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Quantum theory, the Church—Turing principle and Algorithms for Quantum Computation: A fast quantum mechanical algorithm for database search
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It isl .a..rguﬁd t_,ha,lt undel:lyin%l the C&urch—Tgrin.g hypothesis there is an © David Deutsch 2008- Summary This paper applies quantum computing to a
ooy 1011_: paySe _a.sserflon. Sy L asse.rttlon 8 iy nted explicitly as . . . .. mundane problem in information processing and pre-
a physical principle: ‘every finitely realizible physical system can be Abstract [1,2]. Although he did not ask whether quantum mechan- Imagine a phone directory containing N names : e

perfectly simulated by a universal model computing machine operating ics conferred extra power to computation, he did show that arranged in completely random order. In order to find ~ SSM'S At SR D SR S Ay
by finite means’. Classical phymcs and the universal Turing machine, A COMPHIEF is gene{aﬂy.cc.msidc.red to be a urfiversa[ a Turing m_&Chil'lC could be simulated by t.hc L:eversiblc uni- . . 1 classical algorithm can be. me pl'Ob.ICln is this: thCI'C. 18
because the former is continuous and the latter discrete, do not obey the computational device; i.e., it is believed able to simulate tary evolution of a quantum process, which is a necessary someone's phone number with a probability of 5 » any an unsorted database containing N items out of which
principle, at least in the strong form above. A class of model computing any physical computational device with a cost in com- prerequisite for quantum computation. Deutsch [9, 10] was ) ) i N just one item satisfies a given condition - that one item
machines that is the quantum generalization of the class of Turing putation time of at most a polynomial factor. It is not the first to give an explicit model of quantum computation. classical algorithm (whether deterministic or probabilis- 1< (6 be retrieved. Once an item is examined, it is pos-
machines is described, and it is shown that quantum theory and the u':lear whfthcr this. is s:ifl true when guantum mechaufcs HF dgﬁncd Pom quantum Turing m.achincs a.nd quantum tic) will need to look at a minimum of N names. Quan- sible o tell whistier oF fice it safidfies tie soniigon
‘universal quantum computer’ are compatible with the principle. Com- is taken into consideration. Setferalrreseqrghfrs, starting circuits and investigated some of their properties, ) . one step. However, there does not exist any sorting on

puting machines resembling the universal quantum computer could, in
principle, be built and would have many remarkable properties not |
reproducible by any Turing machine. These do notinclude the computation |O> —H T * /74_
of non-recursive functions, but they do include ‘quantum parallelism’,
a method by which certain probabilistic tasks can be performed faster : :
by a universal quantum computer than by any classical restriction of it. QFT—l
The intuitive explanation of these properties places an intolerable strain |()> — H
on all interpretations of quantum theory other than Everett’s. Some of

the numerous connections between the quantum theory of computation

and the rest of physics are explored. Quantum complexity theory allows |O> — H —

a physlilca.lly more rea.so}fmble definition of the ‘ complexity " or ‘knowledge’ | 1 > H
in a physical system than does classical complexity theory. | 1> /n
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