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Presentation Notes
Abstract
The SEMAT community (Software Engineering Method And Theory) has identified a common ground for software engineering. This common ground called Essence is manifested as a kernel of essential elements that are universal to all software-development efforts, and a simple language for describing methods and practices on top of the kernel. The kernel is thus a reusable methodology base.  Practices described on top of the kernel are also reusable when building methods, and are guaranteed to incorporate key elements of proven methods.  A library of practices is being designed.  Methods are then built by composing a subset of the practices, similar to how you compose aspects into programs. Since practices are well founded, the resulting method is more flexible and adaptable, and thus easier to customize in a reliable way.
 
Essence differs from the many previous attempts at creating process frameworks by addressing the developers primarily instead of the process engineers.  It relies heavily on two principles: agile in working with methods and separation of concerns. Thus the 100,000s of methods in the world can all be described by compositions of reusable practices, of which there are just a few hundreds.  Focusing on method usage in real endeavors instead of method description as all previous attempts have done, it allows a developer to measure progress and health of key elements.  With Essence as a basis, we can add layers of practices on top of it, and create advanced reuse methods such as methods for system of systems, enterprise systems, product lines, service-oriented architecture, domain engineering or component assembly - like those integrated in our UML-based systematic reuse approach, described in the Jacobson, Griss & Jonsson book. 
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Being in the software development 
business 

Everyone of us knows how to 
develop our software,  

but as a community we have no 
widely accepted common ground 

 



A CASE FOR ACTION STATEMENT 

• Software engineering is gravely hampered today by immature 
practices. Specific problems include: 
– The prevalence of fads more typical of fashion industry than of an 

engineering discipline. 
– The lack of a sound, widely accepted theoretical basis. 
– The huge number of methods and method variants, with differences 

little understood and artificially magnified. 
– The lack of credible experimental evaluation and validation. 
– The split between industry practice and academic research. 
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The SEMAT initiative 

Software Engineering Method and Theory 
 

 

 

www.semat.org 
 

Founded by the Troika in September 2009: 

Ivar Jacobson – Bertrand Meyer – Richard Soley 

 

 



What are we going to do about it? 

The Grand Vision 
We support a process to refound software 
engineering based on a solid theory,  
proven principles and best practices 

Defining  
a solid 

theoretical basis 

A Kernel of  
widely agreed 

 elements  

The Next Steps 



Desired solution: Method Architecture 
There are probably more 
than 100,000 methods 
incl. for instance SADT, 

Booch, OMT, RUP, 
CMMI, XP, Scrum, Lean, 

Kanban  

There are around 250 
identified practices incl 
for instance use cases, 
use stories, features, 

components,  

The Kernel includes 
such elements as 

Requirement, 
Software system, 

Work, Team, Way-of-
working, etc. 

Standing on a solid theoretical basis 

The Language is a 
scripting language easy 
to use by practitioners.  



Standing on a solid theoretical basis 

Desired solution: Method Architecture 

The Essence= 
Kernel+Language 



Standing on a solid theoretical basis 

Desired solution: Method Architecture 

The Essence 
Kernel+Language 

Essence will most 
likely be a standard 

2013 
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Standing on a Solid Theory 

Examples: 
– Maxwell’s equations, 
– The Big Bang Theory, 
– The Theory of the Cell, 
– The Theory of Supply and Demand, 
– A General Theory of Crime, 
– General Theory of Action 
– General Theory of Human Information Processing 
– Theory of Organizational Structure 

“There is nothing so practical 
as a good theory!” 
- Kurt Lewin 

Presenter
Presentation Notes
Sometimes when considering theories, crowning points of the physical sciences overwhelm the discussion. Typical examples of such theories are Newton's Laws, Maxwell's Equations, Schroedinger's Equations, Einstein's General Theory of Relativity and Kirchoff's Laws. Quite remarkable features of these theories are their mathematical well-definedness, their simplicity and their preciseness. In an attempt to create theory of software engineering, one might be led to compare such a theory to the aforementioned. Although this comparison has merits, it also has problems. Software engineering is in many respects dissimilar from the electric currents and heavenly bodies of physics. One might, when faced with the perfection of those theories, decide that the task of creating a theory of software engineering is impossible. Therefore, it seems important to present some alternative theories to those of the natural sciences. Here, I briefly review a set of general theories in various disciplines, with a focus on the width of phenomena they cover. The review contains only theories of good academic standing. The works in which they were presented have all collected thousands of citations, which places them in the top percent of scientific publications. Many of the theories have completely redefined the field for theoreticians and have had an enormous influence on the decisions made by practitioners.

First, as an object of comparison, consider Maxwell's equations [James Clerk Maxwell, A Treatise on Electricity and Magnetism, 1873]. With respect to universality, they explain the causes and effects of electricity and magnetism. How is an electric current created? What determines the magnitude and direction of a magnetic field? Since electromagnetism is one of the four forces of nature, the universality of the theory is impressive. On the topic of their falsifiability, they set very high standards. For a given experimental setup, they predict the exact values of multiple variables, such as the electric and magnetic field intensities, on real scales. Regarding their precision, we find that they are capable of remarkably precise predictions. In fact, we believe that they are so precise, that if we repeatedly were to measure a value that differed from the prediction with even a percent, we would remain convinced that the deviation was a result of a sloppy experimental setup rather than of an imprecise theory. This remarkable confidence that we have assigned to the theory is also a measure of its degree of corroboration. Reports of repeated successful empirical trials has brought our confidence in the theory represented by Maxwell's equations very close to unity. Finally, considering their internal consistency, they have the benefit of a formal mathematical system, ensuring that there are no hidden contradictions in the equational set. 

But theories of physics have not always been mathematically formalized. For instance, consider the Theory of the Big Bang [G. Lemaître, The Beginning of the World from the Point of View of Quantum Theory, 1931]. According to this theory, first proposed by Georges Lemaître in 1931, the universe originates from a single particle. As stated by Lemaître himself: "all the energy of the universe packed in a few or even in a unique quantum." This theory is, of course, of significant universality, as well as of precision. It is clear that it faces some problems of falsifiability, since it is not possible for us to observe the moment of the creation of the universe. Nonetheless, the current wisdom of in the discipline of physics is that the big bang theory is correct, since there are several pieces of evidence to that effect (e.g. the current expansion of the universe). With respect to internal consistency, the Big Bang theory in its original form was not formalized mathematically. In fact, it consisted only of the one natural language sentence cited above. Although it was subsequently expressed mathematically, the essence of the theory did not require mathematical rigor.

Another seminal theory of the natural sciences is the Theory of the Cell. In brief, it states that all living material is made of, and functions through, cells. These cells multiply by division, and when they divide, hereditary information (DNA) is passed. The idea that all living organisms consist of cells was discovered by Schwann and Schleyden [T. Schwann, M. J. Schleyden, Microscopical researches into the accordance in the structure and growth of animals and plants, 1847]. The cell theory is quite clearly falsifiable. In fact, for a while in the mid-19th century it seemed falsified by the discovery of the neuron, which initially did not appear to be a cell [Mazzarello, P., A unifying concept: the history of cell theory, Nature, 1999]. The theory's universality is of course significant, since it applies to such a large domain as "all living organisms". Its preciseness has improved with time. Initially, not even the summary outline of the theory presented above was included in the theory of the cell. When Schwann and Schleyden first proposed the theory, they did not speak of DNA or any similar hereditary information, and they did not understand the various parts of the cell, such as mitochondria, that are now included in the theory. Regarding the cell theory's degree of corroboration, this is of course very high. An enormous amount of studies are based on the correctness of the theory. Finally, considering its consistency, it seems to have encountered no great problems, even though it is not formalized mathematically.

Beyond the natural and engineering sciences, the discipline of economy is perhaps the most formalized. One example is John Maynard Keynes's General Theory of Employment, Interest and Money [J. M. Keynes, The General Theory of Employment, Interest and Money, 1936] which has governed state decisions on interest rates and public spending in times of recession as well as in booms, with a significant impact on the private economies of billions of people. The theory explains the causes and effects of variations in employment, interest and money. According to Wikipedia, Keynes is widely considered to be one of the founders of modern macroeconomics, and to be the most influential economist of the 20th century. Keynes's theory is written in natural language mixed with some equations. The theory consists of many concepts and they are only occasionally well-defined. Despite, or perhaps due to, its significant impact, the correctness of the theory is still debated. Due to the problems of experimental research in macroeconomics, the theory faces significant problems with respect to its falsifiability; it is difficult to determine if it is true or not.

There are many other theories within the economic sciences. There are fundamental ones such as The Theory of Supply and Demand, generally attributed to Augustin Cournot's Recherches sur les principes mathématiques de la théorie des richesses from 1838, which explains how are prices of goods determined in a marketplace as well as more specific ones, as Edith Penrose's Theory of the Growth of the Firm [E. Penrose, The Theory of the Growth of the Firm, 1959], presenting the mechanisms that govern the growth of commercial companies. The theories range from informal to mathematically formalized.

Parts of sociology overlap with economy. One interesting approach is that taken by Nobel prize winner Gary Becker. In his work he has used the general theory of Rational Choice to create more specialized theories of various social phenomena. One notable example is his Theory of Marriage []. By considering the prospective husband and wife as rational and selfish, and presuming the existence of something he calls a market of marriages, Becker develops a completely mathematically formalized theory aiming to explain and predict issues such as matching of mates, divorce, polygamy, and inequality in family incomes. Becker's theory of marriage scores well on the dimensions of internal consistency, falsifiability and precision. Concerning its universality, this is a so called mid-range theory; the really general one is perhaps the theory of rational choice. Finally, regarding corroboration, I believe that Becker's theory, although well known, is quite contested within the sociological community (which, granted, in part may be due to other reasons than the extent to which is has been empirically validated).

Another interesting theory within sociology, and in particular criminology, is A General Theory of Crime [M. Gottfredson, T. Hirschi, A General Theory of Crime, 1990]. This theory attempts to explain the causes of crime, placing particular emphasis on the degree of individual self control as an explanatory factor. Wikipedia states that "The theory […] has […] been subject to a great deal of theoretical debate and a large and growing empirical literature." It is written in natural language.

Perhaps contrary to its name, a quite small theory is the Unified Theory of Income and Happiness proposed by R. A. Easterlin in [R. A. Easterlin, Income and Happiness: Towards a Unified Theory, 2001]. The theory relates the concepts of subjective well-being, income and aspiration level in order to solve the apparent well-known Easterlin paradox, which points out that average happiness has remained constant over time despite sharp rises in GNP per head, while on the micro-level, positive correlations between individual income and individual measures of subjective well-being have been reported." The theory is quite simple and the concepts are relatively well-defined. Certain concepts, such as subjective well-being, are measured by asking people to quantify their opinion.

A theory that is perhaps even larger than its name indicates is Talcot Parson's General Theory of Action [T. Parsons, E. A. Shils, Toward a General Theory of Action, 1951]. Aspiring to be a comprehensive social theory, it lacks not in its ambitions of universality. It also had significant impact. Wikipedia says "For many years Parsons was the best-known sociologist in the United States, and indeed one of the most influential and most controversial sociologists in the world." The theory is written in natural language, but with rigor. The many terms are carefully defined. 

Moving from sociology to psychology, we find a whole strand of psychological research is focussed on formal theories of cognition. How do people process information and solve problems? There are several competing theories in this domain, including Shiffrin and Schneider's General Theory of Human Information Processing [R. Shiffrin, W. Schneider, Controlled and Automatic Human Information Processing: II. Perceptual Learning, Automatic Attending,and a General Theory, 1977]. The theory attempts to explain how the human mind functions when problem-solving. It is presented in natural language, but formal theories of cognition are often expressed in the form of a computer program, simulating the workings of the mind. From an anthropocentric perspective, this is a highly universal theory. However, although it has often been cited, it has not been sufficiently corroborated empirically.

Remaining within psychology, the most influential theory is undoubtedly Sigmund Freud's Psychodynamic theory [S. Freud, Introductory Lectures on Psycho-Analysis, 1915]. Highly controversial, the theory purports to explain the emotional functioning of the human psyche. The theory is not at all formalized and was criticized by Karl Popper for being unfalsifiable. It has also significant problems of consistency and preciseness. Nevertheless, since its conception, it has had an enormous impact on our understanding of the human psyche. 

The list of general theories is very long. In addition to the above, there is a Theory of Voting Behavior [A. Downs, An Economic Theory of Political Action in a Democracy, 1957], a Theory of the Final Form of Human Government [F. Fukuyama, End of History and the Last Man, 1992], a Theory of Great Power Politics [JJ Mearsheimer, The tragedy of great power politics, 2001], the Germ Theory of Disease [I.F. Semmelweis, The Germ Theory of Disease, 1847], the Theory of the Invisible Hand [A. Smith, The Wealth of Nations,17..], a Theory of Organizational Structure [H. Mintzberg, The Structuring of Organizations, 1979] and many, many more.



Software Engineering doesn’t lack theories 

There are abundant theories in software engineering: 

•Boehm’s The Constructive Cost Model – COCOMO, 

•Parnas’ principle of information hiding, 

•Constantine’s Cohesion and Coupling, 

•Conway’s Law, 

•Dijkstra’s theory of cognitive limits  
(“Go to statement considered harmful”),  

•Wirth’s stepwise refinement,  

•Meyer’s Design by Contract, 

•Etc., etc., etc.. 

But none of these theories are foundational 
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Software Engineering doesn’t lack theories 

SEMAT wants to provide the core theory on 
which more specialised theories can stand 

Core Theory – The Essence 
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A kernel of widely-agreed elements 

The Kernel includes elements which are  
universal for all software development efforts 

• The Kernel should be harvested from  
a large number of methods 

• The Kernel is practice and method independent 

Kernel 



Include a kernel of widely-agreed elements 

The Kernel includes the essence  
of software engineering 
 
“I am freeing the statue from the block”  
 - Michelangelo (attributed)  

 

So to paraphrase Michelangelo: 
  “We are freeing the kernel  
      from the methods” 
    



In a Nut Shell – what we WILL change 

Executives 
Big companies have 
many processes.  
Challenges: 
-Reuse practices 
-Reuse training 
-“Reuse” of people 
-Evolutionary 
improvement is hard 
 
 
 
 
 

 

Professionals 
Want to become 
experts.  Challenges: 
-Their skills are not 
easily reusable for a 
new product. 
-Their career path 
follows a zig-zag track 
from hype to hype. 
 

 
 
 
 
 

 

Education 
-Teaching instances of 
methods such as 
Scrum, RUP, instead of 
common base; doesn’t 
create generalists 
 
 
 
 
 
 

 

SEMAT targets the whole software community. 

Industry Academics 
Research 
-The Gap between 
research and 
industry 
-No widely accepted 
theory 
 
 
 
 
 
 

 



Summary – What is new? 

“This (SEMAT) meeting in Zurich 
(2010) is likely to be an historic 
occasion much like the 1968 NATO 
session in Garmish.” 
 
 - Watts Humphrey (CMMI)  
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