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The CIAO! Tree 

PSI DEMO 
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The current EE theories 

FI theory    (φ-theory)  the EE information theory 
 
TAO theory    (τ-theory)  the EE function-construction theory 
 
PSI theory    (ψ-theory)  the EE organisation theory 
 
DELTA theory    (δ-theory)  the EE system theory 
 
MU theory    (µ-theory)  the EE model theory 
 
BETA theory    (β-theory)  the EE design theory 
 
 
SIGMA theory    (σ-theory)  the EE governance & management theory 
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The current EE theories in the FoT 

©2013 Jan L.G. Dietz: EE FoT - slide 1 

EE Framework of Theories 

Philosophical Theories 
about knowledge in general 
(conception and perception) 

epistemology, mathematics, phenomenology, logic, semiotics 
φ-theory, τ-theory 

Ontological Theories 
about the nature of things 

(explanation and prediction) 
ψ-theory, δ-theory 

Ideological Theories 
about selecting things to make 

(political, ethical, etc.) 
σ-theory 

Technological Theories 
about the making of things 

(analysis and synthesis) 
µ-theory, β-theory 

©2013 Jan L.G. Dietz: EE FoT - slide 2 

EE Framework of Theories 

The new Μ-theory comprises the former δ-theory and π-theory 
 
The new Δ-theory comprises the former δ-theory and π-theory 
 
The new Φ-theory covers the former φ-theory 
 
The new Τ-theory comprises the former τ-theory and β-theory 
 
The new Ψ-theory covers the former ψ-theory 
 
 
Μ Φ Τ Ψ 

 



FI theory (φ) 
 
 
 
 

(Fact & Information) 
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The FI (φ) theory 

The FI theory or φ-theory (the Greek letter φ is pronounced as FI, 
standing for Fact and Information) is a theory about information 
and factual knowledge. The FI-theory is a philosophical theory, 
which means that it is about knowledge in general. 
 
Some questions that the FI theory addresses are: 
What is information? 
What is the difference between data and information? 
What concepts are needed for understanding factual knowledge? 
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SIGN 

THOUGHT 

REFERENT 

> 
denotes 

Thoughts are things in the mind 
Referents are things in the world (outside the mind) 

Signs are things in the world that serve to communicate thoughts 
 

The semiotic triangle (Ogden & Richards) 
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Information is the dyad of sign and thought. 
The sign is its form and the thought its content. 

Information is the means for (human) communication. 

social world 

substances 

codings 

formalisms 

propositions 

intentions 

commitments 

pragmatics 

semantics 

syntactics 

empirics 

physical world 

thought 

sign 

information 

The semiotic ladder 
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The semiotic mill (1) 

is an instance of 
<

 

is the intension of -> 
 

<- is the extension of 

is a predication of 
> 

<
 

is a m
em

ber of 

CONCEPTUAL CLASS 

CONCEPTUAL OBJECT FACT 

TYPE 

The notion of type/class stands for the most basic conceptual 
technique: classification  

human HUMAN 

Charlie Chaplin 
is a human 

Charlie 
Chaplin 
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How the human mind creates types (?) 

After having been exposed to 
several examples of goats, the 
child starts to form the type goat 
in her mind. 

After having been exposed to 
several examples of sheep, the 
child starts to form the type sheep 
in his mind, and later the 
specialisation lamb. 
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is an instance of 
<

 

is the intension of -> 
 

<- is the extension of 

is a predication of 
> 

<
 

is a m
em

ber of 

human 

CONCEPTUAL CLASS 

HUMAN 

NOUN 

[Charlie Chaplin] 

CONCRETE OBJECT 

CONCEPTUAL 
OBJECT 

NAME 

“Charlie Chaplin ” FACT 

 <Charlie Chaplin 
is a human> 

FEATURE SENTENCE 

Charlie Chaplin 
is a human 

“Charlie Chaplin 
is a human” 

TYPE 

THING 

<Charlie Chaplin> 

NOUN 

“human” 

The semiotic mill (2) 

“HUMAN” 

CONCRETE CLASS 

[HUMAN] 

Charlie 
Chaplin 
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FACT 

TYPE 

is an instance of 
<

 

CONCEPTUAL CLASS 

is the intension of -> 
 

<- is the extension of 

is a predication of 
> 

<
 

is a m
em

ber of 

THING 

[Charlie Chaplin] 

HUMAN 

CONCRETE OBJECT 

CONCEPTUAL 
OBJECT 

human 

 <Charlie Chaplin 
is a human> 

CONCRETE CLASS 

[HUMAN] 

FEATURE 

<Charlie Chaplin> 

Charlie Chaplin 
is a human 

Charlie 
Chaplin 

The ontological mill 



TAO theory (τ) 
 
 
 

(Teleology – Affordance – 
Ontology) 
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TAO (τ) stands for Teleology Affordance Ontology. The TAO-theory 
is a philosophical theory: it is about knowledge in general. 
 

The TAO theory (function-construction) 

1) Gibson, J.J.: The Ecological Approach to Visual Perception, Chapter 8. Boston: Houghton Mifflin, 1979 

The word “teleology” is composed of “telos” and “logos”;  it is about 
explaining the behavior of subjects from studying their purpose(s). 
 
The word “ontology” is composed of “ontos” and “logos”;  it is about 
studying the existence (nature, essence) of objects. 
 
The word “affordance”1 refers to the usefulness of an object for a 
subject in the light of his/her purpose. 
 
The τ-theory explains the important difference between function and 
construction. 
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The notion of affordance 

TELEOLOGY ONTOLOGY AFFORDANCE THEORY 

object 
 

(with properties) 

subject 
 

(with needs) 

affordance 

the object is sit-on-able for the subject 

In their pursuit of satisfying needs, subjects do not primarily perceive 
objects but the affordances (potential usages) they offer. 
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Construction 

Taking the construction perspective, i.e. disregarding the affordances 
they may offer, one perceives objects and their properties. 

artefact subject 

EXPERIENCE FUNCTION CONSTRUCTION 

intended 
affordance 
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Function 

artefact subject 

EXPERIENCE FUNCTION CONSTRUCTION 

the function of the Chaplin is 
to be sit-on-able for Charlie 

intended 
affordance 

Next to using natural objects, subjects also create artefacts with some 
affordance in mind, commonly called the function of the artefact. 
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request 

promise 

accept 

state 

A0 

T1 

A1 

A0 comes to agreement with A1 about … about what? 
 
A0 is not primarily interested in the product P1 that A1 produces, but 
in the service S1 (is affordance) that it is supposed to offer. 

Service versus product 

The stating by A1 that product P1 is delivered is taken by A0 as the 
stating that service S1 is provided. 

The word “product” refers to the construction perspective. 
The word “service” refers to the function perspective. 
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Experience 

artefact subject 

EXPERIENCE FUNCTION CONSTRUCTION 

intended 
affordance 

Affordances evoke experiences in the mind of subjects. 
Examples: feeling safe, be excited, feeling cheated. 

the service that the Chaplin offers 
to Charlie may evoke a ‘better’ 

experience than the service that the 
tree-stump offers. 

 
Charlie would therefore commonly 
say that the Chaplin has a higher 

value for him than the tree-stump. 



PSI theory (ψ) 
 
 
 

(Performance in Social 
Interaction) 
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The PSI (ψ) theory 

The  ψ-theory  (the Greek letter “ψ” is pronounced as “PSI”, which 
stands for “Performance in Social Interaction”) is a theory about the 
construction and operation of organisations. It explains how and why 
people cooperate, and in doing so bring about the enterprise’s business. 
The ψ-theory is an ontological theory, which means that it concerns the 
nature of things. In particular, it clarifies notions like organisation, 
information system, business process, business rule. 
 
The ψ-theory is split in the general ψ-theory (human or front side): 
PSI: Production in Social Interaction 
PSI: Performative Sign Interpretation 
 
and the special ψ-theory (system or back side): 
ISP: Intelligent System Partitioning 
ISP: Integrated System Perspectives 
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The operating principle of organisations is that subjects (human 
beings) enter into and comply with commitments. They are raised in 
coordination acts. The result of a coordination act is a coordination fact. 
 
Coordination acts/facts occur in transactions, which are interaction 
patterns between two actors, one in the role of initiator, the other in the 
role of executor. Every coordination act/fact regards some product (i.e. 
an independent production fact plus its dependent production facts).  
 
The construction of an organisation consists of actor roles and 
transaction kinds. An actor role constitutes the authority to be executor 
in transactions of a particular transaction kind. 
 
Subjects are assigned actor roles on the basis of competence. The 
resulting actors (i.e. authorised subjects) are assumed to exercise their 
authority with responsibility. 

PSI: Production in Social Interaction 
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coordination 
act/fact 

performer intention addressee product 

subject actor role subject actor role entity production 
fact 

properties 

creation time (event time) intended response time 

The product comes into being at the 
accepted production time, regardless 
the creation time of the accept fact. 

requested | promised 
| stated | accepted 

 
production time 

The structure of a coordination act/fact 

is completed purchase 31416 

Quadra 75 article type 

10 number of items 

165 sales price [ξ] 

731.513 delivery day 

requested 
promised 

stated 
accepted 

 
product 

request 

Performa buyer 
(HORTUS) 

Probus Vilis seller 
(MALUM) 
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PRODUCTION 
WORLD 

COORDINATION 
WORLD 

production 
 

acts 

coordination 
 

acts 

production facts coordination facts 

production coordination 

Transaction = production + coordination 

initiator 
 
 
 
 
 
 
 
 
 

executor 
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PRODUCTION 
WORLD 

COORDINATION 
WORLD 

production 
 

acts 

coordination 
 

acts 

production facts coordination facts 

transaction 

Transaction = production + coordination 

initiator 
 
 
 
 
 
 
 
 
 

executor 
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PRODUCTION 
WORLD 

COORDINATION 
WORLD 

production 
 

acts 

coordination 
 

acts 

production facts coordination facts 

Transaction = production + coordination 

initiator 
 
 
 
 
 
 
 
 
 

executor 

Every production fact in our (socially constructed, institutional) 
world, is the result of a transaction. 
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Order 
phase 

Execution 
phase 

Result 
phase 

In the order phase, the 
initiator and executor 
discuss the product to be 
produced, and try to agree 

In the result phase, the 
initiator and executor discuss 
the product that has been 
produced, and try to agree 

In the execution phase, 
the executor produces a 
product 

Asking for transport 
Ordering a book 
Applying for membership 

Being transported 
Having got the book 
Having become member 

The phases of a transaction process 

Every transaction process is some sequence of (atomic) steps 
through the complete transaction pattern! 
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qt 

dc 

rq rq 

pm pm 

ac 

rj 

sp 

st st 

initiator executor 

dc 

qt 

ac 

sp 

al al 

rf rf 

[pm] 
 
rv 

rj 

initiator executor 

al al 

rf rf 

al al 

rf rf 

initiator executor 

rf 

al 

rf 

al 

rv 
 

[ac] 

rv 
 

[ac] 

? 

? 

? 

? 

? 

initiator executor initiator executor initiator executor 

[pm] 
 
rv 

[st] 
 
rv 

[st] 
 
rv 

[rq] 
 
rv 

[rq] 
 
rv 

The complete transaction pattern 
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•  Signs (information items) are studied by Semiotics. The distinctions 
made are summarised in the semiotic ladder 

•  Accordingly, three human abilities are distinguished in the PSI theory: 
performa, informa, and forma. The focus will be on the performa ability 

PSI: Performative Sign Interpretation 

SIGN 

THOUGHT 

REFERENT 

<
- signifies 

 
is expressed in ->

 

MATTER 

>
 

is inscribed in 

SIGN 

THOUGHT 

REFERENT 

> 
denotes 

Physical World 

Empirics 

Syntactics 

Semantics 

Pragmatics 

social world 

substances, traces 

patterns, codes 

formalisms 

meanings 

intentions 

commitments performa 

informa 

forma 

pragmatics 

semantics 

syntactics 

empirics 

physical world 

SIGN 

THOUGHT 

REFERENT 

<
- signifies 

 
is expressed in ->

 

MATTER 

>
 

is inscribed in 

SIGN 

THOUGHT 

REFERENT 

> 
denotes 

Physical World 

Empirics 

Syntactics 

Semantics 

Pragmatics 

social world 

substances, traces 

patterns, codes 

formalisms 

meanings 

intentions 

commitments performa 

informa 

forma 

pragmatics 

semantics 

syntactics 

empirics 

physical world 
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informa level 
 

(cognitive correspondence) 

forma level 
 

(notational correspondence) 

formulate 
thought 

educe 
thought 

perceive 
sentence 

utter 
sentence 

expose 
commitment 

evoke 
commitment 

medium level 
 

transmission of messages  

effectuate 
decision 

decide on 
response 

performa level 
 

(social correspondence) 

 RGGDE 3.1 picture 15 

FF0000 

009900 

0066FF 

CC0066 

0099CC 

CCCC33 

original production 
performa level in coordination 

informational production 
informa level in coordination 

documental production 
forma level in coordination 

coordination 

production 

actor 
actor role 

 RGGDE 3.1 picture 16 

 RGGDE 3.1 picture 15 

FF0000 

009900 

0066FF 

CC0066 

0099CC 

CCCC33 

original production 
performa level in coordination 

informational production 
informa level in coordination 

documental production 
forma level in coordination 

coordination 

production 

actor 
actor role 

 RGGDE 3.1 picture 16 

The process of a coordination act/fact 
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devising 
deciding 
judging 

remembering 
recalling 
computing 
 
facts 

archiving 
providing 
transforming 
 
documents 

O- 
organisation 

I- 
organisation 

storing 
retrieving 
copying 
transmitting 
destroying 
 
files 

manufacturing 
transporting 
observing 

remember fact share fact 

archive document provide document 

IMMATERIAL 
PRODUCTION 

MATERIAL 
PRODUCTION 

D- 
organisation 

ISP: Intelligent System Partitioning 
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O- 
organisation 

I- 
organisation 

uses supports 

uses supports 

D- 
organisation 

Aspect systems and sorts of actors 

red actor 
 

Performa 

green actor 
 

Informa 

blue actor 
 

Forma 
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O- 
organisation 

I- 
organisation 

D- 
organisation 

The essential model of an organisation 

AM 

PM 

CM 

FM 

abstraction from 
implementation ab

st
ra

ct
io

n 
fr

om
 

re
al

is
at

io
n 
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business processes 
business events 

business objects 
business facts 

PRODUCTION COORDINATION 

work instructions business rules 

OPERATION 

PROCESS PRODUCT 

CONSTRUCTION 

actors 
transactions 

ISP: Integrated System Perspectives 

FM 

CM 

PM 

AM 



DELTA theory (δ) 
 
 
 

(Discrete Event in Linear 
Time Agent) 
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The DELTA theory 

The DELTA theory (δ-theory) is a theory about the statics, kinematics, 
and dynamics of discrete event systems. DELTA stands for Discrete 
Event in Linear Time Agent. The DELTA-theory is on ontological 
theory, which means that it is about the nature of things. 
 
Some questions that the DELTA theory addresses are: 
What is a discrete event system? 
What is the construction of a system and what its operation? 
What is the difference between the state of a system and the state of 
a system’s world? 
 
There are two specialisations of the DELTA theory: 
the SMART theory, for studying technical systems (i.e. systems in 
which the agents are non-human), 
the CRISP theory, for studying social systems (i.e. systems in which 
the agents are human), like organisations . 
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The construction of a (homogeneous) system can be conceived as a 
triple (C,E,S), where: 
 

C is a set of elements of some category (physical, social, biological 
etc.), called the composition of the system 
 
E is a set of elements of the same category as the elements of C, 
called the environment of the system 
 
S is a set of influencing bonds among the elements in C and 
between these and the elements in E, called the structure of the 
system. 

The ontological system definition 

From the TAO theory, we know that an ontological definition of a 
system regards the construction and the operation of the system, 
while completely disregarding its function(s) and behavior(s). 



 

DELTA theory 
 
 
 

CRISP 
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Introduction 

The CRISP theory is a theory for studying organisations as discrete 
event systems. An organisational building block, as defined by the PSI 
theory, is called a crispie in the CRISP theory. 
The relevance of the CRISP theory is threefold: 
 
1.  It provides a truly ‘crisp’ understanding of the construction and 

operation of organisations, fully abstracted from realisation and 
implementation. 

2.  It provides a model of organisations that allows one to logically 
reason about an organisation’s construction and operation 
(possibly supported by simulation), such that one can prove the 
feasibility and validity of an organisational change. 

3.  It offers the basis for generating supporting software whose 
correctness can be proven. 
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The CRISP formalisation (1) 

A crispie can formally be defined as a tuple   < C, R, I, S, P >, where 
 
C is a set of C-fact types, called the coordination base 
R is a set of C-fact types, called the reaction base 
I is a set of C-fact types, called the intervention base 
S is a set of C-fact types, called the state base 
P is a function, called the performance base, expressed as follows: 

 ℘C � ℘I � ℘S  -> ℘(R � D)    
 
Explanation: 
X is the union of the extensions of the types in X 
℘X is the powerset of X 
D is the set of (positive) time durations 
R is formally defined as the set of C-facts that are the effect of 
performing the corresponding C-acts 
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The CRISP formalisation (2) 

The extension of P is a set of action rules <C, I, S, < r, rd >> where: 
 
C is the C-event to be responded to, called the action; C ⊆ C, C ≠ ∅ 
 
I is a set of C-events, called the interventions; I ⊆ I 
 
S is a set of C- and P-facts, called the state; S ⊆ S 
 
<r, rd> is the produced reaction; it is a non-empty set of tuples <r, rd> 
with r is a created C-fact (r ∈ R), and rd (rd ∈ D) is the response delay; 
the intended response time of the C-fact, rt = Now + rd. 
 
NOTE. Recall that, according to the PSI theory, a C-fact is a tuple 
<performer, intention, addressee, product>, and that the product 
consists of an independent P-fact together with its dependent P-facts. 
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Interaction 

There are three ways in which crispies influence each other, called 
interaction, interstriction, and intervention. 
 
By interaction is understood that crispies activate each other. 
 
Crispie1 is said to activate crispie2 if the reaction base of crispie 1 and 
the coordination base of crispie 2 have a non-empty intersection. 
Formally expressed: R1 ∩ C2 ≠ ∅. 
(Cf. when clause in action rules) 
If this is the case, then every C-event in a reaction of crispie1 that 
belongs to this intersection, is instantly added to the agenda of crispie2. 
 
If crispie1 and crispie2 are identical, we speak of self-activation: it 
means that the crispie is able to create its own agenda. In this way 
periodic activities can be modelled elegantly. 
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Interstriction 

There are three ways in which crispies influence each other, called 
interaction, interstriction, and intervention. 
 
By interstriction is understood that crispies condition each other. 
 
Crispie1 is said to condition crispie2 if the reaction base of crispie 1 and 
the state base of crispie 2 have a non-empty intersection. Formally 
expressed: R1 ∩ S2 ≠ ∅. 
(Cf. assertion clauses in the assessment part in action rules) 
If this is the case, then every C-fact (including its related P-facts!) in a 
reaction of crispie1 that belongs to this intersection, is instantly added to 
the state of crispie2. 
 
If crispie1 and crispie2 are identical, we speak of self-conditioning: it 
means that the crispie is able to change it own state. Self-conditioning is 
the classical concept of the (internal) state of a system. 



©2015 Jan L G Dietz  TEE overview p slide 44 

Intervention 

There are three ways in which crispies influence each other, called 
interaction, interstriction, and intervention. 
 
By intervention is understood that crispies restrain each other. 
 
Crispie1 is said to restrain crispie2 if the reaction base of crispie 1 and 
the intervention base of crispie 2 have a non-empty intersection. 
Formally expressed: R1 ∩ I2 ≠ ∅. 
(Cf. while clause in action rules) 
If this is the case, then every C-event in a reaction of crispie1 that 
belongs to this intersection, is instantly added to the interventions of 
crispie2. 
 
If crispie1 and crispie2 are identical, we speak of self-intervention: it 
means that the crispie is able to create its own restraints.  
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i j k 

m 

interaction link interstriction link intervention link 

The crispienet diagram 

Rk ∩ Im ≠ ∅ Ri ∩ Cm ≠ ∅ 

Rj ∩ Sm ≠ ∅ 

Note. The legend of the crispienet diagram is identical to the legend of the 
Organisation Construction Diagram (OCD). 
The difference is only in the interpretation. In the PSI theory, a crispienet 
diagram is interpreted as (the construction of) a social system. In the CRISP 
theory, it is interpreted as (the construction of) a mechanistic system. 



MU theory (µ) 
 
 
 

(Model Universe) 
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The MU theory or µ-theory (the Greek letter µ is pronounced as MU, 
standing for Model Universe) is a theory about models and modelling. 
The MU theory is a technological theory, which means that it is about 
the making of things. 
 
It has four parts: 
 
1.  The definition of  the notion of model. 
2.  The model triangle, based on the semiotic triangle. 
3.  The General Conceptual Modelling Framework. 
4.  The General Ontology Specification Language. 

The MU theory (model theory) 
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The definition of model 

We adopt the definition of Leo Apostel (1960): 
 
Any subject using a system A 
that is neither directly nor indirectly interacting with a 
system B, 
to obtain information about the system B, 
is using A as a model of B 
 
 
So, the notion of model is a role notion: something is not a model 
per se, but can be used as a model 



©2015 Jan L G Dietz  TEE overview p slide 49 

CONCEPTUAL 
COMPLEX 

> 
imitation 

> 
transformation 

conversion 
< 

CONCRETE 
COMPLEX 

SYMBOLIC 
COMPLEX 

is a  denotation of 
> 

The model triangle Adapted from Bertels, K., Nauta, D.: 
Inleiding tot het modelbegrip 
(Wetenschappelijke Uitgeverij, 
Amsterdam 1974)  
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General Conceptual Modelling Framework  

CONCEPTUAL 
COMPLEX 

CONCEPTUAL 
SCHEMA 
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EXAMPLES OF FACTS: 
 
rental 1089 exists 
rental 387 exists 
person Charlie exists 
person Linda exists 
person Charlie is the renter of rental 1089 
person Linda is the renter of rental 387 
rental 1089 is contracted 

contracted 

RENTAL PERSON 
renter 

> 

EXAMPLES OF FACTS: 
 
primal entity type rental exists 
primal entity type person exists 
property type renter exists 
the domain of renter is rental 
the range of renter is person 
event type contracted exists 
contracted concerns rental 

GOSL 

GOSL 

+ 

< 

PRIMAL 
ENTITY TYPE 

DERIVED 
ENTITY TYPE 

PROPERTY 
TYPE 

ATTRIBUTE 
TYPE 

ENTITY 
TYPE 

VALUE 
TYPE 

range 

< 

< 

< 

< 

domain 

range 

domain 

GOSL 

EVENT 
TYPE 

< 
concerns 

specialisation 

CONTRACTED 
RENTAL 

derived entity type contracted rental exists 
contracted rental is a specialisation of rental 

Clarification (1) 



©2015 Jan L G Dietz  TEE overview p slide 52 

is an expression of -> 
 

<- is an interpretation of 
CONCEPTUAL 

COMPLEX 
SYMBOLIC 
COMPLEX 

CONCEPTUAL 
SCHEMA 

is
 a

 t
ex

t 
in

 
>

 

is
 a

n 
in

st
an

tia
tio

n 
of

 
>

 

META 
SCHEMA 

is
 a

n 
in

st
an

tia
tio

n 
of

 
>

 

is a syntax of -> 
 

<- is a semantics of 
SYMBOLIC 

FORMALISM 

is a syntax of -> 
 

<- is a semantics of 
SYMBOLIC 

FORMALISM 

is
 a

 t
ex

t 
in

 
>

 

ACTOR 
ROLE 

TRANS- 
ACTION 
KIND 

EXAMPLES OF FACTS: 
 
actor role A0 exists     actor role A1 exists 
actor role A2 exists     transaction kind T1 exists 
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sort [T-SORT] 

initiator role 
< 

executor role 
< 

1..* 

1..1 1..1 

EXAMPLES OF FACTS: 
 
primal entity type actor role exists 
primal entity type transaction kind 
exists 
property type initiator role exists 
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There are two ways to create types: 
 
1.  By declaration. It means that one thinks up a new type, which 

cannot be constructed from existing types. Declared types are 
called primal types. 

2.  By construction.  It means that one defines a new type on the 
basis of existing types, by specialisation, generalisation, or 
aggregation. Constructed types are called derived types. 

A type T is a specialisation of type A if T is defined on the basis of one 
or more properties of T. 

 Example: student as a specialisation of person. 
A type T is a generalisation of the types A, B, … if the extension of T 
is the union of the extensions of A, B, …  

 Example: VEHICLE = CAR � AIRCRAFT � BOAT. 
A type T is an aggregation of the types A, B, … if the extension of T is 
the cartesion product of A, B, …  

 Example: CAR GROUP * YEAR as the basis for rental rate. 

The creation of types 
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A type A is a subtype of type B if the extension of A is a subset of the 
extension of B. Conversely, B is called a supertype of A. The subtype 
relation is transitive: if A is a subtype of B, and B is a subtype of C, 
then A is also a subtype of C. In this way type trees emerge. 
Well-known examples of type trees are the taxonomies of Linnaeus. 

The subtype relation 
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The BETA theory 

The BETA theory (β-theory) is a theory about the development of 
systems of all kinds, from requirements elicitation to implementation. 
BETA stands for Binding Essence, Technology, and Architecture. The 
BETA theory is a technological theory: it is about the making of things. 
 
The BETA theory provides answers to questions like: 
What is design? 
How does function design differ from construction design? 
What is the role of Technology, Architecture, and Ontology? 
What does it mean to automate an organisation? 
 
Two frameworks for understanding are presented and discussed: 
The GSDP (Generic System Development Process) 
The GRAF (Generic Requirements and Architecture Framework) 



 

BETA theory 
GSDP 

(Generic System 
Development Process) 
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object system 
construction 

object 
system 
function 

construction 
 

design 

function 
 

design 

The System Development Process (1) 

design 

analysis                                      synthesis 
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What is architecture? 

For all design processes, it holds that the designer is left with some 
amount of design freedom after all requirements are satisfied. 
Architecture is about using this freedom in a purposeful way. 

One of them is that the developers of EISs, once more, regardless whether these systems are fully customer made 
or customised ‘standard’ solutions (like ERP-systems), must be aware that their solutions will only be fully satis-
factory if their functional specifications are based on the essential model of the using system. In current practice, 
it is highly improbable that they are. The consequence in current practice is that organisations feel ‘girded’ by 
their ERP systems. Ironically, neither the customer nor the ERP supplier understands why. Another implication is 
that apparently the customers of ERP systems need to be competent in determining and approving requirements.

4. Architecture
In explaining the name “BETA” in the Introduction, we have called “architecture” the most troublesome term 
because it is currently surrounded by so much vagueness and ambiguity in the state of the art in the field that is 
commonly labeled as ‘organisation and ICT”.

For all engineering disciplines, it holds that during a design process, the designer is left with some ‘amount’ 
of design freedom after all specific requirements for the artefact are satisfied. This ‘amount’ may be quite sub-
stantial for disciplines where the implementation technology is hardly or not at all constrained by physical laws. 
Among these disciplines are Information Systems Engineering and Enterprise Engineering. Consequently, de-
signers of enterprises and information systems are faced with the question how to use this design freedom. 
Throughout the history of mankind, man has answered this question in much the same way, namely by using this 
freedom for expressing a personal or collective vision on the subject matter. As an example, designers of wooden 
walking sticks, often use their design freedom to let the stick evoke the experience of nature, e.g. by gouging on 
the stick pictures of nature (trees, flowers, mountains, trails, etc.). More generally, designers of many artefacts 
use their design freedom to appeal to aesthetic experiences or to impose their design style. As another example, 
designers of churches, presumably being religious themselves, mostly use their design freedom to appeal to re-
ligion related concepts, like devotion, hospitality, and sense of safety.

Before presenting a thorough and appropriate definition of architecture for the discipline of EE, let us consider  
some examples from the building industry, namely these three opera houses: The Sydney Opera House, The 
Scala in Milan, and the Metropolitan Opera in New York (Figure 4.1). Their functional requirements were 
roughly the same, and neither of them had serious constructional constraints. Then, why are they so different?

Figure 4.1  Examples of architecture in the building industry

TEEM-8 ! Jan Dietz & Jan Hoogervorst - The  β-theory  v1! page 5

Architecture is not what you see, but what has shaped what you see … 
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Generic Requirements and Architecture 
Framework (GRAF) 

We are now able to provide a more precise definition of the notion of 
requirement: a requirement is a limitation of the design freedom of 
the system designer. An elementary requirement concerns: 
one system kind (enterprise, information system, car, etc.) 
one design domain (function, construction) 
one or more areas of concern (security, compliance, robustness, etc.). 
 
This definition holds both for specific requirements and for generic 
requirements (= architecture). 
 
The GRAF can be defined as a tuple <S,D,A> where: 
S:  a set of system kinds 
D:  a set of design domains 
A:  a set of areas of concern 
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Functional design domains of a car 

The grey-boxes represent functional components that can be operated 
through constructional components. 
For example, the function starting is operated by turning the key. If the 
car is in the state ‘idle’, the engine will be ignited. 

driving 

powering steering lighting 

starting regulating 
direction 
indication headlights 

braking 
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Functional requirements for a car 

Below, examples of functional requirements for a car are listed, 
including the corresponding system kind and design domain. 
 
braking distance within 12 m at 50 km/h  

   (S = car, D = driving/braking) 
 
acceleration to 100 km/h within 8 seconds 

   (S = car, D = driving/powering/regulating) 
 
day/night controlled headlight switching 

   (S = car, D = driving/lighting/headlights) 
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Constructional design domains of a car 

NOTE. The top level (car) and the ‘leafs’ (e.g. lamps) are indisputable 
objective parts of the constructional decomposition. The identification 
of the ‘intermediate’ components may be partly subjective. 

©2014 Jan L.G. Dietz TEEM pictures slide 5 

car 

body wheels engine lamps 

doors chairs cylinders valves 
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enterprise 
organisation 

operational 
organisation 

management 
organisation 

facilities 
organisation 

actor facilities organisation 

physical production 
facilities organisation 

housing facilities organisation 

Constructional decomposition of any organisation 

Examples of actor facilities tasks: employee recruitment, training and rewarding; robot procurement and maintenance 
 
Examples of physical production facilities tasks: machine procurement and maintenance, tools procurement and maintenance, 
material supply, energy supply 
 
Examples of housing facilities tasks: procurement and maintenance of buildings, working places, and meeting places 
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Constructional requirements for a car (1) 

Below, examples of constructional requirements for a car are listed, 
including the corresponding system kind and design domain. 
 
the total mass of the car must be less than 1500 kg 

     (S = car, D = car) 
 
grilles must be made of composite matter 

     (S = car, D = car/body) 
 
all lamps must be LEDs 

     (S = car, D = car/lamps) 



 

Enterprise 
Engineering 

the paradigm shift 
it causes … 
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The paradigm shift in astronomy 

The geocentric view 
of Ptolemy (150) 

The heliocentric view 
of Copernicus (1543) 

Sun Earth Mars 
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  The task of the ICT-professional is to develop a system (application) 
‘on the side’, and to ‘implant’ it, once it is completed 

  The development process is roughly: requirements determination, 
functional design, technical design, implementation 

  The functional requirements are determined basically by interviewing 
the customer and the future users 

  The focus is on processes, data, and ICT opportunities 

The application-centric view (1975) 

Drawbacks 

  The delivered system rarely meets the ‘real’ functional requirements 
(expectations). In other words, requirements determination mostly fails 

  Standardisation, like in ERP-systems, hardly solves the requirements 
determination problem. Instead, it puts the users in armours 
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  The task of the ICT-professional is to develop and install a new 
implementation of (a part of) the organisation 

  The development process is roughly: (re)design organisation, produce 
its ontological model, devise new implementation model 

  The functional requirements are fully determined by the ontological 
model of the organisation 

  The focus is on human cooperation, and on authority and responsibility 

The organisation-centric view (2005) 

  In addition, the organisation may itself be subject to redesign. This comes 
down to devising a new ontological model, by an enterprise engineer (!) 

  Because the ontological model is fully formalisable, automatic generation 
of the new implementation is a realistic option 

Extras 
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By way of consolation … 

All truth passes through three 
stages. 
 
 
First, it is ridiculed. 
 
Second, it is violently opposed. 
 
Third, it is accepted as being 
self-evident. 

 
 

Arthur Schopenhauer 

www.ciaonetwork.org  www.ee-institute.org  


