Dys 316 2018

A4

Lecture 24

Uastruchured  search

We  consids o durdbase,  that  consisls of varions locabans,
e of whch s make. Suppose that

x 4 database 4 wes bits
x  He fotal g umbe of database.  \ocahons 1s N =21
e  databae locahons ae  labeled

= 0,1,2,... N-|

ln terms UF locab'flj the  marked item, we  wns\ o e sl huahon:
* there s Zxac% ang  morked  (tem

* the gdatabase has o struchwe. mening tat any baabion is
Just ¢s h'kﬂ(ﬁ as  any other

¥ e s ca gmele funchon st con idonbhy  woheter any

8\'\/@1 locabon is  marked or ot

£1x) = go it x5 ot vorked
[ Foox s mwkza{,




For exomple wHe thee bl a poss"l:lz orocle 1S

'F(Xz, X”)(a) = szlxa@ XZXO® Xlxb® Xo

ond it emrges that #o locahon of o morked vlem s

[ Halt wher one OHO""‘S\"‘\-.
=1 T logaks /l
\.‘ \_-r(A morked  tem

We would like 1o locate %e morked jlem with fewest
rumbe o orocle quanes . A dotuiled aralysis  Shoios:

/ n order to locale Wo o moked  tem buiH/b'\

/

4
\\
,

(,efta{nbﬂ one  naegls N-1 orace ql«xen'cs In \
e  worst  cale |

On oveage cre nads  obout Ni omacle |
) ;\QMMV.S b lewale ¥e moked  tem /

. e



Quanhm oracle for  datobase seov

We con asswe Hue psual Tnpe of quonhw gracly,  whu'dh

as on N+l gqubits

n qubit Xa> — — xad
ar g ument X2 — — xa2)
s her . A
3 ‘ s
XD L — ‘Xo)
5“/8[{ qubi* lﬂ> N - |5®‘F‘(Xn-l, . ,Xo)>_
fanchon tegister

We use Wea ”dactmav notzhen

‘X>c\= ?Xn-l... Xu)

f ———
deamal  x = b\'na;b ®p Xaot oo X,

ond  ten T —
( Ur TN
\\\XEA ly> —» » | ><>a lj@f(x)i/}

Now  with 1= F(0-0) we cn shaw hat

f(x)

bOV2 = DT Iy

/LMS we we a modihed ﬂ-qub/f' clade n orde 1

araly e e seades L, o
(o 8 )

. —
. e et
e e et e T



As it oHer quanhum alfjorn‘+hm3, we can 5«(’)":1 a

supeposihen oF shiks o e oracle . Thas  wille a sigle qubi¥
Hadamowd  gade on  eada gubi-

(e> H
0 _

| e | = )0,
1 11— - X =0
le) Hi—
3 ~

) =lcyy g
4y _ .S
<\E) 2 X)) = = Zolx)a

So Yor example  withe
Foex %) = XX %@ K% @ X, %G

we geb H’/\ai*} e e ofreacle He sloke g

|
\7_8‘ g lodd - 14 12>/ + (D4 + 14D+ 15D + &4 +l7’)¢4}

andh  a covputebonal LaSS MaSwemert womld net  revea) anSM‘nﬂ
domt e morked locahon .

I twn our Hat if we appb a WQQ’B consiucle d u iizgy
Hat  does ot dopord  on te  parheular seaprdi omade and herate

the  ofe  prowgss we  cn 4%%!}:1 leeatke Ha marked ihem



|+arah'0/\ process

"

We wll  dfne  on  nuesion - about - Hee - aweg:jeu oP%?Hon

A
D od twm do:
t-c-- - - ‘-~-~1
N + | Lsle.-
L z}xm (’,I 1,5 ‘ " ~ :
s F 4D
! {
— = [ th-
FAN A A
G = D uf

whare. e eraledlﬂ OPPlg_ e P our ot OPQ}ahbf)S/MWC(A
we intly dooked G = D UF

To o 5o, we  defing He MveSion - gbout - Haa - average
Ope)ah(m &S Fo”awS.

I |
(WD = oDyt o I b b o N |
J fon |
DIWY = Bulcda s RIdAF - 4 Bualv-d
whare
Bx= =~ oy + 24
\




1 Invesrion about the average example
Let
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3 Grover’s algorithm for two qubits

Suppose that, for a two bit database search, the location of the marked item is x = 3.

a) Evaluate the state of the system after a single iteration of G. What would a computa-
tional basis measurement yield at this point?

b) Evaluate the state of the system after two iterations of (. What would a computational
basis measurement yield at this point?
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