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:_L The Fundamental Role of a Formal Language

Basic Presuppositions The Way of Thinking,
adopted to describe Decision Making
the surrounding world and Acting
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Reflex Sustains and “guides”
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Formal Language




:L Two Different Formal Languages

The Traditional The "Incipient”
Differential Calculus (TDC) Differential Calculus (IDC)
based on the well-known concept based on the concept of ~
of derivative of any order n “Incipient” Derivative of Ordinality ¢




The two concepts of "Derivative” originate
in the contest of two different Scientific Perspectives

Modern Science and its Basic Presuppositions

1) causality principle (efficient causality)
2) necessary logic (classical logic)
3) functional relationships

Emerging Quality of Self-Organizing Systems

1’) Generative Causality
2’) Adherent Logic
3’) Ordinal Relationships

d / dt is the corresponding formal translation

f(t) represents a functional relationship

Development of an appropriate formal Language

- L. Boltzmann, A. Lotka
- H. T. Odum: Emergy Algebra and the M. Em-P. P.
- Further faithful developments in variable conditions

- Introduction of the “incipient derivative” g,’/ gl t

- Thermodynamic Principles (1st, 2nd, 3rd)
- Physical Laws (specific for each Discipline)
Every System is a “Mechanism”
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The Maximum Ordinality Principle
(Em and Tr are reinterpreted in terms of Ordinality)

- is applicable to any Field:

non-living Systems, living Systems, human Systems
- atany space-time scale
- and in variable conditions

Every System is a “Self-Organizing System”
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The Incipient Derivative of Ordinality q = m/n

It is defined as follows (Giannantoni 2001a, 2002, 2004, 2008, 2009b, 2010a)
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i) becauseitis finalized to describe a Generative Process in its same act of being born

d
ii) Itis not an "operator” like the traditional derivative (E) : the priority of the symbols, in fact, is now
interpreted from left to right and each symbol has a deeply different meaning

—~

iii) thesymbol /.i71, e.g., explicitly refers to the genesis of a Process in its act of being born,

both because of its absolute“priority” (from left to right) and, especially, for its proper meaning:

iv) in fact, according to the Latin origin of theterm“Limen"” (= “threshold”), it represents the threshold
of the “door” (or the "window"”) from which we observe and register:

—_— —_—

the “emerging output” from a Generative Process of Ordinality 777/ n



Mathematical Formulation of The M. O. P.
for a System made up of n components
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e iy = ()
dt

The M.O.P. describes the Generative Evolution of a System toward its Maximum Ordinality,
as the exit of an Ordinal Cooperation of n Co-Productions and n Inter-Actions

It always presents an explicit solution, structured as follows
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where {r} is the properspace of the System and the elements of the Ordinal Matrix satisfy
the following “"Emerging Relationships” which can be termed as "Harmony Relationships”

@) =CV{}), ®an(t) for j=1,2,3,..N-1



The research for equilibrium conditions in a free-
market Economy (the three-good two factor Problem)

The three-good two factor Problemis a If a free-market Economy is modeled as a “Self-
famous problem of NCE, which has never Organizing” System, in the light of the M.O.P., the
been solved up to now. Problem can be solved for an arbitrary number of
This shows that a free-market Economy goods (N), in the presence of Three Productive
cannot be modeled as being a "mechanism” Factors :Capital, Labour and Natural Resources

The Explicit "Emerging” Solution is given by the corresponding Harmony Relationships

(K s, Lo, Nijar) =(N‘\1ﬁ)l®{i<u,ilz,fvu} (I=12,,N-1)

Ki=K;-K; Li=L;j-L; Nji=N;-N;

K=Capital L=Labour =Natural Resources

(3rd Int. Workshop on Advances in Cleaner Production, Sao Paulo, May 2011)



Development of renewable energy sources
Intrinsic instability of Smart Grids

supervisory control
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“"A complex aggregate of electrons shows properties that are not reducible to their sum”
(P. Anderson, Nobel Prize in Physics, 1972)

When a Grid is modeled as a Self-Organizing System, the Harmony Relationships at any time t are given by
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Emerging Benefit: additional Ordinal stability with respect to cyber attacks

(Emergy Conference 2012; Ecological Modelling, 271, 2014, p. 62-71)



Climate change forecasts
The “"Unexplained” Sea Level Rise over the last century
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eustatic effect (ice melting) + steric effect (thermal expansion of water)= 6 cm

If we consider a Taylor’s Expansion Series in TDC that gives 6 cm at the year 2000

The corresponding “Incipient” Expansion Series gives 17.5 cm at the same year 2000

(Emergy Conference 2010)



The derivative “drift” between TDC and IDC
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d_e“(t) — ea(t) . [OO((Z‘)] " 17.5 cm (IDC)
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The traditional Expansion Series accounts for the simple “sum " of the various contributions

ky

The Incipient Expansion Series accounts for the “Cooperation " of the various contributions

This means that, in the light of the M.O.P. the “"unexpected” trend of the sea level rise can be
seen as an "Emerging Output” of a unique “Self-Organizing System”



New Oncological Therapies:
The Immune-targeted Therapies

The immune-targeted therapies: are substantially based on chemical entities that target a protein (or enzyme)

that carries a mutation or other genetic alteration that is specific to cancer cells

protein (or enzyme)

targeted area

The efficacy of each drugis established on the basis of a precise sequence of experimental tests:

”m W\

“invitro”, “in vivo”, a selected class of patients (tolerability, possible side effects, etc.)
This procedure generally requires a lot of time and high costs, in particular for the absence
of a specific criterion for estimating the various efficiencies in advance

This is essentially due to the fact that the various Interactions are understood as "mechanisms”:
i) Insolvability in explicit terms (“Three-body Problem”, H. Poincaré, 1889)
ii) Intractability in numerical terms (computation time > 1.000 years)



The Immune-targeted Therapies
in the light of The M.O.P

The M.O.P. is able to give a valid contribution:
in factit allows us to know the efficiencies of the various drugs in advance

protein (or enzyme)

drug1 Q
drug 2 O

drug n O targeted area

While the topological structure of each drug and that of the targeted area are generally known
The topological structure of the final compound of each interaction is obtainable in a few seconds (EQS)
The various efficiencies are then given by W, — (Wl N W2 ) _

¥ for j=1,2,..n
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where W, W, W, are the Virtual Works of the drug, the targeted area and final compound, respectively.
Each System in factis characterized by a specific self-organizing capacity, whose activity is faithfully

represented by its associated “Virtual Work” N
W= 2{(101]') + (plj‘plj) + (pljﬁlj)}
j=




The Fundamental Role of Formal Languages
for Finding and Implementing Solutions

Two Different Sets of Basic Two Different Ways of Thinking,
Presuppositions Decision Making and Acting

O

TDC guides toward Solutions based on

Reflex that sustain
the concept that:

and “guide”

“Every Systemis a Mechanism”

\/
Two Different Formal Languages: IDC guides toward Solutions based on
the concept that:
IDC and IDC "Every Systemis a Self-Organizing
System”

A deep difference that influences the same strategic choices concerning

“Energy, Economy, Environment, Wellbeing” (etc.)

and, as a consequence, the most common aspects of our everyday life



Where are we going?

= 1. TDClis so radically rooted in Modern Science (and in its basic presuppositions) that it is
extremely improbable thatit will be abandoned, in spite of its intrinsic formal limitations:

i) Unsolvable Problems

ii) Intractable Problems
iii) Problems with “drift”

= 2. This fact, however, does not prevent from thinking thatsome Scientists will decide to
adoptthe innovativelanguage (IDC) to solve some of the above-mentioned problems

= 3.In the long run we may expect that both languages, TDC and IDC, will be adopted at the
same time, so as to choose the optimal operative solutions on the basis of the corresponding

experimental results

This is always possible, because of their “com-possibility”. Without forgetting, however, that:
- TDC reflects a “self-referential” gnoseological approach
- IDC reflects a “hetero-referential” gnoseological approach



Examples of Generative Processes:

i Co-Production and Inter-Action in variable conditions

u(t)

Co-Production

*

(d/d1)"”

(@)

\éz(t)/

where (7, (t) = (t) by “assignation” and the symbol ( ) standsfor a Whole

u, (1)
U, (1)

Inter-Action

(d/d 1)’

o, (0),a,(0)}

the symbol {, } indicates a "Duet”, understood as a Whole

Think, for example, of a "Duet singing”



The Generative Process which originates
from a Co-Production and an Inter-Action

Such a "combined” Process can be represented by means of an Incipient
Derivative of Ordinality 2/ >
(Think, e.g., of the genesis of two Brothers who co-operate with each other)
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Such a Generative Process was exactly that which suggested
the Transposition of the M. Em-P. P. to the M.O.P.

This is because it is always possible to extend the same concept to a System
made up of n different components (instead of 2 sole elements)



