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BEBLOMBICH &, BRRE. FELERLER. BHOOME
HRELRET 2,

1 SRR

BT ERUEOREE. D L LI60ERERICETTHI LM TE
5. HiF. S.Wiesner 2L - T. BFIFONEEMFHICEREZBFF
SboEmMBEIBE NS [1] o EEIREBSUAY VE, NEEMRFEHIC
O KRGLBEHNS L. WFEEAEHIEERS. Ha bITPTERICR
B EBRENTVS, ZODIEIBIZ. C.H.Bennett and G.BrassardiC & -
THRYbToh, BFESERL L LS. FOFEIELEDSNT
Wa [2] . HEBIBSAFOBAMEERANSCLLEEETHS [3] .

TEHIERIL. 19484E0 C.E.Shannon D [4] 2tk 545, 19704
RICITBEGRICE D AR SHROEES (5] . BESHmOSHIIS
FAEEBRON. HEEOWMFEL. HRICETHIZEMBTESLD, B
TIRERKEOI v RO 1 —HEEOL &, BERRIDOEI L > TREN
RIBREH > LBEIT. WERRCHAADREICESLZATHD,  HiE
RBHELULBEFHBEBB LU ENEZRHVERS AT AOFREOHEZ.
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FROERERMBFEL 122 LITmER 20

BFRLHEFBICER T 2RBLREN, 19828 B L U198
it. R.P.Feynman HBTEHEHOFEL#EATRL. ». £OERATRENL
*HELZ (6, T]1. BFHEONINI=TVERAWT. FHEEED
IEINF—INZ AR, BELLX—HEOuREM AR L. £2T
. BRI HEBI ALY — L OBIOREERIC L 2RROEREI NI
®iZ. COBTHEBAFEMIBL-0OFRFOFELIEREEN [8]

X 52, 19854FE 5 L T19894FC D.Deutch 12 & » CHEERFEHEMEHR
IBxh’- [9, 10] . BFHEOBEURENILF=T7YZE. EE
LT HHEEED CRETB(LARBET 2 5RO N 2.

B, RGBT AR - BIHEOREARESH [11] . 5o,
HELEDSN TN D, %l SEEOERSNE — s %R 5 HELRE
INTWnWs [12].

2 Feynman OBTFEHEHICEET 2ER

2. 1 EXRpHEEE

RITORRBFHEEO L > ICEELHEL L TBFERL. <A
BOEABE 2N UIIEARTFOMAEDORICL > TERT 2, 22T
—EBEOEES. REED1»0HELTWS,  HlziE. NT(EE)
L AND GREERR) & AMABADLEISREA R TEAET. T2 ENAND
(=not and . BEM) FFEPTTIRTOREHEEAE [T TR LN TE
3., COTlit. TRBOEAARARWCERS NS, K1
NANDZE DM & BIEER AR T o
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2. 2 OEAHRERET
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ah. FAEHEAEICBIT 22X —HBARY 2 E0iiafhii§5EE
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¥ 3{@F 7245 NOT, CONTROLLED NOT, CONTROLLED CONTROLLED NOT A3\
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(a) ' (b)
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a O a a O) 1 ) a’
0 I a b I — l b’
(a) FANOUT (b) EXCHANGE

XI5 CONTROLLED NOT FFO#ESHHEE. FAN OUT (a) B&LT
EXCHANGE (b) , [7].

X 6T, CONTROLLED NOT3#F 3 {E & CONTROLLED CONTROLLED NOT F#&F 2
Eeicky. HILVBEEASULMESRBER NS, —HRIC. £E0F
BA#T (M17) T30 HERPORRATEL TBL L BYE
L5, WATAHERRELALZTOSRE (Cv ML) £2RSCHNT
L. chsalREL 2y, AIEHERICRY >3, cockid. AT &

o BOSRETARBOBISARKE T AEZBICLVHSH LS,

2. 3 EBFAEKNRERTF

K<, bdouERERF £, BFIFICHED 28R L > TRRT
5. 2WROFEEFRE LT, BHEXAE VPRERESZZEET 5.
2HNREOREER %2, EREE Fa* BLCHEEEFazRVWTERY
%o  TNSETEDITINCHIGL. HEIR2=5 ) —HIZTH 5,
0 1 0O O
(1)

0O 0/, 1 O
a* k. ZERE| O0) = [(1)] WYEAL. chimgiReg | 1) =[(1)]

ICEZ A0, gIRERICIER LU 235481, RER{bAEC X7,
BICHOEET200e T2, abERRIC, FeiREE | 1) IfERHL.
ChERKIRE| 0) KE2 20, EERBICEALLGEE. REE/LE
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HeXd, BMOoOx4 245, LT, REER2ERTIE%E
N. =a* a ¢dhid. eI UN. =1, EEREBICHL
Ne =0 &43, i, HSDIZ1—-N. =aa* ThHd. 1B,
Bife aa*+ a*'a = 1 BEIZL. BRATHNSHIGT 5.
XS, FORAEE NTEA. LRIETHIE.
A, = a + a* (2)
&7t3, CONTROLLED NOT #A. » &FRIETHhiL.
A.v = a* a (b+b*) +aa* (3)
Eirz, CONTROLLED CONTROLLED NOT # Aaw. . &FRicdT L.
Asw.c. = 1 + a*ab* b (c+c* —-1) (4)
b, Z2T. a, b, cigM4ISRT ARSI, WO UITEENET
INAEMAXBIL -EHEEEFTHY. a*, b, c* ZRIBEOERHE
B¥Tdhd, 4%HW\WAd, p, a, r, s, tHELABETHZ.
2. 4 ByFOEE
PIEDOEBICLZ2EREIIWVTH2=5) —TFc k> TREEh, #
DERP)HEE, ZVWLIERICLAEEL2 =2 —TilicL>TERXS

had, BHIZE ROBXTITFIMEILMERO—HFIARIRT 3,

M = Aab Ab.c Avec.a Aa b Aab 4 (5)
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chit. GPSMEICAas v Aav * * * Aa v DEEPETIND L%
bt
RRT2, LT 2ORGEEFM® [TuOHBEOMTEREZEKT 5,

2T BF IR BT AEBMRENS. vHIREOKEEBICIERET
exp (iHt) 2N 2EBEIC L > TRIRE B LICEHT S, L. H &
CDRDODNINDZT VUV THD., OEBIEF expl(ilit) #ERHEL.

exp(iHt) = 1 + it — 1 H%t? — =« - - (6)

LThiE, chi ERoRKEE (1) ~ (4) KoK 2ER. Pz
(5) ROME, CHIGERBLNTES,  (6) ReBVT H 2B
TABROIBIEHOBREL A#FKL., 1 ROBRLUEIC. EAREED 1B
TOBEELORNINL =TV H BHANITONTWNWS, FOHAIT
FEGKIGRT L > 0 Th .

TOT S AR I —
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111
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%Y. e IR IHEDHE#EEX 2. Thob, FHlOEREET
ZEEL YA, HHEOETERMAT 2T 0SS 00Dy I —ERL.
D, FTAA—VIIREBEZRA T 288 L. Z2roM) By L 2

ME3. WFRIRBNTH, 2. 3HO 2 ELRBELERERTH 2,

RIS, TS 0h0 05— 28MRUICOHMER T 2HER - HIER
FEEFNhFH. a*, a WK&->THKiLT 3. &SI HFFRLVAMED
BEL. kKEHDO 2#MNRICOAMEAT 2EBEFEENEN. ax’, qk &
T3, Fio. HELIYAY—IMERTAEEFIE. (1) ~ (4) AL
¥ a*, a, b*, b HiLkoTHiLETS. LT ROKDIRINZI
Wh=7>Y H #%HHIT3,

k-1

H = Xqis1*a; Aia + c. c.

i=0

=d.1*q0 A1 +a2*gq; Az +qgs*gz: As + - ¢
+do*a: Av*+a1*qz A2*+qg2*gs As*+ - ¢ (7)

CZT. c. c. FHBEABHKL. A, T i BEHOEELREL. TOHNE
3 (1) ~ (4) AFRZL->TEBENZ, HEBEE D LIZEA—DOEED
T 20T (FIT) KHIET %,

T, K6DHEBICEBNT. A=V IEATHI S, FIZIEAE VKD
WEREABAT 2. SHIRICEN L2 2#M20 (1 IRTHRFD) £, F0O
BREILHEENC, GWMROA—V IVEHER E THEL, 20 E. Tar S ah
DV —ICHEBINLEEL D2 —0F Tk, FilOEESETEINS,
Thbb, (7)) XKONINF=T7VvD, —fTHa:1*q0 A1 +a2*q:1 A:
+ - RUBTHE1BETEINEROIRENERT 2, 2hBRDBIEHE
ERTH D,
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B, @ELVIAS—IZHEFHE (PLIT)ZXAN) . $bHIZTOD
NINb=T7 TS AT EHE BLUHBEERZHEANSHEEFE
SEOBETHD. 2. TuldSshovi—LEELIAI—LDE
BROFGEDS. @HEL VA5 —ONEHEEZICE T 215813, REETHTH
5[13, 147,

2. 5 HEBEICBIFAIRINXF—IBK

X 6 IR U AR ERIC BN T, TadSaho v y—0 28]
FROBFINES] ($5&) HRFREBFET S L. A—VILTHIERIZNL
(EEhERIRRESS, BiELXh b, chid. EBERNLHEAHEFL. BB LUV
IRNF—DIBKICHLMZ, LD T2hERERVED. HBN
. SHERMEZ TR T3, COBELICL2ER TV but—nEk.
ROUIZEBEIRLF—OEEEIBRIOUNS TH2 05 TES, LT,
B BEROFMOMEEBREIN. AL SOT—F—DATIL. A
D BEHBEOBILIANCIE, T2 XF—AHBL W EESERT L%
Zonsd [7] . RFEL. 22Tt BBz bub—»B20F 8%
Mz haE—IZHIET 2B %2IREL TWb,  BELICET 2K
DEHNTH 5,

FECIREEDS, BTAICHELX NEHEBARRO AN | EXEECHERA P,
U, BARBELZNETED | BB T 2HEA P, £T5, MERD
flAeBEERLEZ, PLEJIEZ. P = P:+ Po &id,

1 ElOEEIC LS. BEROBERIT 2n P: ' THH. EROBELEL
2n Py, "' ThHALEZX2, CZOBA. 1EOBELYE:D OEF DHEK
(% :

1 Pe
£n - én —— = n
Pb Pf Pb
~ Pf "'Pb — Pf "‘Pb (8)
Pf +Pb P

25,
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L2 AT, A=Y VEOTRRESEEICHEI T 25EE v, LB
o T, BELIC K-> THIED V7 AIEIK B, BREEETH S,
BELSE < NI AER T, C OB ORBERSEIRT 5 L B2 5,
F1-. BMELORER. Trke U RO ARICHEIT 2 HEHEN R %
ve EB, chid. YT MEELEZhE, T3E.

P, —P
Va = Ve —m—— (9)
Pe +Py

£12%, X5, HEDHERM%Z t. & L. BEREOREFEREZ
tm ETNIL.

tm V 4 Pf "‘Pb Pf ""Pb

= — (10)
ta Vr Pf +Ph P _

z18 5.

HHE LB ) OEHRIBLAE AS & (8) . (10) A&EHW.

AS = P X {BEl1EZEY)OHEK]

- p P: — Py
P: + Py
thm -
= P (11)
ta

LEIHEENhD, chHBITENZIY bar—iBke—BT 3L RETH
. ST SEBEIRALF K AF BRoL>iZBohs,
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AF = KkTAS
= kTP —
kT
= - 0 ( P-0 or ta.—o00 )
1 ta
— (12)
P tm

2. kiR YSVERTHY. TRHEEZEFOHENEETHS. <
DOAMEIMOMGHE. [F2LERDL2VWEHFPEVETERBICX Y. FHESR
BOLX)F—HBRIIERIINESZLE S, | ZRTLIIHAETH S,
CZZT. BRIy bubE—B2r0F BIFENLZI Y b E—ZHIEY 515
AEIEL TSR Z L, FRRBXR7EH>VTH5B,

2. 6 EAEEZRTOHMIL

PIEOEERIE. K3, H4dbsnit (3) . (4) RKick->TES
Eh=FAEE CONTROLLED NOT & CONTROLLED CONTROLLED NOT #FHWTC
W3, &ZAMB Thokr, XSIBHSBEERVWLUIEZA v FHEE
KRS HIENTED, ZONMGEREORFLEBRELZXTISRY. X
JGTANINL =T i,
*c*p + p*c*qgq + p*cr

(13)

H = g*cp + r

Thd, 2EODEERERFL 1EO NTRFL%E. K8DLDIZHERT
HE. CONTROLLED NOT FF & 725, ZhSOEIZBNT. KHRITT
RIS LAD VY —%HShU. RENTHMARZHIE Y 255882 KHT 5.
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if c=1 'go p to q and put c

if ¢=0 goptor and put ¢

if ¢=1 gor top and put ¢

if ¢c=0 goq topand put ¢

M7 EEERTF (7] .

a : NOT b a
0 S M tu 0
b+b*
1 1
S t
0 0
1 S~ twn 1

M8 4ikiEEFTFICL S CONTROLLED NOT &F [7] .

X 8 @ CONTROLLED NOT (XS TANIIN =T VT,

H = Sm *as + t* a* tu + tu * (b+b*) SwMm
+sy*a*s + t*aty + tn*ssx + c. cC.
(14)

125,
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2_ 6 ﬂ % o : '

3 Deutch®FFHERFEIEMBICH T 2ER

RIEHICIR 7> Feynman®DFER [6, 7] E43Z1F. 19858EFE L TUF19894
{2 D.Deutsch (. FTREBFEHEROTEEMIC O &, FHEAEMHOERLE
FHELZESHTHREZEL- [9, 10] . Church-Turing DIRIBL . &t
BRERZOHEICET 2B T RN E LUBIIRWIBR L O, MISERD
BREE» S, BFHEBORENLER S BBEREI NG, T, EXK
HEETOMB L. Tk 22 0RBABREI NS, |

HEBEE, BFNFEDY 2L —F 1 YA —FRERACE S CEBRIRRI
MIGXH 3,  ZI Tl BHEEBOSHBEBORELARIRT S, Lrb.
B FeynmanDWgE%A X SIS, BFREICSAICIKETANIN N =T V%
EZb. LT, mEZHOBISU. |HOTEELZEREERETFEEE
T2, chi. WEEL1 (MERE) 3LUREMEO (BEIRE) ozh
FheRESH2FRTL. B 2R (Bin) R0 ERAWT. TERT
SHEBA AT,

NOTERICBEL Tid. 2Dt E ni-EEMHEEL LT, NOT OFREL
REROHESRO L > CEHINB. %Y NTEEATIS, L BT
(1) . (2) XA
0 1

Sy = (15)
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£l2%, RIXEBNIA—F— (M) aiZXML. Sy DaFr,

l1+exp(ima) 1-exp(ima)
SNa = 1/2 (16)

1 -exp(ima) 1+ exp(ima)

E¥3. Zhit NTEEZ oBEVETERIETH 2055, a PIEBHDGS
X, NTEBORRBEREAERT 2. OWEBEIEROGHEKZEEH
KHZRZW. 48, o PHHDHS. Sy DaRiIELZS Sy TRbS
NOT HERICIRE L. a PBROGSITBRAITI WU IRELTE 25,

2FH (2E v ) EEOBE. MO RTHESTRERENEERT
ToHY. NMND/NTEESRF (5'—bh) LFFEh 3.

a b|l-ab 1l-a

a ——1—ab O 011 1
| 0 1|1 1

1 0|1 0

b —1 —a 1 110 0

(a) (b)
X9 NANDNOTEFOHE (a) LEEESE (b), [10].
X510, 3, ABHBECERD nEROBAIONT, FAEKEESR

FHERITHIENTE S, ZITik. MTEEORRBETFSEDO
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HN. FOEAITEBRICHTT 2. £ 23D, Deutsch OHREEFEIE
BOZEFOEAIL. F2REEN3 NTHEEORERBERE NI A—F—a
EESDOT. ZOEARERNCHT TS, OATIE. MERZBET
REEEAHNWTRET 28T /1%S. 7HulBERES 2. 22/, 58
FEEICBE L TR 22 7 2 2 NIV ARER T 28 FLAUEEIC BT 5. @l
DEBFILBLEINLRETEELRIZT 5,

COFREBFEHBEHOFRFIE. NI A—F—allBL. EEIICELT
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Wa UTHWAYHEEICE T RS ETHTHS [13, 14],
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