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According to the Kalman’s approach (Kalman et al.
1969), the state space model of the continuous processes
U, X, Y, x (0), f , g, t
(1)

ABSTRACT

is described by the transition (f) and output (g) functions
in the continuous time t:

In Direct Computer Mapping the simple building blocks
of the conservational and informational processes are
mapped onto the generic “active” and “passive”
elements of an executable program. The recently
developed Generic Bi-layered Net model provides a
common framework for the simulation of the hybrid
(continuous and discrete, quantitative and qualitative)
balance-based and rule-based processes. The common
features of the process models are represented by a bilayered net of variable structure that also determines the
network (ring) structures of the influence routes and
flux routes, as well as the Ganntt Chart view of the
process.
INTRODUCTION
The computer modeling of the continuous and discrete
processes have been evolving in three different ways.
The processes are usually described by a set of
algebraic, differential and/or integral equations IPDAE
(Pantelides, 2001). The ‘a priori’ (white box) models are
derived from the simple first principle primitives, and
then they are transformed into various sophisticated
mathematical constructs. The ‘a posteriori’ (black box)
models differ only in the origin, but the numerical
solution of the identified mathematical equations is
similar.
Artificial Intelligence developed various knowledgebased methods without the explicit consideration of
domain specific structures and of fundamental
conservation laws. The attempts to bridge this gap, with
various kinds of qualitative models were not successful
enough,
because
the
qualitative
knowledge
representation evolved on its own, without effective
connection to the quantitative modeling. The execution
of the hybrid, discrete / continuous models is a difficult
question, because the usual integrators do not tolerate
the discrete events, while the usual representation of the
continuous processes cannot be embedded into the
discrete models conveniently.
The general formal models of the systems had be
developed before the powerful computers appeared.
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•

x (t ) = f ( x ( t ), u ( t ), t )
y(t ) = g( x ( t ), u ( t ), t )

(2)

where,
u ( t ) ∈ U = the input variables,
x ( t ) ∈ X = the state variables and
y( t ) ∈ Y = the output variables
of the process. The abstract automaton representation of
the discrete processes describes the same in the discrete
time k.

The General Net Theory (Brauer 1980) describes a
generalized net model for the description of the
structures. Many net models, like the early appeared and
very innovative Petri Net (Petri 1962), as well as the
various State-Transition Nets belong to the above
family.
Many recently used engineering methods had been
established before the onset of powerful computers.
Modeling starts either from the consideration of changes
in characteristic measures, or from the rules and signs.
Next this is transformed into mathematical construct. It
usually cannot be solved, should be discretisized, and
finally, the computer executes simple arithmetical steps.
In Direct Computer Mapping DCM (Csukás and
Bánkuti, 2003a), we can map the simple building blocks
of the conservational and informational processes onto
the generic “active” and “passive” elements of an
executable program (see Fig.1.). The balance elements
and the signs, as well as the elementary transitions and
the rules can be described by brief uniform programs,
executed by the same kernel algorithm. Direct
Computer Mapping of process models allows the
computer to know explicitly about the very structures
and bounds of the physical world. In this knowledge
representation, the model is organized rather by the
transitions, than by the state. The key issue is that the
computational software (and hardware) can copy the
natural structure and building elements of the
investigated problem.
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Figure 1: The idea of the Direct Computer Mapping
GENERIC BI-LAYERED
COMPLEX PROCESSES

NET

MODEL

OF

The recently developed Generic Bi-layered Net model
(Csukás and Bánkuti, 2003b) is a theoretically
established and practically validated powerful
realization of the Direct Computer Mapping. It is a
special case of the General Net Theory on the one hand,
as well as an explicitly structured, generic combination
of the state space model and of the abstract automaton.

that comes from the passive elements through the
channels b i :
 x i [b i ]
(16)
∀ a i → ϕi ∈ Φ; ϕi = 

i
i y ig 

[ ]

The operators ψ i ∈ Ψ and ϕ i ∈ Φ may be anything
from a simple input/output mapping to a brief
program, calculating the elementary process or the rule.
Variable r designates the geometrical and/or the
property coordinates of the distributed systems and/or
population balances. As an example, the GBN
implementation of a simple hybrid automaton (of the
Single Switch Server problem) is shown in Fig. 2.

The generic, bi-layered net model can be defined by the
ten-tuplet of
P, A, B, G, X, Y, Φ, Ψ , r, t
(6)
where

P, A , B ∪ G

(

)

)

∃ j b(τ ) | ∀ p j (τ ), a i (τ ) ∈ j b(τ )
i

(

)

(10)

and active→passive data flows
G (τ ) ⊂ A(τ ) × P(τ )
i g j (τ ) = a i (τ ), p j (τ ) ∈ G (τ )

(11)
(12)

(
)
∃i g(τ) | ∀(a i (τ), p j (τ))∈ i g(τ)
j
∃g j (τ ) | ∀(a i (τ), p j (τ))∈g j (τ)
i

(13)
(14)

connections for the j-th passive element. Similarly,
index i defines the ordered sets of the existing output
( i g (18)) and input ( b i (10)) connections for the i-th
active element. Variable τ denotes the optional points or
intervals of the continuous or discrete time t, declaring
the existence of the respective elements and relations.
The passive elements P are associated with state
variables X j and with an operator, describing the

[ ]

y g 
∀ p j → X j ∈ X; ψ j ∈ Ψ; ψ i =  j j  (15)
j
 jx jb 

[ ]
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Figure 2: The network view of a simple hybrid model
Two examples for the passive elements and one
example for an active element are the followings:
 ∆M A1 =1 y1 ∆M A 4 = 4 y1 
p1 → Ψ1 : 

1x 7 = M A 
 1 x1 = M A
(17)
∆M A := M A + ∑ i y1
i

respectively. Index j designates the ordered sets of the
existing output ( j b (9)) and input ( g j (14))

change of the state:

p7 p2

p4

(7)
(8)
(9)

∃ j b(τ ) | ∀ p j (τ ), a i (τ ) ∈ j b(τ )
i

M

is a net. The communication

channels B and G determine the passive→active
B(τ ) ⊂ P(τ ) × A(τ )
j b i (τ ) = p j (τ ), a i (τ ) ∈ B(τ )

(

p15
p1

p10 → Ψ10

St =11 y10 St =10 y10
:
∀ i 10 x i = St






St = Prod A ∨ Prod B ∨ Prod C ∨ Setup ∨ Wait
(18)
In the network view of the net we can interpret the
alternating,
connected,
ordered
set
of
the
communication channels
(19)
j1 b i1 , i1 g j2 , j2 b i 2 , i 2 g j3 , jn b i n , i n g jn +1

{

}

They are called influence routes, which determine a
special network structure. The influence routes carry the
influence. E.g. the perturbation of the content X j1 of
the element p j1 affects the content X jn +1 of the element
p jn +1 , according to the influence:

{j ∆x i (t1 ) , i ∆y j , j ∆x(t 2 )i , ... , i
1

1

1

2

2

2

n

∆y jn +1

}

(20)
where j ∆x i and i ∆y j refer to the perturbation of the
state and the change, respectively. The sensitivity and
its special forms, such as observability and
controllability can be studied by means of the influence
route network. The minimal (generating) influence
routes are the basic edges. The maximal influence
routes are the transferring routes and the complete
loops. The simplified structure of the influence routes is
a special ring, where the two algebraic operations are
the concatenation and the common part.
As we have emphasized, the existence of elements A, P,
B and G, as well as the contents X and Y of the
communication channels depend on the time while τ
denotes the well-defined points or intervals of the
continuous or discrete time t, when the given element,
channel or sign does exist. This temporal behavior of
the system of variable structure can be seen from the
Gannt Chart view (see Fig. 3).

Conservational process is a special case of the balance
process, where there are constant measures C
determined by the model specific conservation laws.
Simultaneously all of the measures M can be combined
from these constant measures, according to the
respective stoichiometry S, i.e.:
∃ C ∃ S | M = S⋅ C
(23)
0 = Γ ⋅ M = Γ ⋅S⋅C
(24)
where Γ is the process rate matrix.
If the operator ϕ i can be determined by a well-defined
single rate v i , then the change of the conservational
measures the expression of
•

M( t ) = STΓ ⋅ v( t ) ⋅ V

can be written for (where V is the reference measure,
e.g. the volume).
As an example consider in Fig. 4 the GBN model of a
simple enzyme reaction, where the active elements
correspond to the elementary processes of the a1:E+S
→ ES; a2:ES → E+S; a3:ES+I → ESI; a4:ESI → EW;
a5:EW → E+W and a6:E+W → EW reactions, as well
as of the a7, a8, a9 = transportations.
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Figure 4. GBN representation of an enzyme reaction
Figure 3: The Gannt Chart view of a hybrid model
CONSERVATIONAL PROCESSES
An important special case of net (6) is the class of
balance processes, where the basic part of the state X j
is a measure and, the operator ψ j summarizes the
simultaneous rates. Depending on the discrete or
continuous time, operator ψ j generates also the
appropriate

( )

ψj yj =

[ ] ≈ ∆X j [p j ] =

dX j p j
dt

∆t

∑ iyj

(21)

i

difference or differential equations, called balance
equations. In the balance model the descendent of the
mappings, ϕi can be divided into two disjunct parts,
corresponding to the increases (+) and decreases (-) of
the characteristic measures:

[ ] = i y + [i g + ] ∪ i y − [i g − ]

i y ig

(22)

The active elements of the balance process models
describe the various transportations and transformations.

where e.g.
y , y , y


p1 → S; ψ1 :  8 1 1 1 2 1 
=
=
x
:
c
,
x
:
c
S 1 1
S
1 8
∆M S
∆M S = 8 y1 +1 y1 + 2 y1 ; c S =
V
x
c
,
x
c
,
=
=

ES 3 3
I 5x3 = k3 
a 3 → v 3 ; ϕ3 :  2 3

 3 y 2 = − v 3 , 3 y 3 = v 3 , 3 y 4 = v 3  (26)
v 3 = k 3 ⋅ c S ⋅ c I ⋅ V ⋅ ∆t
The respective measure vectors and stoichiometric
matrices are the followings:
−1 1 0 0 0 0 
4 4 4 0
S
 1 −1 −1 0 0 0 
4 4 4 0
 ES




 
C
 0 0 −1 0 0 0 
0 2 1 0
I
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C=  M=ESI S=4 6 5 1 STΓ = 0 0 1 −1 0 0 
O
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0 0 0 1
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E
 0 0 0 1 −1 1 
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 0 0 0 −1 1 −1
4 6 5 0
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(27)

In the balance process models the alternating,
connected, ordered set of the communication channels

{g

−
+
−
+
j1 i1 , i1 g j2 , j2 g i 2 , i 2 g j3 ,..., jn

g i−n ,

+
i n g jn +1

}

(28)
is called flux route. Flux routes determine another
network structure, which carry the constant and
conservational measures. For example, if we modify the
value of measure X j1 in element p j1 , then this change
effects on measure X jn +1 of the element p jn +1 , i.e.:

{ ∆y
j1

( )

−
+
i1 t 1 , i1 ∆y j2

(t 2 ), j2 y i−2 (t1 ),..., in −1 ∆y +jn (t n )}
(29)

The

∆y +j / −
i

values refer to the dispersion of the

changes in the rate of subsequent processes (multiplied
by the stoichiometric coefficients).
The minimal
(generating) flux routes are the basic edges. The
maximal flux routes are transferring routes and the
complete loops. The simplified structure of the flux
routes is a special ring, where the two algebraic
operations are the concatenation and the common part.
INFORMATIONAL PROCESS, AS A SPECIAL
PART OF CONSERVATIONAL PROCESS

It is to be noted that a part of the above conservational
model, responsible for the enzymatic control, can be
replaced for a simplified model of rules and signs,
respectively. This is illustrated in Fig. 5. where the signs
are symbolized by circles and the rules are represented
by bar nodes.

determining the control signs and rules. Fig. 6 shows an
example for the GBN model of a controlled heat
exchanger. In the Figures V and W, as well as H and Q
refer to the volume and the enthalpy of the inside and
outside liquid, respectively. The inlet and outlet flows of
the inside and outside agents are signed by the symbols
Vb and Vk as well as Wb and Wk respectively. The heat
transfer is symbolized by the elementary process Ht.
The temperature T is measured by the thermometer m,
and it is compared with the set point a. With the
knowledge of this difference, the PID controller
calculates the control action u. In the right hand side the
Generic Bi-layered Net model of the heat exchanger and
the controller are represented by a connected pair of a
conservational and an informational process. In the
practical realization the informational process is carried
out by another physical (electronic / electric, hydraulic
or pneumatic) process (i.e. another conservational
process). The apparently paradox, but meaningful
notion of conservation based informational processes is
illustrated in Fig. 7 more plausibly. Here the liquid flow
through the jacket of the heat exchanger is controlled by
another liquid flow through another vessel. By
decreasing the size of the heat exchanger and by the
simultaneous increase of the upper right hand side
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Figure 6: A conservational / informational process
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Figure 5: An example for the conservation based
information process
Examples for the ψ and ϕ mappings of a sign (p6,
evaluation of W), and of a rule (a5, calculation of the
reaction rate) are as follows:
y


p6 → cW ; ψ6 :  6 6 
 6 x5 = cW 
cW = MW / V
 x = cS , 4 x 5 = c I , 6 x 5 = c W 
a 5 → r5 ; ϕ5 :  2 5

5 y5= k 3

 (30)
k 3 = F(c S , c I , c W )

The human made “artificial” processes often do not
have the above described self-determined control, but
they can be supplied by an informational process,

volume, the exciting question appears whether the parts
changed their relative position. It means beyond a
certain point we recognize that the heat exchanger
controls the other unit. From theoretical point of views,
this results a new interpretation of the informational
process. Accordingly, a given part of the conservational
process behaves as an informational process with
respect to its complementary part, if this special part
consumes and produces significantly less conservational
measures, than the complementary process, while, along
the feedback influence loops and transferring influence
routes the informational process exerts more influence
on the complement, than the completing part on it.
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Figure 7: Plausible visualization of a conservation based
information process

The informational process can be a special part of the
self-determined natural processes (e.g. neural system,
enzyme regulation), or it can be a supplied part of the
non-self-determined artificial one (e.g. control systems).
The essential feature of the informational process is that
it
•transports negligible amount of conservational
measures with the complementing part and with the
environment,
•while it has a greater influence on the
operation of the complementing part than vice versa.
If the above criteria are fulfilled, then it is not necessary
to describe the conservational processes for this special
subsystem. Instead, we can read, calculate and overwrite
the appropriate signs simply. Accordingly, we neglect
the conservational process carrying these signs, and deal
only with the informational process carried by the
vehicle conservation process.

executes the rules. The brain and the computers can
work as conservational processes, themselves. It is to be
noted that there might be also fictitious processes,
outside of the set of the informational processes.
SOFTWARE / HARDWARE IMPLEMENTATION

The generic elements of the proposed hybrid simulator
are brief programs, organized in a bi-layered
architecture. The programs in the passive and active
layers, as well as the communication between them
have different functionalities, which makes possible to
execute the continuous changes and the sequential
events with the same kernel. The brief programs Φ
associated with the “active” elements A, with the
knowledge of the output of the “passive” ones P,
calculate the changes or rules, and then modify the input
data of the “passive” layer. Finally the brief programs Ψ
associated with the “passive” elements P are executed.

CLASSIFICATION OF THE PROCESS MODELS

The above described relation between the
conservational and informational processes can be
overviewed by the classification of the processes
according to Fig. 8.
The set of balance processes is a subset of the Generic
Bi-layered Net processes. Conservational processes are
in a subset of the balance processes. Both of the balance
and conservational processes might have a special part
that consumes and produces less additive measures, but
exerts more influence on the completing part. These
special parts can be transformed into the respective
informational processes. Marginally the whole balance
or conservational process can be mapped into an
informational process. Another case is, when the
balance or conservational process is supplied with an
informational process. In addition there are also primary
informational processes.
GBN processes

Balance processes
Special part

Fictitious processes
Supplemented
Informational part

Primary inform.
process

Special part

Conservational processes

Transformed part

Informational processes

Figure 8: The classification of the GBN processes
On the other hand, all of the above described
informational processes must have a vehicle
conservational process that carries the signs and

When building a simulator for a completely new class
of problems, only the respective new executing
prototypes of the active and passive elements have to be
supplied in the mappings’ database The various
applications use the same data structures, core
algorithms and interfaces; that is why the individual
simulators of various abilities can easily be integrated
with each other. In GBN models the passive P and
active A elements are described by the passive
p(Identifiers, Kind, Time, Location, Content,
Call_for_Operators, Others);
and active
a(Identifiers, Kind, Time, Location, Inputlist,
Call_for_Operators, Outputlist, Others)
dynamic database or program partitions. These dynamic
partitions are executed by a general and optionally
extendable kernel. Accordingly the execution consists
of four, cyclically repeated consecutive steps, as
follows:
(1) active elements read the Content (X) from the
associated passive elements according to the
Inputlist (B);
(2) operators Φ calculate the changes (Y),
(3) passive elements are changed according to the
Outputlist (G)
(4) operators Ψ calculate the new state.
The method offers robust solution for the hard, hybrid,
multidimensional and non-linear problems, as well as
supports parallel programming.
The hardware implementation of the Generic Bi-layered
Net can be solved by a hypothetical multiprocessor
computer (see Fig. 9), consisting of two classes of small
Neumann machines. Programming means the
configuration of processor network, the declaration of
the initial conditions and the distribution of the brief
elementary programs amongst the units. Execution is

based on the wired or wireless communication between
the two layers of processors, having their own unique
broadcast and multiple receiving frequencies. The four
steps of the run are: the P→A broadcasting, the
execution of the ‘active’ units, the A→P broadcasting
and the execution of the ‘passive’ units, respectively.
Programmer

Ψ

Output

S cS I

cI k3 cW W

Φ
Figure 9: Software implementation of the GBN
PRACTICAL APPLICATIONS

The methodology has been applying for the solution of
various difficult practical problems. A couple of typical
examples are the followings: Simulated Moving Bed
preparative chromatography with cyclically changing
initial and boundary conditions (Temesvari et al. 2004);
batch, controlled co-polymerization of directed structure
in partially mixed volume, with discrete feeds (Csukás
and Balogh 1998); macro level simulation of a chicken
poultry (common use of quantitative and qualitative
knowledge); metabolic networks: underdetermined
systems with roughly estimated model parameters
(Csukas and al. 2003); planning and scheduling of an
agricultural farm (including cost analysis and year long
cash-flow calculation); quantitative health risk analysis
of a multi-product plant (changing allocation of
contaminant sources and workers).
CONCLUSIONS

In Direct Computer Mapping we map the simple
building blocks of the conservational and informational
processes onto the generic “active” and “passive”
elements of an executable program, directly. Direct
Computer Mapping of process models allows the
computer to know explicitly about the very structures
and bounds of the physical world. The recently
developed Generic Bi-layered Net model is a
theoretically established realization of the Direct
Computer Mapping. It is a special case of the General
Net Theory on the one hand, as well as an explicitly
structured, generic combination of the state space model
and of the abstract automaton. The Generic Bi-layered
Net model provides a common framework for the
simulation of the hybrid (continuous and discrete,
quantitative and qualitative) balance-based and rulebased processes. The common features of the process
models are represented by a bi-layered net of variable
structure that also determines the network (ring)

structures of the influence routes and flux routes. The
advantage of the new methodology is that the
computational model is specified by the very structures
and building elements of the process to be modeled.
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