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Abstrakt:

In this thesis, we introduce a quantum information processing task which we
refer to as “quantum labeling” and identify that it as a specific instance of
distinguishability tasks concerning quantum observables or positive-operator-
valued measures. This specific instance arises when the ensemble we require
to dis- tinguish is composed of all possible observables having identical but
permuted associations of composing effects to the outcome labels. These tasks
are also claimed to be of relevance when the associations between effects and
outcome labels of a quantum measurement device is lost somehow, rendering
it “unlabeled”. We investigate this task using higher-order quantum theoretic
notions so as to consider the full extend of possibilities. Subsequently, we study
the task within the single and multiple-shot regimes and for different possible
schemes including perfect, imperfect unambiguous and minimum-error. The
statistical notion of quantum incompatibility and its role as a resource in various
quantum information processing tasks have been studied in the recent years.
This notion related to joint measureability or implementability of quantum
devices has been extended to higher-order quantum theoretic measurements, re-
ferred to as quantum testers. In this thesis, as a second avenue other than that
on labeling tasks, we explore the resourcefulness of incompatibility of higher-
order quantum theoretic measurements in distinguishability tasks.

V tejto praci definujeme Ulohu spracovania kvantovej informadcie, ktoru
oznacujeme ako “kvantové oznacovanie”, a identifikujeme ju ako Specificky
pripad uloh rozliSovania tykajucich sa kvantovych pozorovatelnych veli¢in
alebo kladne-semidefinitnych operatorovych mier. Tento $pecificky pripad
vznika vtedy, ked’ subor, ktory pozadujeme rozli§it, pozostiva zo vietkych
moznych pozorovatelnych veli¢in, ktoré maju identické, ale permutované
efekty k vysledkom. Tvrdi sa, Ze tieto Glohy maji vyznam aj vtedy, ked
sa asociacie medzi efektmi a vysledkami kvantového meracieho zariadenia
nejakym spdsobom stratia, ¢im sa stane ,,neozna¢enym”. Tiito Glohu skimame
v ramci matematickych Struktar vyssieho radu, ktora zahfiia najvSeobecnejsie
mozné scenare. Nasledne skimame ulohu v rdmeci rezimu jedného a viacerych
pouziti a pre rdzne mozné schémy vratane perfektnej, jednoznatnej a
minimalnej chyby. Statisticky pojem kvantovej nekompatibility a jej zdrojova”
tloha pri kvantovom spracovani informacie boli predmetom intenzivneho
stidia v poslednych rokoch. Tento pojem suvisiaci s pojmom spoloc¢nej
meratelnosti, resp. realizovatelnosti kvantovych zariadeni, bol roziireny na
kvantovo-teoretické merania vys§ich radov, oznadované ako kvantové testery.
Ako druhu tému v tejto praci skimame nekompatibilitu kvantovo-teoretickych

meran1 vys$sieho radu v ulohéach rozliSovania.
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In this thesis, we introduce a quantum information processing task which we
refer to as “quantum labeling” and identify that it as a specific instance of
distinguishability tasks concerning quantum observables or positive-operator-
valued measures. This specific instance arises when the ensemble we require
to dis- tinguish is composed of all possible observables having identical but
permuted associations of composing effects to the outcome labels. These tasks
are also claimed to be of relevance when the associations between effects and
outcome labels of a quantum measurement device is lost somehow, rendering
it “unlabeled”. We investigate this task using higher-order quantum theoretic
notions so as to consider the full extend of possibilities. Subsequently, we study
the task within the single and multiple-shot regimes and for different possible
schemes including perfect, imperfect unambiguous and minimum-error. The
statistical notion of quantum incompatibility and its role as a resource in various
quantum information processing tasks have been studied in the recent years.
This notion related to joint measureability or implementability of quantum
devices has been extended to higher-order quantum theoretic measurements, re-
ferred to as quantum testers. In this thesis, as a second avenue other than that
on labeling tasks, we explore the resourcefulness of incompatibility of higher-
order quantum theoretic measurements in distinguishability tasks.

Datum odovzdania: 15.07.2024

Student

Strana: 2z 2



