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Uplatnenie vysledkov projektu

Ziskané vysledky predstavuju dblezity krok pri realizacii funkcii pre Zadehovu fuzzy logiku s
vyuzitim Struktur odporového prepinania (memristorov).

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Vysledky rieSenia projektu ukazali, Ze obvody odporového prepinia su schopné
implementovat zakladné funkcie Zadehovej fuzzy logiky: Min/Max. Struktiry odporového
prepinania na baze HfOx boli schopné realizovat funkcie Min/Max s presnostou 0,7 (70%),
zatial ¢o Struktury na baze TaOx boli schopné realizovat funkcie Min/Max s presnostou 0.97
(97%). Ukazalo sa, ze zatial Co V-l charakteristiky obvodov pre realizaciu Min/Max funkcii su
pomerne rozhadzané v désledku stochastického charakteru prepinania, ¢asové priebehy su
mimo oblast’ prepinania dobre reprodukovatelné. Zistili sme, Ze 100 ns pulzy su dostato¢né
na rekonfiguraciu obvodov a funkcie Min/Max mézu byt implementované obvodmi
odporového prepinania aj pre pouzitie v pulznom rezime s frekvenciou MHz.

Oproti pévodnému zameru rozpoznavania re¢ovych signalov memristivnou implementaciou
Zadehovej fuzzy logiky sme nasli aj moznost’ memristivnej implementacie aktivacnej funkcie
v ReLU neurdnovej sieti a navrhli sme aj memristivhu implementaciu vahovych koeficientov
tohto systému rozpoznavania. Z pohladu aplikacie sme modelovali navrhnuté memristorové
obvody aj pre rozpoznava obrazu (na systéme rukou pisanych Cislic MNIST). Pocitacové
modelovanie preukazalo moznost’ dosiahnutia rovnakej presnosti ako u softvérove;j
implementacie, poet memristorov pre implementaciu véak radovo prekracuje moznosti
tohto projektu.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

Results obtained within the project have shown, that resistive switching based circuits can
implement basic functions of the Zadeh fuzzy logic: Min/Max. HfOx-based resistive
switching structures were able to realize functions Min/Max with accuracy of 0.7 (70%),
while TaOx-based structures were able to realize functions Min/Max with accuracy of 0,97
(97%). It was shown that while current-voltage characteristics of the circuits for Min/Max
realization display dispersion due to stochastic character of the switching, time evolution of
the Min/Max output voltages are very reproducible except of the switching region. We have
found out, that 100 ns pulses are sufficient for reconfiguration of the circuits. Min/Max
functions can be therefore implemented by resistive switching circuits also for application in
pulsed regime with frequency of MHz.

In contrast to original intention of speech signals recognition using memristive
implementation of Zadeh fuzzy logic we have found out possibility of active function
implementation in ReLU neuron networks. We have proposed memristive implementation
weight coefficients of this recognition system. From the point of view of application we have
modeled proposed memristor circuits also for image recongnition (on system of hand written
MNIST number). Computer modeling showed possibility to achieve the same accuracy as
for software implementation, however number of memristors exceeds possibilies of this
project.
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