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Abstract—This paper describes the efficient structures of 
various multifunctional remote laboratories for real exper-
iments, engineering processes, and manufacturing methods. 
Some theoretical problems concerning functional complete-
ness, universality, flexibility, and programmability of such 
remote laboratories and facilities are discussed in the 
framework of a new interdisciplinary scientific approach 
called general formal technology (GFT). GFT is a branch of 
general system theory (GST). It correlates with Alexander 
Bogdanov’s Tektology and can be used to investigate formal 
algorithmic and physical system structures for the synthesis 
and analysis of various objects. 

Index Terms—General system theory, flexible remote manu-
facturing; functional completeness; real remote laborato-
ries; remote experimentation; system universality; system 
flexibility; Turing machine.  

I. INTRODUCTION 
Remote accessible labs for real experiments (RALREs) 

or real remote laboratories (RRLs) are an important topic 
of discussion in current scientific and pedagogical papers 
[1-6]. The possible benefits of such laboratories are as 
follows: 

1. Conducting experiments from any location that has 
an Internet-connected computer. 

2. 24-hour access to remote experimentation facilities. 
3. The cost-effective use of remote experimental re-

sources, including resources that would otherwise be 
prohibitively expensive. 

4. The higher reliability of results obtained experimen-
tally (compared to possible unpredictable artifacts in 
virtual experimentations due to incorrect modeling of 
investigated effects or objects). 

5. The incorporation of new Internet facilities, including 
Internet libraries, databases, and search engines. 

 

In the above list of RRL benefits, the most important 
point is #4 because it guarantees us real results that are 
necessary for suitable education. However, this reliability 
is also necessary for the remote manufacturing of various 
real objects and for real experimentation in various tech-
nological and scientific areas. Moreover, such RRLs, as 
well as remote manufacturing plants (remote manufac-
tures for short) and remote experimental facilities should 
be extremely flexible (i.e., extremely multifunctional, or 
universal) in order to be effectively utilized. We will call 
such flexible (universal) remote manufactures and flexible 

(universal) remote experimental facilities FRMs and 
FREFs, respectively. 

These RRLs, FRMs and FREFs should possess com-
plete distant programmability, including necessary infor-
mational feedback to the control of remotely implemented 
processes.  

The use of RRLs could also cause some problems, such 
as: 

a) The “lack of modular approach in designs” [1, 5] or, 
more generally, the absence of clear and theoretically 
approved architectural concepts for multifunctional RRLs; 

b) The inability to vary the laboratory instruments for a 
wide range of needs [1, 3, 6];  

c) Administrative, pedagogical, and industrial problems 
[1]. 

Both case b) and, in part, case a) could also present 
complications in the use and development of FRMs and 
FREFs. 

We will not investigate item c), as those problems are 
temporary. We will concentrate on items a) and b) be-
cause both are also important for FRMs and FREFs. Gen-
eral formal technology could help us to understand and 
solve the above problems [7-9, 11-13]. 

II. GENERAL FORMAL TECHNOLOGY 

A. Theoretical Foundations 
Any formal technology T is represented in general for-

mal technology (GFT) frameworks in a similar manner as 
the formal representation of an algebraic system in math-
ematics [7-10]:  

 T = < B, FT, FA>, (1) 

where B is a set of physical or abstract objects that are 
obtained from other objects of B and/or objects of a finite 
set A, which is called a basic set. Therefore, objects of a 
basic set A are called basic elements, and A !!   B. Objects 
of B are also called elements or constructions, i.e., the 
terms “object”, “element”, and “construction” are equiva-
lent in GFT frameworks.  

The symbol FT in (1) denotes a finite set of finite-place 
“technological operations”, and the finite set FA is a set of 
finite-place “operations of analysis” with objects of B.  

Any physical object Oi"B in GFT is described by the 
following pair: 
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 Oi = <Gi, Mi>, (2) 

where Gi = {gi1, gi2,..., gin} is a finite set of physical 
properties of object Oi and ## i = {gij=fij(gik, gil,...,gim);...} is 
a finite set of functionalities of object Oi, i.e., a set of 
functions (or algorithms), that define the value of one (gij) 
or many physical properties of object Oi via other proper-
ties (for example, gil) of the same object Oi or via proper-
ties (gsk,..., gqm) of other objects (Os,…, Oq), that interact 
with the properties of object Oi. In object-oriented pro-
gramming (OOP), those sets that are similar to ## i are 
often called “methods”. A set ## i can contain as many 
similar functions (functionalities) fij as necessary for an 
actual representation of Oi [8, 9]. 

We will also denote objects Oi,…Oj " B using tradi-
tional denotations such as xi,…, yj " B, if interpretation 
(2) is not imporetant in the current context. 

The description (2) is similar to the descriptions of 
“program essences” (“objects”) in OOP. 

In accordance with (1) and (2), the general formula for 
any technological (FT) or analytical (FA) operations in T is 
the following:  

Fi(x1,..., xn, a1,..., at)$<y1,..., ym, b1,..., bs >,  (3) 

where Fi " FT % FA; x1,..., xn, y1,..., ym," B, a1,..., at are 
numerical parameters (for example, the temperatures of 
mixed solutions) or nonnumeric parameters of operation 
Fi; and b1,..., bs are the numerical or nonnumeric parame-
ters of the operation result (for example, the color of the 
obtained solution); the indices n, m, s, t " N (N is a set of 
natural numbers) denote different objects or parameters. 
An arrow (“$”) indicates the direction of operation Fi and 
should not be considered to connote equality. Angle 
brackets (“<”, “>’) denote sequences of objects and pa-
rameters obtained as a result of operation Fi. 

The physical properties of objects x1,..., xn, y1,..., ym can 
be present or absent among parameters a1,..., at and b1,..., 
bs in the form (3). 

As an example of a simple analytical operation in the 
form (3), we can write the formal GFT representation of 
any technological operation Fw that measures, for in-
stance, the weight of some object xi: 

Fw(xi)$<xi, bw >,     

where bw is a (numerical) parameter that represents the 
weight of object xi (for example, in grams). 

Another example of a simple technological operation Fs 
(resembles syntheses) that obtains some object y by junc-
tion of two objects x1 and x2: 

Fs(x1, x2)$<y >.   

Because any technological or analytical operations of 
any technology T could be represented in the form (3), we 
can formally describe any technological process or proce-
dure as a sequence of proper operations in the form (3), 
i.e., as a proper GFT algorithm in T to obtain or analyze 
any object (or objects) x"B of T. These GFT algorithms 
also include so-called “conditional and unconditional 

jumps” (or “branches”) to change the local sequences of 
operations in a similar manner to the way numerical re-
sults from numeric calculus are usually used to change 
sequences of calculations in various computing algorithms 
(programs). Such “conditional jumps” use numerical (or 
nonnumerical) results (parameters) of proper analytical 
operations of the set FA to perform (or not perform) the 
jump. 

For comparison with (1), any algebraic system U in 
mathematics is also defined as a triplet: 

 U = < A, F, P>, (4) 

where A is a base set of elements in U; F is a set of 
mathematical operations; and P is a set of predicates on A 
[10]. 

One can easily prove that if an operation of analysis 
Fi" FA has only a finite number of results belonging to the 
finite subset of rational numbers R, then all of these re-
sults can be represented by a finite number of proper pred-
icates.  

Indeed, if Fi " FA and Fi(xj) = mk, xj " B, k"N; mk " R 
(R is a finite subset of rational numbers that represent all 
possible results of analytical operation Fi), then for every 
mk, we can define a predicate Pik such that Pik(xj) = 1 if 
Fi(xj) = mk and Pik(xj) = 0 if Fi(xj) & mk. Therefore, the 
operation of analysis, Fi, can be replaced with a finite 
number of predicates similar to Pik. Thus, the formal rep-
resentation of any technology T (1) is similar to formal 
representations of algebraic systems (4), including a sys-
tem of partially recursive functions.  

B. Theoretical Model of RRL and FRM 
As is widely known in computing technology, the mod-

ern programmable extremely multifunctional (universal) 
devices are computers. Mathematicians agree with the fact 
that the so-called computing power of a computer is equal 
to the computing power of a Turing machine (TM). There-
fore, the TM is a classical mathematical model of a uni-
versal computing device that has a maximum computing 
power for algebraic systems called computational mathe-
matics or computational technology. According to the 
Church-Turing thesis, human computational technology is 
equivalent to a system of partially recursive functions. 
Thus, it is theoretically possible to construct a universal 
technological system for various technologies described 
by Equation (1) in a similar manner as a universal TM for 
the “technology” of partially recursive functions described 
by Equation (4). 

Such a theoretical structure (denoted by symbols SU) 
for a universal technological system, which is based on 
the main technological concepts of TM in accordance with 
expressions (1) – (3), is shown in Figure 1.  

A shift register and pointer (denoted by digit “1” in 
Figure 1), together with a one-dimensional array of stor-
age cells, perform the role of the one-dimensional tape 
and shifting mechanism of TMs.  

An operational unit containing technological cells F1,..., 
Fm, performs technological and analytical operations F1,..., 
Fm" FT% FA. This unit has an input demultiplexer that 
distributes objects extracted from indicated (by pointer) 
storage cells to the proper technological cells Fk in ac-
cordance with performed technological or analytical oper- 

30 http://www.i-joe.org



REGULAR PAPER 
MULTIFUNCTIONAL REMOTE LABORATORIES FOR REAL EXPERIMENTS, ENGINEERING PROCESSES, AND MANUFACT… 

 

 
Figure 1.  SU structure of the theoretical model for the extremely multi-

functional (universal) programmable synthesizer-analyzer of various 
objects for any formal technology T 

ations. In Figure 1, an output multiplexer directs output 
objects from ethe outputs of technological cells to the 
proper storage cells according to the current position of 
the pointer. All technological and analytical cells are con-
trolled by the control unit in accordance with Equation (3) 
and a table of rules similar to the table of rules in TMs. 
Moreover, the control unit can use the parameters (results) 
of analytical operations to change the sequence of opera-
tions; as in the case of the scanned symbol in the current 
cell of the TM’s tape, which can also change the current 
state of this machine [8, 11]. 

Thus, the operational and control units perform techno-
logical operations in a similar manner to the control, read-
ing and typing operations on the tape of a TM in accord-
ance with its table of rules.  

To guarantee the most efficient use of SU, a “complete” 
technology should be implemented in SU; a “complete” 
technology T allows us to i) generate an infinite number 
of new constructions in T and ii) restore the structure and 
synthesis of any construction that belongs to the set B of 
T. There are many ways to achieve completeness of vari-
ous technologies in GFT [8, 12, 14]. 

The following theorems can be easily validated for eve-
ry complete technology: 

A. There are many complete technologies T that al-
low us to simulate a TM in SU. 

B. For any object Oi " B of any complete technology 
T, there is an algorithm realizable in SU for T that 
automatically restores the structure of object Oi, 
and its synthesis in T [8, 13, 14].  

C. For any complete technology T, there is an algo-
rithm that enumerates syntheses of various objects 
Oi " B in T by a regular method so that every 
such synthesis can be mapped onto the one unique 
natural number in the sequence of natural num-
bers. Therefore, all objects in T obtained by such 
a set of syntheses can be restored by the proper 
natural number. (This theorem is also called the 
“Theorem of Acquired Knowledge Effective-
ness”) [8, 13]. 

The proof of theorem A is based on the idea of inter-
preting different symbols of any finite alphabet used in 

TMs as different objects of finite set A in T implemented 
in a proper SU [7, 8, 12].

The proof of theorem C uses the simple fact that algo-
rithms, which describe various object syntheses, can be 
constructed in a regular manner as increasing finite se-
quences of operations belonging to a finite set FT % FA.  

There are many ways to prove theorem B for different 
technologies [8, 12]. One of the most general approaches 
is the use of theorem C to find a proper synthesis to obtain 
the exact copy of the necessary object Oi. Therefore, theo-
rem B is true even if the object Oi is unknown, i.e., if we 
have no information about its synthesis and structure aside 
from the fact that Oi"B for T. That is, SU allows us to 
analyze and synthesize any object Oi"B. Moreover, theo-
rem C asserts that we can automatically investigate the 
possibilities of technology T and, when necessary, we can 
automatically restore the proper or required object or 
synthesis, which is exactly what is necessary for a flexible 
RRL, FRM or FREF. 

Statement A also confirms the fact that SU is a universal 
programmable system. 

III. PRACTICAL ASPECTS 
For practical needs, we must improve some components 

of the SU structure; furthermore, computers have an im-
proved structure that differs from that of a TM. Thus, we 
must change some blocks for the practical structure of the 
RRL, FRM or FREF compared to their theoretical struc-
ture shown in Figure 1.  

First, we should replace the complex storage cell units 
from Figure 1 with a more suitable storage system that 
uses addressable storage cells (similar to addressable cells 
in computer memory) to store various objects of the set B. 

Second, technological algorithms often use “continuous 
processes” to synthesize objects or substances. For that 
purpose, a “technological output” of one technological 
cell is typically immediately connected to the “technologi-
cal input” of another technological cell. To make such an 
immediate connection in SU, we should include a “con-
necting matrix” that allows us to set (by programming) 
necessary connections in the array of technological cells 
according to FT % FA. 

Third, we should use a common device known as a mi-
crocontroller (with program memory) to control SU. 

The structure of SU for practical needs in accordance 
with these features is shown in Figure 2. 

The microcontroller in Figure 2 performs interpreta-
tions of commands in accordance with Equation (3) for 
operations in FT%FA and its parameters (see section I-B). 
This unit also performs conditional and unconditional 
jump commands to change the subsequent command se-
quences (and corresponding technological operation se-
quences) according to the results for the analytical opera-
tion parameters. That is, any technological algorithms are 
constructed as the proper sequences of commands on 
principals that are similar to the principals of computer 
program constructions for computational algorithms [8, 
12].  

The programmable connections and interconnections in 
Figure 2 are used to set the proper transportation systems 
for the technological operations or performed processes.  

Theorems A, B, and C from section II-B can be proven 
for the practical structure of SU shown in Figure 2. More-
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over, it is proven that so called “specialized technological 
systems” (i.e., “continuous systems” that allows us to 
obtain certain types of objects or substances “continuous-
ly”) have a productivity that is equal to the productivity of 
the universal technological system SU if they both possess 
the same sets of technological and analytical cells [8, 12].  

Alternately, if we want to set various electrical parame-
ters for different technological operations and to measure 
(electrically) various parameters (results) of analytical 
operations according to Equation (3), then it is useful to 
use a universal analog-digital programmable system, such 
as SU, for those purposes. Therefore, a RRL, FRM or 
(especially) FREF as an entire system should have two 
subsystems that are similar to SU. The first subsystem 
allows us to set and measure various electrical parameters. 
This subsystem implements a proper technology TMS of 
mixed signal processing. The second subsystem allows us 
to conduct various experiments in the investigated tech-
nology TI.  

Figure 3 presents a simplified structure of such an im-
proved RRL, FRM or FREF.  

The technological cores in Figure 3 represent arrays of 
proper technological and storage cells together with nec-
essary programmable transportation systems for TMS and 
TI. If the investigated technology TI is also TMS, then both 
technologies can be implemented in the same technologi-
cal core [13]. 

The left subsystem (green box in Figure 3) allows us to 
temporarily construct the necessary generating and meas-
uring devices. Such devices could be called “virtual” de-
vices [13, 15] because, if we generate any concepts to 
make these devices more suitable, stable, or precise, then 
we can reconfigure existing virtual devices into such im-
proved devices. Of course, if all parameters in operation 
(3) are fixed and they have fixed technical implementa-
tions, then it is not necessary to vary them, and the left 
subsystem in Figure 3 can be implemented as a fixed 
subsystem of the technological cells of TI. 

The most suitable technological areas for RRLs (FRMs 
or FREFs) that have structures similar to those shown in 
Figures 2 and 3 are as follows: 

1. Technology TDD for digital data processing. 
2. Technology TAS for analog signal processing. 
3. Technology TMS for mixed (analog and digital) sig-

nal processing. 
4. Various chemical technologies TChS for various 

chemical solutions. 
5. Similar chemical technologies TGSChS for gaseous 

substances and chemical solutions. 
6. Similar chemical technologies TSSGSChS for granular 

solid substances, gaseous substances, and chemical 
solutions. 

7. Biochemical TBCh and micro-biochemical TmBCh 
technologies for the above types of substances. 

8. Analytical multifunctional “Programmable Labs-on-
a-Chip” (PLOCs) for various technologies [16].  

 

IV. PRACTICAL IMPLEMENTATIONS 
A potential structure for a technological core for simple 

complete investigated technology TChS is shown in greater 
detail in Figure 4. 

 
Figure 2.  Block diagram of SU for practical purposes 

 
Figure 3.  Simplified structure of a modernized RRL, FRM or FREF 

for any investigated technology TI  

As mentioned above, technology TChS is intended for 
simple chemical operations with (for instance) various 
water solutions. Therefore, set FT of TChS has 2 technolog-
ical operations: for solution batching, Fb, and for solution 
mixing, Fm, FT = <Fb(x, a), Fm(x1, x2)>, where Fb(x, 
a)$<(x-ax), ax>, and a is a batching parameter that de-
fines a volume ax of water solution obtained in the batch-
ing operation; (x-ax) is a rest of water solution x after 
separation of volume ax. Fm(x1, x2) $<y>, where y is a 
mixture of water solutions x1 and x2. Operation Fb is im-
plemented in technological cell 1 with the help of a proper 
electronic device 2 connected to capacitive sensors. This 
device determines the exact volume ax of the water solu-
tions x that is contained in the technological cell 1 (im-
plemented, for instance, as a narrow glass tube with even-
ly distributed capacitive sensors).  

Operation Fm is implemented in technological cell 3, 
which simultaneously achieves the operation of fluores-
cent analysis Pf " FA.  

To complete technology TChS, one should guarantee 
two possibilities: i) obtaining any water solutions (“ob-
jects”) with  various  possible  concentrations of necessary  
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Figure 4.  A simple structure of a technological core for an investigated 

technology TChS  

ingredients and ii) recreating any possible water solutions 
with the same ingredients and with the same concentra-
tions [8, 12]. We shall define a finite set of necessary 
water-soluble ingredients (in the form of concentrated or 
“pregnant” solutions) as a part of finite “basic” set A/ = 
{a1, a2,…, an}. Set A/, together with a dissolvent a0 (wa-
ter), forms a complete “basic” set A of “basic elements” 
(the dissolvent and pregnant solutions): A = A/ %%{
a0}={a0, a1, a2,…, an}. It is clear that by using the techno-
logical operations FT = <Fb(x, a), Fm(x1, x2)>, we can 
obtain any possible solution with any possible concentra-
tion [8, 12]. 

To define the unknown ingredients of any unknown 
water solution and to measure their concentrations (i.e., to 
recreate the syntheses of unknown “objects” in TChS), we 
need the following: a) an appropriate finite set BF1 of so-
called (water-soluble) “indicators” and b) an appropriate 
finite set BF2 of so-called (water-soluble) “neutralizers”. 
Sets BF1 and BF2 perform specific functions in technology 
TChS and should not be included in the set B in formula 
(1). Elements (solutions) of set BF1 are used to define each 
ingredient of set A/ similarly to the way the presence (or 
absence) of certain molecules is defined in qualitative 
fluorescence analysis. If such molecules are present in the 
given solution, they will generate visible light (detected by 
sensor F in Figure 4) under ultra-violet rays (emitted by 
ultra-violet source S in Figure 4). Therefore, for each 
ingredient of set A/, we shall have a corresponding indica-
tor in set BF1={b1, b2,…, bn}. 

The elements (solutions) of set BF2 play another role. 
They “neutralize” the emission of visible light in fluores-
cent analysis by junction with (“neutralizing”) molecules 
of set BF1. If all such molecules in solution bj (bj " B) are 
“neutralized”, then light is absent and solution bj has no 
active molecules of BF1. If for each type of ingredient in 
BF1 we use a proper “neutralizer” b’i"BF2, then BF2={ b’1, 
b’2,…, b’n}. 

The above process is very similar to a titration. Indeed, 
it should also use solutions of “neutralizers” with fixed 
concentrations to define the quantity of the ingredients in 
BF1 in a given unknown object (unknown solution bj " B). 

We cannot say objects of sets BF1 and BF2 are objects of 
set B for two reasons: 1) they might not belong to B and 
2) they expand the technological possibilities of opera-
tions FT % FA.  

Storage cells (for instance, glass flasks) denoted in Fig-
ure 4 by the digit “4” are intended for solutions of set A. 
Storage cells denoted by the digit “5” are intended for 
solutions in set BF1, and storage cells denoted by digit “6” 
are intended for set BF2. Storage cells denoted by digit “7” 
are empty. They are intended for the realizations of vari-
ous technological processes in technology TChS.  

All transport communications among technological 
cells (“1”, “3”), input-output cells (“8” and “9”), and stor-
age cells (“4”, “5”, “6”, “7”) could be implemented using 
glass pipes (for instance). Every cell is connected to the 
pipe by input (“11”) and output (“10”) valves with proper 
pumps. 

The more detailed structure of a technological core unit 
for the technology TChS, including a longer explanation, is 
described in [8, 12].  

The same principles could be used for a technological 
core design in the above cases 5 - 7. 

The structure shown in Figure 4 has a strong mathemat-
ically approved statement about its technological univer-
sality (or maximum flexibility). To solve the same prob-
lem for a so-called “programmable laboratory on a chip” 
(PLoC) called “Aquacore”, authors have tried to use a 
model of TM [16]. It is well known that TM is intended to 
solve various tasks in calculation technology that differ 
substantially from simple chemical technology TChS [8, 
12]. 

In comparison with the above cases 1 – 7 for certain 
simple different technologies, other technological areas 
require specific transportation and positioning units to 
implement structures of multifunctional RRLs or flexible 
programmable remote manufacturing plants  (FRMs), 
such as SU [8, 11, 12]. However, the entire structure of a 
proper RRL or FRM is easier than in the case when we 
use robots or complex manipulators for object transporta-
tions and positioning, as is performed in modern flexible 
manufacturing systems (FMSs). Such specific technologi-
cal areas for RRLs and FRMs are as follows:  

9. Machine-building technology TMB [8, 12]. 
10. Nano-technologies for nano-objects TNT [11, 12].

Cases 1-10 cover the main technologies used by human 
civilization. For every such technology, it is possible to 
automatically create various experiments in accordance 
with theorems B and C from section II-B. These experi-
ments may include the following tasks: 

a) Automatic searching for new objects having spe-
cific properties in T; 

b) Automatic optimization of existing technological 
algorithms to obtain objects that have specific properties; 

c) Automatic searching for algorithms for syntheses 
or/and analyses of objects that have specific properties in 
T; 

d) Other tasks.
At the moment, such a remote laboratory has been de-

veloped for technology TMS (see case 3 above). Its struc-
tural realization is shown in Figure 3. 

This RRL uses programmable mixed signal “system-
on-a-chip” PSoC-1 (CY8C27443) by the Cypress Semi-
conductor Corporation as a core for the left measuring 
subsystem TMS (green box) and for the right investigated 
technology subsystem TI = TMS (yellow box), with the 
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structure shown in Figure 3 [13]. A PCB for this RRL is 
shown in Figure 5. 

The RRL is used to conduct real laboratory experiments 
in the following courses: 

1. “Analog Interfaces of Computers”. 
2. “Microprocessor Systems”. 
 

Figure 6 provides an example of graphical data ob-
tained from the RRL in the course “Analog Interfaces of 
Computers”. The conducted experiment uses non-typical 
connections among analog and digital blocks. Figure 6 
shows digital (top) and analog (bottom) signals obtained 
for the simultaneous outputs of such blocks. 

The internal structure of PSoC-1 is close to the theoret-
ically based architecture of SU shown in Figure 2 and the 
approved RRL architecture shown in Figure 3. The stand-
ard set of virtual measuring and generating devices (four-
channel digital analyzer and two-channel digital oscillo-
scope) that are necessary for experimentation in the above 
courses uses only a small part of the configurable digital 
blocks (DCBs) and analog blocks (ACBs) of PSoC-1. In 
total, such virtual devices use only 25% of the DCBs and 
33% of the ACBs. Thus, the majority of the DCB and 
ACB arrays are free and can be utilized by users for their 
real experiments.  

Users can explore the remaining DCBs and ACBs. 
Moreover, users can replace the existing set of virtual 
devices with more suitable devices, and they can change 
the collected data and its graphical interpretations. Such 
modifications do not require an alteration of the RRL 
hardware. Instead, they require only the appropriate re-
programming of RRL and its computer software. Thus, in 
comparison with the “classical” approach [17], such RRLs 
have greater flexibility. 

V. CONCLUSIONS 
Interpretations of real world objects and operations with 

them in the metamathematical forms (1) and (2) allow us 
to use different formalisms that are equivalent to the for-
malisms used in very important structures in mathematics 
called algebraic systems (4).  

First, these formalisms allow us to construct various 
formal algorithms to investigate the theoretical possibili-
ties of such formal technological processes and systems. 
For example, we can show that there are many complete 
technologies in GFT instead of one complete technology 
in computational mathematics called partially recursive 
functions.  

Second, for every complete technology, we can con-
struct a formal model based on principles similar to the 
functional organization of TMs. That is, we can construct 
a universal fully programmable technological device that 
can automatically perform any correct technological algo-
rithm to obtain any possible object in the given complete 
technology. This result is very important and very useful 
for designing RRLs, FRMs and FREFs. 

Third, we can show that many research works have 
regular structures and can therefore be performed auto-
matically by such universal programmable technological 
devises. These possibilities are highly important for RRLs 
and especially for FREFs.  

Fourth, the possibility of obtaining various real (“physi-
cal”) objects  at a distance will  allow  us to launch an “In- 

 
Figure 5.  The RRL PCB for TMS designed in accordance with the 

structures shown in Figures 2 and 3 

 
Figure 6.  Example of real digital and analog signals obtained in exper-

iments for the technology TI = TMS 

ternet of Things” that is not based only on 3D-printer 
technologies [18]. Various FRMs can make very complex 
objects by using more suitable technological operations 
than the “layer by layer” principles used in most 3D print-
ers. 

Regarding the “lack of modular approach in design”, 
the suggested formalisms also can help with that aspect. 
Indeed, to achieve universality and remote programmabil-
ity for various technological systems, we should define a 
set of technological operations FT% FA (for any complete 
technology T). This set is finite, and therefore, we should 
have only a finite number of proper technological cells 
(technological modules), which could be standardized. To 
increase the possibilities of technology T, it is usually 
necessary to add a few new technological cells (modules) 
to the existing technological ones [8, 12]. This addition 
could also be created by standard “technological interfac-
es” that are similar to the standard system interfaces used 
in computers. Therefore, we could start with a very cheap 
and simple universal distantly programmable device, and 
then, step by step, we can expand their technological pos-
sibilities by regular and standard means. 
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However, as a standard part of the control unit, we 
could use a flexible and reconfigurable architecture of SU 
in the testing and measuring subsystems shown in Figure 
3 (green box). It allows us to vary testing and measuring 
devices and their methods (algorithms) over a wide range. 

The described theoretical approach to the designe of 
RRLs, FRMs and FREFs has rigorous mathematical foun-
dations. Therefore, in comparison with traditional ap-
proaches, it guarantees the maximal flexibility, full remote 
programmability, and complete remote control of de-
signed RRLs, FRMs and FREFs.  
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