
Divu q-bitu sist�ema

Iesp�ejamo alternat��vo (b�azes) st�avokl�u skaits ir 22 = 4.
Tie ir

j0i1j0i2 � j00i

j0i1j1i2 � j01i

j1i1j0i2 � j10i

j1i1j1i2 � j11i

Divu q-bitu oper�acija \kontrol�etais NOT" ÛC invert�e
otro bitu tad un tikai tad, ja pirmais ir = 1.

ÛCj0i1j0i2 = j0i1j0i2,

ÛCj0i1j1i2 = j0i1j1i2,

ÛCj1i1j0i2 = j1i1j1i2,

ÛCj1i1j1i2 = j1i1j0i2.

�Sk�iet, ka ÛC der q-bitu kop�e�sanai

ÛCjxi1j0i2 = jxi1jxi2, x = 0 vai 1, bet . . .
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. . . superpoz��ciju nevar nokop�et :

ÛC
�
c0j0i1+ c1j1i1

�
j0i2 =

= c0j0i1j0i2+ c1j1i1j1i2:

Ieg�utais st�avoklis ir sap��ts (entangled) , varam run�at
tikai par visas sist�emas st�avokli, bet ne katras t�as dal�as
atsevi�sk�i.

Izmantojot sap��tos st�avokl�us, tom�er ir iesp�ejams iden-
tiski nokop�et kvantu st�avokli. �So procesu sauc par
teleport�aciju.

Kvantu nelokalit�ates piem�ers:

ÛCj1i1
�
j0i2 � j1i2

�
= j1i1

�
j1i2 � j0i2

�

= �j1i1
�
j0i2 � j1i2

�

Uz kuru tad no q-bitiem m�es ��sti esam iedarboju�sies?

2



Sist�em�a ar n q-bitiem { kvantu re�gistrs.
B�azes st�avokl�i :

j00 : : :0i

j00 : : :1i

� � �

j11 : : :1i

Sist�emu raksturo nevis 2n, bet 2n koe�cienti:

j	i=

2n�1X

x=0

cxjxi;

2
n

�1X

x=0

jcxj
2 = 1:

A. Barenco (1995): Ar sec��g�am viena un divu q-bitu
transform�acij�am var veikt patval���gu n q-bitu oper�aciju.

\Minim�alais" komplekts: 1 q-bita f�azes nob��de un
rot�acija + 2 q-bitu kontrol�etais NOT.
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)DNWRUL]�FLMDV UHGXNFLMD X] SHULRGD QRWHLNãDQX

0HNO�MDP VNDLWºD 1 GDO¯W�MX ]�

]¯P�MXPV � %6 '�%RJGDQRYV



Kvantu perioda noteik�sana

Uzdevums: Noteikt funkcijas f(x) = f(x+ r), 8x 2 Z,
periodu r.

X re�gistrs satur n q-bitus.
Kop�ejais b�azes st�avokl�u skaits Q � 2n > r2.

Y re�gistra ietilp��bu nosaka iesp�ejamo f(x) v�ert��bu
interv�als.

1. solis. Datoru sagatavo st�avokl�� x = 0, y = 0:

j00 : : :0| {z }
n

iXj00 : : :0iY � j0iXj0iY :

x

y

Q0
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2. solis. X re�gistru p�arv�er�s homog�en�a superpoz��cij�a:

1p
Q

X
x1;:::;xn=0;1

jx1x2 : : : xniXj0iY � 1p
Q

Q�1X
x=0

jxiXj0iY :

x

y

Q0

3. solis. Izpilda f(x) apr�ek�inu : jxiXj0iY �! jxiXjf(x)iY .
Vienu reizi apr�ek�inot f(x), kvantu dators izpilda to
visu Q st�avokl�u superpoz��cijai !

Re�gistru st�avoklis p�ec 3. sol�a b�us:

1p
Q

Q�1X
x=0

jxiXjf(x)iY

y

xQ0

r
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Kvantu Furj�e transform�acija (QFT)

QFT: Katru jxi aizst�aj ar superpoz��ciju:

jxi QFT�! 1p
Q

Q�1X
k=0

e2�ikx=Qjki:

4. solis. Re�gistramX pielietojot QFT, st�avoklis

1p
Q

X
x
jxiX jf(x)iY

p�artop par

j�i = 1

Q

X
x

X
k

e2�ikx=QjkiX jf(x)iY :
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j�i = 1

Q

X
k

jkiX
Q�1X
x=0

e2�ikx=Qjf(x)iY

Visi jKiX ir da�z�adi un ortogon�ali (k = 0; : : : ; Q� 1).

Starp jf(x)iY ir daudz (vismaz Q=r > r) identiski vien�ado:

jf(0)iY � jf(0 + r)iY � jf(0 + 2r)iY � : : :,
jf(1)iY � jf(1 + r)iY � jf(1 + 2r)iY � : : : utt.

Savilksim tos kop�a un p�argrup�esim (pie�nem Q=r 2 Z):

j�i = 1

Q

X
k

jkiX
Q=r�1X
l=0

r�1X
x=0

e2�ik(lr+x)=Qjf(x)iY =

=
1

Q

X
k

jkiX
r�1X
x=0

e2�ikx=Qjf(x)iY
Q=r�1P
l=0

e2�iklr=Q :

Kad apvilkt�a summa b�us maksim�ala ?

Q=r�1X
l=0

e2�iklr=Q = 1+ q+ q2+ : : :+ qQ=r�1; q = e2�i kr=Q

Q=r�1X
l=0

ql =

(
1+ 1+ 1+ : : : = Q=r; ja q = 1;

qQ=r � 1
q � 1

=
e2�ik � 1
q � 1

= 0; ja q 6= 1:
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Secin�ajums.

P�ec QFT re�gistru st�avokl��

j�i= 1

Q

X
x

X
k

e2�ikx=QjkiXjf(x)iY

ar iev�erojami 6= 0 amplit�udu ieiet tikai tiek jkiX, kuriem

e2�i kr=Q = 1) k = m
Q
r
;m 2 Z.

y

xQ0

r

x

y

Q0

Q / r
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5. solis. X re�gistru izm�erot, ieg�ust k = m
Q
r

ar nezin�amu, bet veselu m.

Periodu atrod, uzrakstot k=Q k�a racion�alu

dal�u ar sauc�eju r <
p
Q.

x

y

Q0

Q / r

x

y

Q0

k ≈ m Q / r
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Kvantu Furj�e transorm�acija ir b�azes mai�na

jxi QFT�! 1p
Q

Q�1X
k=0

e2�ikx=Qjki:

To var izpild��t ar O((logQ)2) lo�giskajiem v�artiem.

]¯P�MXPV � %6 '�%RJGDQRYV

Klasiskajai FT oper�aciju skaits O(Q2),
�atrajai FT | O(Q logQ).
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Kvantu datorikas principi

¾ VXSHUSR]¯FLMD
HNVSRQHQFL�OL GDXG]X Y�UW¯EX SDUDO�O� DSVWU�GH

¾ interference
YDMDG]¯J� UH]XOW�WD SDVWLSULQ�ãDQD

¾ ̀ `sapinums”  (entaglment)
LQIRUP�FLMDV QHVDGDO�P¯ED XQ DFXPLUNO¯J� ORNDOL]�FLMD

¾ P�U¯MXPV
LQIRUP�FLMDV QHDWJULH]HQLVN� ]DXG�ãDQD�
L]SLOGRW QRY�URMXPX

.YDQWX�GDWRULNDV�S�WQLHF¯EDV�YLU]LHQL

¾ 6NDLWºRãDQDV DOJRULWPX NRQVWUX�ãDQD
• ,]VNDLWºRMDP¯EDV XQ DOJRULWPX

VDUHå§¯W¯EDV S�W¯MXPL
• âRUD IDNWRUL]�FLMD
• *URYHUD PHNO�ãDQD

¾ ,QIRUP�FLMDV S�UUDLGH XQ NRG�ãDQD
• WHOHSRUW�FLMD
• VXSHU�EO¯Y� NRG�ãDQD �super dense coding)
• NULSWRJU�ILMD
• NºÌGX NRUHNFLMDV NRGL

¾ .YDQWX GDWRUX SUDNWLVN� UHDOL]�FLMD
• GHNRKHUHQFHV XQ P�U¯MXPD G]Lº�ND L]S�WH
• fault tolerant computation
• YDLU�NX T�ELWX UHDOL]�FLMD



3UDV¯EDV�UH�ODMDP�NYDQWX�GDWRUDP

¾ *ODE�ãDQD
T�ELWLHP M�VDJODE� VDYV VW�YRNOLV SLHWLHNRãL LOJL�
ODL YHLNWX PXPV YDMDG]¯JR VNDLWºRã�QX

¾ ,]RO�FLMD
PLMLHGDUE¯ED DU DSN�UWQL LU M�PLQLPL]��
izvairoties no dekoherences efektiem

¾ 1RODV¯ãDQD
T�ELWLHP LU M�EÌW SUHF¯]L L]P�U�PLHP

¾ /R§LND
PXPV M�SURW NRQWURO�WL LHGDUERWLHV X] DWVHYLã·LHP
T�ELWLHP� ODL UHDOL]�WX NYDQWX OR§LVNRV Y�UWXV



6WU�G�MRãLH�NYDQWX�GDWRUL

¾ Jonu slazdi (ion traps)

%U¯YR MRQX ·�GH WLHN L]RO�WD YDNXXP� pie ultrazemas T
DU HOHNWURPDJQ�WLVNR ODXNX SDO¯G]¯EX�

• q-bits ± MRQD VWDFLRQ�U� XQ PHWDVWDELOD
LHURVLQ�W� VW�YRNºD VXSHUSR]¯FLMD

• DWVHYLã·DV RSHU�FLMDV ± NRQWURO�WDV IUHNYHQFHV�
ORNDOL]�FLMDV XQ LOJXPD O�]HUX LPSXOVL

• T�ELWX PLMLHGDUE¯ED ± MRQX ·�GHV NROHNW¯YLH VY�UVW¯EX
VW�YRNºL �IRQRQL�

¾ .RGROX PDJQ�WLVN� UH]RQDQVH

â·LGU� YDL NULVW�OLVN� YLHOD PDNURVNRSLVNRV GDXG]XPRV
PDJQ�WLVNDM� ODXN� SLH LVWDEDV WHPSHUDWÌUDV�

• q-bits ± NRGROD VSLQD GDå�GDV RULHQW�FLMDV
�U�M� PDJQ�WLVNDM� ODXN�

• DWVHYLã·DV RSHU�FLMDV ± PDJQ�WLVN� ODXND
PRGXO�FLMD� PLNURYLº¼X VWDURMXPV

• T�ELWX PLMLHGDUE¯ED – spinu dipola-dipola un citas
HOHNWURPDJQ�WLVN�V PLMLHGDUE¯ED

¾ $XJVWD ODEXPD PLNURYLº¼X UH]RQDWRUL
(high finess microwave cavities, cavity QED)

(OHNWURPDJQ�WLVNDLV ODXNV �IRWRQL� VWDUS
VXSUDYDGRãDMLHP UH]RQDWRUD VSRJXºLHP

• q-bits ± IRWRQX SRODUL]�FLMDV VW�YRNºL� IRWRQX VNDLWV
• T�ELWX PLMLHGDUE¯ED ± QHLWU�OR DWRPX� IRWRQX L]LHãDQD

caur rezonatoru.
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Uzdevums ieskaitei kvantu datorik�a.

a) Pierakst��t matricas form�a p�areju no standartb�azes�j00i; j01i; j10i; j11i	 uz Bela b�azi�j	+i; j	�i; j�+i; j��i	 k�a oper�aciju ar divu q-bitu re�gistru.
b) Pier�ad��t, ka punkt�a a) ieg�ut�a matrica ir unit�ara.
c) Izteikt apskat�amo transform�aciju ar kontrol�et�a NOT
un viena q-bita oper�aciju pal��dz��bu.

Bela st�avokl�u b�aze

j	+i =
1p
2

�j01i+ j10i�

j	�i =
1p
2

�j01i � j10i�

j�+i =
1p
2

�j00i+ j11i�

j��i =
1p
2

�j00i � j11i�

Visi Bela st�avokl�i ir piln��gi sap��ti, inform�acija ir abu
q-bitu kop�ej�as ��pa�s��b�as.

||||||

Risin�ajumus var s�ut��t pa e-pastu

Vja�ceslavam Ka�s�cejevam <slava@latnet.lv>

vai nodot person��gi CFI 306. telp�a.
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