Classical pares
gta'te of classica‘ Comru‘tQT‘SZ Seduence of () ancl {.
“TranSformatijons are caﬂed ates.
Dee: 7 classicd| (logical) Qe s %:{0,1}'““{0,1} (elementarj),
q: {0,1}m-> {0,1}”“ (extended).
Ex.: NOT: motationt @ is + (mod 2)__\
NOT (X)) =1 ®Xy ;
AND & (K X2 ) > XXy
KOR: (K, ) = %@ K, ;
ORQ : (X, X)) > X1@X,+ Xy Xy,
ToFFoLl: 14,1} — fo, 1%,
(K4yRa, Kg) B (K, Koy Xy K@ XK,)

BQF.: d %31:?. is rever‘siue if its 8330ciateJ function iS 4 Lijection.
Remark: "TOF(x(,%,,0) = (K1, X5, ANNK4X));
TOF (1) Xz, X3) = (1, X, RoR(xz,X3)),
TOF (4,4, Xa) = (1, 1, NOT(x3)).
More usesul %ares: IN: K, = KU'
FALSE: X4 0,
TRUE: X 4

CoPY: Xyt (X4, X)),
(FANOUT)

Ru\es for com\)'minb pdtes
)
et Xse %,,& ‘%Mes.be;ine P(%b...,%&) the ser o¢ gate.s that
Cdn Le construc-tecl from %,1,...,%,93 accorcl'mg to the co\\owm& \"u'eS.'

1) %(J..., %QQ}F(%U...) %;&)) " sl
@ padding, Pl g O =010

(X4)eyKm) =2 (,(1"”}(5‘*’“}a’ﬂxéﬁ’xﬁﬁ“f o)
(3) restrictions anJ reorJering: ™ o, ‘Y" — {0, ‘73Q ) L<m,

[ CURET . :

o, dissinct; e et 4
(4) ComFQSiTEGn o¥f %BTQS.' xw,gtz € F(gﬁ---s%Q\;’ ldog"zep (%'4)"-)%@)).
(5) cartesian froéucts: vy € o = Saxh,e s

})e«t.: 9 Ser of %ates %4,...,%,& is un‘.versa( itV gare %,%eF(gf,...,%g).
Theorem: Tl'\e Tossoli %GTQ iS uvniversa‘ and reversiue. Pr‘oo-FZ l:ook. |

QuanTom Gares (-»(H&“(I:’“

be&: 9 aquantum /n—!%ate iS4 unirarj orerator' U.'IH QM—> (H@M.
T)\e qubits on which we aﬂo\g Tuanmm %ares form 3 S‘ﬂn_tum repister.
Ex.: °ic]enﬂ1'5 — | (4 ?))

. 4% Q
. rkase $dCtor —{M(a) M( \’ 2+ ( QO Qm) .

e phase shift P}~ Pla)=[o> Col+ 9" ><1| (:,j ;:ot))'
e @ not (Pauli X) <} o (¢ 3),

« Pali v —3 %, 0(2 ),

e Pali 2 —z2]— 0% (0 -1))'
o Hadsmard —{® = H-= Tt J——Zz(: .4,))
* spin rotation —fps@l— Da () (--.).

N

MZGSuremenr of o)oserva})\e A: —— 7A§ ~—'_l>\~(>\=measureé va|ue).
/\1(>0 =[0y<alefl+[{><l @ X hdl
(variants: Ay(X) I {[®1><ol+ Kalt><l,
AN [o><oleX + Ux<ilef)

* 1 \%enera: ir Vis 3 quantum (unarg) date, contr‘o”ec‘ V iS

A (V) = lo><ol e+ 11p<1(®V ( ﬁ‘ﬁ) :
\’ Q O
vel V

® QWP Q3T
s F% ¢ I S:l00><001+|11><m+lo1><1o;+l40><0ﬂ)

~
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RL{,QS for Coml)inin% oluantum Jtes:
eiven Us,...,Ug, Uy €U (H®") The set F(Uy,..,Us) of qares that
can )DQ o)atameﬂl from U4,...,U,g (N c‘ecineJ Lj:

(1) Ut,...) U‘QG I:(Uf,.,.) UQ)/

Q) 1®" e F(Us,...,0n);

(3) Vi,V €F Uy, ... ,Ug) = V4V, €F(Uy,.., V),

(@) ie Vi eUH®™) Vo e U(IH 8", Vi, Vo €F(Uy,..,Ug ) Vi@V eFUs,.. Ug).
U1,...)U£§ 1S d universa| Set of gates £ avlj unitary o,oerator on
lHQM Le(cn S To P(Uf,...)U%).

Theorem: M, dg,dg, cNoT{ is 3 miversal set.





