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Soft computing became a formal area of
study in computer science in the early 1990s.
Prof. Lotfi Aliasker Zadeh has defined soft
computing as a number of techniques and
methods that deal with real-world situations
in the same way that people deal with them.
In computer science, soft computing
(sometimes referred to as Computational
Intelligence - CI) is the use of inexact
solutions to computationally hard tasks such
as the solution of NP-complete problems, for
which there is no known algorithm that can
compute an exact solution in polynomial
time. Soft computing differs from
conventional computing in that, unlike hard
computing, it is tolerant of imprecision,
uncertainty, partial truth, and approximation.
In effect the role model for soft computing is
the human mind.

Soft computing forms the basis of a
considerable amount of machine learning
techniques. The principal constituents of soft
computing are fuzzy logic, evolutionary
computation, and neural networks. Generally
speaking, soft computing techniques
resemble biological processes more closely
than traditional techniques, which are largely
based on formal logical systems. Soft
computing techniques are intended to
complement each other.

A lagy szamitasi modell (soft computing) az
1990-es évek elején valt az informatika formalis
teriiletévé. Lotfi Aliasker Zadeh professzor a lagy
szamitasi modellt olyan technikak és modszerek
egyiitteseként definialta, amelyek a valos vilag
kiilonb6z6 szituaciodival olyan modon
foglalkoznak, mint ahogyan azt az ember teszi.
Az informatikdban, a lagy szamitasi modelleket
(amelyekre idénként szamitastechnikai
intelligenciaként - Computational Intelligence -
Cl  hivatkoznak)  hasznaljak az  olyan,
szamitastechnikai szempontb6dl nehéz feladatok
nem-egzakt megoldasara, mint az NP-teljes
problémak, ahol is nincsenek olyan ismert
algoritmusok, amelyek polinomialis idon beliil ki
tudnak szamitani az egzakt megoldasokat. A lagy
szamitastechnikai modellek abban kiilonboznek a
hagyomanyos szamitastechnikatol, hogy itt
elfogadhatd a precizitas hidnya, a bizonytalansag,
a részigazsag ¢és a becslés. Hatasaban a lagy
szamitasi modell az emberi agy szerepét tolti be.
A lagy szamitasi modell képezi az alapjat a gépi
tanulasi technikak tekintélyes mennyiségének. A
lagy
logikabol, evolucids informatikabol és neuralis
halézatokbol  allnak. lagy
szamitasi technikak sokkal inkabb a biologiai
nagy
logikai rendszereken
technikakra. A lagy
szamitasi technikak célja egymas kiegészitése.

szamitasi modellek alapvetéen fuzzy

Altalanosan, a

folyamatokra hasonlitanak, mint a
mértékben a formalis

alapuld hagyomanyos

Fuzzy logic. Fuzzy logic is based on the
theory of fuzzy sets, which is a
generalization of the classical set theory.
Classical logic only permits conclusions
which are either true or false. In fuzzy logic
the truth values of variables may be any real
number between 0 and 1 inclusive.

Fuzzy logika. A fuzzy logika a fuzzy halmazok
halmaz
elméletek egy altalanositasa. A klasszikus logika

elméletén alapul, ami a klasszikus
csak olyan kovetkeztetéseket engedélyez,
amelyek vagy igazak, vagy hamisak. A fuzzy

logikaban egy valtoz6 igaz értéke barmely 0 és 1




Therefore, the membership function is a
curve that defines how each point in the input
space is mapped to a membership value
between 0 and 1. The input space is referred
to as the universe of discourse. The universe
of discourse X is a continuous space, we
usually partition X into several fuzzy sets.
These fuzzy sets, which usually carry names
that conform to adjectives appearing in our
daily linguistic usage, such as "large",
"medium” or "small" are called linguistic
variables.

kozotti valds szam lehet, beleértve magat a 0-t és
az 1-t is. Ezért a tagsagi fliggvény egy gorbe,
amely definialja, hogy az input teriilet egyes
pontjai hogyan rendelheték hozza egy 0 és 1
kozotti tagsagi értékhez. Az input teriiletre ugy
hivatkozunk, mint a tarsalgas univerzuma. Az X
tarsalgasi univerzum egy folytonos teriilet, mi ezt
az X-et rendszerint szamos fuzzy halmazra
osztjuk. Ezeket a fuzzy halmazokat, amelyek
altalaban olyan neveket hordoznak, amelyek a
napi hasznalatunkban el6fordulé mellékneveknek
felelnek meg, mint amilyenek a “large”,
“medium” vagy “small&quot, nyelvi valtozoknak
nevezziik.

Creating a system with fuzzy logic contains
four steps:

1. Rule base: It contains the set of IF-
THEN rules provided by the experts

to govern the decision making
system, on the basis of linguistic
information.

2. Fuzzification: It is used to convert
inputs i.e. crisp numbers into fuzzy
sets.

3. Inference engine: It determines the
matching degree of the current fuzzy
input with respect to each rule and
decides which rules from the rule
base are to be fired according to the
input field.

4. Defuzzification: It is used to convert
the fuzzy sets obtained by inference
engine into a crisp value.

Egy rendszer fuzzy logikéaval torténd létrehozasa
négy 1épésbal all:

1. Szabaly alapt: Tartalmazza a HA-AKKOR
szabalyok azon halmazat, amiket a szakértok a
informéaciok dontéshozo

nyelvi alapjan a

rendszerek iranyitasa érdekében hoznak létre.

2. Fuzzifikalas: Ezt a bemeneteknek, vagyis a
(crisp)

halmazokka torténé alakitasara hasznaljak.

hagyomanyos szamokat fuzzy

3. Interferencia motor: Meghatarozza, hogy az
aktualis fuzzy bemenet milyen mértékben felel
meg az egyes szabalyoknak, és meghatarozza,
hogy a bemeneti mezének megfeleléen az

alapszabalyokbol mely szabalyokat kell élesiteni.

4, Defuzzifikalas: Az interferencia motor altal
kapott fuzzy halmazok crisp értékekké torténd
konvertalasara hasznalatos.

Evolutionary computation. In computer
science, evolutionary computation is a family
of algorithms for global optimization
inspired by biological evolution. In technical
terms, they are a family of population-based
trial and error problem solvers with a
metaheuristic or stochastic optimization

Evolucios szamitastechnika. Az informatikaban

az evolucidos szamitastechnika a biologiai
evolucié altal inspiralt globalis optimalizaciora
Technikai

kifejezéssel, ezek egy populacio-alapt kisérlet és

szolgalo  algoritmusok  csaladja.

hiba probléma megoldok csaladjat képezik,




character. In evolutionary computation, an
initial set of candidate solutions is generated
and iteratively updated. Each new generation
is produced by stochastically removing less
desired solutions, and introducing small
random changes. In biological terminology, a
population of solutions is subjected to natural
selection (or artificial selection) and
mutation. As a result, the population will
gradually evolve to increase in fitness, in this
case the chosen fitness function of the
algorithm.

Evolutionary computation techniques can
produce highly optimized solutions in a wide
range of problem settings, making them
popular in computer science.

sztochasztikus
Az
szamitastechnikaban a lehetséges megoldasok

metaheurisztikus
optimalizacids

vagy

jellemzdvel. evolucios

egy kiindulasi halmazat generaljak, és azt
aktualizaljak. Minden Uj
generacio ugy jon létre, hogy sztochasztikusan
eltavolitjak a kevésbé kivanatos megoldasokat, és

iteracios modon

kicsi, random valtoztatasokat vezetnek be. A
biologiai

crer

terminologidban a  megoldasok
mesterséges) kivalasztodas és a mutaciok. Ennek
eredményeként a populacio fokozatosan egyre
nagyobb alloképességre tesz szert, ebben az
esetben az algoritmus kivalasztott alloképesség
funkciojara. Az evolucios informatikai technikak
nagy mértékben optimalizalt megoldasokat
tudnak nyuGjtani a probléma halmazok széles
korénél, és népszertivé tudjak tenni azokat a
szamitastechnikai tudomanyban.

Evolutionary computation proceeds in the
following steps:

1. Test each chromosome to see how
good it is at solving the problem at
hand and assign a fitness score
accordingly. The fitness score is a
measure of how good that
chromosome is at solving the
problem to hand.

2. Select two members from the current
population. The chance of being
selected is proportional to the
chromosomes fitness. Roulette wheel
selection is a commonly used method.

3. Dependent on the crossover rate
crossover the bits from each chosen
chromosome at a randomly chosen
point.

4. Step through the chosen
chromosomes bits and flip dependent
on the mutation rate.

Repeat step 2, 3, 4 until a new population has
been created.

Az evolucids szamitastechnikai eljarasok a
kovetkezod 1épésekbdl allnak:

1. Minden egyes kromoszoma tesztelése
annak megallapitasa céljabol, hogy mennyire
felelnek meg az  adott  probléma
megoldasahoz, és ennek megfeleléen egy
megfeleldségi pontszdm hozzarendelése. A
megfeleldségi pontszdm annak a mértéke,
hogy az adott kromoszéma mennyire jo a
fennalld probléma megoldasahoz.

2. Két egyed kivalasztadsa az aktudlis
populéciobdl.  Annak az esélye, hogy
valamely egyed kivalasztasra keriil, ardnyos
a kromoszémak megfeleloségeével. Egy
altalanosan hasznalt médszer a rulett kerekes
kivalasztas.

3. A keresztezddési aranytol fliggden minden
egyes kivalasztott kromoszoéma bitjeinek
keresztezése egy véletlenszerlien
kivalasztasra keriilé pontban.

4. Valamennyi kivalasztott kromoszoéma
biten végig kell menni, és a mutacios
aranytol fliggéen meg kell forditani azokat.

A 2, 3, 4 lépések ismétlése az 1) populacio
1étrehozasaig.




Artificial neural networks. Artificial neural
networks are computing systems inspired by
the biological neural networks. The neural
network itself is not an algorithm, but rather
a framework for many different machine
learning algorithms to work together and
process complex data inputs. Such systems
"learn” to perform tasks by considering
examples,  generally  without  being
programmed with any task-specific rules.

An artificial neural network is based on a
collection of connected units or nodes called
artificial neurons, which loosely model the
neurons in a biological brain. Each
connection, like the synapses in a biological
brain, can transmit a signal from one
artificial neuron to another. An artificial
neuron that receives a signal can process it
and then signal additional artificial neurons
connected to it.

Mesterséges neuralis halézatok. A mesterséges

neurdlis halézatok olyan szamitdstechnikai
rendszerek, amelyeket a Dbiologiai neuralis
halézatok inspiraltak. A neuralis haldzat

onmagaban nem egy algoritmus, sokkal inkabb
egy keret ahhoz, hogy sok kiilonbozé gépi
tanulasi algoritmus egyiitt tudjon dolgozni, és fel
tudja dolgozni a komplex beviteli adatokat. Az
ilyen rendszerek ,learn” példak alapjan hajtjak
végre a feladatokat, altaldban anélkiil, hogy
barmilyen feladat-specifikus szabaly beléjiik
lenne programozva. Egy mesterséges neuralis

neuronoknak nevezett

vagy
egylittesén alapul, amelyek lazan modellezik a
agy Minden egyes
Osszekottetés a bioldgiai agy szinapszisaihoz

halézat mesterséges

kapcsolodd  egységek csomopontok

biologiai neuronjait.
hasonldan, egy jelet tud atvinni egy mesterséges
neurontdl egy masikhoz. Egy mesterséges
neuron, amely kap egy jelet, fel tudja azt
dolgozni, majd jelzést tud adni tovabbi, vele
kapcsolatban levé mesterséges neuronoknak.

In common implementations, the signal at a
connection between artificial neurons are a
real number, and the output of each artificial
neuron is computed by some non-linear
function of the sum of its inputs. Artificial
neurons and edges typically have a weight
that adjusts as learning proceeds. Typically,
artificial neurons are aggregated into layers.
Signals travel from the first layer (the input
layer), to the last layer (the output layer).

The original goal of the ANN approach was
to solve problems in the same way that a
human brain would. However, over time,
attention moved to performing specific tasks,
leading to deviations from biology. Artificial
neural networks have been used on a variety
of tasks, including computer vision, speech
recognition, machine translation, noise
filtering, playing board and video games and
medical diagnosis etc.

Az altalanos megvaldsitasok soran a mesterséges
neuronok kozotti 6sszekoto jel egy valds szam, és
az egyes mesterséges neuronok Kimeneteit azok
bemeneteihez kapcsolodd néhany, nem-lineéris
fliggvény szamolja ki. A  mesterséges
neuronoknak ¢és éleknek tipikusan van egy
stlyozasuk, amit tanulasi folyamatként allitanak
be. neuronokat

rétegekbe gytjtik dssze. A jelek az elso rétegbdl

Tipikusan, a mesterséges
(a bemeneti réteg) az utolsé réteg (a kimeneti
réteg) felé haladnak. A mesterséges neuralis
halozat (ANN) megkozelités eredeti célja az volt,
hogy a problémat olyan modon oldjak meg,
ahogyan azt az emberi agy tenné. Idével azonban
feladatok
megoldasa felé, ami a biologiatol valo eltérést

a figyelem eltolodott a specialis

eredményezte. A mesterséges neuralis
legkiilonfélébb  feladatoknal

hasznaljak, beleértve a szamitogépes latast, a

haldézatokat a

beszéd felismerést, a gépi forditast, a zajsziirést, a
jaték forumokat és video jatékokat, valamint az
orvosi diagnosztikat, stb.
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Soft computing became a formal area of study in computer science in the early 1990s. Prof.
Lotfi Aliasker Zadeh has defined soft computing as a number of techniques and methods that
deal with real-world situations in the same way that people deal with them. In computer
science, soft computing (sometimes referred to as Computational Intelligence - Cl) is the use
of inexact solutions to computationally hard tasks such as the solution of NP-complete
problems, for which there is no known algorithm that can compute an exact solution in
polynomial time. Soft computing differs from conventional computing in that, unlike hard
computing, it is tolerant of imprecision, uncertainty, partial truth, and approximation. In effect
the role model for soft computing is the human mind.

Soft computing forms the basis of a considerable amount of machine learning techniques. The
principal constituents of soft computing are fuzzy logic, evolutionary computation, and neural
networks. Generally speaking, soft computing techniques resemble biological processes more
closely than traditional techniques, which are largely based on formal logical systems. Soft
computing techniques are intended to complement each other.

Fuzzy logic. Fuzzy logic is based on the theory of fuzzy sets, which is a generalization of the
classical set theory. Classical logic only permits conclusions which are either true or false. In
fuzzy logic the truth values of variables may be any real number between 0 and 1 inclusive.
Therefore, the membership function is a curve that defines how each point in the input space
is mapped to a membership value between 0 and 1. The input space is referred to as the
universe of discourse. The universe of discourse X is a continuous space, we usually partition
X into several fuzzy sets. These fuzzy sets, which usually carry names that conform to
adjectives appearing in our daily linguistic usage, such as "large”, "medium™ or "small" are
called linguistic variables.

Creating a system with fuzzy logic contains four steps:

1. Rule base: It contains the set of IF-THEN rules provided by the experts to govern the decision
making system, on the basis of linguistic information.

2. Fuzzification: It is used to convert inputs i.e. crisp numbers into fuzzy sets.

3. Inference engine: It determines the matching degree of the current fuzzy input with respect to
each rule and decides which rules from the rule base are to be fired according to the input
field.

4. Defuzzification: It is used to convert the fuzzy sets obtained by inference engine into a crisp
value.




Evolutionary computation. In computer science, evolutionary computation is a family of
algorithms for global optimization inspired by biological evolution. In technical terms, they
are a family of population-based trial and error problem solvers with a metaheuristic or
stochastic optimization character. In evolutionary computation, an initial set of candidate
solutions is generated and iteratively updated. Each new generation is produced by
stochastically removing less desired solutions, and introducing small random changes. In
biological terminology, a population of solutions is subjected to natural selection (or artificial
selection) and mutation. As a result, the population will gradually evolve to increase in
fitness, in this case the chosen fitness function of the algorithm.

Evolutionary computation techniques can produce highly optimized solutions in a wide range
of problem settings, making them popular in computer science.

Evolutionary computation proceeds in the following steps:

1. Test each chromosome to see how good it is at solving the problem at hand and assign a
fitness score accordingly. The fitness score is a measure of how good that chromosome is at
solving the problem to hand.

2. Select two members from the current population. The chance of being selected is proportional
to the chromosomes fitness. Roulette wheel selection is a commonly used method.

3. Dependent on the crossover rate crossover the bits from each chosen chromosome at a
randomly chosen point.

4. Step through the chosen chromosomes bits and flip dependent on the mutation rate.

Repeat step 2, 3, 4 until a new population has been created.

Artificial neural networks. Artificial neural networks are computing systems inspired by the
biological neural networks. The neural network itself is not an algorithm, but rather a
framework for many different machine learning algorithms to work together and process
complex data inputs. Such systems "learn™ to perform tasks by considering examples,
generally without being programmed with any task-specific rules.

An artificial neural network is based on a collection of connected units or nodes called
artificial neurons, which loosely model the neurons in a biological brain. Each connection,
like the synapses in a biological brain, can transmit a signal from one artificial neuron to
another. An artificial neuron that receives a signal can process it and then signal additional
artificial neurons connected to it.

In common implementations, the signal at a connection between artificial neurons are a real
number, and the output of each artificial neuron is computed by some non-linear function of
the sum of its inputs. Artificial neurons and edges typically have a weight that adjusts as
learning proceeds. Typically, artificial neurons are aggregated into layers. Signals travel from
the first layer (the input layer), to the last layer (the output layer).

The original goal of the ANN approach was to solve problems in the same way that a human
brain would. However, over time, attention moved to performing specific tasks, leading to
deviations from biology. Artificial neural networks have been used on a variety of tasks,
including computer vision, speech recognition, machine translation, noise filtering, playing
board and video games and medical diagnosis etc.



