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Brief Introduction of Quantum Computation and
Quantum Computer
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Abstract 1In this paper, the history and development of quantum computation and quantum com-—
puter arereviewed. We explain that in what sense the quantum computer were shown to be more pow —
erful than classical computer, introduce the network model and physics principle of the quantum com-—
puter and the difficulty in realization of the quantum computer.

Key words quantum computation, algorithm complexity, quantum network, qubit and quantum

gates, entanglement and decoherence

1
) 20 20 ,
Feynman 1982 , Feynm an' "
9 2 ( ) ’
( ) ; ( )
1985 , Dentsch'” >
Turing 90 , Deutsch, Berthianme
1994, Shor'” ,
‘ ", RSA , Shor
, , 1994 ,
2

* 1997 11 30
: , 1944



78 1998
2 n 2 n7
( ) T(n), n ,T(n) n
s s P T(n) n )
, NP L
L N = 10"
L 10" (10 ) \ 20 Is,
34 , 60 60
NP “ 777
, Church : Turing
NP NP ,
) P ) NP
, , NP NP
, P
, Shor
NP P ( NP ,
, NP )
) NP P
, Turing
, , NP
P ) Shor )
1996 , Grover 4
Grover , N 1/ N 1
’ N N )
Shor ’
NP
vl : NP :



| 1 1 | 1 I T
79
, , (qubit)
, hl2
P= Co| 0>+ Ci| 1> (1)
Co, C Jed i+ el i=1, lo> 1>
lo> 1>
, 4 | 00>,
|o1> .| 10>,] 11>, : 4 , 4
; 8 , L 2"
2L
, [ 6]
Hilbert
, NOT
1 0
|0>_H |1>_U( ), NOT
0 1
Unor =
|o0>= (1000" |01>=(0100)"
|10>= (0010" |11>=(0001)" (2)
NOT
1000
0100
Uxor = (3)
00 0 1
00 1 0
Uie bl 4
=T (4)
o> | 1>
Uil 0> = %[|0>+ |1>]
Us| 1> = %(|0>— |1>] (5)
loo 0> L :

| P>

Ur@U:i® U000 0>

1 1 1
=(]0 1 ®©—=(|0 1 ® O0—=(0 1
~(0>+ [1>) @ —=( 0>+ | 1>) =(10>+ [1>)

#qoo 0>+ 00 1>+ |11 1>)

2t

1
= —72()' X >
o



80 1998 4

1996 , Shor, Steane "1 Shor. Kitaey

IFeynman R P. Simulation physics with computers, Int- J. Theor. Phys, 1982, 21: 467- 4838

2Deutsch D. Quantum theory, the Church— Turing Principle and the universal quantum com puter. Proc. Roy. Soc. Lond., 1985, A 425:
73- 90

3Shor P W. Polynomial- time algorithms for prime factorization and discrete logarithms on a quantum computer. in Proc, 35th Annual
symp on Foundations of Computer Science, Santa Fe, IEEE Computer Society Press; 1994, revised version, 1995

4Grover L K. Quantum mechanics helps in searching for a needle in a haystack-Phys. Rev. Lett, 1997, 79: 325- 328

SAbrams D S et al. Simulation of manybody Fermi systems on a universal quantum computer (preprint quant— ph/9703054)

6DiVincenzo D P.T wo— bit gates are universal for quantum computation. Phys. Rev. 1995, AS51: 1015- 1022

7Shor P W. Scheme for reducing decoherence in quantum computer memory. Phys. Rev. A. 1995, 52: R2493- 2496

8Kitaev A- Fault— tolerant quantum computation by anyone ( Preprint quant— ph/9707021)



