Qr'over's 8|£or‘it))m
Unstructured © search rroblem:x set, X cubser of oLJeCts that
C3tisfy 3 certdin rorer‘t P(x).
Ler "N=IXI. C'TSSICB‘ aﬂaroac\\: ONN); Grover: O(IN) (rro\oa\giliSTic)
and it is oprimal.
We can assume N=2" . Let m=[S| (known in aJvance),
lnFut— owrpur space is IH®™ and we use one ancilla c?u\oit.
Associare \amarﬁ string € 30,11 with each xeX.
Fach xeX €32 3 basis state x> €H® and conversely.
We need an or‘acle) i.2. 3 boolean Funcrion y: f0,"—= 10, 1§)
g (x) =4 <=> xe$. Let 37=X\§.
Oracle gate: U%:lHQ”‘ sH—=H""gH .

IX> & IACP — K> QI%@%(XD
Ancilla qubit is intidlized +o [0 10> (= HID).
le 1x2is' 9 basis state in IHQ”') V2 1hen U%(bo@'i’%) =
=) o e lo>-1>
1/0 rekiSter iS in’a“cwi“_alizecl to H®m|0 :
m=1:ler S= {wz |"Vo>=%t,—z éio X iniria‘ Stdte o /O re%isrer.
]JE 1 meg3sure wnow, 1o\otain W Wiﬂx{ )nsro\)a\)i\itb i,;
Per\torm amp\imée amp\nrication (increase 3m]>li~cucse2 of w>).
Consider F‘a'ne s‘:aymeg \a5 > and 1%, ' 'Tﬁ? J
Let 1S/ LQ in this |3ne or‘thogonal to W), 0

Wy = cos0S/ >4 SINGIW where T
1S
B =arcsiN (1/27%) € [ 0, Te/2]. AFF“"S the oracle: [W> = U%\"Vo) =
= cosBl3>—sINGlw>. We af \3 reclection w.rt. Yo, i.e.
Uy, = 219> <wo| =1l . 19> = Uy, 14> Now the amF"\tuJe of
lw> in ¥ s |arger~. U’%U%I Q]iw’-‘#uSion oPer‘ator.
Genera\ case: cleﬁne states [WoD -‘JT,,, Z - |><>,

2 xe {o,{{
S e ] )
¥s>= 4= Z1x7, [¥sd= L2 15>

Pro;)ecrions: Ps = é% Ix><x|, PS“’&QZS;'X><’<‘-
wetingon () |Wde (0D = Z_ ¥, x> @10>-UUY =

M

The whole
with Yo -
=€ {oif"

— (RSJ- ® 1() VS @ ‘0>—,/:H> , RS-’-: 2P5.L —4(®™ redection w.rt St
Disfusion operator is Ry, = 210> <Vl — 4(®™.
Qtarr with 'state [V @ 11> y>=1_5 >
Tz VN %

G—rover‘ OFer‘ator‘: er"-‘(R%%ﬂ) O%,
| == |"-P3J-7+\f% |'Ws> = cose, Vs> +SIN By | Ws>,

0,=3rcsin ,% .

PFO,D.: let |’(\V37 = G "‘Vo>®'°3;“> T hex l”\\Y&>=|\V&>®%>_‘?“Z)
W52 = cos 0, [Wsu +si 0y F >, & =(25+1)8,. i
roof: inducCtion on ¥ O

Measure 1/0 regiSter n State |Wi>: P(S)=SIN?’G&.
. . m K SHE
)_emma. Ift 8“ = ,‘MMSWWJ e we ]DQY‘4>or‘m 4N iTerations oF

G anJ measure 1/0 rekister, we obtain 3 80|u1:ion with
)oroha\oi\it:j P(S)=1- %’
PPOOF: 9353 tr‘i%onometrj. O
%N = O(W}
Qemark: because of Rw°=H@MR|o> HQM, the “CQW’F‘QXWT)
number of Qates is O(’\ﬁ\l—\o%N).






