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Abstract 

To help designers to be more inventive during their practice of engineering design, Genrich Altshuller (1926-1998), during the 
second half of 20th century, developed a set of novel methods, techniques and tools, known as TRIZ. Almost at the same time, 
Christopher Alexander (born 1936), pursuing a similar goal but in architecture, introduced new concepts, methods and tools for 
environmental design. If at first, the differences between the thought of Altshuller and the one of Alexander seem important, a 
thorough analysis shows striking similarities. 
In this paper, we first analyze two analogue concepts: the recurrent patterns of problem solving and the constant tendencies of 
evolution. This analysis will propose five axes to compare the two theoretical corpuses. And then, based on these axes, the 
differences in terms of goals, principles and outputs will be identified.  
One of the aims of such comparison is to analyze the potential cross-fertilization between these theories, built in two fields of 
design. While the similarities, pointing out the common basic concepts in architecture and engineering, might facilitate 
developing a knowledge base integrating the phenomena of both domains, their divergence could point out the research fields for 
researchers interested in improving the practice of design regardless of its domain of application. 
 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of scientific committee of Triz Future Conference. 
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1. Introduction 

The recent research on TRIZ has given the opportunity to 
cross border the technical aspects of design and develop 
application in non-technical domains. As for architecture, the 
research on the possible contributions of TRIZ based methods 
in architectural design has intensified during last ten years [1] 
[2] [3] [4] [5] [6] [7]. The architectural design is always 
considered as a process between art and engineering [8] [9], 
where the creativity is highly valued. Although the literature of 
architectural design covers a wide range of new concepts and 
inventive solutions, the processes to generate such concepts 
and solutions are rarely formally presented, and the capacity of 

generating new solutions is principally assigned to the creative 
ability of the architect/auteur [9] [10]. Therefore, the creative 
and inventive methods used in engineering are poorly explored 
by architects. An inquiry made among 27 famous architectural 
schools around the world shows that TRIZ is poorly known and 
almost never applied by the researchers [11]. The one who 
wishes to apply TRIZ in architecture have to cope with two 
challenges. First, from an architectural point of view, the 
challenge concerns the possibility of adapting the basic 
concepts of TRIZ to the architectural design. Secondly, from 
the point of view of TRIZ, the challenge is on the integration 
of known architectural phenomena into the knowledge base of 
TRIZ.  
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The purpose of this paper is to indicate a way to deal with 
these challenges. It is based on a comparative study on the main 
theoretical corpuses of two leading figures:  
Genrich Altshuller in engineering design and Christopher 
Alexander in architectural design.  

During the second half of 20th century, Altshuller developed 
TRIZ for helping engineering designers to be more inventive, 
Christopher Alexander, almost at the same time, pursuing a 
similar goal but in architecture, introduced new concepts, 
methods and tools. There is no evidence showing that they have 
been aware of each other’s works, but, we will argue that they 
developed some similar concepts and tools. Even though the 
similarities are more, we focus here on two concepts: the 
recurrent patterns of problem solving and the constant 
tendencies of evolution. However, their approaches toward the 
design are not identical.    

One of the aims of such comparison is to analyze the 
potential cross-fertilization between these theories, built in two 
fields of design. While the similarities, pointing out the 
common basic concepts in architecture and engineering, might 
facilitate developing a knowledge base integrating the 
phenomena of both domains, their divergence could point out 
the research fields for researchers interested in improving the 
practice of design regardless of its domain of application.  

This paper is structured in three sections. The Section of 
Materials presents the sources used to develop this comparative 
study. It contains a brief presentation of Alexander and his 
books in which two main concepts mentioned above are 
developed. As well, concerning Altshuller, the Inventive 
Principles and the Objective Laws of technical systems 
evolution are briefly presented. In Section Method, the 
approach used to build the comparison is described. Thus, the 
five axes of comparison are defined and used to analyze the 
theories of Alexander and Altshuller. The Section Result is 
dedicated to the outputs of this comparative study. The main 
analogies and also the main differences will then be 
summarized in a table. The paper ends by a discussion on how 
the theory of Alexander can be recognized as a bridge between 
architecture and TRIZ and how these two approaches can 
benefit from each other. A perspective for future research is 
also discussed. 

2. Materials  

2.1. Christopher Alexander 

Christopher W. Alexander (born 1936) is a mathematician, 
anthropologist and architect known as one of the most 
influential persons there ever was in the world of design [12]. 
His research focuses principally on disciplines relating to 
environmental design such as architecture, landscape 
architecture and urban planning. But, his theoretical work has 
greatly influenced different areas of design theory from 
management to computer science [13]. His ideas can be traced 
in object-oriented programming [14], program design [15], 
interaction design [16] and in generative programming. Several 
inventors as Ward Cunningham, inventor of Wiki, and Will 
Wright, inventor of the game SimCity, recognize the role of 
Alexander in the development of their innovations [17]. 

Despite his great influence and vast reputation in the 70’s, 
Alexander is seldom read during the past two decades by 
architecture students [18]; it is also quite recent that the 
researchers are again interested in his theories [19]. Regarding 
his professional status, although Alexander has designed 
several projects, he is not recognized as a famous architect [13].  

Alexander started his investigations in the early 60’s, when 
social movements criticize the orthodox Architectural 
Modernism for its reductive approach and claim a fundamental 
revision in the theoretical base of architecture and request new 
ways allowing a more responsible design towards human and 
environment [20]. These expectations guide Alexander in his 
research for more than forty years. The theoretical corpus of 
Alexander contains more than 16 books and dozens of articles, 
but in this paper, we focus on two of them in which two 
concepts of recurrent patterns of problem solving and the 
constant tendencies are presented: 
 A pattern Language: town, buildings, constructions (1977) 

[21] 
 The Nature of Order - Vol. 1: The Phenomenon of Life 

(2002) [22] 
The first one presents 253 recurrent patterns of problem 

solving in architecture and the second introduces fifteen 
geometrical properties to which the build spaces trend. In 
Section 3, these two works are analyzed. 

2.2. Genrich Altshuller  

Genrich S. Altshuller (1926-1998), founder of TRIZ theory, 
was a Soviet scientist, engineer, and writer. As well, he was a 
recognized inventor. The methods, techniques and tools that he 
developed are known today as a widespread and powerful 
theory for inventive design [23]. The TRIZ-based methods are 
used constantly and over the world by engineers and 
researchers to develop new products and new processes [24] 
[25] [26] [27]. 

Altshuller started the TRIZ development in the late 40’s in 
the social context of USSR, characterized by the will of 
progress and the promise of evolution. In such sphere, 
Altshuller was initially interested in patents, and more 
specifically in helping inventors to propose patentable 
solutions. Then, his researches were more and more focus on 
human mind, and on how to help people to be more creative 
[28]. His work covers different aspects of design, from the 
psychology of inventor [29] to the scientific effects. The 
theoretical work of Altshuller contains a coherent set of 
methods, techniques and tools. In this paper, we focus on two 
outputs of his research: the 40 Inventive Principles for the 
resolution of technical contradictions, and the 8 Objective 
Laws of technical systems evolution. The Inventive Principles 
suggest the recurrent models for solving technical contradiction 
between engineering parameters, and the Objective Laws 
indicate the evolution tendencies in technical systems. The 
analysis of these two sets, presented in Section 3, is mainly 
based on [28] [30] [31]. These two outputs have been chosen 
for their similarities with the two Alexander’s studies outputs 
mentioned above.  
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3. Method  

In order to compare the concepts of Alexander with those of 
Altshuller, five axes have been defined. Then, according to 
these axes, we identified the analogies and differences between 
two theoretical corpuses. The five axes are:  
 (I) The goal: it presents the main goal that Alexander and 

Altshuller tend to satisfy;  
 (II) The undertaken problem: it presents the nature, the 

scale and the type of problems that they tackled;  
 (III) The principles: it presents the logic, the reasoning 

mode and the presentation means that they applied; 
 (IV) The material: it presents the mobilized resources and 

the research method that they applied; 
 (V) The output: it presents their research results. 

In the following section, both the research of Alexander 
(mainly the Pattern Language, and Geometric Properties) and 
the work of Altshuller (mainly the Inventive Principle, and the 
Objective Laws) are studied in regard of these five axes.  

3.1. A Pattern Language 

The concept of Pattern language is introduced in [21]. 
Alexander postulates that there is an elusive nameless but real 
quality that can be pointed as “wholeness”, “well-being”, 
“beauty”; and he seeks the patterns by which this quality can 
occur. He tries to present these patterns in a way that everyone 
can be able to apply them and to design a space having this 
quality. So, the main goal of Alexander, concerning his 
research, is to describe “what we know already and what we 
shall discover time and time again”. [32]  

Such goal demands two investigations. First, what are the 
recurring problematic situations and what are their known 
solutions. In search of such situations, Alexander and his 
colleagues turn to the history of architecture and also to spaces 
of everyday life. The problems studied by Alexander then 
concern the spatial, physical and behavioral aspect of man build 
environment. They cover situations from small scale (room, 
staircase, etc.) to large scale (neighborhood, town, etc.).  

Second investigation concerns a general model allowing the 
representation of the phenomena observed by this quasi-
anthropological research in a way that allows evaluating, 
modifying and combining patterns, without loosing the core 
concept of solution. To answer this question, Alexander 
applied two principles. The first is that the character of a place 
depends on the human activities that occur in that place. The 
second principle states that the patterns of events are always 
linked to certain geometric patterns [32]. 

Alexander identified and formulated 253 patterns. A pattern 
presents a unit in which a problem and a solution are linked in 
a context. According to Alexander, for a problem that recurs 
frequently, there is a (or some) tested solution(s) that can and 
should be adapted to its particular context. Each pattern 
respects the general model containing five following elements: 
Problem statement, Solution statement, Context descriptions, 
Combination guides, and the Degree of success of the solution. 
Furthermore, since the patterns as units are interconnected, it is 
possible to create an infinite variety of combinations.  

 

3.2. The Nature of Order  

This work consists of four volumes [22] [33] [34] [35]. This 
article mainly focuses on the first volume, in which Alexander 
analyzes the geometries of the objects that last for a long time. 
The main goal is to uncover the fundamental laws of timeless 
construction, and to discover what gives life, beauty and 
functionality to buildings and cities.  

Alexander studied both the natural phenomena and the 
spaces developed organically; in other words, all kind of 
growing object at any scale, from plants to towns.  

This work is based on a principle that considers there is an 
order in all phenomena having an organic development. This 
order which creates harmony is the result of "continuous 
unfolding of Whole". By evoking the theory of biological 
complexity, this concept involves a continual adaptation of 
building into a geographically specific context while improving 
the Whole.   

Alexander identified fifteen repetitive geometric properties 
invariant in terms of time, space and kind of object. He argues 
that the quality of life of a system and its intensity are 
“correlated with the repeated appearance of 15 geometric 
properties - or geometrical invariants - that appear throughout 
the object’s configuration” [36]. There are two corollaries for 
such concept. First, these properties allow measuring 
objectively the degree of the life quality of a given architectural 
space by empirical methods. It is, so, possible to identify its 
position and compare to an architecture that can last. Second, 
these properties show the way by which an architectural space 
has more chance to last. In other words, the properties show the 
forms that any architectural space has to possess during the 
time and indicate the tendencies of architectural spaces in their 
formal evolutions.  

The fifteen geometric properties are: 1) Levels of scale; 2) 
Strong centers; 3) Boundaries; 4) Alternating repetition; 5) 
Positive space; 6) Good shape; 7) Local symmetries; 8) Deep 
interlock & ambiguity; 9) Contrast; 10) Gradients, 11) 
Roughness; 12) Echoes; 13) The void; 14) Simplicity & inner 
calm; and 15) Not separateness. 

3.3. The Inventive Principles  

The set of 40 Inventive Principles is, historically, the first 
tool developed in border of TRIZ. It is dedicated to the 
resolution of technical contradiction [30]. By analyzing the 
patents, Altshuller observed that inventive problems are 
infinite, but, if generalized, it could be reduced to a limited 
number of technical contradictions. He identified that these 
generalized concepts of solutions can be presented as 40 
principles allowing the resolution of generalized technical 
contradictions between 39 generic engineering parameters. 
Altshuller also developed a Matrix presenting in the 
intersection of engineering parameters the Inventive Principles 
that have been statistically more used to solve such 
contradiction. The Matrix of Inventive Principles is presented 
for the first time in 1961 and has been developed until 1973. 
Again, more than 80 sub-principles and a dozen examples are 
presented. Even if Altshuller has replaced this tool by the 
physical contradictions and their inherent separation principles, 
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the Matrix of Inventive principles is still the most applied tool 
of TRIZ [37]. 

3.4. The Objective Laws of technical systems evolution  

The set of Objective Laws of technical systems evolution is 
one of the fundamental concepts of TRIZ. It postulates that the 
development of technical systems is not a hazardous mutation, 
but is following a number of objective tendencies. Altshuller 
observed very early that any technical system follows certain 
repetitive patterns during its evolution. He identified and 
presented in mid 70’s these patterns in a set of eight objective 
laws. These laws are invariant and independent of the 
considered system or of the human will [28][31]. 

These Laws have been extracted by analyzing the life cycle 
of systems and their potential in regard of idealism. For this 
analysis, Altshuller exploited not only the patents but also the 
problems solved by the technical systems during their life.  

Two corollaries result from these laws. First, through these 
laws, it is possible to identify the current state of maturity of a 
system (its degree of evolution), and therefore it is possible to 
anticipate the future generation of system and to identify the 
changes that will occur [28]. The second corollary indicates 
that a solution that respects these laws has more chance to be 
successful. 

4. Results 

Taking the five axes of comparison, one can summarize the 
similarities and differences as the following. 

Professional status: Altshuller influenced both theory and 
practice of engineering design, but the influence of Alexander 
is more considerable on design theory than architectural 
practice. In addition, the application of TRIZ has gained 
momentum during the time, but the theory of Alexander has 
progressively lost consideration among the professionals. 
However, the influence of Alexander on design theories is 
wider than the one of Altshuller. 

General Context: Altshuller started his works in the will of 
progress encouraged by USSR. In contrast, the works of 
Alexander were a response to the predominant style of Modern 
architecture of 50’s and 60’s. However, both constantly 
pursued their objectives more than forty years and have resisted 
again intellectual, artistic, political and social waves.  
  (I) Goal: One can observe a social concern in their 

objectives; both seek to help designers in their activities. 
While Altshuller aim was the result, the invention, and thus 
proposed processes to achieve it; Alexander tried merely to 
improve design process and showed what good design is. 
But their goals are analogues; both focused on the 
fundamental and timeless patterns of problem solving.   

  (II) Problem: Their goals define the problems in which 
they were involved. While Altshuller was focused on the 
technical aspect, Alexander was more interested in the 
consideration of socio-spatial aspects.  

 (III) Principles: Regarding the principles guiding their 
works, one can recognize some significant similarities. 
Both apply systemic thinking, consider design as a 
problem solving process and state that there are some 

identifiable patterns of recurring problems/solutions. 
Again, they both identify the context of problem as a 
specific situation that defines problem and solution. They 
also recognize that the development of systems follows 
some invariant trends. But Altshuller merges faithfully 
systemic approach with dialectical approach.  

 (IV) Material: The resources exploited by Altshuller 
consist of patents and technical systems. In fact, the patents 
present a part of history of design. Alexander also scanned 
a part of architectural history. In other words, both are 
interested in the precedents cases recorded in the history. 
But, Alexander studied also natural phenomena to find the 
geometric patterns of organic development.  

 (V) Outputs: The set of 40 Inventive Principles are 
comparable with the set of 253 Patterns defined by 
Alexander. Both sets present the recurrent problems and 
their known solutions.  
The dialectical approach of Altshuller and the concept of 
contradiction allow deeper analyzing of technical systems. 
Due to this analysis and to the definition of generic 
engineering parameters, the Inventive Principles are 
formulated then at a high level of abstraction. This level 
makes the Inventive Principles a model of solution largely 
interpretable and applicable. On the contrary, the Patterns 
defined by Alexander are poorly abstracted; there are no 
generic parameters for the problems formulation. 
Consequently, the models of solution are less generic.  
Again, Altshuller can integrate different domains of exact 
science in the Matrix of Inventive Principles, but 
Alexander uses architecture, behavioral and natural science 
and focuses on geometry (space and form).  
The set of Objective Laws of Altshuller and the set of 
Invariant Geometric Properties of Alexander show both the 
trends of evolutions of systems and explain their behaviors 
in their inherent environments. The first set considers any 
technical system and the second describes any system with 
organic or natural development. Moreover, while the 
central notion of the Objective Laws is function, the 
Geometric Properties are more concerned with form.  
The Table 1 presents a summary of the comparison 
between the theoretical work of Altshuller and that of 
Alexander regarding the two concepts of the recurrent 
patterns of problem solving and the constant tendencies of 
evolution. 

5. Discussion  

Any human-made object is a socio-technological system. If 
TRIZ wishes to cross borders of technical aspect of systems, it 
has to integrate existing knowledge of other domains in its 
proper knowledge base. To achieve such objective, the 
theoretical corpus of Alexander is a good candidate.  

While the similarities, the recurrent patterns 
problem/solution and also the objective trends of development 
allow linking the two corpuses of Alexander and Altshuller, the 
differences can contribute to cross-fertilization. The results of 
Alexander’s investigations can be reformulated regarding the 
TRIZ postulate and become more structured and generic; and 
TRIZ can integrate the Alexander discoveries on spatial, 
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behavioral and environmental aspects of design. Specially, for 
the question of “form”, being fundamental in architecture but 
considered by TRIZ just as one of the generic engineering 
properties, the patterns and the geometric properties of 
Alexander present several concepts of solution. 

In addition, certain new developments based on TRIZ join 
domains already explored by Alexander. For example, OTSM-
TRIZ [26] and IDM-TRIZ [38] adapted the theory of graph, 
developed by Alexander in 60’s. As another example, BioTRIZ 
explore problem solving patterns in the nature, and so also join 
the Alexander’s researches [39]. 

 
 

Table 1- A comparison between Altshuller and Alexander regarding two concepts of recurrent patterns of problem/solution and constant tendencies of evolution 
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