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Abstrakt:

In the first part of the work, the equivalence of quantum deterministic and
probabilistic processors was investigated. A programmable quantum processor
is a device able to transform input data states in a desired way. Deterministic
equivalence as well as three types of probabilistic equivalences - strong,
weak, and structural - were defined. Necessary and sufficient conditions for
deterministic and structural equivalence of unitarily related processors were
discovered. Equivalence of deterministic SWAP processor for two-dimensional
data and two-dimensional program space was completely solved. It was found
that spans of operators of structurally equivalent processors are identical.
Relations between types of individual equivalences were also examined. In the
second part, robustness of probabilistic storing and retrieval device (PSAR),
originally optimized for implementing a phase gate, to noise was examined -
specifically to depolarization and phase damping. In the case of a depolarizing
channel mixed with a unitary channel, the device implements noisy channel
with the probability that decreases with an increasing number of times the
given channel is applied. In the case of the phase damping channel, the device
implements noisy channel with the same probability as the original PSAR
device optimized for phase gate. Concrete implementations - through the Vidal-
Masanes-Cirac scheme and virtual qudit - were examined. Vidal-Masanes-Cirac
gives the same result for both noisy channels which is better than the result from
PSAR. Implementation through virtual qudit for depolarization yields worse
probability of successful measurement than Vidal-Masanes-Cirac. However,
it is still better than the probability for PSAR. Probability of successful
measurement obtained for phase damping implemented through virtual qudit is
the same as for Vidal-Masanes-Cirac and PSAR.

V prvej casti prace bola skimané ekvivalencia kvantovych deterministickych
a pravdepodobnostnych procesorov. Programovatelny kvantovy procesor je
zariadenie, ktoré je schopné zmenit’ vstupny datovy stav zelanym sposobom.
Bola definovana deterministicka a tri typy pravdepodobnostnej (silnd, slaba a
Struktiirna) ekvivalencie. Boli objavené nevyhnutné a postacujice podmienky
pre deterministick(l a Struktirnu ekvivalenciu unitdrne zviazanych procesorov.
Ekvivalencia deterministického SWAP procesora pre dvojdimenzionalny
datovy a dvojdimenzionalny programovy priestor bola kompletne vyrieSena.
Bolo zistené, Ze spany operatorov Struktirne ekvivalentnych procesorov su
identické. Vztahy medzi réznymi typmi ekvivalencii boli takisto preskiimané.
V druhej casti bola preskimand odolnost pravdepodobnostného ulozného
a ziskavacieho zariadenia (PUAZ), ktoré bolo povodne optimalizované pre

implementaciu fdzového hradla, vo¢i Sumu. Konkrétne voc¢i depolarizacii
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a fazovému tlmeniu. V pripade depolarizatného kandla zmieSané¢ho s
unitirnym kanalom, zariadenie implementuje zasumeny kanal s klesajucou
pravdepodobnostou vzhl'adom k rasticemu poctu pouziti daného kanalu.
V pripade fadzového tlmenia, zariadenie implementuje zaSumeny kanal s
rovnakou pravdepodobnostou ako originilne PUAZ optimalizované pre
fazového hradlo. Konkrétne implementacie - cez Vidalovu-Masanesovu-Cirac-
ovu schému a virtuadlny qudit - boli tiez preskimané. Vidal-Masanes-Cirac
dava rovnaké vysledky pre oba zaSumené kanaly, ktoré st zaroven lepSie
ako vysledky z PUAZ. Implementacia depolarizaéného kanala pomocou
virtualneho quditu prinaSa zhorSeni pravdepodobnost’ Uspe$ného merania
v porovnani s Vidalom-Masanesom-Ciracom. Avsak, je stale lepSia ako v
pripade PUAZ. Pravdepodobnost’ uspe$ného merania pre fazové tlmenie
implementované pomocou virtudlneho quditu je rovnaka ako pre Vidalovu-
Masanesovu-Ciracovu schému a PUAZ.

In the first part of the work, the equivalence of quantum deterministic and
probabilistic processors was investigated. A programmable quantum processor
is a device able to transform input data states in a desired way. Deterministic
equivalence as well as three types of probabilistic equivalences - strong,
weak, and structural - were defined. Necessary and sufficient conditions for
deterministic and structural equivalence of unitarily related processors were
discovered. Equivalence of deterministic SWAP processor for two-dimensional
data and two-dimensional program space was completely solved. It was found
that spans of operators of structurally equivalent processors are identical.
Relations between types of individual equivalences were also examined. In the
second part, robustness of probabilistic storing and retrieval device (PSAR),
originally optimized for implementing a phase gate, to noise was examined -
specifically to depolarization and phase damping. In the case of a depolarizing
channel mixed with a unitary channel, the device implements noisy channel
with the probability that decreases with an increasing number of times the
given channel is applied. In the case of the phase damping channel, the device
implements noisy channel with the same probability as the original PSAR
device optimized for phase gate. Concrete implementations - through the Vidal-
Masanes-Cirac scheme and virtual qudit - were examined. Vidal-Masanes-Cirac
gives the same result for both noisy channels which is better than the result from
PSAR. Implementation through virtual qudit for depolarization yields worse
probability of successful measurement than Vidal-Masanes-Cirac. However,
it is still better than the probability for PSAR. Probability of successful
measurement obtained for phase damping implemented through virtual qudit is
the same as for Vidal-Masanes-Cirac and PSAR.
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