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Pasno)xenHne Ha MHOXuUTenn

BbluncnutenoHas 3apava
Bxop: CoctasHoe yucno N B geonyHoli 3anucu
Bbixog: Hucna p, g, Takue yto N = pg
Tunuynelii pasmep — N nopsigka 22090
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MoTuBauyus
HeunseecTeH nonvHoMumanbHblli KNacCUYeCcKnii afiroputm
Pewwenune sToii 3agaun no3sonut B3nomate RSA
OpfHa U3 caMbIX 3HAMEHNTLIX aFOPUTMUYECKUX NPobieM

Knaccuyeckue n KBaHTOBblE a/rOPUTMb
~ 3
Jlyswnii 3 n3BecTHbIX Knaccuyeckux anroputmos 2"
Ceropns: kBanToBbIi anroputm O(n?) [Mutep LLop, 1994]
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KBaHTOBbIVI OUT

HanomHuTe onpeaenerune
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KBaHTOBbIVI OUT

HanomHuTe onpeaenerune

[Ba 6a3ncHbIX cocToaHUA:
ObosHauyenune [0) u |1)

CmelaHHble COCTOAHUSA:
al0) + 4|1), rae a, 3 € Cm |af?> + B> = 1
[loMHOXeHMe BCcex KO3DPNLNEHTOB Ha e'¥

HEe MEHSIET COCTOsSIHUE
1>
\JO>

5/33



IlBa g-OunTa

CocTosiHne cuctembl n3 aByx q-omros
0600‘00> + 0401’01> + CY10|10> + 0411|11>
|aool® + |ao1|? + |awol* + [an]? =1

JloMHOXeHNe Ha e’ He MeHsieT cocTosiHue
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N3mepeHne

Ectb q-6ut B coctosiuum [¢)) = «|0) + []1)
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N3mepenune B ctaHgapTHom Gasuce:
C BeposiTHocTbto || monyuum “0", ¢ BeposiTHocTbIO |3]2 — 1"
Cam q-buT nepeiieT B COOTBETCTBYIOLLEE COCTOSHNE

N3mepenue B 6asuce ¢, ¢! :
C BeposiTHOCTbIO (1)|) nosysum |¢)
C BeposTHocTbio (1) ") nonyuum o)
Cam q-6ut nepeiiget B |¢) nan [¢")
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YacTnyHble namepeHuns

1 1 1
—100)+—|01)+ —
100+ {01} + 10}

Result 0 / ysult 1

1|00>+1201> 10>

V2 V2
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KBaHTOBasa cxema

KBaHTOBas cxema: nocnefoBaTeNbHOCTb husmnyeckmnx
npeobpasoBaHuii U3 KoHe4Horo Habopa (basncHbix) reiiTos.

11 a1
in o

i | | o

In—1 ° ° Op—]
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[leiiT Apamapa

HanomuunTe reiit Agamapa
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[leiiT Apamapa

HanomuunTe reiit Agamapa

=505

[eiicTBne Ha 6a3nCHbIX COCTOAHUAX:
0) — 510) + 511)
1) — o) — L)
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3MyJ'IFILI|VI$I KJ1aCCUYECKUX BbIYNCIEHNN

Teopema

Lns kaxgori knaccudeckoii norndeckori cxembl 3z AND n
NOT MOXHO NOCTPOUTL KBAHTOBYIO CXEMY, BbIYUCIISIIOLYHO
‘nouytn” Ty e yHkyuO.
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Lns kaxgori knaccudeckoii norndeckori cxembl 3z AND n
NOT MOXHO NOCTPOUTL KBAHTOBYIO CXEMY, BbIYUCIISIIOLYHO
‘nouytn” Ty e yHkyuO.

Yto Takoe normyeckas cxema?
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Ob6paTnmocTb

®akT: KBaHTOBbIE BLIYNCIEHUS ODpaTUMBI
Opyrumn cnosamu: Henbss peannsosaTb HeobpaTumbie
npeobpasoBaHus
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Ob6paTnmocTb

®akT: KBaHTOBbIE BLIYNCIEHUS ODpaTUMBI
Opyrumn cnosamu: Henbss peannsosaTb HeobpaTumbie
npeobpasoBaHus

Cnepactsue: Jlioboe npeobpasosatne U nHBHEKTUBHO
JokasaTtenbcTBoO.
Mycts Ulx) = |z) = Uly), rae x # y

Torga U|x — y) = 0 (no anneitnocTn)
MpoTuBopeymne C yHUTapHOCTbIO (CoXpaHeHneM AunHb)! O
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Bbixoa u3 cutyauunm

Eyp,eM NCNOIb30BaTh BCMOMOraTeSibHble buThi:

0> — —— F®
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NMnaH nekywnn

® Anroputm Caiimona
KeaHTOBbLI Napannennsm
3apaya CalimoHa
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KnroueBas

naes

KBaHTOBbLIV napannennsm

Fr]

[F(x)>
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KnioudeBasi naes

KBaHTOBbLIV napannennsm

Fr]

YN0 = D blf(x)

[F(x)>
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KnioudeBasi naes

KBaHTOBbLIV napannennsm

0> T/ ——— [Fx)-

YN0 = D blf(x)

OpHoBpeMeHHOe BblYncaeHne f Ha MHOrMX Bxogax!
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N3yuvaem napannennsm

o0 = > polf(x)

Y70 noayynm npu usmepeHun?
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N3yuvaem napannennsm

Do) = > balf(x)

Y70 noayynm npu usmepeHun?

Kakyto-To koHKpeTHyto napy x, f(x)

Naeonornyeckas 3agayda: nonyynTb pesynbTar,
XapaKTepn3yroLmnii BCeE MHOXXECTBO 3HadeHuii f(-)
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3apaya CanimoHa

Nana dyHkums F B Buge (KBaHTOBOM) Cxembl.
N3BecTHO, 4TO ecTb Takoe y, 4To F(x) = F(x + y)

3peck “+" — 3710 nobuTtosbii XOR
Hy>xxHo HaliTu y

F(x)
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Cxema CainmMoHa

Pewetne, npeanoxertoe CaiimoHom [1994]:

F -

b
]

™
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CanmoH no waram |

Mpeobpa3zoBaHne Agamapa
0) — 1[0) + L|1)

1) - 3j0) - 1)
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CanmoH no waram |

Mpeobpa3zoBaHne Agamapa

0) — 5[0} + 4 ]1)

1) - 3j0) - 1)

A Ha n kybuTax:

07) = (2510) + HI1)" = 2 5, oy ¥
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CawnmoH no waram Il

b
=

1F(x)
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CawnmoH no waram Il

- -
0> alt - i
- F e
0> |F(x)>
A v

1

Z|x>|0> \/272|x>|F(x)>

xefo ¥
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CanmoH no waram Il

N3mepum 6uThl, cogepxawme F(x)
Mony4mm HekoTOpoe 3HaueHune |z)
CocTosiHue BepxHux buToB neperiget B Y r(,)_, |X)
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CanmoH no waram Il

N3mepum 6uThl, cogepxawme F(x)
Mony4mm HekoTOpoe 3HaueHune |z)
CocTosiHue BepxHux buToB neperiget B Y r(,)_, |X)

B nHawem cnyvae mbl nony4vum:
X)|2) + |x + y)|2)
Kak “BbiTawuts’ y?
[pumeHnum K BepxHUM butam reiitel Agamapa
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CanmoH no waram IV

o
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CanmoH no waram V

Mpeobpa3zoBaHne Apgamapa
x) = 5[0) + (~1)* 1)
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CanmoH no waram V

Mpeobpa3zoBaHne Apgamapa
x) = 5[0) + (~1)* 1)

Ona n nepemeHHbIxX:
|X1...Xn> — \/12—n ulmun(—l)ZX"u"’U]_...Un>
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x) = 5[0) + (~1)* 1)

Ona n nepemeHHbIxX:

|X1...Xn> — \/12—n ulmun(—l)ZX"u"’U]_...Un>

XU X+ Vi Yn) = T Dy, (1)
\/2_ 1 n

Up)
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CanmoH no waram V

Mpeobpa3zoBaHne Apgamapa
x) = 5[0) + (~1)* 1)

Ona n nepemeHHbIxX:

|X]_ .. .Xn> — \/12—n ul...un(_l)ZXIUI’ul C. Un>

X0 X Y1 Yn) = o Doy (1) )

3HaKu COBMNajaloT B TOYHOCTM ANs TeX |U), ANt KOTOPbIX
z-u=0.
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CanmoH no waram V

Mpeobpa3zoBaHne Apgamapa
x) = 5[0) + (~1)* 1)

Ona n nepemeHHbIxX:

|X]_ .. .Xn> — \/12—n ul...un(_l)ZXIUI’ul C. Un>

X0 Xt YY) e Y (FD)T )

3HaKu COBMNajaloT B TOYHOCTM ANs TeX |U), ANt KOTOPbIX
z-u=0.

Iamepus buTbl nonyynm oavH Takoli BEKTOP U
[MoBTOPUB MHOrO pa3s CMOXeM BOCCTaHOBUTL !
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NMnaH nekywnn

© Anroputm LUopa
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Anropuntm Lllopa

OcHoBHble warn
© BuibpaTb cnyyaiiHblii octatok a no mogynto N
@ [posepute HO/I(a, N) =1
© Haiitn nopsigok r octatka a no mogynto N
O Ecnu r yeten, soiuncants HOJI(a"/2 — 1, N)

26 /33



Anropuntm Lllopa

OcHoBHble warn
© BuibpaTb cnyyaiiHblii octatok a no mogynto N
@ [posepute HO/I(a, N) =1
© Haiitn nopsigok r octatka a no mogynto N
O Ecnu r yeten, soiuncants HOJI(a"/2 — 1, N)

AHanus anroputma: ¢ 60/bLIOV BEPOSITHOCTHIO MOJYHEHHOE HA
4ETBEPTOM Luare 4ucno bygeT HeTpuBmansHeiM genutenem N
TpyaHblid war: HaliTn nopsagok a no moaynto IV
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NMopsipok no mopynto

OnpepeneHune: muHnamansHoe r Takoe, 4to 3" =1 mod N
Ha3bIBaeTCa nopsigkoM a no mogynto N
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NMopsipok no mopynto

OnpepeneHune: muHnamansHoe r Takoe, 4to 3" =1 mod N
Ha3bIBaeTCa nopsigkoM a no mogynto N

Mopsigok r siBnsietcst nepuogom yrkumm f(x) = a* mod N.
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BbiuncneHune nopsigka

0=

| e

AA,IEEIAA,
al b
IE!I___

fx)~
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BbiuncneHune nopsigka

0~ _{QFT - CQFT
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Bbiuncnenue nopsiaka Il

QFT || - QFT |
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Bbiuncnenue nopsiaka Il

— QFT |

HQFT -

e
=

x> | F(x)>

-
g
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Bbiuncnenuve nopsigka Il

Mocne namepeHuns HMxHUX GUToB
ld) +|d+r)+...
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BbiuncneHue nopsiaka

Mocne namepeHnst HUKHUX BUTOB
ld) +|d+r)+...

Crpaterus y3sHasauust M/r:
Mpounseoanm npeobpasosarune Pypobe
[enaem namepetnue
Mony4aem 3HayeHue Buga jM/r
[NoBTOpsiem MHOro pas
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NMnaH nekywnn

O 3apaua
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3apayva

Kak byaet pabotate anroputm CaiimoHa, eciiv nepuog y He
eANHCTBEHHbIN? MoxeTe nn Bbl MOANULMPOBATL aJrOpPUTM
Ha 3TOT Ciyyaii?
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[Mocnepnunii cnanp

Ecnv He 3anomMHuTe HU4ero Apyroro:

e (CBesin pa3ioKeHNe Ha MHOXUTENN K HaXOXKAEHUIO
neproga
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e (CBesin pa3ioKeHMe Ha MHOXNTENN K HaXOXKAEHUIO
nepuoza

° HOCTpOVIJ'II/I COCTOAHKME C nepnogom r

e [Monyunnn cmeck coctosiHmii “kpaTHbiX' M/r.
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[Mocnepnunii cnanp

Ecnn He 3anomHuTe HM4ero Apyroro:

e (CBesin pa3ioKeHMe Ha MHOXNTENN K HaXOXKAEHUIO
nepuoza

° HOCTpOVIJ'IVI COCTOAHKME C nepnogom r

e [Nonyunnn cmecs coctosiHmii “kpathbix' M/r.

Bonpochkl?
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