only be used, at best, to 
represent the form of architectural entities.  

In the second place, we have been able to capture design decisions: every time a 
designer makes a decision, he is merely creating certain relationships between the parts
(for example, the alignment of some objects, the covering or the enclosing of a space). 
These relationships are physically captured in a database, so that we can later trace the 
designer’s intentions. The designs are filled with meaningful descriptions.

Thirdly, we envision that we will be able, with a relative amount of data, to analyze 
and understand the organization of design objects and processes, so that we can advance
in the translation of architecture to the world of organization. And by doing so, we will
also enter the real information era of architecture, for organization and information, as
we have seen, are closely and intimately interrelated.

Finally, we will be able to define a library of architectural patterns, much in the way 
Alexander did in A Pattern Language, but with a digital support.e  Yet, digital architecture
patterns are formless, not subject to the rigidity of geometry (design patterns do not rely 
on geometry, only on objects and relationships). With this function, and freed from the 
difficulties of geometric drawing, we can “copy and paste” patterns, and reuse design 
solutions wherever we like, without the need of actually copying a plan or 3D model and 
adapting it to its new context. 

Patterns of relationships managed by computer offer an affordable method for
capturing the organization of architectural objects, understanding and decoding their 
internal structure, and upgrading the study of the built environment to the new 
paradigm of complexity and information. 
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NNootteess

1. Many accounts have been given of the importance of entropy for the paradigm shift in science
and the advent of complexity. See for example [Prigogine and Stengers 1997]; [Taylor 2001]; 
[Capra 1996].

2. Programming languages of this type are called “object-oriented”. 
3. See for example the pioneering books by Erich Gamma, et al. [1995] and Martin Fowler 

[1997]. 
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