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Construction 
Assembly of mainly mechanical and electrical parts. 
 
Operating principle 
Rolling on surfaces, being propelled by some power source. 
 
Power source 
engine(s) fuelled by fossil fuels (gasoline, diesel, …) or electricity. 
 
Operating Theory 
Mechanics (gravity, friction). 
 
 

Engineering automobiles 
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Construction 
Assembly of mainly mechanical and electrical parts. 
 
Operating Principle 
Gliding on air, being propelled by some power source. 
 
Power source 
engine(s) fuelled by fossil fuels (kerosene). 
 
Operating Theory 
Aerodynamics (lift by wings). 
 

Engineering aircrafts 
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The CIAO! Tree 
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The EE Theory Framework 

©2013 Jan L.G. Dietz: EE FoT - slide 4 

EE Framework of Theories 

Philosophical Theories 
understanding thinking 

epistemology, mathematics, phenomenology, logic 
EE-theories: ω-theory 

Ontological Theories 
understanding the nature of things and their use 

explanation and prediction 
EE-theories: φ-theory, δ-theory, π-theory, ψ-theory, τ-theory 

Ideological Theories 
selecting the things to make 

politics 
EE-theories: σ-theory 

Technological Theories 
designing and making things 

analysis and synthesis 
EE-theories: β-theory, ν-theory 
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The importance of a proper theory 

“Whether you can observe a thing or not depends 
on the theory that you use. It is the theory that 
decides what can be observed.” 
 

(Albert Einstein) 



 EE Master Class 2014 – p9 CIAO!
Public Research Centre, Luxembourg 

Moscow and Nizhniy Novgorod, Russia 

TU Lisboa 

CTU Prague 

The CIAO! Network 

Research Almaden, USA 
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δ-theory and π-theory 
 
ψ-theory 
 
τ-theory 
 
β-theory 

Outline 
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The EE Theory Framework 
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EE Framework of Theories 

Philosophical Theories 
understanding thinking 

epistemology, mathematics, phenomenology, logic 
EE-theories: ω-theory 

Ontological Theories 
understanding the nature of things and their use 

explanation and prediction 
EE-theories: φ-theory, δ-theory, π-theory, ψ-theory, τ-theory 

Ideological Theories 
selecting the things to make 

politics 
EE-theories: σ-theory 

Technological Theories 
designing and making things 

analysis and synthesis 
EE-theories: β-theory, ν-theory 
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The δ-theory (δ is pronounced as DELTA, standing for Discrete Event 
in Linear Time Automaton) is a theory about the statics, kinematics, 
and dynamics of state machines. 
 
It provides the basis for an appropriate understanding of what is 
commonly referred to by terms like “system”, “state”, “event”, and 
“process”. 
 
The δ-theory is rooted in automata theory [Hopcroft and Ullman]. 

Ontological theories: the δ-theory 
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The π-theory (π is pronounced as PI, standing for Performance in 
Interaction) is a theory about the ontological essence of discrete 
event systems. 
 
It clarifies and explains the construction and operation of technical, 
i.e. non-social, systems. 
 
The π-theory is rooted in the δ-theory, systemic ontology [Bunge] 
and discrete event systems [Cassandras and Lafortune]  

Ontological theories: the π-theory 
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Example: traffic control system (TCS) 

Cycle 1

Cycle 2
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Functional model of the TCS 

clear time standard move time

stop time

movewait

move stop wait

time

Road 1

Road 2
standard move time  
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Facts and states 

At every point in time, the world of a system is in a particular state. 
A state  is defined as a set of facts. 
The facts contained in a state are elements of the state base of the 
system, being the set of all facts that may belong to a state of the 
system. 
A fact is said to be current at the point in time t if it has been made 
existent before or at t, and if it has not been made nonexistent since 
then. 

Examples of facts: 
phase(1) = wait, phase(2) = move, move_time(1) = 200, 
move_time(2) = 240, clear_time(1) = 8, clear_time(2) = 8, 
stop_time(1) = 5, stop_time(2) = 7 
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Acts and agenda 

Systems activate each other by generating acts for each other, to 
be performed at some time. The set of possible acts that a system 
can deal with is called its action base.  
An agendum is a pair <a,t> where a is an act and t is a point in 
time. At every moment a system disposes of a set of agenda. 
The action a in the agendum <a,t> is said to be current at t.  
 
Examples of acts: 
let_pass(1), let_pass(2) 
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The smartie model of a discrete event system 

A smartie is defined by a tuple  < S, M, A, R, T >, where: 
 
S  :  a set of fact types, called the state base  
M  :  a set of fact types, called the mutation base  
A  :  a set of act types, called the action base  
R  :  a set of act types, called the reaction base  
T  :  a partial function, called the transition base : 

  T ∈ ℘A � ℘S → ℘(R � D) � ℘M 
 
In this definition, the union of the extensions of a set of concept 
types C (act types or fact types) is denoted as C, and the power set 
of a set X is denoted as ℘X. 
Points in time are represented by elements of the set T; the current 
point in time is denoted by Now; (positive) time durations are 
elements of the set D. 
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Transition rules 

The extension of T is a set of transition rules <A,S,R,M> where: 
 
A is the current action; A ⊆ A  
 
S is the current state; S ⊆ S  
 
R is the current reaction; it is a set of pairs <r,d> with r ∈ R and 

d ∈  D; d is the delay of the reaction; the action r will become 
current at time Now+d 

 
M is the current mutation; M ⊆ M 
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Activating and conditioning 

Smartie i is activating smartie j if Ri ∩ Aj ≠ ∅. 
 
The new agenda of smartie j is the symmetric set difference of its 
current agenda and the current reaction. 
 
Smartie i is conditioning smartie j if Mi ∩ Sj ≠ ∅. 
 
The new state of smartie j is the symmetric set difference of its 
current state and the current mutation. 
 
The symmetric set difference Δ is defined as follows: 
A Δ B = (A \ B) � (B \ A). 
Its effect is that every element in B that is not in A will be ‘added’, 
and that every element in B that is also element in A, will be 
‘removed’. 
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Legend of the smartienet (1) 

base of an elementary channel is precisely one act type. Consequently, every single act can only be transmitted 
in precisely one channel. It is not possible to have duplicates. The transmission bases of the elementary channels 
in a smartienet are disjoint. An aggregate channel is a collection of elementary channels. The transmission base 
of an aggregate channel is the union of the transmission bases of the composing elementary channels. The 
transmission of an aggregate channel at some moment is the union of the transmissions of the composing ele-
mentary channels at that moment.
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processor Pi module  
 
Ci is input channel of Pi 
Cj is output channel of Pi 
Ck is output channel of Pi 
Bp is inspection bank of Pi 
Bq is inspection bank of Pi 
Br is mutation bank of Pi 
Bs is mutation bank of Pi 

Figure 1  Legend of the smartienet diagram

Banks are connected to processors by two kinds of links: inspection links and mutation links (Cf. Figure 1).  
Through an inspection link, a processor is able to inspect the contents of a bank. Through a mutation link, a 
processor is able to mutate (change) the contents of a bank. There is an inspection link between bank Bk and 
processor Pj if the contents base of bank Bk is a subset of the state base of the smartie of which processor Pj is 
the kernel (CBk ⊂ Sj). There is a mutation link between bank Bk and processor Pi if the contents base of bank Bk 
is a subset of the mutation base of the smartie of which processor Pi is the kernel (CBk ⊂ Mi). Consequently (Cf. 
Figure 1), bank Bk is called a mutation bank of processor Pi and an inspection bank of processor Pj.

Channels are also connected to processors by two kinds of links: input links and output links (Cf. Figure 1).  
Through an input link, a processor is able to receive agenda. Through an output link, a processor is able to send 
agenda. There is an input link between channel Cn and processor Pj if the transmission base of channel Cn is a 
subset of the action base of the smartie of which processor Pj is the kernel (TBn ⊂ Aj). There is an output link 
between channel Cn and processor Pi if the transmission base of channel Cn is a subset of the reaction base of the 
smartie of which processor Pi is the kernel (TBn ⊂ Ri). Consequently (Cf. Figure 1), channel Cn is called an 
output channel of processor Pi and an input channel of processor Pj.

TEEM-7 # Jan Dietz & Jan Hoogervorst - The π-theory v3# page 4

Mi ∩ Sj ≠ ∅ Ri ∩ Aj ≠ ∅ 
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Legend of the smartienet (2) 

base of an elementary channel is precisely one act type. Consequently, every single act can only be transmitted 
in precisely one channel. It is not possible to have duplicates. The transmission bases of the elementary channels 
in a smartienet are disjoint. An aggregate channel is a collection of elementary channels. The transmission base 
of an aggregate channel is the union of the transmission bases of the composing elementary channels. The 
transmission of an aggregate channel at some moment is the union of the transmissions of the composing ele-
mentary channels at that moment.
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Ci is input channel of Pi 
Cj is output channel of Pi 
Ck is output channel of Pi 
Bp is inspection bank of Pi 
Bq is inspection bank of Pi 
Br is mutation bank of Pi 
Bs is mutation bank of Pi 

Figure 1  Legend of the smartienet diagram

Banks are connected to processors by two kinds of links: inspection links and mutation links (Cf. Figure 1).  
Through an inspection link, a processor is able to inspect the contents of a bank. Through a mutation link, a 
processor is able to mutate (change) the contents of a bank. There is an inspection link between bank Bk and 
processor Pj if the contents base of bank Bk is a subset of the state base of the smartie of which processor Pj is 
the kernel (CBk ⊂ Sj). There is a mutation link between bank Bk and processor Pi if the contents base of bank Bk 
is a subset of the mutation base of the smartie of which processor Pi is the kernel (CBk ⊂ Mi). Consequently (Cf. 
Figure 1), bank Bk is called a mutation bank of processor Pi and an inspection bank of processor Pj.

Channels are also connected to processors by two kinds of links: input links and output links (Cf. Figure 1).  
Through an input link, a processor is able to receive agenda. Through an output link, a processor is able to send 
agenda. There is an input link between channel Cn and processor Pj if the transmission base of channel Cn is a 
subset of the action base of the smartie of which processor Pj is the kernel (TBn ⊂ Aj). There is an output link 
between channel Cn and processor Pi if the transmission base of channel Cn is a subset of the reaction base of the 
smartie of which processor Pi is the kernel (TBn ⊂ Ri). Consequently (Cf. Figure 1), channel Cn is called an 
output channel of processor Pi and an input channel of processor Pj.

TEEM-7 # Jan Dietz & Jan Hoogervorst - The π-theory v3# page 4
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Legend of the smartienet (3) 
The notion of channel must be understood in this way (Cf. Figure 1). Suppose that processor Pi generates at 

time t an agendum (a,d), where a is an act and d is the delay (i.e. the time after which act a becomes current). 
The channel metaphor then is that act a is ‘put’ in the channel by the sender Pi at time t and that it ‘arrives’ at the 
receiver Pj at time t + d.

©2013 Jan L.G. Dietz DEMO-3.6c models and representations slide 6 

Legend of the OCD (1) 

CPi ACn Pi ACn 

Si =�k CBk  
Mi =�l CBl  
Ai =�m TBm  
Ri =�n TBn  
 

module representation of a composite smartie 

Si =�k CBk  
Mi =�l CBl  
Ai = TBi  
Ri =�n TBn  
 

ABl ABl 

ABk ABk 

ACm Ci 

module representation of an elementary smartie 

Figure 2. Module representations of smarties

Figure 2 exhibits the representation of smarties as smartienet building blocks or modules. On the left side is 
the generic module representation of a composite smartie, and on the right side is the generic module representa-
tion of an elementary smartie. Because a processor may be connected to a multitude of elementary input chan-
nels and output channels, as well as inspection banks and mutation banks, aggregate channels and banks are 
drawn. The only exception is the input channel of the elementary processor (right side of Figure 2), which is by 
definition elementary. Next, the disks of the input channels and the diamonds of the inspection banks are only 
drawn ‘half’. It expresses that they must be ‘clicked’ to the corresponding disks and diamonds of other modules 
in order to become operating systems.

Figure 2 also shows the specification of the state base, mutation base, action base, and reaction base of the 
represented smarties. As an example, Si is the union of the contents bases CBk of all elementary banks Bk in the 
aggregate bank ABk. By convention, the input channel of an elementary processor gets the same number as the 
processor. Thus Ci is the input channel of Pi (Figure 2, right side). Consequently, Ai = TBi.

The essential model of a system
The smartie model of a system is a conceptual model, which means that it is fully independent of its, current or 
future, (technological) implementation. Unlike most other conceptual models, smartie models have two addi-
tional qualities. The first one is that the model is truly comprehensive, by which is meant that it includes statics, 
kinematics, and dynamics, and this also in an integrated way. The second quality is that smartie models abstract 
from informational acts, like keeping facts (‘remembering’)  and getting facts (‘recalling’), and computing de-
rived facts from other ones. These acts are ‘hidden’ by the notions of conditioning and interstriction, which are 
represented in the smartienet by banks, mutation links and inspection links. Instead of informing other smarties 
about a state change, or of asking for (original or derived)  facts, smarties inspect the banks to which they have 
access, in much the same way as higher programming languages allow the programmer to directly change and 
use the values of variables (or as the processor of a computer has direct access to the data in the memory of the 
computer). Because of this second quality, the acts in the smartie model of a system are called its essential acts, 
and the smartie model is called the essential model of the system.

Both the comprehensiveness and the conciseness of the essential model contribute substantially to the enter-
prise engineering goal of intellectual manageability. As will be demonstrated at two example cases hereafter, the 
specification of the S, M, A, R, and T component of an elementary smartie is rarely complicated, and the smarti-
enet diagram offers a deep and accurate understanding of the activating and conditioning interrelationships be-
tween the constituting smarties.

TEEM-7 # Jan Dietz & Jan Hoogervorst - The π-theory v3# page 5
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Detailed smartienet diagram of the TCS Clearly, there must also be an internal activation in the TCS to accommodate the transition of the various 
phases of every cycle, next to the external activation by ‘let pass’ acts. Consequently, we come up with the de-
tailed construction model as exhibited in Figure 5. The bold grey-lined rectangle represents the system boundary.
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Figure 5. Detailed smartienet diagram of the TCS

 There are two internal elementary processors: P1 (let pass controller) and P2 (phase controller), and one in-
ternal channel: C2 (transmitting ‘set phase’ acts). P2 is activated both by P1 and by itself. The contents base of 
the bank ‘param’ consists of move_time(Cycle), stop_time(Cycle) and clear_time(Cycle). The contents base of 
the bank ‘phase’ consists of phase(Cycle). The transmission base of the channel ‘let_pass’ consists of 
let_pass(Cycle), and the transmission base of the channel ‘set_phase’ consists of set_phase(Cycle).

We are now able to specify the TCS as the union of the specifications of the two constituting elementary 
smarties: one with kernel P1 and one with kernel P2. In the specifications below, Cycle is a variable that can 
have the value 1 or 2, corresponding with road 1 and road 2 respectively. Because of the symmetry of the cycles, 
we refer to these values by ‘cycle’ and ‘other_cycle’; so, if cycle = 1, then other_cycle = 2 and vice versa. For 
the specification of S, M, A, and R, normal set theoretic notations are used. For the specification of T, we use a 
pseudo-algorithmic language that will be explained shortly.

Specification of smartie 1
The first smartie (with kernel P1) is specified as follows:

S1! = {phase(Cycle), move_time(Cycle)}
M1# = ∅
A1# = {let_pass(Cycle)}
R1# = {set_phase(Cycle, Phase)}

The transition base T1 is specified as follows:

when let_pass(cycle) occurs
# if# phase(cycle) = wait and phase(other_cycle) = move

 then set_phase(other_cycle,stop)
# # with delay = max(0, (move_time(other_cycle) -
# # (Now - creation_time(phase(other_cycle) = move)))

(Note. The creation time of a fact is defined as the point in time at which it becomes/became existent, i.e., 
comes/came into being)

TEEM-7 # Jan Dietz & Jan Hoogervorst - The π-theory v3# page 7
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Clearly, there must also be an internal activation in the TCS to accommodate the transition of the various 
phases of every cycle, next to the external activation by ‘let pass’ acts. Consequently, we come up with the de-
tailed construction model as exhibited in Figure 5. The bold grey-lined rectangle represents the system boundary.
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Figure 5. Detailed smartienet diagram of the TCS

 There are two internal elementary processors: P1 (let pass controller) and P2 (phase controller), and one in-
ternal channel: C2 (transmitting ‘set phase’ acts). P2 is activated both by P1 and by itself. The contents base of 
the bank ‘param’ consists of move_time(Cycle), stop_time(Cycle) and clear_time(Cycle). The contents base of 
the bank ‘phase’ consists of phase(Cycle). The transmission base of the channel ‘let_pass’ consists of 
let_pass(Cycle), and the transmission base of the channel ‘set_phase’ consists of set_phase(Cycle).

We are now able to specify the TCS as the union of the specifications of the two constituting elementary 
smarties: one with kernel P1 and one with kernel P2. In the specifications below, Cycle is a variable that can 
have the value 1 or 2, corresponding with road 1 and road 2 respectively. Because of the symmetry of the cycles, 
we refer to these values by ‘cycle’ and ‘other_cycle’; so, if cycle = 1, then other_cycle = 2 and vice versa. For 
the specification of S, M, A, and R, normal set theoretic notations are used. For the specification of T, we use a 
pseudo-algorithmic language that will be explained shortly.

Specification of smartie 1
The first smartie (with kernel P1) is specified as follows:

S1! = {phase(Cycle), move_time(Cycle)}
M1# = ∅
A1# = {let_pass(Cycle)}
R1# = {set_phase(Cycle, Phase)}

The transition base T1 is specified as follows:

when let_pass(cycle) occurs
# if# phase(cycle) = wait and phase(other_cycle) = move

 then set_phase(other_cycle,stop)
# # with delay = max(0, (move_time(other_cycle) -
# # (Now - creation_time(phase(other_cycle) = move)))

(Note. The creation time of a fact is defined as the point in time at which it becomes/became existent, i.e., 
comes/came into being)

TEEM-7 # Jan Dietz & Jan Hoogervorst - The π-theory v3# page 7
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Specification of smartie 2
The second smartie (with kernel P2) is specified as follows:

S2! = {phase(Cycle), stop_time(Cycle), clear_time(Cycle)}
M2# = {phase(Cycle)}
A2# = {set_phase(Cycle, Phase)}
R2# = {set_phase(Cycle, Phase)}

The transition base T2 is specified as follows:

when set_phase(cycle,stop) occurs
# if# phase(cycle) = move
 then set_phase(cycle,wait) with delay = stop_time(cycle);
# # phase(cycle) := stop

when set_phase(cycle,wait) occurs
# if# phase(cycle) = stop
# then# set_phase(other_cycle,move) with delay = clear_time(other_cycle);
# # phase(cycle) := wait

when set_phase(cycle,move) occurs
# if# phase(cycle) = wait and phase(other_cycle) = wait
# then# phase(cycle) := move

Discussion
The next explanation of the transition rules holds. The first line (when clause) specifies the event (action)  that the 
system has to respond to. In the subsequent if clause, the current state is evaluated by means of a logical proposi-
tion. If the truth value of the proposition is ‘true’, the subsequent then clause is executed. If it is not true, nothing 
will happen. Executing a then clause consists of generating a reaction (like set_phase(cycle,wait) with delay = 
stop_time(cycle) and a mutation (like phase(cycle) := wait). 

 In the first rule, the proposition is true if cycle is in its wait phase and other_cycle is in its move phase. The 
reaction consists of an agendum of which the act is ‘set_phase(other_cycle,stop)’. By giving the delay the speci-
fied value, the phase of other_cycle will be changed to “stop” after it has been in its “move” phase for the stan-
dard move time, provided it is in its standard “move” phase at the time of executing the rule (cf. Figure 3). If 
other_cycle is in its prolonged “move” phase at that time, the delay will be zero. This act will become current at 
time Now + the delay. The effect of the mutation ‘phase(cycle)  := stop in the second rule is that the phase of cy-
cle changes from “move” to “stop”. More precisely, the fact ‘phase(cycle) = move’ becomes nonexistent at time 
Now, and the fact ‘phase(cycle) = stop’ becomes existent at Now. A similar reasoning holds for the mutations in 
the other rules.

Example: elevator control system
In the period between 1980 and 2000, several ‘reference’ software problems have gone around in the area of 
software research and development, for demonstrating the qualities of a development approach, and for compar-
ing appoaches. One of them is the Elevator Control System (ECS). Hereafter, the version of the ECS as elabo-
rated by Edward Yourdon (in his book “Modern Structured Analysis”) is copied. The assignment is to produce 
the essential model of this system according to the π-theory, so as a smartienet. In order to save space, each 
paragraph of the description will be followed by its analysis (in italics) in the π-theory.

Problem description and analysis
The general requirement is to design and implement a program to schedule and control four elevators in a build-
ing with 40 floors. The elevators will be used to carry people from one floor to another in the conventional way.

TEEM-7 # Jan Dietz & Jan Hoogervorst - The π-theory v3# page 8
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The elevator control system (ECS) 

tify the safety of the elevators without regard for the computer controller. For example, if the computer issues a 
stop command for an elevator when it is within eight inches of a floor (so that its floor sensor switch is closed), 
the conventional, approved mechanism stops and levels the elevator at that floor, opens and holds its door open 
appropriately, and then closes its door. If the computer issues an up or down command during this period (while 
the door is open, for example), the manufacturer’s mechanism ignores the command until its conditions for 
movement are met. (Therefore, it is safe for the computer to issue and up or down command while an elevator’s 
door is still open.)  One condition for an elevator’s movement is that its stop button not be depressed. Each eleva-
tor’s destination button panel contains a stop button. This button does not go to the computer. Its sole purpose is 
to hold an elevator at a floor with its door open when the elevator is currently stopped at a floor. A red emergency 
stop switch stops and holds the elevator at the very next floor it reaches irrespective of computer scheduling. The 
red switch may also turn on an audible alarm. The red switch is not connected to the computer.

The controller can generate three kinds of move commands for the environmental processor CP5 (motors): 
move(Elevator,up),  move (Elevator,down), and move(Elevator,stop). Processor CP5 (motors) will properly deal 
with these agenda, and respectively create facts of these kinds: “status(Elevator) = moving_up”, “status(Eleva-
tor) = moving_down”, and “status(Elevator) = still”. These facts are contained in the aggregate bank AB3 
(status), which can be inspected by the controller.

The controller is self-activating at a frequency that is high enough to be able to respond to all agenda in time.
In order to start the operation of each of the elevators, the environmental processor CP6 (operational man-

ager) generates the first control agendum for the controller.

Solution
Based on the provided analysis, we produce right away the detailed smartienet diagram of the elevator control 
system, in Figure 6.  Note: every mutation link in this diagram is considered to ‘cover’ an inspection link.

Figure 6. Detailed smartienet diagram of the ECS

The three internal smarties of the smartienet are specified thereafter. In these specifications, a derived fact kind 
direction(Elevator) whose instances are contained in bank B4 (directions). It is defined as follows:
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The elevator control system (ECS) 
direction(Elevator) = up:
- ∃Floor: (destination_requested(Elevator,Floor) = true or summons_requested(Floor,up) = true)
! and Floor > position(Elevator)
direction(Elevator) = down:
- ∃Floor: (destination_requested(Elevator,Floor) = true or summons_requested(Floor,down) = true)
! and Floor < position(Elevator)
direction(Elevator) = still:
# direction(Elevator) ≠ up and direction(Elevator) ≠ down

Specification of smartie 1
The internal smartie with kernel P1 (summons requests handler) is specified as follows:

S1!  = {summons_requested(Floor,Direction), position(Elevator), direction(Elevator)}
M1!  = {summons_requested(Floor,Direction)}
A1!  = {summons_request(Floor,Direction)}
R1!  = ∅
The transition base T1 is specified as follows:

when summons_request(Floor, Direction) occurs
# if# summons_requested(Floor, Direction) = false and
! ! (there is no Elevator for which position(Elevator) = Floor and
# # (direction(Elevator) = Direction or direction(Elevator) = still))
# then# summons_requested(Floor, Direction) := true

Specification of smartie 2
The internal smartie with kernel P2 (destination requests handler) is specified as follows:

S2!  = {destination_requested(Elevator,Floor), position(Elevator), direction(Elevator)}
M2!  = {destination_requested(Elevator,Floor)}
A2!  = {destination_request(Elevator,Floor)}
R2!  = ∅

The transition base T2 is specified as follows:

when destination_request(Elevator, Floor) occurs
# if# destination_requested(Elevator, Floor) = false and
# # ((position(Elevator) < Floor and (direction(Elevator) = up or direction(Elevator) = still)) or
# # (position(Elevator) > Floor and (direction(Elevator) = down or direction(Elevator) = still))
# then# destination_requested(Elevator, Floor) := true
 

Specification of smartie 3
The internal smartie with kernel P3 (controller) is specified as follows:

S3!  = {summons_requested(Floor,Direction), destination_requested(Elevator,Floor), position(Elevator), #
# # direction(Elevator), approaching(Elevator,Floor), overweight(Elevator), status(Elevator)}
M3!  = {summons_requested(Floor,Direction), destination_requested(Elevator,Floor), position(Elevator)}
A3!  = {control(Elevator)}
R3!  = {move(Elevator), control(Elevator)}

The transition base T3 is specified as follows:
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δ-theory and π-theory 
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The ψ-theory (ψ is pronounced as PSI, standing for Performance in 
Social Interaction) is a theory about the ontological essence of social 
systems. 
 
It clarifies and explains the construction and operation of 
organisations. 
 
The ψ-theory is rooted in the π-theory, speech act theory [Austin, 
Searle], social action theory [Habermas], and information systems 
theory [Langefors]. 

Ontological theories: the ψ-theory 
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The ψ-theory (PSI stands for Performance in Social Interaction) 
consists of two parts: the general ψ-theory and the special ψ-theory. 
 
The general ψ-theory is a theory of human cooperation. Therefore, 
it is also called the human face or front side of the ψ-theory. 
 
The special ψ-theory clarifies the consequences of the general ψ-
theory for the systems approach to organisations. Therefore, it is also 
called the system face or back side of the ψ-theory. 

The ψ-theory 
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•  The operating principle of organisations is that subjects (human 
beings) enter into and comply with commitments regarding the 
production of products. 

•  Commitments are raised and dealt with in transactions. These are 
interaction structures of coordination acts/facts between two 
actors, concerning a production act/fact. One subject is the initiator 
of the transaction and the other is the executor. 

•  The effect of a coordination act is the creation of a coordination 
fact, which is an event (state change) in the coordination world of 
the organisation. 

•  The effect of a production act is the creation of a production fact, 
which is an event (state change) in the production world of the 
organisation. 

The general ψ-theory 
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transaction process 
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In the proposition 
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discuss the product to 
be produced, and try to 
come to agreement 

In the result phase, the 
actors discuss the 
product that has been 
produced, and try to come 
to agreement 

In the execution phase, 
the executor produces 
some product 

Asking for flowers 
Ordering a book 
Applying for membership 

Having got the flowers 
Having got the book 
Having become member 

Creating 
Deciding 
Judging 

The transaction process 
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PRODUCTION 
WORLD 

COORDINATION 
WORLD 

production 
 

acts 

coordination 
 

acts 

production facts coordination facts 

Coordination and production acts/facts 

interacting 
 
 
 
 
 
 
 
 

actors 

These state changes occur according to the universal transaction pattern. 
Did you see the pattern? 
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Validity claims in coordination acts 

According to Jürgen Habermas’ Theory of Communicative Action, the 
performer of a coordination act raises three validity claims towards the 
addressee. The addressee has to accept all of them in order to let the 
coordination act be successful. 

Claim to justice (G: Richtigkeit, NL: juistheid) 
Has the performer the authority to perform the coordination act? 
 
Claim to sincerity (G: Wahrhaftigkeit, NL: oprechtheid) 
Is the performer sincere in performing the coordination act? 
 
Claim to truth (G: Wahrheit, NL: waarheid) 
Does the product exist or can it be produced? 
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NOTE: component transactions may also be carried out in parallel. 
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Business process 

In order to produce P1, A1 needs a P2, a P3 and a P4! And … 
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The special ψ-theory takes the systems approach to organisations. 
Being the back side, PSI is read backwards (ISP), with two meanings: 
 
 
Intelligent System Partitioning 
The three human abilities (performa, informa, and forma) can also be 
applied to production. This leads to partitioning an organisation in three 
aspect organisations: B-organisation (B from Business), I-organisation 
(I from Information) and D-organisation (D from Document and Data). 
 
 
Integrated System Perspectives 
The ontological model of an organisation is the integration of four sub 
models or perspectives on the whole: Construction Model (CM), Process 
Model (PM), Fact Model (FM), and Action Model (AM). 

The special ψ-theory 
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actors 
transactions 

business processes 
business events 

business objects 
business facts 

PRODUCTION COORDINATION 

work instructions business rules 
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Integrated System Perspectives 
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In biology, a distinction is made between the genotype and the 
phenotype of organisms 

The phenotypes of identical twins may differ considerably (notably 
in the course of time) 

Conversely, people with different genotypes may have quite similar 
phenotypes. 

Genotype and phenotype of humans 
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Also regarding organisations, a distinction can be made between 
genotype and phenotype 

The genotype of an organisation is defined as 
its essential model 

The phenotype of an organisation is defined as 
the realisation and implementation of the essential model 

Genotype and phenotype of organisations 

Realisation is devising the I-organistion and the D-organisation of 
the essential model 

Implementation is allocating technological means to actor roles, 
and to coordination and production acts/facts 
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request

promise

state
accept

How can I help you, sir? 
I want to withdraw money 
From your current account? 
Yes 
How much do you want? 
400 euro please 
employee fills out a form 
If you sign here please 
client signs the form 
One moment please 
employee issues banknotes 
Here you are, sir 
Thank you 

The phenotype of a bank (1) 
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The phenotype of a bank (2) 

Welcome to the ING bank 
Please insert your card 
client inserts card 
Enter your PIN please 
client keys the PIN 
Choose the amount please 
client presses € 400 
Take your card please 
client takes the card 
Your money is being counted 
banknotes are produced 
Take your money please 
client takes the banknotes 
 

request
promise

state
accept
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The crispie model of an organisation 

of C-fact types, to the instances of which a crispie can respond, is called its coordination base. A C-fact regards a 
product of some kind. The set of product kinds that may occur in C-facts of the crispie is called its product base.

The operation of a crispie can be explained as follows. At every moment a crispie disposes of a set of agenda 
(things to do). An agendum (singular of agenda) is a pair (c, t) in which c is a C-fact (i.e. an instance of a C-fact 
type in the coordination base), and t is a point in time, called the settlement time. It is the point in time at which 
the creator of the C-fact wants the event to be responded to. The set of acts in the agenda with settlement time t 
is called the action at time t. A crispie responds instantaneously to an action by evaluating a partial function, 
called the rule base of the crispie. The result of the evaluation is a finite set of C-facts, called the reaction.

Hereafter, a formal definition of a crispie is presented, fully based on the formal definition of a smartie [JDM-
7]. In this definition, the union of the extensions of a set of concept types (act types or fact types) C is denoted as 
C, and the power set of a set X is denoted as ℘X. Points in time are represented by elements of the set T; the 
current point in time is denoted by Now; (positive) time durations are elements of the set D.

A crispie is formally defined as a tuple   < C, R, I, S, P >, where

C" :" a set of C-fact types, called the coordination base
R" :" a set of action rules, called the rule base
I" :" a set of intentions, called the intention base
S" :" a set of C-fact types and P-fact types, called the state base
P" :" a set of product kinds, called the product base

" " R :  ℘C ∗ ℘S → ℘(I ∗ P ∗ T ∗ D)

A crispie is called elementary if the C-facts in its coordination base all regard one and the same product kind. 
Crispies that are not elementary, are called composite.

The components C, S, and P have been explained above. The intention base I comprises all intentions that are 
contained in the complete transaction pattern (Cf. Figure 2.3). The rule base R can conveniently be represented 
by its extension, i.e. the set of action rules ( or business rules) of the form < C, S, < i, p, pt, sd > > where:

C is the event that is going to be responded to; C ⊂ C. Note that C ⊂ I*P
S is a set of C-facts and P-facts, called the state; S ⊂ S.
< i, p, pt, sd > is the response; it is a set of tuples < i, p, pt, sd > where i is the intention of the created C-fact (i ∈ 

I) and p is the product that the C-fact is concerned about (p ∈ P). The production time of p is pt (pt ∈ T), and 
the settlement time of the C-fact st = Now + sd (sd ∈ D).

Let us again take the library example for clarifying the CRISP model. We will follow the steps in the basic 
transaction pattern of the transaction process in which the membership, identified by #387, with starting day 
20130401 (Gregorian calendar), is brought about. We assume that the product and the production time remain 
unchanged during the transaction process.

Then Mary gets this event to respond to: < request,  membership #387 is started, 20130401, st-r >, created by 
John. The time st-r is the settlement time of the request. Let us assume that the current state S allows Mary to 
promise. Her response consists of the tuple < promise, membership #387 is started, 20130401, st-p >, in which 
st-p is the settlement time of the promise. This is an event to which Mary has to respond. Let us assume that the 
current state S allows Mary to produce the product (the execute act, followed by the state act). Then her response 
consists of the tuple < state, membership #387 is started, 20130401, st-s >, in which st-s is the settlement time of 
the state. This is the event to which John has to respond. Let us assume that the current state S allows him to ac-
cept. Then his response will consist of the tuple < accept, membership #387 is started, 20130401, nill >, in 
which nill is the settlement time of the accept. Since the accept fact is a terminal state in the transaction process, 
its settlement time is irrelevant; that’s why it gets the value nill.
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The crispie model of an organisation 

of C-fact types, to the instances of which a crispie can respond, is called its coordination base. A C-fact regards a 
product of some kind. The set of product kinds that may occur in C-facts of the crispie is called its product base.

The operation of a crispie can be explained as follows. At every moment a crispie disposes of a set of agenda 
(things to do). An agendum (singular of agenda) is a pair (c, t) in which c is a C-fact (i.e. an instance of a C-fact 
type in the coordination base), and t is a point in time, called the settlement time. It is the point in time at which 
the creator of the C-fact wants the event to be responded to. The set of acts in the agenda with settlement time t 
is called the action at time t. A crispie responds instantaneously to an action by evaluating a partial function, 
called the rule base of the crispie. The result of the evaluation is a finite set of C-facts, called the reaction.

Hereafter, a formal definition of a crispie is presented, fully based on the formal definition of a smartie [JDM-
7]. In this definition, the union of the extensions of a set of concept types (act types or fact types) C is denoted as 
C, and the power set of a set X is denoted as ℘X. Points in time are represented by elements of the set T; the 
current point in time is denoted by Now; (positive) time durations are elements of the set D.

A crispie is formally defined as a tuple   < C, R, I, S, P >, where

C" :" a set of C-fact types, called the coordination base
R" :" a set of action rules, called the rule base
I" :" a set of intentions, called the intention base
S" :" a set of C-fact types and P-fact types, called the state base
P" :" a set of product kinds, called the product base

" " R :  ℘C ∗ ℘S → ℘(I ∗ P ∗ T ∗ D)

A crispie is called elementary if the C-facts in its coordination base all regard one and the same product kind. 
Crispies that are not elementary, are called composite.

The components C, S, and P have been explained above. The intention base I comprises all intentions that are 
contained in the complete transaction pattern (Cf. Figure 2.3). The rule base R can conveniently be represented 
by its extension, i.e. the set of action rules ( or business rules) of the form < C, S, < i, p, pt, sd > > where:

C is the event that is going to be responded to; C ⊂ C. Note that C ⊂ I*P
S is a set of C-facts and P-facts, called the state; S ⊂ S.
< i, p, pt, sd > is the response; it is a set of tuples < i, p, pt, sd > where i is the intention of the created C-fact (i ∈ 

I) and p is the product that the C-fact is concerned about (p ∈ P). The production time of p is pt (pt ∈ T), and 
the settlement time of the C-fact st = Now + sd (sd ∈ D).

Let us again take the library example for clarifying the CRISP model. We will follow the steps in the basic 
transaction pattern of the transaction process in which the membership, identified by #387, with starting day 
20130401 (Gregorian calendar), is brought about. We assume that the product and the production time remain 
unchanged during the transaction process.

Then Mary gets this event to respond to: < request,  membership #387 is started, 20130401, st-r >, created by 
John. The time st-r is the settlement time of the request. Let us assume that the current state S allows Mary to 
promise. Her response consists of the tuple < promise, membership #387 is started, 20130401, st-p >, in which 
st-p is the settlement time of the promise. This is an event to which Mary has to respond. Let us assume that the 
current state S allows Mary to produce the product (the execute act, followed by the state act). Then her response 
consists of the tuple < state, membership #387 is started, 20130401, st-s >, in which st-s is the settlement time of 
the state. This is the event to which John has to respond. Let us assume that the current state S allows him to ac-
cept. Then his response will consist of the tuple < accept, membership #387 is started, 20130401, nill >, in 
which nill is the settlement time of the accept. Since the accept fact is a terminal state in the transaction process, 
its settlement time is irrelevant; that’s why it gets the value nill.
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transaction pattern of the transaction process in which the membership, identified by #387, with starting day 
20130401 (Gregorian calendar), is brought about. We assume that the product and the production time remain 
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The crispienet diagram 

3.5 The crispienet
The influencing relationships among a collection of crispies are somewhat more complicated than those among a 
collection of smarties (Cf. π-theory [JDM-7]). Actually, every step in the complete transaction process (Cf. Fig-
ure 4) of a transaction kind is to be conceived as an elementary smartie. These smarties are ‘organised’ under the 
‘architecture’ of the complete transaction pattern. However, if we take advantage of the fact that all activities in a 
collection of crispies take place in transaction processes, the mutual influencing relationships can be made quite 
comprehensible if the collection of crispies is modelled as a crispienet. A crispienet is a network consisting of 
two kinds of components: actor roles and transaction kinds. Figure 3.3 exhibits the symbolic representations of 
the components of a crispienet diagram, as well as its basic constructs.

An actor role represents the transition mechanism of a crispie, consisting of its rule base and its operating 
cycle. By the operating cycle is understood the periodic checking of an actor (at high frequency)  whether there 
are transitions to be performed. Therefore, an actor role is also called the kernel of a crispie. The kernel of an 
elementary crispie is an elementary actor role; the kernel of a composite crispie is a composite actor role.

A transaction kind represents the complete transaction pattern for the product kind that appears in the coordi-
nation base of an elementary crispie. Transaction kinds have two interpretations. In the process interpretation 
they represent transaction processes; in the state interpretation they represent transaction banks (which are con-
tainers of the histories of their transaction processes). An aggregate transaction kind is a collection of transaction 
kinds. It serves only to keep the smartienet diagram concise.

An initiator link between an actor role and a transaction kind means that the actor role takes the initiator role 
in its transaction processes. An executor link between an actor role and a transaction kind means that the actor 
role takes the executor role in its transaction processes. An information link between an actor role and a transac-
tion kind means that the actor role has access to its transaction bank for inspecting the histories of the transaction 
processes. Executor links and initiator links are considered to ‘cover’ an information link, so the executor and the 
initiator of a transaction have full access to the history of their transaction.

It is also possible to draw aggregate transaction kinds with composite actor roles as initiators and executors. 
These are not shown in Figure 3.3, however.

Figure 3.3. Legend of the crispienet

The mutual influencing of actor roles through being initiator and executor in transaction processes is collec-
tively called interaction. The mutual influencing of actor roles through being creator and inspector of facts (both 
C-facts and P-facts) in transaction banks is collectively called interstriction4. The distinctive difference between 
interaction and interstriction is that interaction causes crispies to perform transitions, whereas interstriction does 
not. Consequently, a crispie is not ‘aware’ of a state change at the time it takes place. Instead, it ‘takes notice’ of 
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4 The noun “interstriction” comes from the Latin verb “stringere”, which is also the root of “restriction”. The term “interstric-
tion” expresses that smarties restrict each others freedom of action or ‘play area’. By changing the state of the world, and 
subsequently taking these changes into account when being active.



 EE Master Class 2014 – p54 CIAO!

Constructs in crispienets 

a state change at the next point in time at which it is activated. So, between two adjacent points in time at which 
a crispie performs a transition, it ‘sleeps’. In that period however a number of state changes may occur. (For a 
deeper discussion, see the δ-theory [JDM-3]).

Figure 3.4 exhibits the representation of (elementary) crispies as crispienet building blocks or modules. The 
lower part shows how the initiator role of T2 (left crispie) and the executor role of T2 (right crispie) are ‘clicked’ 
together. In order to make the connected actor roles A1 and A2 a complete ontological model, the other ‘loose 
ends’ have to be clicked properly to other crispies. In this way unlimited large networks are constructed of actor 
roles (kernels of crispies)  and transaction kinds. As said before, these networks constitute the ontological models 
of (networks of) organisations, and thus of societies.

Figure 3.4. Constructs in crispienets

3.5 Realising crispienets
Crispienets are essential models of concrete systems, that is, they show the (ontological) essence of a system, 
fully abstracted from realisation and implementation. In order to arrive at a a concrete system, using a crispienet 
as its blueprint, it has to be realised first. By realisation is understood the design of an implementable model, 
starting from the essential model of the crispienet. The first step is to design an I-organisation that satisfies all 
informational needs of the B-organisation (remembering facts, recalling facts, computing derived facts). Put dif-
ferently, this I-organisation realises the information links in the essential model, as well as the state interpretation 
of the transaction banks in it. The second step is to design a D-organisation that satisfies all documental needs of 
this I-organisation (storing, retrieving, copying, and transmitting documents). A full account of realising essential 
enterprise models is provided in [Jong, 2013].

3.6 Implementing crispienets
By implementation is understood the allocation of suitable technological means to (the elements of) a realised 
implementable model, so that the crispienet becomes an operating concrete system. In current practice, it means 
finding an appropriate IT platform on which the compiled crispie model can ‘run’. A full account of implement-
ing crispie models, using ICT as the main technology, is provided in [Kervel, 2012].
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Crispienet of the ECS 

appropriately, and then closes its door. If the computer issues an up or down command during this period (while 
the door is open, for example), the manufacturer’s mechanism ignores the command until its conditions for 
movement are met. (Therefore, it is safe for the computer to issue and up or down command while an elevator’s 
door is still open.)  One condition for an elevator’s movement is that its stop button not be depressed. Each eleva-
tor’s destination button panel contains a stop button. This button does not go to the computer. Its sole purpose is 
to hold an elevator at a floor with its door open when the elevator is currently stopped at a floor. A red emergency 
stop switch stops and holds the elevator at the very next floor it reaches irrespective of computer scheduling. The 
red switch may also turn on an audible alarm. The red switch is not connected to the computer.

The actor role A4 (visit performer) can initiate transactions T3 (elevator movement) with product kind “Ele-
vator is set to move in Direction”, where Direction is “up” or “down” or “stop”.

Solution
Based on the provided analysis, we produce right away the detailed crispienet diagram of the elevator control 
system, as well as the Transaction Product Table (TPT), in Figure 5.1.

Figure 5.1. Detailed crispienet diagram and TPT of the ECS

Only the internal crispie A2 (destination order fulfiller) will be specified hereafter, for the sake of space, just as a 
demonstration of how a crispie specification looks like.

Specification of crispie A2

C2" = {destination order fulfillment for (Elevator, Floor) is requested,
"      destination order fulfillment for (Elevator, Floor) is promised,
"      visiting for (Elevator, Floor, Orientation) is stated,
"      visiting for (Elevator, Floor, Orientation) is accepted}
I2" = the set of intentions of the standard transaction patterns (revocations are disregarded)
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Rule base of crispie A2 

S2" = {position of Elevator is lower than Floor, position of Elevator is higher than Floor,
     position of Elevator is equal to Floor,
"      orientation of Elevator is up, orientation of Elevator is down, orientation of Elevator is idle,
"      overweight indicator of Elevator is true, overweight indicator of Elevator is false}

P2" = {destination order for Elevator to Floor id fulfilled, Elevator visits Floor in Orientation}

The rule base R2 is specified in Figure 5.2.

Figure 5.2. Rule base of crispie A2

Discussion
Modelling a technical system as a social system provides a deeper insight in the nature of the system, as was 
illustrated above for the elevator control system. In addition, the application of the complete transaction pattern 
reveals that revocations are not dealt with in the original description of the case ECS. So, for example, revoking 
a destination order is impossible: the elevator will stop at the selected floor, even if this was not the intention of 
the passenger. In software engineering, revocations are commonly considered as exceptions, whereas there is 
nothing more ‘normal’ for human beings than to revoke previous acts. Although surrounded by cultural and legal 
rules, we accept from each other that we make mistakes and that we like to make them ‘undone’.

Moreover, the crispie model of the ECS makes one reconsider, in a very natural way, the whole set-up of 
elevator control systems: why should a passenger who wants to go from floor A to floor B have to say first to the 
functionary at floor A that he wants to go up or down, and later to the functionary in an elevator car that he wants 
to go to floor B? This sounds quite weird. So, a major improvement from the social point of view would be to let 
passengers be the initiator of a new transaction kind “transportation” with product kind “transport from FloorA 
to FloorB is performed”.
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when  destination order fulfillment for (Elevator, Floor) is requested 
 if  overweight indicator of Elevator is false 
 then 
  if  position of Elevator is lower than Floor 
  then  if  orientation of Elevator is up or orientation of Elevator is idle 
   then  promise destination order fulfillment for (Elevator, Floor) 
   else  decline destination order fulfillment for (Elevator, Floor)  
  else-if  position of Elevator is higher than Floor 
  then  if  orientation of Elevator is down or orientation of Elevator is idle 
   then  promise destination order fulfillment for (Elevator, Floor) 
   else  decline destination order fulfillment for (Elevator, Floor) 
  else-if  position of Elevator is equal to Floor 
  then  decline destination order fulfillment for (Elevator, Floor) 

 
 
when  destination order fulfillment for (Elevator, Floor) is promised 

 request visiting for (Elevator, Floor, Orientation)  
  with Orientation is orientation of Elevator 

 
 
when  destination order fulfillment for (Elevator, Floor) is promised 

 while  there is some Orientation 
  for which visiting for (Elevator, Floor, Orientation) is accepted   
 execute destination order fulfillment for (Elevator, Floor)  
 state destination order fulfillment for (Elevator, Floor)  

 
 
when  visiting for (Elevator, Floor, Orientation) is stated 

 then  accept visiting for (Elevator, Floor, Orientation)  
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The τ-theory (τ is pronounced as ΤΑΟ, standing for Teleology, 
Affordances, Ontology) is a theory about subjects (having purposes) 
and objects (having properties) and the possible relationships 
between them. 
 
It clarifies and explains such terms as “function”, “construction”, 
“value”, and “experience”. 
 
The τ-theory is rooted in teleology [Kant, Jung, Hegel], affordance 
theory [Gibbs], ontology [Bunge], and mereology [Simons]. 

Ontological theories: the τ-theory 
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•  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. 

τ (TAO) stands for Teleology Affordance Ontology 

The τ-theory 

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

In their pursuit of satisfying needs, subjects do not primarily perceive 
objects but the affordances (potential usages) they may offer. 
 
Example: if you (subject) want to sit (purpose), you may perceive that 
you can sit (affordance) on a tree-stump (object), because the height 
of its surface (property) fits your purpose. 

subject object purpose affordance property 

TELEOLOGY 
(subjective) 

EXPERIENCE FUNCTION CONSTRUCTION 

ONTOLOGY 
(objective) 

AFFORDANCE THEORY 
(subject-object) 
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The affordances of a chair 

Chapter 6

Thus, S1 contains only one system kind (chair), D1 comprises two design domains (func-
tion and construction), and A1 is empty. On the basis of this architecture framework one 
can devise architectures that regard chairs and either their function (the function architec-
ture of chairs) or their construction (the construction architecture of chairs). A possible 
design principle in the function architecture could be:

sitting on the chair should be comfortable for persons with a weight between 20 
and 100 kg

whereas a possible design principle in the construction architecture is:

only wood and synthetic materials may be used

One of the possible specializations of the system kind chair is the circus chair, of which 
Figure 6.1 exhibits an example. The architectural framework for circus chairs, which we 
called xAF2, should cover the specific properties that these chairs should possess. Let us 
consider two areas of concern that seem relevant for circus chairs. One is versatility and the 
other one is grip. The formal specification of xAF2 then would be:

xAF2 = < {circus chair}, {function, construction}, {grip, versatility} >

Figure 6.1 Picture of a circus chair

The notion of Architecture Framework

The framework xAF2 appears to be a specialization of the framework xAF1 because the fol-
lowing properties hold:
– Circus chair is an exclusive subtype of chair, because the extension of circus chair is 

a proper subset of the extension of chair (there are also chairs that are not a circus 
chair).

– D2 = D1, thus D2 is a superset of D1.
– A1 is a proper subset of A2 (recall that A1 is empty and A2 is not), thus A2 is a superset 

of A1.

A possible design principle in the function architecture of circus chairs, within the area of 
versatility, could be:

it must be possible to perform all chair acts that are listed in the Acrobat Handbook 
2008

whereas a possible design principle in the construction architecture is:

a firm grip must be assured under normal humidity conditions (40% to 70%)

The other specialization of chair that we considered is the TV chair, of which Figure 6.2 
exhibits an example. The architectural framework for TV chairs, which we called xAF3, 
should cover the specific properties that these chairs should possess. Let us consider two 
areas of concern that seem relevant for TV chairs. One is relaxation and the other one is 
styling. The formal specification of xAF3 then would be:

xAF3 = < {TV chair}, {function, construction}, {relaxation, styling} >

Figure 6.2 Picture of a TV chair
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Construction (1) 

Taking the construction perspective, i.e. disregarding the affordances 
they may offer, one perceives objects and their properties. 
 
This perception is independent of the observing subject: ontology is 
objective. It is only dependent on the applied ontological theory (the 
‘mental glasses’ the subject has put on), like the ψ-theory. 
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constructional (de)composition!

the mechanic's perspective!
"
construction :"
the components and their"
mutual bonds"
"
operation :"
the manifestation of the"
construction in the course of time"

Construction (2) 
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The construction of a system is something objective. In a literal 
sense, a system is its construction. 
 
Because constructional (conceptual) models of systems show 
‘openly’ their construction, they are called white-box models. 
 
 
Examples: 
A DEMO model of an organisation 
A BPMN model of a work flow 
A UML Object Diagram of a software system 
 
There is only one correct constructional model of a system! 

Construction (3) 
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subject object purpose affordance property 
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Function (1) 

Next to using natural objects, subjects also create objects (artefacts). 
They are designed and made with some affordance in mind. This 
affordance is commonly called the function of the artefact. 
 
Examples: the function of a chair is to sit on, and the function of a 
table is to sit at. 
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functional (de)composition!

Function (2) 

the driver's perspective!
"
function :"
relationship between the car and  
the driver"
"
behavior :"
the manifestation of the"
function in the course of time"

Two different persons, equipped with the same generic knowledge of things, could easily ‘see’ different affor-
dances that are offered by the car, fully dependent on the purposes they have in mind. Therefore, the functional 
definition of a car (or of any other thing) is indefinite. The same holds for a functional decomposition of the car 
(or any other thing). The one shown in Figure 3.2, will probably be helpful for car drivers. It is quite useless, 
however, if one wants to use the car as a shelter. What it shows is that the function driving is composed of a 
number of sub functions, like powering and steering. Each of them may be further decomposed. Clearly, a func-
tional decomposition and a constructional decomposition (CF. Figure 3.1) are fundamentally different, and gen-
erally there is no simple mapping between them because one is purely objective and the other is a relationship 
between a subject (or a homogeneous group of subjects) and an object.

Let us have a brief look at how (sub) functions are operated (to be elaborated in the β-theory [TEEM-8]). The 
criterion in functional decomposition is that the lowest level components (the ‘leaves’ of the tree) can be oper-
ated directly through some user-system interface. In Figure 3.2, the ‘leaves’ are colored grey. Further decompos-
ing makes no sense. Going upward from the ‘leaves’ to the ‘root’, the tree structure is indeterminate. Different 
persons may devise different structures between the (same) ‘root’ and the (same) ‘leaves’.

Figure 3.2  Function decomposition of the driving function of a car

3.3 The paradox of Theseus
In order to illustrate and emphasise the importance of the distinction between function and construction, let us 
have a look at the so-called paradox of Theseus, as formulated by the Greek philosopher Plutarch: 

The ship wherein Theseus and the youth of Athens returned from a long journey was preserved by the Atheni-
ans by taking away the old planks as they decayed, putting in new and stronger timber in their place. In the end, 
all parts of Theseus’ ship are replaced. The philosophical question,  as formulated by Plutarch, is this one: is the 
ship the same ship or not?

The key to an appropriate solution of the paradox is to recognize that we are dealing with two ships: the con-
structional ship and the functional ship. The constructional ship is the objectively observable assembly of parts. 
Is this ship the same when all parts are replaced by similar other ones? Obviously not. As soon as one part is 
replaced, it is already not the same ship anymore. According to the φ-theory [TEEM-4], replacing parts does not 
affect, however, that the ship is still an instance of the same type. That is why people tend to say that it is the 
same (constructional)  ship. This argument is supported by the distinction between matter-constant and form-
constant, as made by Simons [Simons 1987].

Thomas Hobbes added the next extension to the paradox. Assume that all parts are replaced and that the ‘old’ 
ship is rebuilt by assembling the ‘old’ parts. Then which ship is Theseus’ ship? Clearly, there are two different 
constructional ships, with separate identities. The answer to the property question is dependent on the prevailing 
law. In current western law, disposing things means that you are not the owner anymore.

The functional ship is constituted by the affordances that the constructional ship offers to Theseus. It allows 
him to achieve particular purposes, like sailing. As long as the constructional ship he is using, offers to him these 
affordances, it is the same functional ship to him. This functional ship will not change if parts of the construc-
tional ship are replaced. Only if one would disassemble the constructional ship, the functional ship would vanish, 
but only temporarily. As soon as it is re-assembled, the functional ship appears again. Note that for the ship engi-
neers, the constructional ship remains to exist, it is only temporarily dissembled.
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A function of a system is an affordance of the system for a subject. 
Thus, it is not an objective system property. 
 
Because functional (conceptual) models of systems ‘hide’ their 
construction, they are called black-box models. 
 
 
Examples: 
A Business Capability Map of an organisation 
An IDEF0/SADT model of a work flow 
A Data Flow Diagram of a software system 
 
There may be as many ‘correct’ functional models as there are 
modellers! 

Function (3) 
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Assigning functions 

Next to designing artefacts with some function in mind, one can assign 
(new) functions to existing objects (whether they are artefacts or not). 

Church? Refuge? Playground?  

Marketplace? Parking lot? Skeeler area? 
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The paradox of Theseus - solution 

The key to solving the paradox of Theseus is to recognize that there 
are two ships: the constructional ship and the functional ship. 
 
Is the constructional ship the same when all parts are replaced? 
Obviously not. It is already different when one part is replaced. 
 
But, the ship remains an instance of the same type. That is why 
people tend to say that it is the same (constructional) ship. 
 
 
The functional ship consists of the affordances that the 
constructional ship offers to Theseus. As long as this is the case, 
the functional ship remains the same to him. 
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Experience 

Affordances, whether intended (i.e. functions) or not, evoke experiences 
in the mind of subjects. Examples: feeling safe, looking good. 
 
Experience is purely subjective, although subjects may share the ‘same’ 
experience. 
 
Value is a determination of the degree in which an affordance satisfies a 
purpose of a subject. 
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Experience and implementation 

Different implementations of (ontologically) the same transaction 
may offer different experiences to the customer. 
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Decomposition of an enterprise’s business  

6. Value and experience
Pertinent to the usage of affordances, is the concept of value, which originates from praxeology, notably decision 
theory. We will briefly discuss it, without striving for completeness. Clearly, value is not an inherent property of 
a thing. Consequently, one cannot say that a thing has a particular value, like it has a particular weight. One can 
only say that a thing has a particular value to someone, or at best to a group of people. More specifically, we de-
fine value as a determination of the degree in which an affordance satisfies a purpose of a subject. The subject 
could express the value he/she assigns to an affordance as an attribute of the affordance, by which value becomes 
measurable, most probably only on an ordinal scale. For example, the affordance ‘sit-on-able’ that is offered by 
an armchair can be more attractive to someone than the one that is offered by a tree-stump. He or she could ex-
press that in assigning to the armchair a higher affordance value than to the tree-stump.

In Section 2 we introduced the concept of experience as the purely subjective mental sensation that an affor-
dance evokes. It seems that the concept of value, as introduced above, offers a means to express experience in a 
measurable way. However, because experience is so inherently subjective, it may be too speculative to assume 
that it may be measurable. Anyhow, reflecting on the discussion about affordances, the hypothesis that subjects 
do not primarily look for affordances in order to satisfy their purposes, but that they primarily strive to achieve 
high level experiences, seems plausible.

In contrast to value, the price of a thing (product or service) must be considered as something objective, so as 
a property of the thing, regardless whether this price is the outcome of a calculation or someone’s ‘subjective’ 
determination. For example, my decision to buy or rent something is basically the balancing of its price against 
the value that I assign to the affordance(s) it offers me.

7. Modelling enterprises
Let us try now to apply the theoretical insights that are explicated above, illustrated with the car as the example 
system kind, to the kind of systems that we commonly refer to as enterprises. Clearly, the first distinction we 
must make is the one between the construction of a particular enterprise and its possible functions to various 
stakeholders, like we did for cars in section 3. In accordance with [Dietz 2006] we will use the term “organisa-
tion” when referring to the construction perspective on enterprises, and the term “business” when referring to the 
function(s)  the enterprise offers to its customers. (Note: although many more useful functions may be discerned, 
we only discuss this business perspective). Figure 7.1 exhibits a quite common functional decomposition of an 
enterprise from the perspective of the customers, so a decomposition of its business. It resembles the pictures of 
enterprises that one may find in textbooks on enterprises or organisations.

Figure 7.1  Decomposition of the business of an enterprise

For the depth of the decomposition, the same criterion holds as we have applied in Section 3 to cars, namely 
the being able to operate the ‘leaf’ functions, like starting and braking. Only two components are considered to 
be ‘leaves’, i.e. to be operated directly through some user-system interface. So, we envision that there is a trans-
action kind that provides the service of ordering (initiated by a customer and executed by some order completer), 
and a transaction kind that provides the service of paying (initiated by the order completer and executed by the 
customer). We consider the other ones (the black-boxes) as yet to be decomposed.
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Generic partitioning of an organisation 

Regarding the construction of organisations, an interesting question for enterprise engineers is whether it is 
possible to conceive an organisation in the way we conceive the construction of a car (Cf. Figure 3.1). Put differ-
ently, is it possible to conceive of organisational buildings blocks, such that one can build an organisation by 
assembling such building blocks into a whole that one then rightfully might call the organisation of the enter-
prise? It seems that this is possible if we rely on the ψ-theory [TEEM-5]. This theory provides us with a generic 
partitioning of every organisation in its B-, I-, and D-organisation. We add to it the P-organisation (P from Physi-
cal)  as was found necessary to add in [Jong 2013]. The P-organisation provides services to the D-organisation, 
like the D-organisation does to the I-organisation, and the I-organisation to the B-organisation. This insight leads 
to the generic partitioning of organisations that is exhibited in Figure 7.2. Under every partial organisation, its 
different sorts of production are mentioned. Only the production in the P-organisation is truly physical, i.e. tech-
nology dependent. So, a file in the P-organisation of an enterprise is a paper file or an optical file on disk, or a 
stream of electromagnetic bits in some conducting matter. As we also know from the ψ-theory [TEEM-5], these 
aspect organisations consists of the same kind of building block (Cf. Figure 2.4 in TEEM-5).

Figure 7.2  Generic partitioning of the organisation of an enterprise

Compared to the constructional decomposition of a car (Figure 3.1)  one must consider the partitioning of an 
organisation as a generic constructional structure of all car components. For cars, this doesn’t exist, for organisa-
tions it does6. This fortunate position provides us with the means to design and build (the organisations of) enter-
prises in a systematic way; it is elaborated in the β-theory [TEEM-8].

Summarising, every (sub) organisation can be partitioned into four partial organisations:
• B-organisation (B from business); the actors in the B-organisation bring about the business services (func-

tion) of the organisation. This is represented by “product creating” in Figure 7.2.
• I-organisation (I from Information); supports the actors in the B-organisation with informational services. 

Three sorts of informational products are distinguished: remembering facts by order of B-actors, deriving 
‘new’ facts from remembered facts, and sharing (remembered or derived) facts with B-actors.
• D-organisation (D from Document and Data); supports the actors in the I-organisation with documental  

services. Three sorts of documental products are distinguished: archiving documents (containing facts from 
the B-organisation)  by order of I-actors, transforming documents (like translating), and providing documents 
to I-actors on their request.
• P-organisation (P from Physical); supports the actors in the D-organisation with physical services; the pro-

duction in the P-organisation is technology specific; e.g. ICT. Five sorts of physical products are distin-
guished: storing files (representing documents) by order of D-actors, retrieving files, transmitting them from 
one location to the other, copying files (making duplicates of the same document), and destroying files, all by 
order of D-actors.
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Every (sub) organisation can be partitioned into four partial organisations: 
B-organisation (B from business); the actors in the B-organisation bring about the business services (function) of the organisation. 
I-organisation (I from Information); supports the actors in the B-organisation with informational services. 
D-organisation (D from Document and Data); supports the actors in the I-organisation with documental or data services. 
P-organisation (P from Physical); supports the actors in the D-organisation with physical services; 

 the production in the P-organisation is technology specific; e.g. ICT. 
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6 There is something similar to the ψ-theory for mechanical systems, known as finite-element-theory, finite-element-method 
or finite-element-analysis.
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Generic decomposition of an organisation 

Figure 7.3  Generic decomposition of the organisation of an enterprise

Next to the partitioning of an organisation, there is the decomposition of an organisation in more enterprise 
specific sub organisations, like the decomposition of a car is a specific decomposition of a (not fully but largely) 
mechanical system. It appears that this decomposition is also rather generic, at least at the highest levels, as 
shown in Figure 7.3.  The decomposition must be conceived as something that is orthogonal to the partitioning in 
Figure 7.2. So, each of the sub organisations in Figure 7.3 can be partitioned according to the structure in Figure 
7.2. Examples of tasks in the actor facilities organisation are: employee recruitment, training and rewarding, as 
well as robot (artefact)  procurement and maintenance. Examples of tasks in the physical production facilities 
organisation are: machine procurement and maintenance, tools procurement and maintenance, material supply, 
energy supply. Examples of tasks in the housing facilities organisation are: procurement and maintenance of 
buildings, working places, meeting places, toilettes, etc.

The further decomposition of the operational organisation and the management organisation will mostly be 
enterprise or branch specific. As an example of the decomposition of the operational organisation of an enter-
prise, the construction of the B-organisation of the Rent-A-Car case [Perinforma 2013] is shown in Figure 7.4.

Figure 7.4  Decomposition of the B-organisation of Rent-A-Car
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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, 
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Decomposition of the RAC B-organisation 

Figure 7.3  Generic decomposition of the organisation of an enterprise

Next to the partitioning of an organisation, there is the decomposition of an organisation in more enterprise 
specific sub organisations, like the decomposition of a car is a specific decomposition of a (not fully but largely) 
mechanical system. It appears that this decomposition is also rather generic, at least at the highest levels, as 
shown in Figure 7.3.  The decomposition must be conceived as something that is orthogonal to the partitioning in 
Figure 7.2. So, each of the sub organisations in Figure 7.3 can be partitioned according to the structure in Figure 
7.2. Examples of tasks in the actor facilities organisation are: employee recruitment, training and rewarding, as 
well as robot (artefact)  procurement and maintenance. Examples of tasks in the physical production facilities 
organisation are: machine procurement and maintenance, tools procurement and maintenance, material supply, 
energy supply. Examples of tasks in the housing facilities organisation are: procurement and maintenance of 
buildings, working places, meeting places, toilettes, etc.

The further decomposition of the operational organisation and the management organisation will mostly be 
enterprise or branch specific. As an example of the decomposition of the operational organisation of an enter-
prise, the construction of the B-organisation of the Rent-A-Car case [Perinforma 2013] is shown in Figure 7.4.

Figure 7.4  Decomposition of the B-organisation of Rent-A-Car
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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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Construction 
Assembly of organisational building blocks 
 
Operating Principle 
Entering into and complying with commitments by actors (actor role 
fulfillers), powered by some power source 
 
Power source 
People fuelled by Belgian beer and Flemish fries 
 
Operating Theory 
The EE-theories, in particular the ψ-theory 
 

Engineering enterprises 


