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tQuantum 
omputers have been shown to be 
apable to deal withproblems like the fa
toring of numbers into primes in polynomial time,i.e. they might di�er from 
lassi
al Turing ma
hines with respe
t to
omputational 
omplexity, provided #P6=P. We reverse this 
on
lu-sion by giving a plausibility argument for #P6=P by arguing that -as a 
onsequen
e of the basi
 rules of quantum me
hani
s - 
lassi
alTuring ma
hines should not be able to emulate quantum 
omputerseven if a polynomial time delay for the 
lassi
al Turing ma
hine isallowed. A generalization of the argument holds also for the 
ase ofrepla
ing #P by NP.1 Introdu
tionQuantum 
omputers have been shown to lead to an exponential speed upin time as 
ompared to the best known 
lassi
al algorithms for some prob-lems like the fa
toring of numbers into primes (see [Sho 1994℄). On the otherhand, it 
an be shown that those problems whi
h 
an be solved by a quan-tum 
omputer in polynomial time still belong to the 
lass #P of 
lassi
al
omplexity theory ([Sho 2000℄). In 
on
lusion, a quantum 
omputer 
an onlydi�er from a 
lassi
al Turing ma
hine with respe
t to 
omputational 
om-plexity if #P6=P (So, the still unresolved question if #P6=P of 
omplexity1



theory is besides other famous problems another example where the questionof the relationship between 
lassi
al and quantum me
hani
s is tou
hed.).We reverse this 
on
lusion by giving a plausibility argument, based on thefundamental rules of quantum me
hani
s, to the e�e
t that 
lassi
al Tur-ing ma
hines should not be able to e�e
tively emulate a quantum 
omputerwhere we mean by an e�e
tive emulation one in whi
h the 
lassi
al Turingma
hine is allowed at most a polynomial time delay as 
ompared to the quan-tum 
omputer. A generalization of the argument holds also for the 
ase ofrepla
ing #P by NP.2 The argumentObserve, �rst, that a quantum 
omputer is 
apable to simulate any quantumspin system (i.e. any quantum systemwith a �nite dimensional Hilbert spa
e)in real time, i.e. the simulation of a quantum spin system is 
learly in the
lass of problems whi
h are polynomial in time for a quantum 
omputer. Thesimulation of a quantum system is therefore a problem in the 
lass #P for a
lassi
al Turing ma
hine. Now, assume we would have #P=P. Espe
ially,the simulation of any quantum spin system would then be possible in anamount of time, depending polynomially on the input data, for a 
lassi
alTuring ma
hine. It follows therefore that any quantum spin system 
anequivalently be des
ribed as a 
lassi
al one with a polynomially res
aledtime axis.The dis
rete state des
ription of a 
lassi
al Turing ma
hine is, of 
ourse,only an idealized one. As a real physi
al system (whi
h we will 
all a physi-
al Turing ma
hine) it has to be des
ribed as a 
lassi
al me
hani
al systemin spa
e and time 
oordinates but we 
an approximate the dis
rete statedes
ription to an arbitrarily high degree of a

ura
y by a physi
al Turingma
hine. The same holds true for the quantum 
omputer whi
h is in realityalso not a pure spin system but has a wave fun
tion with spa
e and time
oordinates. Again, we 
an approximate the quantum 
omputer to any de-sired a

ura
y by a physi
al quantum 
omputer. Note that the a

ura
y is a�xed pres
ribed value whi
h one 
an require to hold for an arbitrarily longpres
ribed time.It follows then that the physi
al quantum 
omputer 
an be to an arbi-trarily high degree of a

ura
y des
ribed as a physi
al Turing ma
hine with a2



polynomial res
aling of the time axis. If we 
hoose the formulation of quan-tum me
hani
s as given by Bohm (see [Boh℄), where we have a des
riptionfor the quantum system in terms of traje
tories, too, for the physi
al quan-tum 
omputer, it follows that we 
an tra
e the traje
tories of the physi
alquantum 
omputer with an arbitrarily high a

ura
y by those of a physi
alTuring ma
hine. But as a quantum me
hani
al system, the traje
tories ofthe physi
al quantum 
omputer have regions with sensitive dependen
e oninitial 
onditions, espe
ially, they are exponentially divergent (sin
e quantuminterferen
e e�e
ts are de
isive for quantum 
omputation and one 
an with-out loss of generality 
onsider a double slit experiment as the prototype of aquantum interferen
e experiment, then. Indeed, in a 
on
rete experimentalsituation one will normally observe the interferen
e via fringes. But for thedouble slit one has sensitive dependen
e on initial 
onditions be
ause the tra-je
tories entering one of the valleys of the quantum potential are very rapidlydriven apart, there. Near the bottom of the valley the quantum potential isnearly quadrati
 in the 
oordinate, leading to an exponential a

eleration,see e.g. [Hol℄). The physi
al Turing ma
hine, on the other hand, does -by the way it is de�ned as a stable 
omputing devi
e - not have any sensi-tive dependen
e on initial 
onditions for its traje
tories. As a 
onsequen
e,we 
an not tra
e the traje
tories of the physi
al quantum 
omputer by itby employing a polynomial res
aling of time (with an exponential res
alingwe 
ould, of 
ourse, transform exponentially divergent traje
tories into oneswhi
h do not have this property). So, this establishes a 
ontradi
tion and wehave to 
on
lude that our assumption that #P=P is false.Besides this, there are problems whi
h are known to be in NP and havebeen shown to be solvable by a quantum 
omputer in polynomial time (e.g.the fa
toring of a given number into primes, see [Sho 1994℄). Let us assumenow thatNP=P, i.e. a 
lassi
al Turing ma
hine would be able to solve theseproblems in polynomial time, too. As we have seen, no polynomial res
alingof the time parameter 
an turn quantum interferen
e e�e
ts into 
lassi
alones, i.e. we 
an without loss of generality assume that the quantum and the
lassi
al 
omputer arrive at the 
on
lusion just at the same time (This is theessential point of our argument sin
e the usual no go theorems for a 
lassi
aldes
ription of quantum systems apply to equal time axis, only. With the helpof our 
onsiderations in the framework of the Bohm interpretation, we 
an getrid of polynomial time res
alings, now, sin
e no polynomial res
aling allowsto get away from sensitive dependen
e on initial 
onditions.). In 
ontrast tothe#P 
ase, it is not implied, here, that we 
an simulate the whole quantum3



me
hani
al time development by a 
lassi
al system. But still we would getthe out
ome of a quantum interferen
e pro
ess by purely 
lassi
al meanssin
e the Shor algorithm makes de
isive use of quantum interferen
e. This isnot possible by a 
lassi
al theory satisfying lo
ality (whi
h 
an be assumedfor the 
lassi
al Turing ma
hine, of 
ourse, e.g. it 
an be assumed to usebasi
ally only the ele
tromagneti
 intera
tion) as follows from well known nogo theorems (see e.g. [Neu℄).Remark 1 One might be tempted to argue that the pro
ess of extra
tingthe information of the prime fa
tors from the observation of the quantumstate in the Shor algorithm destroys a lot of information, i.e. it would bean irreversible pro
ess and the existen
e of a 
lassi
al algorithm determiningthe prime fa
tors (in equal time than the quantum one) would not ne
es-sarily imply that the 
lassi
al algorithm determines also the out
ome of thequantum interferen
e experiment. But without loss of generality, the 
las-si
al algorithm may be assumed to operate reversibly. So, this would implythat we have an irreversible and a reversible physi
al pro
ess, both startingfrom a state where an integer number is given and both arriving at a statewhere we have the prime fa
tors stored on the tape of a Turing ma
hine. Butirreversibility would mean that the two states have di�erent entropy while re-versibility would require the entropies to be equal. But this is a 
ontradi
tionand we 
on
lude that there has - in prin
iple - to be a possibility to determinethe result of the quantum interferen
e experiment from the prime fa
tors. So,if there is a 
lassi
al algorithm determining the prime fa
tors (in equal timethan the quantum one), we have a 
lassi
al system giving information whi
his equivalent to the out
ome of a quantum interferen
e experiment (on theside of the quantum system eqivalent transformations on the information af-ter measuring it are always allowed and 
an be 
onsidered as irrelevant forthe question of no go theorems). Hen
e, we 
an apply the no go theorems.Sin
e fa
toring into primes is known to be polynomial in time if the Gen-eralized Riemann hypothesis is true (see [Mil℄), this leads also to a physi
alargument against the validity of the Generalized Riemann hypothesis.A
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