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(My translation)

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

M'ski  oOumcneHHsS  cTad  OQDIMIIHHOIO
obnactio iHdopMaTHkK Ha moyatky 1990-x
pokiB. IIpod. Lotf Aliasker Zadeh Bu3HauuB
M'iKi OOYMCIEHHS SK Cepil0 METOIIB 1
METO/IB, SIKi CTOCYIOTBCS peaJIbHUX CUTYAITii
Tak camo, K 1 JMoau. Y 0OYHCIIOBAIbHUX
3acobax, M'ski oOumcienHs (iHoAi 3BaHi
Computational Intelligence Cl)
BUKOPUCTOBYIOTBCSl JUISI HETOYHHX PIIICHb
OOYHMCIIOBAILHUX ~ 3aBAaHb, TaKUX  SK
po3B's3anHss NP-TIOBHUX 3aBlaHb, IS SIKHX
HEMaEe BIJOMOTO alTOPUTMY, SKHI MOXKe
00YHCIUTH TOYHI piteHHs B
noJliHoMianbHUi dYac. M'ski  0OYHUCIEeHHS
BIJIPI3HSIOTBCA BiJl 3BUYAWHUX OOYHUCIICHD
TUM, 110, HAa BIAMIHY BiJl HUX, BIH TEPIHMO
JI0O HETOYHOCTi, HEBU3HAYEHOCTI, YaCTKOBOI
icTUHM Ta HaOmKeHHA. MoJenb A M'STKUX
00YHCIIEHB - 1€ HACTIPaB/Il JIFOJACHKUN PO3YM.

M'sski OOYHMCIIEHHS € OCHOBOIO BEJIHKOI
KIJTBKOCTI METOHIB MAIIMHHOIO HaBYaHHS.
OCHOBHUMH KOMIIOHEHTaMU M'SIKHX
O0YHCIIEHh € HEYITKa JOriKa, €BOJIOIIHHI

M'siki OOUHCIICHHS CTaJIN q
B 1HpopmaTulll Ha
noyatky 1990-x pokis. [Ipod. Lotf Aliasker
Zadeh Bu3HAuuMB M'AKi OOYHCIEHHS 5K
METOmiB 1 , Kl

, M'SKi OOYHCIICHHS
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TaKHX SIK
po3B's3anHs NP-moBHHX , JUISL SIKHAX
HEMAa€E BiJIOMOTO aJITOPUTMY, 3a _
$IKO. MO)K. i TOYHI pIIIEHHS B
MOJIHOMIANBHUM Yac. M'MKi 0OYHMCIECHHS
BIIPI3HSIOTBCST BiJl 3BUYAWHUX OOUYMCIICHB
TUM, 110, Ha BIAMIHY BiJ

Ta HAOJIMKEHHS.
MOIENh [UIL M'IKUX OOYHCIIEHL -
HACTIPaB/li TFOACHKUI PO3YM.

M'sski OOYHCIEHHS € OCHOBOK BEIHUKOI
KUIBKOCTI METOHIB MAIIMHHOIO HAaBYaHHS.




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.

o0uMCIICHHST Ta HEWpOHHI Mepexi. Biarami
KaKy4d, METOIU M'SIKHMX OOYHCIICHBb OlJbIe

CXOoki Ha Olojoriuxi  mpouecw, HIXK
TpaAMIiiHI METOJHM, OCOOJIMBO Ha OCHOBI
dbopManpbHUX  JIOTIYHMX  CcUCTeM. M'sIKi

00YHCIIOBAILHI METOAU JIOMOBHIOIOTH OJUH
OJIHOTO.

OCHOBHUMH KOMITOHCHTaMH M'IKHX
00YHCIIEHb € HEYITKa JOrika, €BOJIOLIMHI
oOuMceHHs Ta HeWpoHHI Mepexi. Biarami
KOKy4d, METOAU M'IKMX OOYHCIIeHb B
OUTBIIM  MIpl  HaraayiTh OioyoriuHi
MPOIIECH, HIXK TPAAMIIHI METOIH, OCOOINBO
Ha OCHOBI (POPMAaJbHHUX JIOTIYHUX CHCTEM.
Mertoaun M'SKUX OOYMCIICHb OPIEHTOBaHI Ha
€, 100 TOMOBHIOBATH OJMH OHOIO.

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 O 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.

Heuitka norika. HediTka sorika rpyHTy€eThCs
Ha Teopii HEYITKUX MHOXHH, IO €
y3arajbHEHHSIM KJIACHYHOI Teopii MHOXKHH.
Knacuuna sorika 103BOJISIE JIUIIIE BUCHOBKH,
SKi € a00 ICTHHHUMH, a00 MOMUJIKOBUMU. Y
HEYITKOI  JIOTiIi ~ 3HAYeHHS  ICTUHHOCTI
3MIHHHX  MOXYTh  OyTH  OyIb-SKUMU
mivicauMmu uuciiamMu Big O mo 1 BKIFOYHO.
Otxe,  HeuiTka  (yHKIIS  eleMeHTa
BHU3HAYAETHCS SIK KPHUBA, KA BH3HAYA€, SIK
KO)KHa TOYKa y BXIJHOMY IpPOCTOpI
BiloOpakaeTbcss y 3HaueHHs Mix 0 1 1.
BxigHuii mpocTip Ha3MBAEThCS BCEJIEHHOIO
ouckypey.  BceecBit  guckypey X €
Oe3mepepBHUM  MPOCTOPOM 1 3a3BHYAid
TTOJIITIIETHCS Ha KiTbKa HEUITKHX MHOXKHH. L1
HEYiTKI MHOXMHHM HAa3MBAIOTHCS MOBHUMH
3MIHHUMH, TOMY 1110 BOHH MalOTh Ha3BH, K1

BIMOBIAAIOTH MPUKMETHHKIB, 110
3'SIBJISIFOTHCS HA HAIIOMY MPHPOJHOMY MOBI,
Takux sk "Benukwmii', '"cepemHiil" abo
"Mammit".

Heuitka norika. HeuiTka jorika rpyHTy€eTbCs
Ha Teopii HEYITKMX MHOXHH, IO €
y3arajbHEHHSAM KJIACHYHOI TEOopii MHOXKMH.
YV xiacuyHid JOTIHl JAOMYCKAIOTHCS JIUIIC
BHCHOBKH, sKi € ab0o icTHHHHMH, abo
XUOHUME. Y HewiTKIM JIOTiIi 3HAYEHHS
ICTUHHOCTI 3MIHHHUX MOXYTh OyTH Oyab-
SKAMHM OicHUMHA uuciamMud Bigx 0 mo 1
BKJIIIOYHO. OTXe, HeviTKa (YHKIIisS eJeMeHTa
BU3HAYAETHCS SIK KPHUBA, KA BH3HAYAE, 5K
KO)KHa TOYKa y BXIJHOMY IpPOCTOpi
BiloOpakaeTbcss y 3HaueHHA Mik 0 1 1.
BxinHuit mpocTip Ha3UBaeThes YHIBEPCYMOM
JTUCKypCy. YHIBEPCYM IHCKypcy X €
HE3MEepepBHUM  NPOCTOPOM 1  3a3BHYaid
MTOIISE€THCS HA KUThKa HEUITKHX MHOKHH. L1
HEUITKI MHOXMHM HA3UBAIOTHCS MOBHUMH
3MIHHUMH, TOMY 110 BOHA MalOTh Ha3BH, SIKi
BIMOBI1JAIOTH MIPUKMETHUKAM, i (0)
3'IBISIIOTRCSL Yy HAIOMY  TIOJCHHOMY
MOBHOMY CHUIKYBaHHI, TaKuX K "BETUKHUI",
"cepenniit" abo "manmuii".




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

CTBOpEHHS CHCTEMH 3 HEUYITKOIO JIOTIKOKO
BiIOYyBa€ThCS B YOTUPHU KpOKHU:

1. OcHoBa mpaBuiIa: MICTUTh HaOip MpaBUII
IF-THEN, saxi MictaTh MOBHI 3MiHHI. [lg
OCHOBa Oyna po3po0iena (axiBisiMH B TaHIN
o0acri.

2. Fuzzification: BukopuUCTOBYETBHCS st
MIePETBOPEHHSI BXOiB, TOOTO TOUYHUX YHCEN,
10 HEYITKUX MHOHH.
3. [Ilepemkoau: BH3HAYa€e BIAMOBIIHUN
CTYHiHb TMPHHAIEKHOCTI MOTOYHOTO BXOJIY
JI0 HEYITKOTO MHOKHHU MO BIJHOLICHHIO 0
KO)KHOTO TIpaBuJja B 0a3i mMpaBWII i BU3HAYAE,
SKi TpaBWiIa TIOBHHHI 3aCTOCOBYBATHCS.
4. Defuzzification: BukopuctoByeTbcs IS

CTBOpEeHHsSI CHCTEMU 3 HEYITKOI JIOTIKOIO
BiIOyBa€eThCS B YOTHUPHU

1. OcHoBa mpaBuia: MICTUTH HAO1

IF-THEN,

2. Fuzzification: BukopucroByerbcs mis
TIEPETBOPCHHS

TOYHHUX YHUCCJI,

JI0 KOYKHOTO IpaBmiia B 0a3i

MpaBWJI 1 BU3HAYA€, sIKI MpaBHUia MOBUHHI
3aCTOCOBﬁaTHcs[

4. Defuzzification: BuKOpHUCTOBYETBCS s
IIEPETBOPEHH OTPUMaH

HEYITKHX y

input field. MEPETBOPEHHS ~ OTPUMAHOTO  HEYITKOTrO
4. Defuzzification: It is used to convert | H200pY y peailbHe 3HaueHHS.
the fuzzy sets obtained by inference
engine into a crisp value.
peaJ'IBHi 3HAYCHHSA.

Evolutionary computation. In computer | EBomromifini  pospaxynku.  EBomroriiini | EBosrortiitai
science, evolutionary computation is a family | Meroan Hanexars 10 ciMeiictBa anropurM™is | Hayil
of algorithms for global optimization | rmo6aneHOi  onTMMi3amii,  HATXHEHHHX
inspired by biological evolution. In technical | 6iomoriusor0 eBosOLI€0. 3 TEXHIYHOT TOUKH
terms, they are a family of population-based | 30py, e CTOXaCTUYHI AJITOPUTMHU
trial and error problem solvers with a | onTuwmizamii Ha ocHOBI momymsmii. Y | TeXHIYHOT
metaheuristic or stochastic optimization | eBosroriifHOMy  pO3paxyHKy  IOYaTKOBa
character. In evolutionary computation, an | momyssitis KaHIMJIaTChKUX pilieHb

€BOJIFOIIITHUX MeTO,I[I -

HaJIE)KATH cIMENCTBO aJITOPUTMIB
rj00aJbpHOT ONTHMI3AIII],
BINIMBOM  iji6i Giomoriunoi eposromii. 3

TOYKH 30 e  MeETOoau




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.

TCHEPYEThCS ~ BHUIAJKOBUM  YHHOM 1
ITEepaTUBHO OHOBIIOEThCA. KoOXHE HOBe
MOKOJIIHHA ~ CTBOPIOETHCSI  CTOXACTHYHO,
BUIAJSIOYM MEHII OakaHi pillleHHd 1
NpUMaOYM HEBEJIUKI BUMAIKOBI 3MiHH. Y
O10JI0T14HII TEPMIHOJIOT1 MOTYJISIIIiS
mijyisirae  IpUpOAHOMY  Bigbopy  (abo

HITYYHOMY B1160pY) 1 MyTauii. Sk HacHiOK,
HACENICHHS TIOCTYIIOBO DPO3BHUBAETHCS, 100
MIJBUIIUTH MPUCTOCOBAHICTh CBOIX PIIICHb.
EBomorniiine 004MCIEHHS T03BOJISIE 3HANUTH
ONTUMAJIbHE PIIIEHHS A IIUPOKOro Koja
npobneM, mo poOuUTh HOro TMOMYIAPHUM
IHCTPYMEHTOM Y KOMIT'FOTE€pHIN Hay1ll.

€BOJIFOLIHUX

pileHsb 1 HEBEIIMKUX

BI/IHa)IKOB. 3MiH. v OioyoTivuHIHI
TEePMIHOJIOT11 TOTTYJISIIIiS mijsarae
OpUpOJHOMY  Bimbopy (abo mTy4yHOM

BiIOOpPY) 1 MyTarlii. Sk HacmIiaoK,
Oyae  TIOCTYIIOBO  PO3BUB
MIABUINUTHA IIPUCTOCOBAHICTL CBOIX

00

- €BOJTIOIIITHUX 00YHCIIeHb
03BOTISIONE  3HAITH ONTUMAJIbH1
pIIIEHHS U IMHUPOKOTO KOJia MpodiieM, 1o
poOHUTH HOro MOMYNSPHUM IHCTPYMEHTOM Y
KOMIT'FOTEPHIH HayIIi.

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

EBomromiinuii
HACTYITHUMH eTanamu:
1. IlporectyiliTe KOXHY XpOMOCOMY B
MOMyJIAii, o0 modaunTH, HACKUTBKH T00pe
BOHA Ma€ CIIpaBy 3 Mpo0JIeMolo, 1 MpU3HauTe
BIJIIIOBIIHE 3HAYEHHS.
2. Bubepitb aBOX 0Ci0 3 MOTOYHOTrO
HaceneHHs. BuOip mpomopiiitHuii BemnyuH1
¢iTHECY KOXKHOI XpPOMOCOMH.
3. 3acTocyBaTH oOIlepaToOp CXPEIIyBaHHS B

pO3paxyHOK IMpaimrpe 3a

EBomrorniiini

1.

[IporectyiiTe KOXHY XpOMOCOMY B
monyJIsii, Mmoo MmoOaunTH,

MOTOYHOI

2. BI/I6ei)iTI> IIBOX 3

MIPOTIOPITIAHUINA




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.

3aJIeKHOCTI  Big  HMOBIPHOCTI  omeparii
CXpEILIyBaHHS.

4. 3actocyBatu omepaTop MyTamii B
3QJIGKHOCTI  Bil  WMOBIPHOCTI  omepartii
MyTanii

[ToBTOpiTE KpOKM 2, 3, 4, MoKuM HE Oyne
CTBOPEHO HOBE HACENICHHS.

KOKHOI Xpomocomu. METOA pPYIeTKH 5K
MPaBUJIO 3aCTOCOBYETHCS JIJIsl BHOODY.

3. 3acrocyBartu omepaTop CXpeEIllyBaHHS B

3QJIGKHOCTI Bl  WMOBIPHOCTI  omepartii
CXpEIllyBaHHSI.

4. 3acrocyBaTH omeparop MyTamii B
3aJeKHOCTI  Big  HMOBIPHOCTI  omeparii
MyTauii

[ToBTOpiTs Kpoku 2, 3, 4, noku He Oyxe
CTBOPEHO HOBY HOIYJISIIIIIO.

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

Mtyuni  HeWiponHi  mepexi.  LTyuni
HEHpOHHI Mepexi € O00YHCIIOBAIILHUMU
CHCTEMaMH, HaTXHEHHI 010JIOTTYHUMHA

HellpoHHuMu Mepexxamu. Cama HeWpoHHa
Mepexa He € ITOPHUTMOM, & OCHOBOIO JUIS
06araTboX pI3HHX QJITOPUTMIB MALIMHHOTO
HaBYaHHS, SKI  [pallOlOTh  pa3oM 1
o0poOnsitoTh  ckimaaHi  BximHi  gaHi. L1
CUCTEMU "HaByarOTHCA" BUKOHYBAaTU
3aBJaHHS HAa OCHOBI  MpPHUKIAAIB, He
3anporpaMoOBaHuX BIAMOBIAHO bi(o)
KOHKPETHUX MIPaBUIL.
tyyHa HellpoHHa Mepexa MICTUTh BY3IIH,
SK1 Ha3UBAIOThCA IITYYHUMHU HEHpOHAMHU, SIKi
BUIBHO MOJEIIOIOTh HEWPOHU B
6i010r1YHOMY MO3KY. Byb-sKkuii 3B'130K MiX

[Otyuni  HeWponHi  mepexi.  Llrtyuni
HEHpOHHI Mepexi € O00YHCIIOBAILHUMU
cucreMamu, IO BUHHKJIW IO aHAJIOTI 3
O10JIOTIYHUMHM ~ HEHPOHHUMH  MEpeKaMH.
Cama HelipoHHA Mepeka He € aITOPUTMOM, a
OCHOBOIO JIJIsl 6araTbOX PI3HUX AITOPUTMIB
MAIIMHHOTO HAaBYaHHS, SIKi MPAIIOIOTH Pa3oM
1 00poOmsttoTe ckimamHi BXimHi ngani. Li

CHUCTEMU "HaBuyarOTHCS" BUKOHYBAaTH
3aBlaHHS Ha OCHOBI MNPUKIAAIB, HE
3aporpaMOBaHUX BIJIOBIAHO 0

KOHKPCTHHX IIpaBUJI.

[lItyyHa HeHpoOHHA MepeXka MICTUTh BY3JIH,
K1 Ha3MBAIOThCS IITYYHUMHU HEHpOHAMHU, K1
B JIGAKOMY  HAOJWDKEHHI MOJCIIOIOThH
HEHpOHU O10JI0TIYHOR® MO3KY. Bynb-skuii




artificial neuron to another. An artificial
neuron that receives a signal can process it
and then signal additional artificial neurons
connected to it.

HEHpoHAMH, a TaKoX CHHAIlCaMd B
010JIOTIYHOMY MO3KY, MOXE TepenaBaTH
CUTHaJ BiJ OJHOTO HEWpPOHA 0 IHIIOTO.
HeiipoHn, skuii oTpuUMye CHUTHal, MOXKE
00poOIATH HOTO, a MOTIM BIIMPABISATH HOTO
0 IHIIUX HEWpPOHIB, 3 SKUMH BOHHU
MOB'sI3aHi.

3B'A30K MDK ~ HEWpOHAMH,  aHAJOTI4YHO
HEeWpoHaM 1 cHHafncaM B Ol0JIOTTYHOMY
MO3KY MOXE MepeIaBaTi CUTHAI Bijl OAHOTO
HelipoHa 70 iHmoro. HelipoH, sikuii oTpumye
CUTHAJ, MOXe O0OpoOIsITH HOro, a TOTIM
BIMPABIATA MOTO JIO IHIIUX HEHPOHIB, 3
SIKUMH BIH TTOB'sI3aHUM.

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.

VY 3aranbHHX peanizallisiX CUTHaJl Ha 3B'A3Kax
MK HEHpOHAMHU € JTIMCHUM YHCIIOM, 1 BUX1]T 3
KOXXHOT'O IITYYHOIO0 HEHpOHA OOYHMCIIIOETHCS
JIESIKOI0 HENIHIMHOI0 (YHKIE 3 CyMH ii
3BAKEHUX BXOMiB. HeWpoHaibHI 3B'S3KH
MalTh BHM3HAYEHE 3HAUYEHHS Baru, sKe
MPUCTOCOBYETHCS 10 HaBYaHHS. HelipoHu, sk
MPaBUJIO, po3TamioBaHi B mapax. CuUrHamu
NepexoidaTh Bl Mepuoro mapy (BXiAHUN
11ap) 0 OCTaHHBOT'O Iapy (BUXIAHUH 11ap).
[lepBicHa MeTa ITYYHUX HEHPOHHUX MEPEK
nojsfraja B TOMY, 100  BUpILIYBaTH
npoOJieMd TakKUM K€ YWHOM, SK 1 iXHIA
moackkui Mo3ok. [Ipore 3 mimHOM dacy
yBara nepennuia 10 BUPIIIEHHS KOHKPETHUX
npoOyieM, IO TPHU3BENO 10 BIAXOAY BiX
6ionorii.  LlItyuni  HelpoHHI  Mepexi
BUKOPHUCTOBYIOTHCS ISt BUpIILICHHS
KOMIT'FOTEPHOTO 30py, pO3mi3HaBaHHA
MOBJICHHS, MAaIIMHHOTO nepexiany,
BUJIyYEHHS ULIyMy, irop BiJI€0Irop,
MEIWYHOI 11arHOCTUKH TOLIO.

Ta

Y 3BUYaiiHIN peani3allii curHal, M0 BUHUKAE
Ha 3B'I3Ky MK HEWpOHAMH, € AIMCHUM
YHUCIOM, 1 BHXiI 3 KOXHOTO IITYYHOTO
HeHpOHa OOUYUCITIOETHCS ASIKOI HEMHINHOIO
GbyHKIIEI0 3 CyMH 11 3BaXEHHX BXIJIHUX
3HayeHs. LTy9gHl HEMPOHU 1 3B’S3KU MAIOTh
3a3BHYAll 3HAYCHHS Bary, SIKE
BUKOPUCTOBYETHCS JUIsI HANALITyBaHHS IO
MIpl TIpPOrpecy HapuaHHs. Helponu, sk
NpaBUJIO, po3TaiioBaHi B mapax. CurHamm
NepexoaTh BiJ Mepuoro mapy (BXiIHUN
1ap) 10 OCTAHHBOI'O APy (BUXiAHUI mmIap).
IlogaTkoBa Mera CTBOPEHHS INTYYHHX
HEHPOHHUX Mepex IMoJisiraja B TOMY, HI00
BOHH BHpilTyBaau MpoOiemMu HOAIOHO 0
Toro, six 1 rojchKuiit Mo30k. [IpoTe 3 mimuHOM
yacy yBara rnepemiuia 10 BUpPIIECHHS HEBHUX
CHEMU@ITHNX 3ajJiad, 110 MPU3BEIO 0
Bigxony Big Oionorii. Iltyuni HelipoHHI
Mepexi BUKOPHUCTOBYIOTHCS JJIsSi BUPIIICHHS
CHEKTPY 3adad, 30KpeMa. KOMITIOTEPHOTO
30py, pO3Mi3HABaHHS MOBJICHHSI, MALTMHHOTO
nepekiany, @UIBTpamii mymy, irop Ta




BiZICOIrOp, MEIMYHOT 1IarHOCTUKH TOLIO.

Title: Soft Computing
Author: Eva Volna, University of Ostrava, Czech Republic

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.

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.



